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NOTATIONAL CONVENTIONS 

The following notational conventions are used in this data book: 

Signal names are shown in all uppercase letters. For example, XD. 

A bar over a signal name indicates an active low signal. For example, OE. 

n:m indicates a signal (pin) range from n to m. For example D[7:0J specifies da 

Use of a trailing letter H indicates a hexadecimal number. For example, 7A IS 

Use of a trailing letter b indicates a binary number. For example, 010b· a b· a 

When K or M are used, they refer to binary rather than decimal form. yte would be equivalent to 1024, not 1,000 
bytes. 

When k is used, it refers to decimal 1000. 

NOTICES 

Additional information may be obtained from: 

system, or transmitted in any form or by any means, electronic, 
the pri written nsent of S3lncorporated, 2170 San Tomas Expwy., Santa Clara CA 

on oard design, Visipn64, Vision864, Vision868, Vision964, Vision968, Trio, Tri032, 
C, eniC/MX1, SceniC/MX2, Sonic/AD, Native-MPEG, No Compromise Integration, 

ler ·on are trademarks of S3 Incorporated and S3 and True Acceleration are 
referenced in this document are owned by their respective companies. The 

bject to change without notice. S3 Incorporated reserves the right to make 
ithout notice to its users. . 

S3lncorporated, Literature Department, 2170 San Tomas Expressway, Santa Clara, CA 95051-0968. 

Telephone: 408-980-5400, Fax: 408-980-5444 
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Section 1: Introduction 

High-Performance Integrated DRAM-based 
20/30 Graphics and Video Accelerator 

• High-performance 64-bit 20/30 graphics 
engine utilizing 53's advanced S3d tech
nology 

• Integrated 135 MHz True-color RAMDAC 
and dual-clock synthesizer 

• S3 Streams Processor for hardware-as
sisted video playback and games accel
eration 

• S3 Scenic Highway for direct interface 
live video and MPEG-1 peripherals 

• Pin compatable with LPB mode of 
Trio64V+ 

• Best of class 20 performan 
dows95 

• 

• 

• 

• 

• 

High Non-Interlaced Screen Resolution Support 

• 1280x1024x256 colors at 75 Hz refresh 

• 1024x768x64K colors at 75 Hz refresh 

• 800x600x16.7M colors at 75 Hz refresh 

High-Performance Memory Support 

• 64-bit DRAM memory interface 

• 1-,2-, and 4-MByte DRAM video memory 

• Fast page mode and EDO DRAMs, with 
support for single-cycle EDO operation 

Big Endian/Uttle Endian Byte Ordering for Sup
port on Different CPU platforms 

PROPRIETARY AND CONFIDENTIAL PRELIMINARY INTRODUCTION 1-1 
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Industry-standard Local Bus Support 

• Glueless PCI 2.1 bus interface 

• Glueless VESA~ VL-Bus interface 

Multimedia Support Hooks 

• S3 Scenic Highway 

• VESA advanced feature connector 

• 8- and 16-bit bi-directional feature 
connector 

Full Software Support 

• Drivers for Windows 95, Windows 3.11, 
Windows NT, OS/2 2.1 and 3.0 (Warp), 
AD14.2 

Green PC/Monitor Plug and Play Support 

• Full hardware and BIOS support for 
VESA Display Power Management Sig
naling (DPMS) monitor power savings 
modes 

• DOC monitor communications 

S3dViRGE 

nectivity rounds out S3d ViRGE as the complete 
interactive graphics multimedia solution. 

1.2 S3d 64-BIT 20/30 
ACCELERATION TE 

o's dia applications blend graphics 
d v· e to provide the user with the most 

c e . g. teractive experience. The Streams 
Extensive Static/Dynamic Power Manageme 

Industry-Standard 208-pin PQFP package ~
ro sor acilitates this by permitting stretch-

I , I ng, and color space conversion (YUV to 
R B) ftwo independent pixel streams. Arithme-
. ending of a primary graphics stream and 

se ndary graphics/video stream is also possible 1.1 OVERVIEW 

The 64-bit S3 0 E I t 
performance or quir or graphics-intensive 
Microsoft~ W d ws~ . and Windows~ 95 ap
plications. In di , t e S3d Engine technol
ogy provides a an (j 3D texture mapping 
features for interactive 3D applications such as 
gaming and presentations, as well as high per
formance shading features for CAD applications. 
The inclusion of S3's advanced Streams Proces
sor for video and entertainment acceleration as 
well as S3's Scenic Highway for multimedia con-

. r fade-in and fade-out effects for these applica
tions. The stretching capabilities of the Streams 
Processor also allow the end user to enjoy high 
q~alityf~1I screen video instead of a small grainy 
Video Window. Hardware double buffering of 
both primary and secondary data streams is also 
supported to enable high-quality "tear-free" 
playback. 

The Streams Processor allows simultaneous dis
play of graphics and video of different color 
depths. For example, it is possible to display 24 
bpp-equivalent video on top of an 8-bit graphics 
background. This saves memory bandwidth and 
storage capacity while permitting higher frame 
rates. 

The Streams Processor supports color keying, 
where a secondary stream video image pixel is 
displayed when the color ofthe primary graphics 
image pixel is the same as the color key. The 
color key can be any color value or a 1-bit mask 
in 15 bpp mode. Chroma keying, the overlaying 

1-2 INTRODUCTION PRELIMINARY PROPRIETARY AND CONFIDENTIAL 
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OS2 21 and3 0 of irregularly-shaped and transparent video ob
jects on a graphics background is also supported. 
This technique is often used in games and inter
active applications. 

S3 will supply a full-featured driver for each of 

Please see the S3 Document titled ViRGE Inte
grated 3D Accelerator Software Users Guide for 
more examples of using the Streams Processor 
in interactive and gaming applications. 

1.4 S3 SCENIC HIGHWAY 

The S3 Scenic Highway interface directly con
nects to MPEG-1 audio/video decoders such as 
S3's Scenic/MX2TM and the C-CubeCB> CL-480 as 
weH as video digitizers such as the Philips~ 
SAA7110/SAA7111. This provides easy imple
mentation of MPEG-1 or digital video daughter
cards that directly plug into the Scenic Highway 
connector. If MPEG-1 is implemented on an ISA 
card, a ribbon cable is necessary. 

The Streams Processor and Scenic Highway are 

these operating systems. 

DOS Applicatjons 

S3 supports DOS applicati 

very tightly coupled to provide optimal live vide 
playback. The Scenic Highway and Strea s~ 
hardware automatically switch capture an is-
play buffers without software interventio 

1.5 SOFTWARE SUPPORT 

Wjndows95 

Wjndows31 

53 supplies a high performance Windows 3.1 
driver. This driver supports the DCI 1.6 API to 
enable applications to utilize some of the 
Streams Processor features. 

PROPRIETARY AND CONFIDENTIAL PRELIMINARY INTRODUCTION 1-3 
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1.6 VIDEO RESOLUTIONS 
SUPPORTED 

Table 1-1. Video Resolutions Supported 

1 MB 2MBs 4MBs 
Resolution DRAM DRAM DRAM 
640x480x4 t/ t/ t/ 

640x480x8 t/ t/ t/ 

640x480x16 t/ t/ t/ 
640x480x24 t/ t/ t/ 
800x600x4 t/ t/ t/ 
800x600x8 t/ t/ t/ 
800x600x16 t/ t/ t/ 
800x600x24 t/ t/ 
1024x768x4 t/ t/ t/ 
1024x768x8 t/ t/ t/ 
1024x768x16 t/ t/ 
1024x768x24 t/ 
1152x864x8 t/ t/ t/ 
1280x1024x4 t/ t/ 
1280x1024x8 t/ 
1600x1200x4 t/ t/ 
1600x1200x8 t/ 

1.7 MORE INFORMATIO 

1-4 INTRODUCTION PREll MI NARY PROPRIETARY AND CONFIDENTIAL 
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Section 2: Mechanical Data 

2.1 THERMAL SPECIFICATIONS 

Parameter Min Unit 

Thermal Resistance 9JC 

Thermal Resistance 9JA (Still Air) 

Junction Temperature 

2.2 MECHANICAL DIMENSIONS 

ViRGE comes in a 20B-pin PQFP package. 

PROPRIETARY AND CONFIDENTIAL PRELIMINARY MECHANICAL DATA 2-1 
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30.6CWJ.30 

29.6CWJ.20 

28.80 

o 

i 
C').&-__ ~ 

0.SO:tO.20 

Figure 2-1. 20S-pin PQFP Mechanical Dimensions 
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Section 3: Pins 

3.1 PINOUT DIAGRAMS 

ViR(3E comes in a 208-pin PQFP package. It has two primary 
different pin definitions. These modes are selected accordi to 
power-on reset. 

PD24 has an internal pull-up. Therefore by default, ViR 
pinout and pin descriptions for this mode of operati 
Graphics Accelerators data book. 

If PD24 is strapped low at reset, ViRGE powers 
this mode for a PCI configuration is shown . 
configuration is shown in Figure 3-3. 

PROPRIETARY AND CONFIDENTIAL PRELIMINARY 

In 64-compatible mode. The 
. e in the Trio32/Trio64 Integrated 

. h al Bus (LPB) mode. The pinout for 
. Th pinout for this mode for a VL-Bus 
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lOUT PDIIoGAD 
CLKAVDDt POI4'GA14 

AVIS P01Aal 
CLKAYDD2 P0131GA13 

AVIS PD2.QA2 

~~ ~ 
~ P0121GA12 

AVDO POWA3 
JiOOiN VDO 

RSET P0111QA11 
AVIS ~ 

AR P01VI'GIAID 
AVDO POWA5 
AVDO ~ 

AG PDM1AI 
AB PDM1AI 

AVIS PfST/GIIJ 
LD4IPM ~ 
LD5/PAS Ciii 

HSELD Ciii 
HSELI iiiiii 
HSEL2 em 
~ em 
~ VDO ma MAl 

CFLEVEL MAO 
ESYNC MA7 

LDIIPAI MAl 
LDIIPAllHDD MAl 
LDIIPAllHDI IIA2 

LD1G1PA 10lIl02 lIAS 
LDI1IPA I1JHD3 IIA3 
LD121PA 12JHD4 IIA4 

'ITWRIGoP1 ~ 
iilNR PD31 

VDO P01WDO 
Ii!m PD3D 
SCLK P0171QOl 
~ PD2t 

VCLKI P01W02 
llRf PD2I 
11m P01MK13 

LD131PA 13JHD5 VDO 
LD141PA 14M1lI PD27 
LDI5/PA1SJHD7 ~ 

LD7IPA7 PIJ2aIQ04 
~DYJHS/EVlDEO -PD2I 
a!raICRDYNSlEVCLK PD2W1l5 

~~ PD2I 
SPO PD22o'GIII 

AD31 PD24 

AD3D --i]au~~maDlrrn~Bn]ITrrn[ITrrnmnnrnITDTItnn]]rrn[nnrnITUTIUnn][ITD]ITnnmani--P0aQD7 
SSE E S E~FI~ II~I~~ ~~ SSE E e 6 6 § § ~!; ~ §! ~ § § ij § 11!1!liill!l~ VlRPClPN 
cCCCCC~~I- ~i~ ~CCCC cc ~ uUi uU 

Figure 3-1. ViRGE PCI Bus Pinout - LPB Mode 
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lOUT POO 
CLKAYII01 P014 

AVSS P01 
CLKAVDD2 PD13 

AVSS PD2 
YIEF VSS 

VIS P012 
AVDO P03 

iiiiOWN YIIO 
RSET P011 
AVSS P04 

M PD10 
AVDO PD5 
AVDO POI 

AG PD5 
M POI 

AVIS P07 
Ll).WA4 VSS 
LD&IPAS em 

8A2 em 
SA3 11m 
SAl i!m 
lAS em 
SAl VDO 
SA7 MAl 
SAl MAO 
SAl MA7 

LDIIPAI MA1 
SA10 MAl 
SA11 IIA2 
SA12 lIAS 
SA13 IIA3 
SA14 IIA4 
SA15 vas 
SA1. P031 
VDO P01. 

mm P030 
SCLK P017 

VSS P02I 
SA17 P01. 
SA1. PD2I 
SA1. P01. 
IIA20 WI) 

8A21 P027 
8A22 VSS 

1JJ7IPA7 PD20 
VRE(WRI)V.ttHVllEO PD2I 
'i5liE&cRDVNSIEVCLK P021 

~SYNC fID25 
SPOotIDRR PD22 

S031 P024 

so. -,~~~~~~~~~~""~~""~~""~""~~""~""~~""~~.--P023 

Figure 3-2. ViRGE VL-Bus Pinout - LPB Mode 
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3.2 PIN DESCRIPTIONS 

The following table provides a brief description of each pin on ViRGE for its PCI bus and VL-Bus 
configurations. The fOIlO~ing abbreviations are used for pin types. ~ 

~ - Input signal . 
o -Output signal 
B - Bidirectional signal . 

Some pins have multiple names. This either reflects the different function p 0 ~ 
depending on the bus configuration selected by power-on-strapping u 'pl x 
functions are selected via a register bit setting. The pin definitions an fu c n 
possible case. 

Table 3·1. Pin Descriptions 

Address and Data 
AO[31:0) B 

SO[31:0] 

SA[22:2) 

SAUP1 (VL) 

SAUP2 (VL) 

C/BE[3:0) 

SBE[3:0] 

SCLK 

SCLK 
INTA 

SINTR 

3-4 PINS 

Bus 

B 

o 

Pin Number(s) 

207-208, 1-6, 
1 0-11, 13-18, 
28-31,33-36, 
3946 

194 

152 

ss/Oata Bus. A bus transaction 
a ress phase followed by one 

Upp Address Decode 1. In conjunction with 
his input tells ViRGE when to respond when 

mory/register address spac~ has been relocated 
ab e 4 MBytes. Specifically, 
SAUP1 :;:: 0, SAUP2 = 1 - register/port address access 
SAUP1 = 1, SAUP2 = 0 - video memory access 
The other two combinations are i nored. 
(VL) Upper Address Decode 2. See definition for 
SAUP1. 
(PCI) Bus Command/Data Byte Enables. These signals 
carry the bus command during the address phase and 
the byte enables during the data phase. 

(VL) Data B e Enables. 

(PCI) PCI System Clock. 

(VL) CPU S stem Clock 
(PCI) Interrupt Request. 

(VL) Interru t Re uest. 
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Table 3-1. Pin Descriptions - LPB Mode .(Continued) 

S mbol T e Pin Number(s) Descri tion 
21 

o 23 

o 24 

IDSEL 8 

SM/IO 

PAR 

SWiR 

PROPRIETARY AND CONFIDENTIAL 

(PCI) Initiator Ready. A bus data phase i 
when both IRDY and TRDY are asserte 
cycle. 

(VL) Local Bus C 

ry/I/O Cycle Indicator. This signal is high for 
o c cle and low for an I/O c cle. 

Stem Reset. Asserting this signal forces the 
rs and state machines to a known state. 

(PCI) Cycle Frame. This signal is asserted by the bus 
master to indicate the beginning of a bus transaction. 
It is deasserted during the final data phase of a bus 
transaction. . 

(VL) S stem Address Strobe. 

(PCI) Parity. ViRGE asserts this signal to verify even 
parity during reads. 

(VL) Write/Read Cycle Indicator. This signal is high for 
a write and low for a read. 
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Table 3-1. Pin Descriptions - LPB Mode (Continued) 

S mbol T e 
o 

SAUP1 

CLOCK CONTROL 

XIN 

XOUT o 

Pin Number(s) 

25 

156 

157 

Descri tion 

(PCI) Stop. ViRGE asserts this signal to i 
target disconnect. 

erna114.318 MHz crystal is 
n te between XIN and this pin. This 

I via an internal oscillator. 

DISPLAY MEMORY INTERFACE 

Address and Data 
MA[8:0] 0 

PD[63:32] B 

PD[31:0] 

3-6 PINS 

.68.66.64. 
61, 58. 56. 54, 
53.55.57. '59. 
63. 65, 67, 69, 
105,103,101, 
98, 95, 93, 91, 
89, 88, 90, 92. 
94,97,100, 
102, 104 

dress Bus. The video memory row and 
dresses are multiplexed on these lines. 

y Memory Pixel Data Bus Lines 63:32. Certain of 
th e pins are enabled for feature connector operation 
when bit 0 of SRD is set to 1 and bit 1 of SRD is 
cleared to o. 

Display Memory Pixel Data Bus Lines 31 :0. PD[28:0] 
are also used as the system configuration strapping 
bits, providing system configuration and setup 
information upon power-on or reset. After reset, the 
General Data Bus signals are multiplexed on 24 of 
these pins. 
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Table 3·1. Pin Descriptions· LPB Mode ~Continued) 

Pin Number(s) 

50,84 

CAS[7:4] o 52,51,49,48 

CAS[3:0] o 82,83,85,86 
o 125 
o 50, 124 

VIDEO INTERFACE 
PDOWN 

VREF 

RSET 

AR 
AG 
AB Analo 
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Table 3-1. Pin Descriptions - LPB Mode (Continued) 

S mbol 

VFCBLANK 

ESYNC 

VFCESYNC 

EVIDEO 

VFCEVIDEO 

EVCLK 

VFCEVCLK 

VCLK 

VCLKI 

3-8 PINS 

T e 
o 

B 

B 

Pin Number(s) 

151 

191,206 

115 

183,205 

109 

203 

111 

106 

ct n is on pin 183 
ne or 0 ation is enabled in 
on 'n 205 for LPB VL-Bus 
in 1 when Trio64-compatible 

o e b nd is called VFCESYNC. 
IS 've low, HSYNC, VSYNC and 

i t When ESYNC is high, HSYNC, 
K come out uts. 

EVIDEO function is on pin 203 
at connector operation is enabled. It is 

o pin 1 n Trio64-compatible VAFC operation is 
n led n is called VFCEVIDEO. When this input is 

e tJ I , PA(15:0] (or VFCPA(15:0)) are inputs and 
am ed by VCLKI. When this input is high, 
. ] (or VFCPA(15:0)) are outputs to the feature 

c ctor. 

External VCLK. The EVCLK function is on pin 204 
when LPB feature connector operation is enabled. It is 
on pin 113 when Trio64-compatible VAFC operation is 
enabled and is called VFCEVCLK. When this input is 
asserted low, VCLK is an input to the internal 
RAMDAC. When this input is high, VCLK is output to 
the feature connector. 

Video/Pixel Clock. The VCLK function is enabled on pin 
148 when feature connector operation is enabled. 
When EVCLK (or VFCEVCLK) is high, this signal is an 
output to the feature connector. When EVCLK is low, 
this becomes an in ut used ani for test ur oses. 

VCLK Input. The VCLKI function is enabled when LPB 
VAFC (l6-bit) feature connector operation is enabled. 
Setting bit 1 of SRB to 1 causes VCLKI to be used to 
clock in feature connector pixel data to the internal 
RAMDAC. 

PRELIMINARY PROPRIETARY AND CONFIDENTIAL 



S3dViRGE 

Ulnoorpo~.d 

Table 3-1. Pin Descriptions - LPB Mode (Continued) 

S mbol 

HSYNC 

VSYNC 

PA[15:0) 

VFCPA[15:0] 

T e 
B 

B 

B 

B 

Pin Number(s) 

149 

150 

201-199, 189-
185, 202, 184, 
175,174,155, 
154,147,146 

144, 142, 140, 
138,134,132, 
130,128,127, 
129,131,133, 
136, 139, 141, 
143 

MISCELLANEOUS FUNCTIONS 

General Data, I/O and Serial Ports 
GA[15:0] a 105, 103, 101, 

98, 95, 93, 91, 
89, 88, 90, 92, 
94,97,100, 
102, 104 

GD[7:0] 53, 55, 
63,65 7 

RaMEN a 

GPIOSTR 

GOP[1:0) 

GOP[1:0] a 153,151 

dr s Bus. These signals provide the 
OM reads. They are multiplexed 

I . Programmers must ensure that the 
I inactive when reading the ROM. 

) Ge eral Data Bus. These signals carry data for 
BI M reads. They are multiplexed with PD 
. n s. Programmers must ensure that the memory 

b is inactive when readin the ROM. 

(PCI) ROM Enable. This signal provides the chip output 
enable input for BIOS ROM reads. 

(VL) ROM Chip Select. This signal provides the chip 
output enable for BIOS ROM reads. It is output when 
bits 1-0 of SR1 C are an value exce t 11 b. 

(VL) General Input/Output Port Write Strobe. If 
SR 1 C_1-o are 01 b, this is asserted whenever a 
General Input Port access (CR55_2 is set to 1 and the 
3C8H port is read) or a General Output Port access 
(write to CR5C) is made. 

(PCI) General Output Port Bits 1-0. If SR 1 C_1 is set to 
1, the value of CR5C_0 is output on pin 151 (GOPO) 
and the value of CR5C_1 is output on pin 190 (GOP1). 

(VL) General Output Port Bits 1-0. If bit 1 of SR 1 C is 
set to 1, the value of CR5C_0 is output on pin 151 
(GOPO). If SR1 C_1-D are 11 b, the value of CR5C_1 is 
out ut on in 153 (GOP1) 
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Table 3-1. Pin Descriptions - LPB Mode .(Continued) 

S mbol T e Pin Number(s) 

o 190 

SPCLK I/O 205 

SPD I/O 206 

LOCAL PERIPHERAL BUS 
Scenic/MX2 Mode 
LD[7:0] I/O 

LCLK 

VREQNRDY o 

CREO/CRDY 

3-10 PINS 

Scenic/MX2 Request/Ready. This signal is part of the 
the Scenic Highway data transfer protocol between 
ViRGE and the Scenic/MX2. 

Enable Feature Connector. This signal is connected to 
the Scenic/MX2 chip enable input such that the 
Scenic/MX2 is disabled when feature connector 
o eration is enabled. 
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Table 3-1. Pin Descriptions - LPB Mode (Continued) 

LD[15:8) 

HS 

VS 

HD[7:0) 

HSEL[2:0) 

o 

o 

204 

201-199, 189-
185 

178-176 

Video 8 In/Out Mode (CL-480) (pel onl ) 

LD[7:0] I 202, 184, 175, 
174, 155, 154, 
147. 146 

RMJ 

CFLEVEL 

VDD 

AVDD 

CLKAVDD[1 :2) 

VSS 

o 

179 

180 

181 

9, 2,32,47, 
,71,87,99, 

114, 123, 126, 
135, 145, 195 

LPB Data Bus [7:0). This is the Scenic H 
bus and carries video data input. 

AVSS 159, 161, 163, Analog ground 
167,173 

PROPRIETARY AND CONFIDENTIAL PRELIMINARY 
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3.3 PIN LISTS 

Table 3-4 lists all ViRGE pins alphabetically. The pin number(s) corresponding to each pin name are 
given in the appropriate mOdelb. us interface type column. Table 3-5 lists all pins in ~erical order. 
The corresponding pin na.me/pin number is given in the appropriate mode/bus interf e lumn. 

Table 3-2. Alphabetical Pin Listing' ~ 
PIN(S) \ • ,,'\. / 

Name Pel VL A\\) .... ~.." 

AB 172 172 A "\. \ /....., 
AD[31:0) 207-208, 1-6, 10-11,13-18, 28-31, 

33-36,3946 / ( '\. '\.\J 
AG 171 
AR 168 168 /y '\.. '\. ... 
AVDD 164, 169, 170 164, 16~17~ '\.) 
AVSS 159, 161, 167, 173 15~~7,\l3 V 

BGNT A-'\._ 
BLANK 191 
BREO ) / /\.'\.. '\.. 
CAS[3:0) 82,83,85,86 
CAS[7:4) 52,51,49,48 

C/BE[3:0) 7,19,27,38 / ~V/ 
CFLEVEL 182 / / ""\ \'\.. / 
CLKAVDD[1 :2) 158, 160 

CREO/CRDY 204 
DEVSEL 24 
DS 179 / / A'\. '\.V 
DTACK 
ENFEAT 151 ('\.'\. / 151 
ESYNC 183 '\.. '\.. '\.. '\.. '205 

EVCLK 204 ~ '\. '\. > 204 
EVIDEO 203 
FRAME 
GA[15:0] 105, lA.l0~8~0, 92, 94, 97,100; 

GD[7:0] ,.....QJ. ~5~7, $, ~3, 65, 67, 69 
GOP[l:0] / 19~~'\51"-' J 153, 151 

GNT f I 1~7 A"-"" 
GPIOSTR \ \ \ 151 
HD[7:0] \ 'io.l/19h, 189-185 
HS "'~203/ 203 

HSEL[2:0] ;78-176 

HSYNC 149 149 

IDSEL 8 
INTA 152 
IRDY 21 
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Table 3-2. Alphabetical Pin Usting (Con~nued) 

PIN(S) 

Name pel VL /\. 
LCLK 148 148 \. \. A 

LD[7:0) 202.184.175 174 155 154.147.146 202 184.175.174 155 . .154. 14'i. 12\6 / ) 
LD[15:8) 201-199.189-185 ( " \. • / 
LOCA 24 \ .... ~'\L 
MA[8:0) 80 78.76.74 72.73.75.77 79 80 78.76. 74. 72,~75~~9~ ~-
OEO 124 124 ~ , \ I -
OE1 
PA[7:0) 202,184,175 174,155 154,147 146 202, 184 1~, 1"k, 15~1~47, 146 
PA[15:8) 201-199, 189-185 134 132 130 128 .{ /\.. \. V 
PAR 26 (~ \. \. 
PD[63:0) 122,120 118,116,113 111,109,107 122, 120X11~116~..1i 111,109,107 

106,108,110,112,115 117,119 121 1~, 'N.2, 1Y'5.117, 119, 121, 
144,142,140,138, 134, 132 130, 128 ~ 14~140, 13~ 134, 132, 130 128, 
134,132.130 128,127 129 131, 13l 1~.)J2~~, 127 129,131 133. 
136. 139, 141, 143 70 68,66,64 eI. !A'3'-" ija 1~, 143, 70, 68, 66, 64, 61, 
58, 56, 54, 53 55, 58, 56, 54 53, 5~ ~. 5t, ~, 55, 58, 56 54, 53 55 
57,59,63,65 67 69 105, 103~ 57c(59(6J(65, 67, 69 105,103L 101 
98, 95,93, 91, 89, 88, 90, 92)§4-az, ~8,)f5,J!3,91,89,88 90,92,9~97 
100, 102, 104 c( ( ~ )OO,,A>2, 1 04 

PDOWN 
RASO 50/'\.. " V jo 
RAS1 
REO 198 / / /)\. \.V 
RESET 193 A' V / V 
RDYIN < \.\. c( 21 
ROMEN 153 .-.~ ~ , 
ROMCS / ~ "J 153 
RSET 166 ,"'-)- 166 

18~ ,-....." 

SA[22:2) " ~ , 201-196 191-185,183-176 
SADS \ \ V 20 
SAUP1 ~-.....\ \. J 25 
SAUP2 / _/\. - ) 50 
SBE[3:0) '( /\"-" 7 19,27,38 
SCLK \ \ 1941 1 194 
SD[31 :0) \ "-/ I 207-208,1-6,10-11,13-18.28-31,33-36, 

,~./ 39-46 

SINTR 152 

SM/IO 8 
SPCLK 205 205 
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Table 3-2. Alphabetical Pin Listing (Continued) 

PIN(S) 
Name PCI VL A 

SPD 206 206 ('\. 
SRDY 23 '\.'\. /\ 
SRESET 193 /'..... '\.V/ 
STOP 25 .~ ~'\./ 
STRD A \~ ",,>V 
STWR A..'\.\ /'V 
STWR 190 / )'\. '\. \ \ 
SW/R 26 / ( '\. \..\) 
TRDY 23 / A '\. ~J' 
VFCBLANK 115 115 AV '\. '\. v 

VFCESYNC 109 109 '\. '\.. '\.'\ 
VFCEVCLK 113 11~ '\. '\. V 
VFCEVIDEO 111 1A ~ '\. 
VFCPA[15:0] 144,142,140,138,134,132 130 128 ~~ ~4~13i.134, 132, 130, 128, 

127,129 131,133, 136 139 141,141 n7~, Nl 133 136,139,141,143 
VFCVCLK 117 f "U~ /~ > 
VFCVCLKI 106 _'\. TW/Y 
VCLK 148 / ~ ~14V L 
VCLKI 106 /~ "'16 / 
VDD 12,37,62,81,96, 137 1~'\. '\. , 1 ~,VJ,62,81,96, 137, 192 
VREQNRDY 203 A '\.\.. '\. J 2b3 
VREF 162 / 7\. '\. '\. v iA62 
VS 204 / / A.'\. '\. '\.£ 204 
VSS 9,22,32, 47, 60,61,~7Al¥'iX3,J· 9,22 32,47,60,71 87,114,123, 

126, 135, 145~19~ / v 126,135 145,163 195 
VSYNC 150 '\. '\.'\. , 150 
WE 125 ~ '\. '\. '\. \ 125 
XIN 156 \ -'\.V 156 
XOUT 157,.-.....,.'\. ~ 157 

(~~ 
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Table 3-3. Numerical Pin Usting 

Name 
Number 

A029 S029 ( '\. 
2 A028 . S028 '\. '\. /\. 
3 A027 S027 /".... '\. V / 
4 A026 S026 \ "" '\. L 
5 A025 S025 A\·~ ~V 
6 A024 S024 ---:l. ~ \ -... /'V 
7 C/BE3 SBE3 7)'\. '\. \ \ 
8 10SEL SM/IO / ( '\. '\. \ ) 
9 VSS vss / A '\. '\. Y 
10 A023 S023 /\.V '\.. '\. V 

11 A022 S022 '" '\.. '\.. '\. 
12 Voo VO ........ '.," V 
13 A021 s.i.f21 ~ " 
14 A020 IAcIQ ~ / ._, 
15 A019 j ~~ ~ -
16 A018 71(s~> 
17 A017 _'\.. ~Dn /y 
18 A016 / ""'I~S kw' / 
19 C/BE2 / "" ' "Ei/ 
20 FRAME A" ' ~ 
21 IRDY A.. ~ '\: oYiN 
22 vss / " '\. '\. v j ISS 
23 TROY / / ~ '\.. '\. J SRDY 
24 DEVSEL ( (/ / '\. ). LOCA 

25 STOP A'\. v / v SAUP1 
26 PAR '\. " , . SW/R 
27 C/BE1 ~ \. " \ SBE1 
28 A015 \. -- '\.V S015 
29 A01~'\. ~ S014 
30 
31 A[ 13 "\. \'\.) S012 
32 
33 / AO)\ ~ I S011 
34 ( n61~..../ S010 
35 \ , AO~ \ S09 
36 \ I~os I S08 
37 " voo) voo 
38 ""'mEa SBEO 

39 A07 S07 
40 A06 S06 
41 A05 S05 
42 A04 S04 
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Table 3-3. Numerical Pin Usting (Continued) 

Name 
Number PCI VL 
43 AD3 SD3 /" 
44 AD2 SD2 "" A 
45 AD1 SDl '" "V / 
46 ADO SDO \ '""" / 
47 VSS VSS \ " ............... V 
48 CAS4 CAS4 /" \V~. 
49 CAS5 CAS5 -~ '\.\ ( 
50 RAS1/0E1 SAUP2 77,,\\ 
51 CAS6 CAS6 7 ~ '"''¥ 
52 CAS7 CAS7 A7'\. , V 
53 PD23/GD7 PD23 \ '\. "" 54 PD24 

PD24 " " 
,,/ 

55 PD22/GD6 P.')22~ " 
56 PD25 '/f) li5 ~ ) 
57 PD2l/GD5 I 9 )~ '\. -...., 
58 PD26 7 /p~~ 
59 PD20/GD4 " ¥D26/'V 
60 VSS ~ ws! / 
61 PD27 /,....... ~D277 
62 VDD .. < \ \ vag 
63 PD19/GD3 L'\.' '\. J I>D19 
64 PD28 7~''\. V I»D28 
65 PD18/GD2 7-/ ~ '" ) PD18 
66 PD29 / / / )" \V PD29 
67 PD17/GDl A" V / V PD17 
68 PD30 , "" ( 

PD30 
69 PD16/GD~ " "" " 

PD16 
70 PD31 < ~ "V PD31 
71 VSS-." ~ J VSS 
72 M~ ~,,- MA4 
73 ~t"""' \'\. ) M MA3 
74 M ~5\ \ \V MA5 
75 / 02 ,) J nt MA2 
76 I ~A~ ./ MA6 
77 I ( MIf' - MAl 
78 \ ~, I\. Mt MA7 
79 \. ~ 0) MAO 
80 ~ MA8 
81 VDD VDD 
82 CAS3 CAS3 

83 CAS2 CAS2 
84 RASO RASO 

3-16 PINS PRELIMINARY PROPRIETARY AND CONFIDENTIAL 



S3dViRGE 

U Inoorporated 

Name 
Number PCI VL 
85 CAS 1 CAS 1 A 

86 CASO CASO ( '\. 
87 VSS VSS '\. \. /\. 
88 PD7/GA7 PD7 f'..... '\. v / 
89 PD8/GA8 PD8 \ ~ \. / 
90 PD6/GA6 PD6 A \ ~ "V 
91 PD9/GA9 PD9 110.( '\. \ .. rv 
92 PD5/GA5 PD5 /)'\. '\. \ ( 
93 PD10/GA10 PD10 / { '\. '\. \ } 
94 PD4/GA4 PD4 / lit.. '\. '\. Y 
95 PD11/GA11 PD11 /\.V '\. '\. v 
96 VDD VDD ,'\. '\. '\. 
97 PD3/GA3 PD~ '\. \. V 
98 PD12/GA12 B,i)12 ~ '\. 
99 VSS lI\t:... ~ / 
100 PD2/GA2 / 9t)~ '\. -
101 PD13/GA13 ( ~pi'131\.. ) 
102 PD1/GA1 _'\. ~DJ' /y 
103 PD14/GA15 / ~~P6u' / 
104 PDO/GAO / ~ I~IDO / 
105 PD15/GA15 A\ \. 'nmt 
106 PD55NFCVCLKI A.. '\. '\. '\. ) f. D55NFCVCLKI 
107 PD56 / "'" '\.'\. v ~D56 
108 PD54 / / A'\. '\. '\. / PD54 
109 PD57NFCESYNc(' ( / / '\. )... PD57NFCESYNC 
110 PD53 /\.'\. v / v PD53 
111 PD58NFCEVI~O'\.'\. , PD58NFCEVIDEO 
112 PD52 ~\. \.\. \ PD52 
113 PD59NitEVCLK- '\.V PD59NFCEVCLK 
114 VSS.,.-.......'\. ~/ VSS 
115 PC~1/~E.C~NK\. PD51NFCBLANK 
116 pd 6e( " \'\. ) PD60 
117 P ~ONFCVcLt v PD50NFCVCLK 
118 / ~ '-I J PD61 
119 I I ""'JIll 4~ L PD49 
1 20 I \ PD(2' PD62 
121 \ \PD4a J PD48 
122 , PD631 PD63 
123 ~ VSS 
124 OEO OEO 
125 WE WE 
126 VSS VSS 
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Table 3-3. Numerical Pin Usting (Continued) 

Name 
Number 
127 PD39NFCPA7 PD39NFCPA7 /'\. 
128 PD40NFCPA8 PD40NFCPA8 .. '\ '\ A. 
129 PD38NFCPA6 PD38NFCPA6 "'\. '\,J' ) 
130 PD41NFCPA9 PD41NFCPA9 -~ '" '\ / 
131 PD37NFCPA5 PD37NFCPA5 \ ~ ~V 
132 PD42NFCPA 10 PD42NFCPA 10 / '\. \ v /'J 
133 PD36NFCPA4 PD36NFCPA4~ '\. \ ( 
134 PD43NFCPA 11 PD43NFCPM1 / '\. '\. \ \ 
135 VSS VSS / '\. '\. ~ 
136 PD35NFCPA3 PD35N~~ \.V 
137 VDD VDD ~ '" " 
138 PD44NFCPA12 PD~t?~ir""A'\2 '\../ 
139 PD34NFCPA2 R ~34/~ '\. 
140 PD45NFCPA13 IIfi k5~13 ) 
141 PD33NFCPA1 I pi )~FbPA1" 
142 PD46NFCPA14 / VPiJ4~C~14 
143 PD32NFCPAO '\. ~D~;~O 
144 PD47NFCPA15 ~ Pti47'NIitPA15 
145 VSS / r"t.. ~SS / 
146 LDO/PAO .... { ~ \ lbotf:>AO 
147 LD1/PA1 f '\.'\. '\. J D1/PA1 
148 LCLKNCLK /~ '\.'\. V I) CLKNCLK 
149 HSYNC / / ~ \. '\. ) HSYNC 
150 VSYNC / / / >'\. '\ v VSYNC 
151 ENFEAT/GOPV\'\. V / V ENFEAT/GPIOSTR/GOPO 
152 INTA , \.\. ( SINTR 

153 ROMEN r-.... '\. '\.\. " ROMCS/GOP1 
154 LD2/pAi ~ '\. V LD2/PA2 

155 LD3/.eA:i'\. ~ / LD3/PA3 
156 Xlbf' ~ '\. - XIN 
157 X~Dl1f" \'\. ) XOUT 
158 C l~VDD' \ V CLKAVDD1 
159 
160 I J~I~DDzI CLKAVDD2 
161 I l A~S~ -- AVSS 
162 \ \. VR FI VREF 
163 \. ~S) VSS 
164 ~D AVDD 
165 PDOWN PDOWN 

166 RSET RSET 

167 AVSS AVSS 
168 AR AR 
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Table 3-3. Numerical Pin Listing (Continued) 

Name 
Number PCI VL 
169 AVDD AVDD A 
170 AVDD, AVDD '\.'\. A. 
171 AG AG "- '\. '\./) 
172 AB AB \"-'\. / 
173 AVSS AVSS \ ~ ............... V 
174 LD4/PA4 LD4/PA4 /'\. \ V /'J 
175 LD5/PA5 LD5/PA5 .~'\.\( 
176 HSELO SA2 / / '\. '\.\ \ 
177 HSELl SA3 / '\. '\.V 
178 HSEL2 SA4 AF\. '\. V 
179 DS SA5 < '\. '\.'\. 
180 RNJ SA6.. '\., ,/ 
181 DTACK S~ ,~'\. 
182 CFLEVEL LJ B.. ~ ) ,~-

183 ESYNC j ~ 9~ '\. -....." 

184 LD6/PA6 / A.OO/Pl>~ '\. 
185 LD8/PA8/HDO '\. V~~/V 
186 LD9/PA9/HDl ~ s~1/ / 
187 LDl O/PA 1 0/HD2 /,.......". ~A12/ 
188 LD11/PAll/HD3 .< <- , 1:"Ad 
189 LD12/PA 12/HD4 ./'\.'\.~ cA14 

190 STWR/GOPl ~"V JA15 
191 BLANK / / ~ \.\. I'SA16 

192 VDD / / / )'\. '\V VDD 
193 RESET A\. V / V SRESET 
194 SCLK , '\.'\. < SCLK 
195 VSS ,.... '\. ,'\. '\. VSS 
196 . VCLKI ( ~'V SA17 
197 GNT _~ ~ ) SA18 
198 mr ~,-- SAl 9 
199 Ul l~/~ ~) SA20 
200 Ld 14WAll»;[ 6V SA21 
201 ./ ~ ~/~1~C7 SA22 
202 I ~ 7/ ~7 / LD7/PA7 
203 'I ( VA (I t/1rr)Y/HS/EVIDEO VREQNRDY/HS/EVIDEO 

204 \ ,ER ID tRDYNS/EVCLK CREo/CRDY NS/EVCLK 

205 \. ~ ~U SPCLK/ESYNC 

206 ~ SPD/BLANK 
207 A031 S031 

208 AD30 S030 
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Section 4: Electrical Data 

4.1 MAXIMUM RATINGS 

Table 4-1. Absolute Maximum Ratings 

4.2 DC SPECIFICATIONS 

Note: In all cases below, digital VDD = 5V 

Table 4-2. 

S mbol Max Unit 
AVDD 5.25 V 
AVDD (CLOCK) 4.75 5 5.25 V 
VREF 1.10 1.235 1.35 V 

Table 4-3. 

Min T leal Max Unit 
8 bits 

66 
±1 LSB 

±1 LSB 

17 rnA 

5% 

0.5 %/ % AVDD 

0.0 1.5 V· 
30 F 

75 
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Table 4-4. Digital DC Specifications (VDD = 5V ± 5%, Operating Temperature 0° C to 70° C) 

S mbol 

VOL 

VOH 
lOll 
IOH1 

IOL2 
IOH2 
10L3 

IOH3 
loz Output Tri-state Current 

COUT 

Icc 

Notes for Table 4-4 

1. The value for pins 25 (STOP) and 26 (PA 

2. IOL1, IOH1 for pins ROMEN, INTA, STRD 
MA[8:0], CAS[7:0], PD[63:0], AD[31:0 
SPD 

3. IOL2, IOH2 for pins OE[1:0], WE, R 
4. ~::-:V~:-~~I;;;dc'\. 

5. Icc measured for a resoluti 
and 5V. 

Min Max 
-0.5 0.8 

2.4 (Note 1) 

2.4 
8 (Note 2) 

-4 

16 (Note 3) 

-8 

Ith a 75 MHz DCLK and a 6Q MHz MCLK at 25°C 

6. The pin names used in the 
signal multiplexed OnA'\ftlL.nT'Itn 

s a the primary ones for PCI configurations. An output 
in has the same drive level, as does a VL-Bus output for 

the same pin. 
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4.3 AC SPECIFICATIONS 

Note: All AC timings are based on an 80 pF test load. 

4.3.1 RAMDAC AC Specifications 

Table 4-5. RAMDAC AC SpecHications 

Tical otes 
5 
3 2 
15 

2 3 

Notes for Table 4-5 

1. Measured from the 50% point of VCLK to the 50% 

2. Measured from 10% to 90% full scale 

3 With DAC outputs equally loaded 
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4.3.2 Clock Timing 

Table 4-6. Clock Waveform Timing 

S mbol Parameter Units Notes 
Tcyc SCLK C cle Time NL-Bus) ns 

SCLK C cle Time (PCI) ns 
ns 
ns 

100 ns 
100 ns 1,2 

THIGH 80 ns 
80 ns 
160 ns 

TLOW 80 ns 
12 80 ns 
12 160 ns 

4 V/ns 3 
4 v/nS 3 

Notes to Table 4-6 

1. 

2. Hz, clock doubling is used. The maximum DCLK rate with clock 
z. 

3. re specified in terms of the edge rate measured in V/ns. This slew rate 
a the minimum peak-to peak portion of the clock waveform. 
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4.3.3 Input/Output Timing 

CLOCK 

INPUT 1.5 V 1.5 V 

Figure 4-2. Input Timing 

Table 4-7. SCLK-Referenced Input Timing 

PCIBus 
S mbol Parameter 

Tsu AD[31 :0], C/BE(3:01, FRAME, IRDY, I 
AD(31 :0] hold 
C/BE(3:0], FRAME, IRDY, IDSEL h 

VL-Bus 
S mbol 

Tsu 

Tsu 

Tsu 

Miscellaneous 
S mbol 

Tsu 

Tsu 

S3dViRGE 

Units 
ns 
ns 
ns 

Min Units 
12 ns 

ns 

4 ns 

ns 

6 ns 
ns 

Min Units 
5 ns 
7 ns 
5 ns 
7 ns 
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Table 4-8. LCLK-Referenced Input Timing 

Scenic/MX2 Interface 
S mbol Parameter Min 
Tsu LD[7:0] setu 10 

TH LD[7:0] hold 9 

Tsu CREO/CRDY 6. 

TH CREO/CRDY 
CL-480/SAA7110 Interface 
S mbol Parameter 

Tsu LD[7:0] setu (also LD[15:8) for 16-bit interface) ns 

TH LD[7:0] hold (also LD[15:8] for 16-bit interface) ns 

Tsu HS setu ns 

TH HS hold ns 

Tsu VS setu ns 

TH VS hold ns 

Table 4-9. MCLK-Referenced Input Timing 

S mbol Parameter Min Units 

Tsu 0 ns 

12.5 ns 

Tsu 0 ns 

15 ns 

Tsu 0 ns 

15 ns 

Note 

1. a h f the three cases above is to the event that causes the latching 
Th M L used to latch 2-cycle EDO data is an internal signal that cannot be 
. The C signals used to latch read data in the other operational modes are 

IMh~~MCLK. 
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OUTPUT 1.5 V II~ ~XXXXXJ 
yyyy 

Figure 4-3. Output Timing 

S3dViRGE 

1.5V 
TQJ(OUT 

The minimum delay is the minimum time after the clock edge that th a si al st e om the previous 
cycle will begin transition to the next state (become invalid). 

The maximum delay is the maximum time after the clock edg that e gna 
cycle. 

Table 4-10. SCLK-Referenced Output Timing 

PCIBus 
Parameter 
AD[31 :0] valid delay 
DEVSEL, PAR 
delay 
STOP delay 

( \/ /~) 
~ - Jl,a~ r" Units 

/ 2. "l~ ~ / ns 
ns 

ns 
TRDYdeiay LL\ .. ~ " 11 ns 
INTAdeiay / / /r\'\. ~V 11 ns 
VL-Bus A\ ~I V 
Parameter ~ '\. '\. -< Min Max Units 
AD(31 :21. D1, DO valid dela~ '\. '\. '\. \ 7 16 ns 
SINTR delay 5 30 ns 
SRDY delay _ '\. ~ J 5 11 ns 
LOCA active delay / ~ '\. -- 5 15 ns 

LOCA inactive delal ( "" \'\. ) 5 20 ns 
Miscellaneous \ \ ,\ v 
Parameter / >\ '-I I Min Max Units 
STRD delaYl rv A'-./ 3 15 ns 
ROMEN (pd I) ~elay \ \ 4 10 
ROM addre~ v~l$ (PCI) 5 30 ns 
AD[7:0] ROM ~a v~ delay (PCI) 5 30 ns 

Note 

e is valid for the next 

Notes 

Medium DEVSEL 
timing used 

Notes 

Notes 

1. Due to the timing for TRDY for read cycles, data is not sampled on the clock edge immediately 
following its becoming valid. This guarantees the PCI 2.0 specification time of 11 ns. 
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Table 4-11. LCLK-Referenced Output Timing 

Scenic/MX2 Interface A 
Parameter Min Max Units Not~ '\. ... 
VREQNRDY active delay 2 11 ns Ins tv~ '\. /) 
LD[7:0] valid delay 2 15 ns 18~'\. v / 

LD[7:0] tri-state from LCLK 7 15 ns \ ~ ~'\/ 

Table 4-12. MCLK-Referenced Output Timing ~ 
Parameter Min Max~ Vu}tlts" ~es 
PD[63:0] valid delay 2 7/11 \. '\. ns '\. ~1 
MA[8:0] valid delay 1.5 /&--...... I\. "'s 

,\11' 

CAS[7:0] active delay 1 A5.5 ~ n~ 

CAS[7:0] inactive delay 1 ~~~ ~ 
RAS[1 :0] active delay 1/ 1/ A\'\. ~ ns 
RAS[1 :0] inactive delay 1<" V6£A J ns 
DE[1 :0] active delay ~ A.F/ j ns 
WE active delay /1...i..."' ~Y.5/ ns 

Note 

-(y ~,.E 11 ns for 2·cycle operation. 1. The maximum delay time is 7 ns or 

Table 4-13. CL-480 Timings - 'Ii 0 + D ving Host Interface 

CL-480 Interface ~ '\.'\. ) 
Symbol Param8\-er -.. --\V Min Units 

H~e~~O], RNI/valid to DS low LCLK Tcyc ns 

TH H{>[~r~~ Hs.EL[2:0]' RNI/ hold from DS low LCLK Tcyc ns 

Tsu D[\O] (r~d) Ii ~~D to DTACK hiah 5 ns 

TH / ~7k(reAd ~ Ihold from DTACK high 0 ns 

Table 4-14. ~~ Timing - Output from Trl064V+ to Feature Connector 

Symbol ~eter Min Units Notes 

Tsu PA[15:0), BLANK setuD to VCLK risina 5 ns 

TH PA[15:0)' BLANK hold from VCLK rising 5 ns 
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Table 4-15. Feature Connector Timing ~ Output from Feature Connector to Trio64V+ 

S mbol 

Tsu 
Parameter 
PA[15:0]' BLANK setup to VCLK or 
VCLKI risin 

PA[15:0], BLANK hold from VCLK or 
VCLKI risin 

VCLK 

VCLKI 

VCLK,VCLKldu 

VCLK, VCLKI low time 

VCLK, VCLKI slew rate 

Notes for Table 4-15 

Min 

6 

6 

25 
27 
40 
10 

10 

1. Pixel data is clocked into the internal RAMDAC usin 
connector and VCLKI for a VAFC configuration. 

2. 
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40 

ELECTRICAL DATA 4-9 



U Inoorporated 

SRESET,RESET 

SYSTEM 
CONFIGURATION 

DATA 
RESETTM 

Table 4-16. Reset Timing 

S mbol Parameter 
TLOW SRESET (VL) or RESET (PCI) active uls 

Tsu PD[28:0] setup to SRESET (VL) or RE T 
inactive 
PD[28:0] hold from SRESET (VL) or 
inactive 
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Units 
ns 
ns 

10 ns 
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Section 5: Reset and Initialization 

The reset signal (RESET for PCI, SRESET for VL
Bus) resets the internal state machines in ViRGE· 
and places all registers in their power-on default 
states. It also initiates several configuration ac
tions, as described in this section. 

The PD[28:0] pins are pulled up internally. They 
can be individually pulled low through external 
10 KQ resistors. These pull-ups and pull-downs 
do not affect normal operation of the pins as part 
of the pixel data bus, but they do force the pins 
to a definite state during reset. At the rising ed \) 
of the reset signal, this state is sampled and e 
data loaded into the CR36, CR37, CR68 and F 
registers. The data is used for system co u 
tion, such as system bus and memory ra te 
selection. The definitions of the PDf : s 
ping bits atthe rising edge of the re t g I 
shown in Table 5-1. 
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Table 5-1. Definition of PD[28:0] at the Rising Edge of the Reset Signal 

CR Bits PD Bits Value Function A. 

System Bus Select 
CR36 1-0 1-0 00 Reserved '\. '\. /\ 

01 VL-Bus 
10 PCI local bus \ """'\./ 
11 Reserved A \ \) ... ")v 

Memory Page Mode Select A'\.\ /" 
CR36 3-2 3-2 00 1-cycle EDO mode. / /'\. '\. \ \ 

01 Reserved 
10 2-cycle EDO) mode .. l /\. '\. '\./ 
11 Fast page mode (~ '\. '\. 

Enable Video BIOS (VL-Bus) '\. '\. '\. ) 
CR364 4 0 Disable video BIOS acc,{s~ !)&os contains video BIOS) 

1 Enable video BIOS a~ ~ ) 
Display Memory Size / / ~ '\. -.....J 

CR367-5 7-5 000 4 MBytes / / / )'\. \ 
001 Reserved , V / /V 
010 Reserved ~ <.../ / 
011 Reserved/ ~, / 

100 2MB~' \ V 
101 Rese'" ed'\. '\. '\. J 
110 1.~'i~ \...\... v / 

Enable ViRGE l{L-~sf L '\. 1 
CR37 0 a 0' \blsa~bII'ViRGEvexcePt for video BIOS accesses 

CR37 1 
Video B~S N lM Size bYL-Bus 

CR372 10~ '~ytevideoBIOS 
I ~ ~ ~-KByte video BIOS 

I~\ NJ Use external DCLK on pin 156 and external MCLK on pin 151 
_ /'\ ) (test purposes only) 

f / ~ Use internal DCLK, MCLK 
\ i\ RA",[ lAc Write Snooping (VL-Bus) 

eR374 .~ ~ 0 Disable LOCA/SRDY for RAMDAC writes 
I'--/' 1 Enable LOCA/SRDY for RAMDAC writes 
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Table 5-1. Definition of PD[28:0] at the Rising Edge of the Reset Signal (Continued) 

CR Bits PD Bits Value Function 
BIOS Field /\. 

CR37 7-5 15-13 Reserved for use by the S3 BIOS \. \. A 

CAS/OE Trailina Edae Delay High Order Bit ~ '\.. \. / ) 
CR68 0 16 0 0 delay (1 unit if MM8204 5 = 1) ( "" '\.. / 

1 2 units delay (3 units if MM8204 5 = 1) ..\ .". ~V 
CAS/OE Leading_ Edge Delay High Order Bit _( \. \ v /'../ 

CR68 1 17 0 0 delay (1 unit if MM8204 6 = 1) L~ '\.. \ ( 
1 2 units delay (3 units if MM8204 .;= If '\. '\. \ ) 

RAS Low Timing Select / A ~ '\. "Y 
CR682 18 0 4.5 MCLKs /\.V \.'\. V 

1 3.5 MCLKs \. \. \. '\ 
RAS Pre-Charl e Timing Select ~ '\. '\.. V 

CR683 19 0 3.5 MCLKs A-'\. 
1 2.5 MCLKs / J\. ~ 

CR68 6-4 22-20 Reserved / / /\'\.. '\.. 
Memory Data Bus Size {. V / A J 

CR68 7 23 0 Memory dat~ 32titV. J-
1 Memory Qt(iaN i~ Ms j( MByte) or 64 bits (2 or more 

MBvtes)/ L ~ ~ / 
O~erating Mode Select'\.'\.. '\. l) v 

CR6F 0 24 0 LP~d~ '\. V J 
1 TJt'o~~,.~~Ie ;6ode 

Serial Port I/O 4tfdJ's~~ '\.V 
CR6F 1 25 0 ~~eMt P£rt rWter accessed at I/O address 000E8H 

1 \. ~ria~ort register accessed at I/O address 000E2H 

CR6F 2 26 (0 ~er~rt register accessed at address defined in CR6F 1 
..,..k"-. '~riJport register accessed at its MMIO address only (offset 
/J ~ 'F~H) 

CR6F 3 2~ \1 \ ,IVo delay (1 unit if MM8204 3 = 1) 
/~ ~ l\-...I 2 units delay (3 units if MM8204 3 = 1) 

.1 J ~ rJ;) ~di.Dl'Edge Delay 
CR6F 4 j \ 2~ 0 delay (1 unit if MM8204 4 = 1) 

\ " J 2 units delay (3 units if MM8204 4 = 1) 
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Section 6: System Bus Interfaces 

ViRGE interfaces to either a PCI bus or a VESA 
local bus (VL-Bus). This section describes the 
connections and functional characteristics of 
these interfaces. • 

6.1 PCI BUS INTERFACE 

ViRGE provides a complete PCI interface. Power
on strapping bits 1-0 must be setto 10b to enable 
this interface. The pinout and other specifications 
are in conformance with Revision 2.1 of the t 
PCI specification. No glue logic is required. 

6.1.1 PCI Configuration 

The Vendor 10 register (Index 00 i t 
Configuration space is hardwire to 3 
specify S3 Incorporated as tendo 
Device 10 register is hardwire 1 
Revision 10 will vary by ste 

6.1.2 PCI Function Support 

The following functions (among those appropri
ate for a graphics device) are supported as de
fined by the PCI 2.1 specification. Refer to this 

s aster Arbitration 

Fa Back to Back Transactions 

Device Selection 

Configuration Read 

• Configuration Write 

• Type 0 and 1 Configuration Cycles 

• Interrupts 

• Parity (reads) 

• RAMDAC Snooping 

The following functions are not supported. 

• Exclusive Access 

• Complete Bus Lock 

• Special Cycle 

• Address Data Stepping 

• PERR 
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6.2 VL-BUS INTERFACE 

Power-on strapping bits 1-0 must be setto 01b to 
enable VL-Bus operation. Only SA[22:21 are di
rectly decoded. Two inputs (SAUP1, SAUP2) are 
provided to allow decoding ofthe upper address 
lines for ViRGE address space accesses. The 
meanings of SAUP1 and SAUP2 are defined by 
the following truth table. 

Table 4-1. VL·Bus Upper Address Decoding 

SAUP2 SAUP1 
o 0 
o 1 

EFFECT 
I nored 
Decode Access to 
register/port address 
s ace 

o Decode Access to linear 
addressing address 
s ace (video memo 
I nored 

S3d ViRGE 

processor. If this is done, this RDY signal should 
also be fed to the RDYIN input of ViRGE (see Note 
3 of Figure 6-2). ViRGE holds read data active 
until RDYIN is asserted. If the SR signal is not 
intercepted, it should be fed to b h t processor 
ROY input and ViRGE RDYIN inp 

There are many ways to generate these inputs 
depending on the system design. If response SJ 
a single linear addressing window above 4 y-
tes is required, a PLD can be used to deco e 
appropriate address space. 

6.2.1 VL-Bus Cycles 

The basic VL-Bus read cycle is 0 
6-1. The address is latched b Vi 
two rising SCLK edges as s w 
explained in Note 1. 

For a VL-Bus configuration, ViRGE raises its 
SRDY output early in the T1 cycle and then tri
states it. It then asserts SRDY to signal the end of 
the cycle. Some systems synchronize or other
wise delay this signal and then assert RDY to the 
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sell( 

SAl31~ 
MilO 
W/R 

5AUP 

50[31:0J 

Notes 

S3dViRGE 

T1 1'2 13 T4 

Figure 6-1. VL-Bus Read Cycle 

1. For one state (bit 4 of CR40 set to 1), the address is latched on the first clock edge in-
dicated here if bit 3 of CR58 is set to 1. If this bit is cleared to 0, the address is latched on the 
second clock edge indicated. The address is always latched on the first clock edge if bit 4 of 
CR40 is cleared to O. 

2. The system chip set can delay the RDYIN input by 1 or more cycles. This example assumes a 1 
cycle delay, as indicated by the solid line. Note that read data is held valid an extra cycle. 
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T1 T2 T2 T1 

SCLK 

SD[31:0] 

SAUP 

KVLWRITE 

1 Wait-state VL-Bus Write Cycle 

Notes 

1. For one (bit 4 of CR40 set to 1), the address is latched on the first clock edge in-
dicated h CR58 is set to 1. If this bit is cleared to 0, the address is latched on the 
second clock e indicated. The address is always latched on the first clock edge if bit 4 of 
CR40 is cleared to O. 

2. The wait-state is inserted by setting bit 4 of CR40 to 1 to delay SRDY assertion by 1 cycle from 
the assertion of SADS. This is the default value. 

3. Data is latched on the rising SCLK edge following assertion of RDYIN. 
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Section 7: Display Memory 

ViRGE supports a DRAM-based video frame buff
er. This section describes the various configura
tions supported, the functional timing fQr 
memory accesses and the operation of various 
register bits that affect memory timing and op
eration. It also describes how access to display 
memory is controlled to maximize graphics per
formance. 

7 .1 DISPLAY MEMORY 
CONFIGURATIONS 

ViRGE uses either fast page mode or ext 
data out (EDO) DRAMs for its frame bu 
DRAMs can be configured as 256Kx4, 
256Kx16. A Tech Note lists reco 
DRAMs. 

For loading reasons, a maxim m 
chips can be used for the frame b 
shows the supported me·~~~i'7"1 
configurations. 

Table 7-1 Memory Si 
Configurations 

1 MB 
2MB 
4MB 

2 
4 

8 

Figure 7-1 shows 1- yte memory configura
tion for either a VL-Bus or PCI bus configuration. 
Either fast page or EDO (1-cycle or standard) 
memory can be used. The PO bus is 32 bits. This 
reduces performance and the number of video 
modes available as compared with 64-bit PO bus 

If only fast page memory is to be used, OEO can 
be connected to both the 1st and 2nd MByte. Pin 
124 always outputs OEO. Pin 50 also outputs OEO 
with fast page memory when SRA_6 = 0 for a PCI 
configuration. '=!aure 7-2 shows pin 50 connected 
to the DRAMs' OE input. However, pin 124 could 
be connected and must be for a VL-Bus configu
ration.ln either case, forcing the PO bus to 32 bits 
turns off all control signal activity for the 2nd 
MByte so feature connector activation is allowed. 

If EDO memory is to be used with a 2-MByte 
configuration, the DRAM OE pins must be con
nected to pin 50 of the Trio64V+ if feature con
nector activation is required. This can only be 
done with a PCI bus configuration. In this case, 
pin 50 outputs OEO with no feature connector and 
OE1 when the feature connector is enabled. With 
EDO memory, 2 MBytes of memory and the fea-
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PD[31:0] 

VIRGE MA[8:0] 

RAM CONTROL 

FAST PAGE (FP) MODE OR EDO 

PD[63:O] 

MA[8:0) 

VIRGE 

y 
1STMBYTE 

\ 

PIN 50 
RASO 
CAS4 
~ 
WE 

y 

S3dViRGE 

PD[63:48) 

2MB 

2NDMBYTE 

Figure 7-2. 2-MByte Memory Configuration 
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Figure 7·3. 4-MByte Memory Configuration 
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ture connector enabled, OE1 is held high 
throughout the memory cycle. This is required to 
turn off output from the EDO DRAMs in the 2nd 
MByte. The 1st MByte is still active because it is 
connected to the still-functioning DEO. 

Connecting pin 50 to the 2nd MByte DRAM OE's 
works for both fast page and EDO DRAM in PCI 
configurations whether or not feature connector 
operation is to be enabled. However, this con
figuration cannot be upgraded to 4 MBytes. If 
feature connector operation is never required, 
OEO (pin 124) can be used to drive both the 1st 
and 2nd MBytes of both fast page and EDO 
DRAM. This configuration is upgradeable to 4 
MBytes for PCI bus systems. 

S3dViRGE 

ed n the rising edge of CAS. 
is sed for this purpose. The 
I rises at the same time, but 

ogation delays, the DRAM will 
ge immediately. This plus the 

D time guarantees that valid data is 

A 4-MByte configuration requires RAS1 to select 
the 3rd and 4th MByte. ViRGE outputs RAS1 on 
pin 50 for PCI configurations when bit 6 of SRA 
is set to 1. RAS1 is not available for VL-Bus 
configurations, limiting memory size to 2-MBy
tes. Figure 7-2 shows a 4-MByte configuration 
using RAS 1. The Trio64-compatible VAFC feature 
connector cannot be used with 4 MBytes of me 
ory and must never be enabled for 4-MByte c 

-~ r ~-5 shows the functional timing for a fast 
\. ~ ode write cycle. The RAS and CAS signals 

figurations. 

7.2 DISPLAY MEMORY REFR 

ViRGE uses the standard CAS befor R 
refresh method. The functional ti or hi 
be found in any standard DRAM 

he fu tional timing for a fast 
page mode read e. This also shows how 
certain parameters for various control signals 
can be adjusted to meet the access time require
ments of a variety of DRAMs. Power-on strapE!!!2 
of CR68_0 allows the trailing edges of the CAS 
and OE signals to be delayed by 0 or 1 unit. (This 

ca e adjusted as explained for the read cycle 
ove. Power-on st@EPing of CR6F _3 allows the 

railing edge of the WE signal to be delayed by 0 
or 1 unit. After power-up, MM8204_3 can be 
programmed to change the delay to 1 or 3 units. 
Power-on s~ping of CR6F _ 4 allows the leading 
edge ofthe WE signal to be delayed by 0 or 1 unit. 
After power-up, MM8204_ 4 can be programmed 
to change the delay to 1 or 3 units. 

Figure 7-6 shows the functional timing for a fast 
page mode read/modify/write cycle. This is a 1-
wait state cycle. 
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2. The RAS low time for a single column access is adjustable via CR68_2, MM8204_2 and CR58_7. 
(The dashed line shows the RAS signal if the second page mode cycle were to be eliminated.) 

3. The CAS and OE edges can be stretched via CR68_1-0 and MM8204_6-5. CAS and OE edges 
move together, but the leading and trailing edges can be stretched independently. 
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MCLK 

MA[8:0] ROW 

PD[63:0] DATA 

MEMWA 

Notes 

1. The RAS p ec e me can be adjusted via CR68_3, MM8204_1 and CR58_7. 

2. The RAS low' or a single column access is adjustable via CR68_2, MM8204_2 and CR58_7. 
(The dashed line shows the RAS signal if the second page mode cycle were to be eliminated.) 

3. The leading and trailing edges of CAS can be independently stretched via CR68_1-0 and 
MM8204_6-5. The leading and trailing edges of WE can be independently stretched via CR6F _ 4-
3 and MM8204_4-3. 
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MCLK 

RAS 

CAS 

MA[8:0] ROW MB[8:0] COLUMN 

OE 

WE 

PD[63:0] WRITE DATA 

@. Fast Page Mode Read/Modlfy/Write Cycle 

Figure 7-7 s th f ctional timing for an MCLK longer. Note that RAS, the last CAS and OE 
Extended Oat (E 0 mode read cycle. One are all stretched one MCLK and OE is held low for 
difference be E 0 read cycle and a fast the entire cycle instead of being pulsed as in a 
page mode read c . that EDO memory holds fast page mode cycle. 
the data valid longer, allowing the data to be 
latched one cycle later (rising edges of T8 and 
T10). This allows the use of slower access time 
memory or a faster MCLK. Therefore, the last 
page access (or first for a single access) is one 

The timing adjustments for RAS, CAS/OE and WE 
as described above for fast page mode cycles 
also a£E!y to EDO cycles. Note that if the mini
mum RAS active time is specified as 3.5 MCLKs, 
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MCLK 

.RASO 

MA[8:0] 

PD[63:0] 

LATCHING -

~© Figure 7-7. EDO Mode Read Cycle 

Notes 

1. The RAS pr harg ime can be adjusted via CR68_3, MM8204_1 and CR58_7. 

2. The RAS low time for a single column access is adjustable via CR68_2MM8204_2 and CR58_7. 
(The dashed line shows the RAS signal if the second page mode cycle were to be eliminated.) 

3. The CAS and DE edges can be stretched via CR68_1-0 and MM8204_6-5. CAS and OE edges 
move together, but the leading and trailing edges can be stretched independently. 
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the actual minimum for a single EDO read cycle 
will be 4.5 MCLKs. 

An EDO write cycle is functionally the same as a 
fast page mode write cycle. 

Figure 7-8 shows the functional timing for an 
EDO mode read/modify/Write cycle. Since read 

MCLK 

MA[8:0] 
MB[8:0] 

PD[63:0] 

S3dViRGE 

data is latched later than for a fast page mode 
cycle, there is less time available between the 
read and write. 

COLUMN 

READ DATA WRITE DATA 

EDORIoIW 

Figure 7-8. EDO Mode Read/Modify/Write Cycle 
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7.4 1-CYCLE EDO DRAM SUPPORT 

Bits 3-2 of CR36 are cleared to OOb to indicate that 
1-cycle EDO DRAM operation is being used. 

The functional timing for 1-cycle EDO reads and 
writes is provided by Figure 7-9. The DRAM 
drives valid read data after the CAS falling edge 
at T5. The chip latches the data on the next falling 
CAS edge. Note that a dummy cycle is required 
at the end to latch the last read. Write data is 
latched by the DRAM on the falling edge of CAS. 
No dummy cycle is required, so RAS rises one 
cycle earlier than shown in Figure 7-9 and the last 
CAS shown in the figure does not occur. 

MCLK 

RAS 

CAS 

MA[8:0] 
MB[8:0] 

OE 

PD[63:0] 

S3dViRGE 

Figure 7-10 shows a read/modify/write cycle with 
1-cycle EDO operation. A dummy cycle is added 
between the read and write. 

CPU (i.e., linear addressing) acc s t memory is 
not supported with 1-cycle ED 2- cle 0 
operation will automatically 
tion. 

RD1 

PD[63:0] WR 2 X WR 3 ~ 
SCEDORW 

Figure 7-9.1-Cycle EDO Mode Read/Write 
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T1 T2 T3 

MCLK 

RAS 

CAS 

MA[S:O] ROW MB[S:O] 

OE 

WE 

PD[63:0] 

7.5 DISPLAY MEMORY 
CONTROL 

• 
• 
• 
• 
• LPB 

• 
• Secondary controller request/grant (S3 

Shared Frame Buffer Interface) 

• CPU accesses 

• S3d Engine accesses 

T4 

S3dViRGE 

TS T6 T7 TS T9 

SCEDORMW 

• Primary Stream Low 

• Secondary Stream Low 

• Read DMA Low 

The three processes with high and low priorities 
have associated threshold register fields. If the 
current count is above the threshold level for a 
process, that process is given its low priority. 
Once the threshold is reached, the process is 
given its high priority. 

Each of the processes (except for RAM refresh 
and hardware cursor fetch) has an associated 
timeout register field. These define the maxi
mum latencies for giving up the memory bus 
when another process requests control. All of 
these threshold and timeout fields are described 
in the MPC Register section. 
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Section 8: RAMDAC Functionality 

For 8 bits/pixel modes, the ViRGE internal 24-bit 8.1 
RAMDAC provides three 256 6-bit word color 
look-up table (LUT) RAMs feeding three 8-bit 
DACs. A clock doubled mode is also provided for 
8 bits/pixel modes. A 24-bit LUT bypass is pro
vided for 15/16- and 24-bit color modes. The block 
diagram for the internal RAMDAC is shown in 
Figure 8-1. 

The method of operation depends on whether or 
not the Streams Processor is active and the color 
mode. 

VIRGE 

Figure 8-1. Internal RAMDAC Block Diagram 

S3dViRGE 

t--..,-t-+.AG 

I-T-+-+-~ AB 
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Table 8-' Color Modes 

Color CR67 MAX MAX 
Mode Bits 7-4 PABits DCLK Pixel Rate 

0 0000 7:0 80 MHz 80 MHz 
8 0001 15:0 67.5 MHz 135 MHz 
9 0011 15:0 80 MHz 80 MHz 
10 0101 15:0 80 MHz 80 MHz 

13 1101 23:0 50 MHz 50 MHz 

going through the Streams Processor, but all 
Streams Processor functions are bypassed.) This . 
mode is used for those video modes not sup
ported by the Streams Processor. This includes 
all VGA modes except modes 0, E, 10, 12 and 13, 
all interlaced modes and the clock-doubled a 
bits/pixel mode. 

With the Streams Processor on (CR67 _3-2 = 11 b), 
memory data is passed directly to the Streams 
Processor. a bits/pixel (palettized) data is passed 

S3dViRGE 

ed setting bits 7-4 of CR67 to 
de, the low a internal pixel 

re ANOed with the contents of 
a ask register (3C6H). The result 

directly to the RAMOAC, where it is interprete of peration selects one of 256 LUT 
by the color look-up table and returned to t ~t 
Streams Processor as RGB666. This and 0 r co r 
input data types are converted to RGB8 
required) and then sent to the RAMDAC th 2 
high and true color bypass. • 

s. is results in the output of 6 bits of 
mation to each of the OACs. 

Output-doubled S Bits/Pixel -
ModeS 

S.2 COLOR MODES 

ViRGE internal RAMDAC provo 
of the following ;3 primary 

8-2 RAMDAC FUNCTIONALITY 

This mode is selected by setting bits 7-4 of CR67 
to 0001 b.ln this mode, latching of pixel data from 
the lower two bytes of the internal pixel data bus 
is based on the pixel clock (VCLK) and output of 
pixel data from the latches to the DACs is based 
on an internal clock running at twice the VCLK 
rate. Either bit 4 or bit 6 of SR15 must be set to 1 
when this mode is selected and bit 7 of SRla 
must also be set to 1. 

This mode processes two pixels per VCLK with a 
maximum VCLK rate of 67.5 MHz. This results in 
an effective pixel output clock rate of 135 MHz. 

The internal pixel bus bits are ANOed with the 
contents of the Pixel Read Mask register. The 
result of the AND operation selects one of 256 
LUT locations. This results in the output of 6 bits 
of color information to each of the OACs. 

PRELIMINARY PROPRIETARY AND CONFIDENTIAL 
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8.2.3 15/16-Bits/Pixel - Modes 9 and 
10 

S3d ViRGE 

If bit 7 of CR37 is set to 1, ViRGE claims all 
RAMDAC read and write cycles (LOCA and SRDY 
are generated). 

These modes are selected by setting bits (7:4] of 
CR67 to 0011b (15 bits/pixel) or 0101b (16 8.5 
bits/pixel). In either case, one pixel is transferred 
on the lower two bytes of the internal pixel bus 
each VCLK cycle. This data is sent directly to the 
DACs via the LUT bypass. 

8.2.4 24 Bits/Pixel- Mode 13 

This mode is selected by setting bits (7:4] of CR67 
to 1101b. One pixel is transferred to the DACs 
each VCLK cycle via the LUT bypass. 

8.3 RAMDAC REGISTER ACCESS 

The standard VGA RAMDAC register set (3C6H -
3C9H) is used to access the internal RAMDAC 
registers. 

8.4 RAMDAC SNOOPING 

For PCI bus configurations, setting bit 
Command configuration space regist 
04H) to 1 causes ViRGE to snoop foyn,~I!IIllI" 
writes. This means that ViRGE will it 
to its local RAMDAC but will not 
by asserting DEVSEL. This allow h 
ler to also generate a write cycle 
RAMDAC. ViRGE always p_ ........... _ .. _ ... 
RAMDAC reads. 

If power-on str pi it 2 (CR37, bit 4) is pulled 
low at reset for a -Bu onfiguration, LOCAand 
SRDY are not generated by ViRGE for RAMDAC 
write accesses. ViRGE generates write cycles to 
the local RAMDAC and the ISA controller also 
generates cycles to an off-board RAMDAC (mir
roring). RAMDAC reads are always from the local 
RAMDAC. 

8.6 
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Section 9: Clock Synthesis and Cont 

ViRGE contains two phase-locked loop (PLL) fre
quency synthesizers. These generate the OCLK 
(video clock) and MCLK (memory clock) signals 
forthe graphics controller block. The OCLK signal 
is converted to the VCLK signal by the graphics 
controller block. This signal latches pixel data to 
the RAMOAC. 

9.1 CLOCK SYNTHESIS 

alue can El_ programmed with any 
ue 127. The binary equivalent 

is rogrammed in bits 6-0 of SR11 
"" .... _" .... n 'n bits 6-0 ofSR13forthe OCLK. 

e e k loop frequency from the volt-
co tr Ie oscillator stage is scaled by divid

Each PLL scales a single reference frequen ~.ng at e ency by (M+2). 
input on the XIN pin. By placing a parallel-ra 0-

nant crystal between the XOUT output pi d Th C value can be programmed with any 
the XIN pin, the reference frequency is ge at in g r value from 1 to 31. The binary equivalent 
by an internal oscillator. Alternately, C S- t . value is programmed in bits 15-11 of SR10 
compatible clock input can be conne d fo he MCLK and in bits 15-11 of SR12 for the 
to provide the reference frequency. LK. The reference frequency is divided by 

The frequency synthesized by e h 
mined by the following equation: 

(M+2) 
fOUT= R x fREF 

(N+2)x2 

1. 135MHz~~(o\--~:;:... 

2. min N ~ 1 

Note that values used for the parameters are the 
integer equivalents of the programmed value. In 
particular, the R value is the code, not the actual 
frequency divisor. 

(N+2) before being fed to the phase detector 
stage of the PLL. 

The PLL R value is a 2-bit range value that can be 
programmed with any integer value from 0 to 3. 
The R value is programmed in bits 6-5 of SR 10 
for MCLK and bits 6-5 of SR12 for OCLK. This 
value codes the selection of a frequency divider 
for the PLL output. This is shown Table 9-1. 

Table 9-1. PLL R Parameter Decoding 

Divider 

01 2 
10 4 
11 8 

The entire PLL block diagram is shown in Figure 
9-1. 
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fREF 

Figure 9-1. PLL Block Diagram 

The following sequence may be followed to ar
rive at M and N values for any mode. 

1. Calculate an R which does not violate the 
following constrains: 

135MHz< 2RxfoUTS 270MHz 

2. Start with N1 = 1 and calculate: 

R 
M= [fOUTX (N+2) x2 ] _ 2 

fREF 

3. Determine if the following constraint is m 

(Mi-2) fREF 
0.995 fOUT < N2 < 1.005 fOUT 

(N1+2) 2 

9.2 

All other DCLK frequencies must be generated by 
re-programming SR12 and SR13. The new PLL 
parameter values can be loaded in one of two 

~ 6FH 

3C4 ~ 12H 
3C5 ~ 34H 
3C4 ~ 13H 
3C5 ~ 56H 
3C4 ~ 15H 
3C5 ~ RMW 

3CS ~ RMW 

DCLK specified by 
SR12 and SR13 
SR12 index 
SR12 PLL value 
SR13 index 
SR13 PLL value 
SR15 index 
Use read/modify/write to 
set bit 5 to 1 and leave 
other bits unchanged 
Use read/modify/write to 
clear bit 5 to 0 and 
leave other bits 
unchanged 

Either loading approach should work. The sec
ond (immediate loading) approach helps with 
system testing since the timing of the load is 
predictable. The first approach (via bit 1 of SR15) 
has the advantage of separating the loading of 
DCLK from that of MCLK. 
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After power-up, all MCLK frequency changes 
must be made by re-programming SR10 and 
SR11. If bit 5 of SR15 is cleared to 0, the new 
frequency does not take effect until a 1 has been 
written to bit 0 of SR15. This bit must then be 
cleared to 0 to prevent repeated loading. Actual 
loading will be delayed for a short but variable • 
period of time. 

As explained above for DCLK, toggling bit 5 of 
SR15 (0,1,0) immediately loads both the DCLK 
values in SR12 and SR13 and the MCLK values in 
SR10 and SR11. 

9.3 DCLK CONTROL 

DCLK is generated by the internal clock synthe
sizer. VCLK is the signal used to clock pixel data 
into the internal RAMDAC. For most modes of 
operation, VCLK is generated directly from VCLK 
and has the same frequency and phase (neglect
ing internal gate delays). Bit 0 of CR67 provides 
the option to invert DCLK before it becomes 
VCLK. 

S3d ViRGE 
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Section 10: Streams Processor 

The S3 Streams Processor processes data from 
the graphics frame buffer, composes it and out- . 
puts the resultto the internal DACs for generation 
of the analog RGB outputs to the monitor. The 
general data flow is shown in Figure 10-1. Note 
that the DAC shown in this figure is inside ViRGE. 

10.1 INPUT STREAMS 

independent streams as shown in Figure 10-1: 

GRAPHICS 
FRAME BUFFER 

S B K 
C L E 
AEy 
L N I 
ION 
NIG 
G

N 
G 

OFF SCREENI 
HARDWARE CURSOR 

STREAMS PROCESSOR 

------------------~ 

Figure 10-1. Streams Processor 
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Streams Processor also saves memory band
width by eliminating the need to save and restore 
the overlay background since the background 
(primary stream) is never overwritten in the 
frame buffer. 

Streams Processor support is not available for 
clock-doubled 8 bits/pixel modes, interlaced 
graphics modes and standard VGA modes except 
for modes 0, E, 10, 12 and 13. 

Bits 3-2 of CR67 specify the Streams Processor 
mode of operation. If they are cleared to OOb, 
Streams Processor operation is disabled. They 
are programmed to 01 b when the primary stream 
is VGA mode 0, E, 10, 12 or 13 (the only sup
ported modes). A secondary stream can be over
laid on the primary stream. CR67 _3-2 are set to 
11 b to support an Enhanced mode primary 
stream and a secondary stream. 

10.1.1 Primary Stream Input 

S3dViRGE 

frame buffer by some video source (CPU, de
coder, digitizer). The format for this data can be 
any of the following as selected via bits 26-24 of 
MM8190. 

• 
• YUV-16 (4.2.2), 0 -25 

• KRGB-16 (1.5.5.5)
key. 

• YUV (2.1.1) .• 
• 

The primary stream is generated by reading th 
RGB pixel data written to the frame buffer by t ~r are rsor generation is explained in Sec-
graphics controller. The format for this data n tl n e cursor is overlaid on the Streams 
be any of the following as selected via bit Pr ce s 
ofMM8180. 

• 

• 

• 
• 

The secondary rea i generated by reading 
pixel data from a te section of the frame 
buffer than that used to generate the primary 
screen. This might be RGB data written by the 
graphics controller, such as a sprite used by 
game programmers for moving objects. It could 
also be RGB, YUV or YCbCr data written to the 

1 .4 Frame Buffer Organizationl 
Double Buffering 

For each stream to be used, the starting location 
(offset) in the frame buffer and the stride (byte 
offset between vertically adjacent pixels on the 
screen) must be specified. Both the primary and 
the secondary streams can be double buffered as 
depicted in Figure 10-1.This means that duplicate 
frame buffer storage can be provided for both the 
primary and secondary image (or for either one 
of them). With double buffering, the programmer 
can rapidly switch from one primary or secon
dary image to the other. In addition, having two 
images allows more time for updating one image 
while the other is being displayed. Defining the 
frame buffer organization and implementing 
double buffering are done via the register fields 
described in Table 10-1. LPB stands for Local 
Peripheral Bus. 

The secondary stream can be generated from 
data written to the frame buffer via the LPB when 
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Table 10-1. Register Fields Used For S~eclfying Frame Buffer Organization and Double Buffering 

Re ister Field 

MM81C8_11-D 

a 9 ddress 0 (MM81 DO_21-0) used for the 
ra e buffer starting address 1 (MMFFOC_21-0) 

OR secondary frame buffer starting address 
d f e secondary stream and LPB frame buffer 
MFF10_21-D) used for the LPB input stream. Which 
determined by the LPB starting address register 

er elect Loading 
grammed in bit 4 of this register takes effect immediately 

programmed in bit 4 of this register takes effect at the end of the 
e (completion of writing all the data for a frame into the frame 

I put Buffer Select Toggle 
E d of frame (completion of writing all the data fro a from into the frame 

uffer) has no effect on the setting of bit 4 of this register 
- nd of frame causes the settin of bit 4 of this re ister to to Ie 
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Table 10-1. Register Fields Used For Specifying Frame Buffer Organization and Double Buffering 
continued . 

Descri tion 
Dropped Frame Writing 
0= TJ'le dropped frames specified in bits 10-B of this register are 

frame buffer 
1 = The dropped frames specified in bits 10-B of this register: 

the frame buffer 
MMB1CC_10-B Frame Dropping 

Value = 1 less than the number of frames to drop be 

MMB1DB_11-o 

10.2 INPUT\PIRC:YlE!l 

Different processing options are available for the 
primary and secondary input streams. These are 
explained next. 

rting address (offset) in the frame 
hlch is written data from the LPB. The 
m this buffer. 

10.2.1 Primary Stream Processing 

The primary stream input RGB format is con
verted (if required) to RGB-24 (B.B.B) format. Each 
color byte is padded as required with low order 
zeros. After this conversion, the data can be 
passed through unsealed or scaled up horizon
tally and vertically by a factor of 2 via bits 30-2B 
of MMB1BO. For MMB180_30-2B = 001, horizontal 
scaling is done via replication. If these bits are 
programmed to 010, horizontal scaling is done 
using interpolation. Vertical scaling is automatic 
and uses line replication. The 2x scaling allows a 
320x240 image (as used by many games) to be 
displayed at a full-screen 640x4BO resolution. 

10-4 STREAMS PROCESSOR PRELIMINARY PROPRIETARY AND CONFIDENTIAL 



sa Inoorpontecl 

10.2.2 Secondary Stream Proce$sing 

The secondary stream input format is converted 
(if required) to RGB-24 (8.8.8) format. For 
YUV/YCbCr inputs, the required.color space con
version is automatically performed. Before con
version, the data can be passed through unscaled 
or scaled up horizontally and/or vertically by ar
bitrary factors. Horizontal scaling uses filtering 
for interpolation. Vertical scaling uses line repli
cation. The register fields involved in scaling up 
the secondary stream are described in Table 10-
2. Figure 10-2 graphically describes the various 
fields. 

For example, assume a 10x10 window that is to 
be scaled up horizontally by a factor of 2.5. The 
filter characteristics are set for bi-linear (2x to 4x 
stretch). The starting line width is 10 pixels and 
the ending line width is 25 pixels. The DDA hori
zontal accumulator initial value is 2 (10-1) - (25-1) 
= -6. The K1 horizontal factor is 10-1 = 9. The K2 
horizontal factor is 10-25 = -15. Programming 
these parameters with these values results in a 
2.5x horizontal stretch for the secondary strea 
window. 

SCREEN START XO 

S3dViRGE 

10.3 COMPOSITION/OUTPUT 

A variety of output types can be co 
the streams described above. 
modes are: 

6-24 = 01b - Primary stream 
t condary stream in an 

e ngular window. This could 
d r xample, to provide graphics 

f a video window. The video is 
i behind the rectangular graph-

wi ow. 

(MM81FO_2~16~ ____________ ~~~~~~~ ____________ ~ 

~f----" T 
~" (fie-... l: t::o 
S ~ 11("', 
m~ ;:~ 
:::J: L... ... ;=w r-co 
ort S:IE Qf2 -:IE zw w-
-m :::1:" 
it.L. ;= ~ 

~--------------------~~ g~ I WINDOW WIDTH W1 AFTER z ~ 
1 SCALING (MM81 FC_26-16) -+1 i 1 _________________________ .1 .-L 

SPW\NDEF 

Figure 10-2. Screen Definition Parameters 

PROPRIETARY AND CONFIDENTIAL PRELIMINARY STREAMS PROCESSOR 10-5 



S3d ViRGE 

U Inoorporated 

Table 10-2. Register Fields Used For Sc~ling Up the Secondary Stream 

Re ister Field 

MM8190_11-0 

MM8198_10-0, 

MM81E8_11-0, 

Oeseri tion 
Filter Characteristics 
000 = Secondary stream (pass-through) 
001 = Secondary stream, linear, 0-2-4-2-0, for X stretch 
010 = Secondary stream, bi-linear, for 2X to 4X stretch 
011 = Secondary stream, linear, 1-2-2-2-1, for 4X stretch 

ve . al resolution of the data written 
igure 10-2. The final value is the 

I MM81 FC_10-0 and is shown as H1 in 
om lement of (H1 - HO). 

e. Value = 2's complement of [height (in 
aling] -1. This is the same height value that 

and is shown as H1 in Fi ure 10-2. 

6. MM81AO_26-24 = 110b - Primary stream 
overlaid on the secondary stream in an ir
regular window. This requires a 
color/chroma key. This case allows, for ex
ample, graphics text to overlay video with 
the video appearing around and even in
side of the text characters. 

10.3.1 Opaque Rectangular 
Overlaying 

These modes are items 1 and 2 in the compose 
modes list. When one of these modes is used, the 
programmer can invoke a feature called opaque 
overlay control. This is enabled by setting 
MM81DC_31 to 1.lf MM81AO_26-24 = OOOb (sec
ondary stream on top), then MM81 DC_30 must 
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be cleared to 0 to also specify secondary stream 
on top. Similarly, If MM81AO_26-24 = 001b (pri
mary stream on top), then MM81DC_30 must be 
set to 1 to also specify primary stream on top. The 
next step is to define when to stop fetching pixels 
for a line from memory and· when to restart 
fetching them. The goal is to not fetch those 
pixels in the background window that are cov
ered up by the opaque rectangular overlay win
dow, thus saving memory bandwidth. 

The first pixel that does not need to be fetched is 
at horizontal position X1 shown in Figure 10-2. 
This is programmed in MM8158_26-16. The start
ing pixel position for the background (XO) is 
programmed in MM81FO_26-16. The difference 
(X1- XO) must be converted into quadwords and 
then programmed in MM81 DC_12-3. The value is 
(X1 - XO) x bytes per pixel/4. If the result is a 
fraction, it is rounded up to the next highest 
integer to ensure that the first pixel not fetched 
in inside the opaque overlay window. Note that 
if the secondary stream is in the background, 
then the value is (XO - X1) x bytes per pixel/4, 

S3dViRGE 

space converter. Note that blending makes sense 
only when both streams are defined. In addition, 
when blending is selected, the concept of back
ground/foreground or top and b om window 
has no meaning. 

Two types of blending are pr 
fade. 

again rounded up. m s nd 1/8th will be due to the secon-

Pixel fetching must start again before or a e pr ream only, then overlaying the secon-~ 
tre . Therefore, by starting with the 

last pixel position ofthe opaque overlay wi da ream with Kp values decreasing from 7 to 
Using the terms in Figure 10-2, this positi ( verlaywindow can be dissolved gradually 
- XO) + W1, with W1 programmed in M 1 F. 6- fro primary stream to secondary stream. Note 
16 (secondary stream is on top). C twhen the Kp value is reprogrammed, its new 
quadwords, the value is [(X1 - XO) alue does not take effect until the next VSYNC, 
per pixel/4. If the result is a fracti so it can be reprogrammed during frame display 
truncated to the next lowest in without disruptive effects. 
and programmed in MM81 D 8· 
the secondary stream is in e ba 
(XO - X1) is used and 1 i 
MM81F4_26-16 (prima ~i~",V 

Opaque overlay contr 
ing or blending and 
when one of the 

10.3.2 Bien i 

These modes a items and 4 in the compose 
modes list. The bl accepts the primary and 
secondary pixel streams and blends them with 
an arithmetic weighting. The result is then over
laid with the cursor stream. Both blender inputs 
are RGB 8.8.8 from the outputs of the primary 
stream interpolator and secondary stream color 

When fade is chosen, the output pixels are gen
erated using the following equation: 

lPp x Kp + Ps x Ks1l8, where Kp + Ks must be S 8. 

Ks is the secondary stream weighting factor. It is 
a 3-bit value programmed in MM81AO_4-2. This 
weight value is applied to each of the three color 
values for the pixel. Note that when fading is 
selected, the default values for Kp and Ks (both 
0) result in a color value of O. As with Kp, when 
the Ks value is reprogrammed, its new value 
does not take effect until the next VSYNC. 
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10.3.3 Color/Chroma Keying 

These modes are items 5 and 6 in the compose 
modes list. Keying is a way of selecting on a pixel 
by pixel basis which str~am will be displayed. 
Color keying is used when the stream source is 
in RGB format (graphics). This is always the case 
for the primary stream. Chroma keying is used 
when the stream source is YUV or YCbCr (video). 
The secondary stream source can be either 
graphics or video, so either color or chroma key
ing might be used. If 81AO_26-24 (compose 
mode) = 101b and MM8184_28 = 1, the color key 
is compared with the primary stream pixel. If 
there is a match, the corresponding secondary 
stream pixel is displayed. If 81AO_26-24 = 110b 
and MM8184_28 = 1, the color or chroma key is 
compared with the secondary stream pixel. If 
there is a match, the corresponding primary 
stream pixel is displayed. 

If the input format is KRGB-16 (1.5.5.5), selected 
when MM8180_26-24 or MM8190_26_24 = 011b, 

S3d ViRGE 

10.3.4 Window Location 

The starting X, Y coordinates and window size for 
the primary stream are specified· M81FO and 
MM81 F4 respectively. The sta g Y co di-
nates and window size for the sec d 
are specified in MM81F8 M 
tively. 

the most significant bit of each pixel value is used m w at the allocation, FIFO thresholds 
as a color key as long as MM8184_28 is clear m be p ified for the primary and secondary 
toO. When the most significant pixel bitisaO, e~ . is is done via MM81EC_16-12 for the 
other stream pixel is displayed. pr tream and MM81EC_10-6 forthe secon-

d stream. When the FIFO empties to the 
For other RGB input types (as spe re old level, an internal signal is generated 
MM8180_26-24), a color key must re uesting the memory controller to begin refill-
This is done by programming MM8 g the FIFO. The programmed threshold levels 
a specific RGB 8.8.8 color valu must never exceed the corresponding FIFO 
must be set to 1 to enable use th depths. The optimal settings for the threshold 
number of bits to compare for a levels will be system and operating mode de-
specified in MM8184_26-2 i pendent and will have to be determined by trial 
match with the keyed str m pixe, the and error. 
sponding other stream ff d ed. 
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Section 11: Local Peripheral Bus 

When PD24 is strapped low at reset, ViRGE is 
placed in its Local Peripheral Bus (LPB) mode. 
The LPB mode pinout described in Section .3 
takes effect when bit 0 of MMFFOO is set to 1. LPB 
clocking with LCLK must also be enabled by 
setting bit 24 of MMFFOO to 1. The LPB function 
provides the following: 

• S3 Scenic Highway interface to the 
Scenic/MX2 MPEG AudioNideo Decoder 
(glueless, bi-directional) 

• Scenic Highway interface to the C-Cub 
CL-480 AudioNideo Decoder (glueles 
video input and compressed data 0 

• Scenic Highway interface to the 
video digitizers (glue logic is re uir.: 
convert 16-bit output to 8-bit IR 

e 
at e Connector (glueless 8-bit bi

iI9(=n~ or 16-bit VAFC) 

neral Input Port and 4-bit Gen
utput Port 

put for VL-Bus configuratio 
the Scenic/MX2 has a glu 

The internal block diagram for the LPB is shown 
in Figure 11-1. 

LPB 

HOST 
DATA/ADDRESS 8 

PORT 

LPB8x32 
OUTPUT FIFO 

VIDEO FIFO 

8x32 

8x32 

TO MEMORY MEMORY ADDRESS KYBLOCK 

INTERFACE GENERATION 

Figure 11·1. LPB Internal Block Diagram 
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11.1 Scenic/MX2 INTERFACE 

The hardware interface to the Scenic/MX2 is 
shown in Figure 11-2. 

The Scenic/MX2 interface'is selected by setting 
MMFFOO 3-1 to OOOb. This interface is fully bi-di
rectional~ Scenic/MX2 registers can be accessed, 
compressed data sent and decompressed video 
data received. 

11.1.1 Scenic/MX2 Register/Memory 
Access 

To read/Write a Scenic/MX2 register or private 
memory location (other than to transfer com
pressed data), the LPB Direct Read/Write Address 
register (MMFF14) is written. The new regis
ter/memory data is then written to MMFF18. For 
a write access, this write triggers the sequence 
shown in Figure 11-3 if the Scenic/MX2 is ready 
to receive the data (CREO/CRDY remains high). 

S3dViRGE 

Sc C/MX2 register/mem
enic/MX2 is ready to pro

ated by the Scenic/MX2 
;:;C~~.-#..Y high throughout the cy

.,...., •• nNllCl U er bits of the first address byte 
read. 

One cycle after ViRGE asserts its VREO/VRDY If S ic X2 is not ready to provide data, it 
signal, it sends the address in three byte write • ~IV its EO/CRDY signal low during the ad-
The first byte is composed of bits 23-16 of dr ss se. ViRGE then waits until the Sce-
MMFF14. The three upper bits are OOOb to 
this as a write. Bit 4 is 1 for a register acc an 

ScenicIMX2 ViRGE 

LCLK 

LD[7:0] 

VREQNRDY 

CREQ/CRDY 

ENFEAT 

WCTOK 

Figure 11-2. ViRGE to Scenic/MX2 Hardware Interface 
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LCLK 

LCLK 

CREQlCRDY 

VREQ/VRDY 

~~----------~'.1'. ___ I 

L~~ --__________ ~ 

LCLK 

CREalCRDY 

YREQ/VRDY 

LD(7:0) -----------( 

Figure 11·6. Scenic/MX2 Read (Scenic/MX2 Not Ready) 
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nic/MX2 raises CREO/CRDY and provides register 
data. This is depicted in Figure 11-6. . 

To prevent data starvation and deal with request 
contention, the following protocol is followed. 

• No transaction can be initiated if the bus 
is active 

• There is one dead cycle on the bus fol
lowing all transactions 

• One device may not initiate a transac
tion until the second cycle following the 
completion of a transaction initiated by 
the other device 

• 

• 

Neither device may initiate a transaction 
until the third cycle following the com
pletion of a transaction initiated by itself 

If CREo/CRDY and VREQNRDY are both 
driven low on the same cycle (request 
contention), CREO/CRDY (the Sce
nic/MX2) wins. 

S3dViRGE 

provided for this FIFO. Writes to any of these 
addresses are directed to the FIFO. 

2 annot accept a burst larger than 
u e rds. If MMFFOO_17-16 are pro-

11.1.2 Scenic/MX2 Compressed Data gmt 11b (burst all) and eight double-
Transfer ~r are aded into the FIFO, software must 

e u at the FIFO is empty before loading 

ViRGE has an output FIFO for handling th a m re ata into the FIFO. 

fer of.compressed ~ideo data from the H st he A mpressed data transfer when the Sce-
Scenlc/MX2 (see Figure 11-1). The Ho m t t . /MX2 is not ready to receive data is almostthe 
check the number of empty slots (F arne as a register write for the same circum-
then .send no more than this man stances (see Figure 11-4). The only difference is 
(32 bits) of compressed data to t F that after the Scenic/MX2 returns its CRDY signal 
doubleword address range (FF4 ' 

Figure 11·7. Compressed Data Xfer (SceniclMX2 Ready) 

11-4 LOCAL PERIPHERAL BUS PRELIMINARY PROPRIETARY AND CONFIDENTIAL 



S3dViRGE 

S3 Incorporated 

LD[7:0] --------< 

Figure 11-8. Scenic/MX2 Stopping a 
additional doubleword packets may be burst to 
the Scenic/MX2 as shown in Figure 11-7. 

The Scenic/MX2 can stop a compressed data 
transfer by pulling CREo/CRDY low for one (and 
only one) cycle during byte three of any double
word. This is shown in Figure 11-8. 

An output FIFO empty interrupt can be en 
by setting MMFF08_17 to 1. The status is r 
bit 1 of this same register. 

11.1.3 Scenic/MX2 Video C 

The following 
video capture: 

LCLK 

o ame buffer starting ad
defined (MMFFOC, 

E . One is required. The second 
r. q . ed for double buffering. 

e orizontal and vertical decimation 
esters are programmed (MMFF2C, 

MFF30). This is optional. 

The line stride is programmed 
(MMFF34_10-Q). This is not required if 
HSYNCs are not being sent. 

ViRGE signals its readiness to accept data by 
driving VREQNRDY high. This is done automat
ically when ViRGE does not need to drive this 

HSYNC CPYSHS 

Figure 11-9. Scenic/MX2 VSVNC and HSVNC Protocols 
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signal low such as to initiate a register access or 
to indicate an LPB video FIFO full state. The 
Scenic/MX2 responds by sending a VSYNC 
(CREO/CRDY low for one cycle) followed by an 
HSYNC (CREO/CRDY low for two cycles). This is 
shown in Figure 11-9. As indicated in the figure, 
the time between VSYNC and HSYNC is variable. 
The HSYNC sequence occurs after each line, but 
may not occur before the first line, depending on 
how the SceniC/MX2 is programmed. 

After the VSYNC/HSYNC sequence, the Sce
niC/MX2 can pull CREO/CRDY low at anytime and 
begin sending data three clocks later. This is 

LCLK 

CREQfCRDY 

LD[7:0] -----------< 

CREQ/CRDY 

VREQNRDY 

LD[7:0]~ 

S3dViRGE 

shown in Figure 11-10. ViRGE assumes data has 
begun any time CREO/CRDY is held low for more 
than two cycles. When the SceniC/MX2 is sending 
the last byte, it drives CREO/C Y high. The 
SceniC/MX2 must always send a in 4-byte 
packets. If it has fewer to send for tit pa 
it must pad the transmission ·th du 
to create a 4-byte packet. 

Figure 11-10 shows w 
is ready to receive al 
accept more data, c 
FIFO is full, it dri s s 
during the first e p se 

Figure 11·11. Scenic/MX2 Video Input (ViRGE Not Ready) 
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bytes starting with this one are rejected by ViRGE 
and must be resent by the Scenic/MX2 after 
ViRGE drives its VREQNROY signal high again. 
This is depicted in Figure 11-11, where the OnO 
byte, which is the first byte of the nth 4-byte 
packet, is rejected. When ViRGE can accept more 
data, it drives VREQNROY high. The Scenic/MX2 
drives CREO/CROY high (two cycles later) and 
then drives it low when it is ready to resend the 
data. The resend of OnO and subsequent bytes 
starts two cycles later. 

When ViRGE receives an HSYNC from the Sce
nic/MX2, it adds the line offset (MMFF34_10-o) to 
the previous line starting address and starts writ
ing the next data at that location. In this way, for 
example, it can transfer 640-byte lines into a 
frame buffer configured for 1024-byte lines. If 
HSYNCs are not sent, memory will be written in 
a contiguous manner. 

11.2 DIGITIZER INTERFACE 

The hardware interface to the Philips digitizer i 

S3d ViRGE 

The functional timing for converting the 
SAA7110 16-bit video output to the a-bit input 
required by the LPB in a VL-Bus configuration is 
shown in Figure 11-13. 

In Video 16 mode (MMFFOO_3-1 = 
ava ilable only for PCI confi rati 
conversion is required. 

version and also 
SAA7110. ViR 
clock and co 
Scenic/M~'Uu,li.u 
face. 

ist s are programmed via a serial 
e . interface is described in Sec-

Video a In mode (MMFFOO_3-1 = 010b) is sho ~ 
in Figure 11-12. This section describes the i r-
face to the Philips SAA7110 digitizer. 

SAA7110 
LD[7:0] 

LCLK 

HS 

VS 

SPD 

SPCLK 

ViRGE 

WDTOK 

Figure 11-12. ViRGE to SAA7110 Digitizer Interface 
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LLC(27MHZ) 

Y[7:0] 

UV[7:0] 

11.2.2 SAA7110 Video Input 

The following setup is done for SAA7110 video 
input: 

• ViRGE is placed in Video 8 In mode SJ 
(MMFFOO_3-1 = 010) or Video 16 ma 
(!V'MFFOO_3-1 = 001b) for PCI confi ra 
tlons. 

• Byte swapping is disabled by IftUlflnCCII" 

MMFFOO_6 to 1. 

LCLK 

vs 

HS 

S3dViRGE 

co ect rtical and horizontal sync 
re specified (MMFFOO_9, 10). 

a e 0 frame buffer starting ad-
r se are defined (MMFFOC, 

F. 10). One is required. The second 
's r: qui red for double buffering. 

e horizontal and vertical decimation 
registers are programmed (MMFF2C, 
MMFF30). This is optional. 

The video input window size (height in 
lines and width in pixjels) is pro
grammed in MMFF24. 

LD(7:0) ---~....;;;+-#_------_+_-___l ... ~ 
...... ----.~~ SKJPPEOUNE 

Figure 11·14. Video 81n or 16 Mode Input 
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• The video data horizontal and vertical 
offsets are programmed in MMFF2B. 

• The line offset (stride) is programmed 
(MMFF34_10-0). 

In Video B In/Out mode (MMFFOO_3-1 = 011b), 
compressed data is sent to the CL-480 from 
ViRGE and video data is returned to ViRGE. This 
interface is shown in Figure 11- 5. Functional 
timing for the compressed data a fer is given 

The SAA7110 then sends video data as shown in 
Figure 11-14. In this figure, both VSYNC (VS) and 
HSYNC (HS) have active high polarity. The verti
cal offset (MMFF2B_24-16) is 1, meaning the first 
line is skipped. The horizontal offset HO 
(MMFF2B_11-0) is 1, meaning that the first data 
starts one clock after the second HS goes low. HS 
goes high again some time after the last byte of 
the line, whose position is specified by the line 
width (LW) programmed in MMFF24 11-0. The 
widths of the VS and HS pulses shown-may vary. 

Alternate frames of the video input can be dis
carded (not written to memory) by setting bit 5 
of MMFFOO to 1. 

11.3 CL-480 INTERFACE 

in the CL-480 data book. 

o 

1 

2 

The CL-4BO can be interfaced in two ways. I 
Video Bin mode (MMFFOO_3-1 = 010b) the in 
face is similar to the SAA7110 interface e 
that the CL-480 outputs B bits of data a 
gramming ofthe CL-480 is done via the 
not 12C. Therefore, only LD[7:0], HS, V n 
are connected. This is shown by t t 

sa e sequence except read the data bytes in
ad of writing them. 

Signals in Figure 11-15. The func . 
the same as for the SAA7110 FF14 OlHi address byte 0 

FF18 DOH: byte 0 data 
wr FF14 02Hi address byte 1 

Figure 11-12. 

:2rM--------I VO[3:7] 

14-------1 VO[14:15] 

1+-------1 V016 
14--------1 HSYNC 
1+-------1 VSYNC 

LCLK .. -------1 VCLK 

HD[7:0] N-------W HD[7:0] 
HSEL[2:0] HSEL(2:0] 

DS DS 
RIW RIW 

DTACK DTACK 
CFLEVEL CFLEVEL 

CL-480 

Figure 11-15. Video 81n or 16 Mode Input 
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wr FF18 OOH; byte 1 data 
wr FF14 03H; address byte 2 
wr FF18 BAH ; byte 2 data 
wr FF14 04H i data byte 0 
rd FF18 returns S 
wr FF14 OSH; data byte 1 
rd FF18 returns 2 

Note that the last read returns 2 instead of the A 
originally written. The reason is that the 3AH 
register is physically 10 bits wide. Therefore, only 
the lower 2 bits of the upper nibble are actually 
written. For a value of AH, these are 10b, or 2 
decimal. Functional timing for register accesses 
is given in the CL-480 data book. 

11 ~4 HOST PASS· THROUGH 

When pass-through mode is enabled 
(MMFFOO_3-1 = 100b), the CPU can write 32-bit 
data to the output FIFO and have this data passed 
directly to the decimation block (bypassing the 
LPB bus). The data are sent exactly as for com
pressed video data to an MPEG decoder. Th 

11.5 LPB-ENABLED PIN 
ASSIGNMENTS 

The 

data will then be decimated according to eS) 
programming of MMFF2C (horizontal) d 
MMFF30 (vertical) and then passed to the i 
FIFO to be written to display memory. T a 
is shown in Figure 11-1. 

When the Host sends an HSYNC ( M 
1) or VSYNC (MMFFOO_11), the a 0 

isters are re-Ioaded. Therefore, he os ust 
ensure that at least 5 clock be e the 
sync and the start of data 
reloading. 

Pass-through is n 
dressing is being used. 

S3dViRGE 
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Table 11-1. LPB-Enabled Pin Assignments 

Pin' 
,146 

147 

148 
154 
155 

174 

175 

176(PCI) 

177(PCI) 

178(PCI) 

179(PCI) 

180(PCI) 

181(PCI) 

182(PCI) 

184 
185 (PCI) 

186 (PCI) 

187 (PCI) 

188 (PCI) 

189 (PCI) 

199 (PCI) 

200 (PCI) 

201 (PCI) 

202 

203 

204 

Scenic/MX2 
MMFFOO 3-1 = 000 

LDO 

LD1 

LCLK 

LD2 

Video 16 or 81n 
MMFFOO_3-1 = 001 
MMFFOO 3-1 = 010 

LDO 

LD1 

LCLK 

LD2 

Video nt/Out 
MMFFo'-3~= 011 

\ .LC~\. / 

LD3 LD3 A '\. \ L~ -

LD4 LD4 J / '\. '\., L[\4 

LD5 LD5 / \. '\. ~5 
NO FUNCTION NO FUNCTION A< /'f\. '\. ~SEL2 
NO FUNCTION NO FUNCTIOf{ ' ''' ~ HSEL 1 
NO FUNCTION NO FUNC J;&QN '\. \ V HSELO 
NO FUNCTION NO FUNtrlON ~ I\.. DS 

NO FUNCTION NO FIACrlON"--......) RNI! 

NO FUNCTION NO/Ubt~ '\. I"'" DTACK 

NO FUNCTION N6 FtlN.6IQJN\. } CFLEVEL 
LD6 _ \. LD6/ / Y LD6 

NO FUNCTION / LD~idWa)7 HDO 
NO FUNCTION / / ~ r)'&o-Jjf' HD1 

NO FUNCTION )''\. \L.D1 ~ (\ d~ 8) HD2 

NO FUNCTION A '\. '\. ~ ~ Ideo 8) HD3 

NO FUNCTION / J ~ '\.'\.D17/tVideo 8) HD4 

NO FUNCTIO~ / J )'\. '"hb(3 (Video 8) HD5 

NO FUNCT~ V V Vo14 (Video 8) HD6 

NO FUNC'1X>~ \. < LD15 (Video 8) HD7 

~ \. '\. \. I\. LD7 LD7 
~RD~ ,,~V HS NO FUNCTION 

~R~ / VS NO FUNCTION 
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Section 12: Miscellaneous Function 

This section explains how ViRGE interfaces to the 
video BIOS ROM and feature connector. Green 
PC support, the General I/O Ports, the serial com
munications port and interrupt generation are 
also described. 

12.1 VIDEO BIOS ROM INTERFACE 

ViRGE 

The video BIOS ROM contains power-on initiali
zation, mode setup, and video data read/write 
routines. The video BIOS can be part of the sys 
tem ROM or it can be implemented separatel ~ at mplementation of the video BIOS for 

a I 0 Iguration is shown in Figure 12-1. The 
• • G 7:] and GA[15:0] signals are multiplexed on 

12.1.1 Disabling BIOS ROM Ace s J)," s. Therefore, the BIOS ROM must be shad-

If the video BIOS is integrated with 
BIOS in a VL-Bus configuration, t 

ViRGE 

o d immediately after reset and BIOS access 
. abled to prevent interference with graphics 
peration. 

BIOS ROM 

a.-------. D[7:0] 

, ... ------... ~I A[15:0] 

~----------~----~OE 

L---+lCE 

VPCIROM 

Figure 12·1. BIOS ROM PCI Configuration Interface 
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VESA 
LOCAL BUS 

ViRGE 

t----------------------~ SA[31:2] 

ADDRESS 

D[7:0J 

VVLROMIF 

The implementation for a VL-Bus con u 
is shown in Figure 12-2. The ROM is a e e 
the ISA bus. This allows a shadow B 

~ 
n rna ally increments the lower address three 

accessed by a CPU memory re 
generating data directly from th 
Only 8-bit ROMs are supported. 

ViRGE also supports 16- and 32-bit ROM reads, 
as defined by the states of the byte enables. For 
a 16-bit read, ViRGE automatically increments 
the lower address once and generates the second 
byte of read data. For a 32-bit read, ViRGE auto-

i es and generates the remaining three bytes of 
ead data. In both cases, TROY is delayed until all 

the required data is available on the AD bus. For 
16-,24- or 32- bit accesses, the ROM access time 
must be 10 SCLKs or less, as opposed to the 14 
SCLKs shown in Figure 12.3 for an 8-bit access. 

For a VL-Bus configuration, a BIOS ROM read is 
a standard ISA bus read cycle with ViRGE provid
ing its ROMCS output as the ROM chip and buffer 
enable (see Figure 12-2). ROMCS is asserted dur
ing the time the ROM address is valid and there
fore will be active when the chipset asserts the 
ISA SMEMR signal. 

12.1.4 BIOS ROM Address Mapping 

ViRGE maps the CPU memory address spaces for 
the video BIOS ROM into physical ROM ad
dresses. If implemented separately for a VL-Bus 
system, the video BIOS normally uses the stand
ard address range COOOOH-C7FFFH (32 KBytes). 
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Figure 12-3. BIOS ROM Read Functional Timing - pel 
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If power-on strapping bit 10 (CR37, bit 2) is 
strapped low or if bit 2 of CR37 is cleared to 0 in 
a VL-Bus system, the video BIOS address range 
becomes COOOOH-CFFFFH (64 KBytes). PCI sys
tems support a relocatable 64-KByte video BIOS 
address range via the BIOS ROM Base Address 
configuration register (Index 30H). 

12.2 GREEN PC SUPPORT 

ViRGE provides support for the VESA Display 
Power Management Signaling (DPMS) protocol 
by allowing independent control of the HSYNC 
and VSYNC signals. To use this capability, the bit 
pattern xxxx0110b must be written to the SR8 
register to unlock access to the SRD register. Bits 
5-4 of SRD then control the state of HSYNC and 
bits 7-6 of SRD control the state of VSYNC. 

Driving pin 165 (PDOWN) low turns off the RGB 
analog outputs of the internal DACs. 

12.3 GENERAL INPUT PORT 

ViRGE provides a 4-bit General Input Port ( 
for PCI configurations as part of its LPB fun 
The following steps are required to imple 

ViRGE 

1. Disable all other LPB uses. 

2. Enable driving of the desired input data 
onto LD[7:4]. 

e data is read from an external buffer by 
read of port 3C8H (the same as the DAC 

Write Index off-chip register). 

I-... ---... .,.----... ~ SD[31:0] 

GENERAL 
INPUT OE 
PORT 

BUFFER 

0[7:0] 

OEM 
DEFINABLE 

DATA 

VIRGE 

WLOIP 

Figure 12-4. General Input Port Interface (VL-Bus) 
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T1 T2 T3 T4 TS T6 T7 

SCLK 

GPIOSTR 

SD[7:0] 

Figure 12-5. General Input Port Ti 

When GPIOSTR is asserted, the data is immedi
ately placed on SO[7:0]. The functional timing for 
this operation is shown in Figure 12-5. The entire 
cycle from assertion of SAOS to data being avail
able on SO[7:0J takes approximately 18-2 
SCLKs. 

12.4 GENERAL OUTPUT PORT 

ViRGE provides a 4-bit General Outpu 0 

for PCI configurations as part of its B 
To implement this: 

1C_1-O to 01b to enable output 
n pin 190. 

SJ 
ite nything) to CR5C. The data in 

1C_3-0 are immediately driven onto 
L [3:0] and the STWR pulse is generated. 

e rising edge of STWR (2 OCLKs after it 
IS asserted) can be used to latch the data 
into an external device. The data is held 
valid for 1/2 OCLK after thjs edge. See Fig
ure 12-6. 

LATCH 

LD[3:0) ~~ ______ ~ 
VLPBGOP 

Figure 12·6. General 1/0 Port Timing (PCI) 
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ViRGE also provides a 2-bit GOP on dedicated 
pins for PCI configurations. To implement this: 

1. Set SR1C_1 to 1. 

2. Program the desired output in CR5C_1-0. 
This statically drives the state of CR5C_0 
onto pin 151 and the state of CR5C_1 onto 
pin 190. These pin will continue to reflect 
the register bit states as long as SR1C_1 
=1. The values in CR5C_1-0 can be repro
grammed at any time. 

DCLK 

s 

VESA 
LOCAL BUS 

S0[15:8) 

D[7:0) 

GENERAL 
OUTPUT G 

PORT 
LATCH 

ViRGE 

ViRGE provides an 8-bit GOP for VL-Bus configu
rations. The block diagram for this configuration 
is shown in Figure 12-7. Whatever is pro
grammed to CR5C_7-0 is immedi ely provided 
to the latchviaSD[15:8]. The fun 10 I timing for 
this is shown in Figure 12-8. Not th the ta 
can be latched on either the . ing 0 al e e 
of GPIOSTR. The entire cy Ie a erti of 
SADS to latching of data in e Q.o akes 
approximately 6-8 SC V 

VGOPVL 

Figure 12-8. General Output Port Timing (VL-Bus) 
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If both an a-bit GIP and an 8-bit GOP are required, 
the GPIOSTR enable input must be qualified with 
the SR/W signal. Additional discrete logic is re
quired to ensure that only the GOP latch is en
abled for writes and only the GIP buffer is 
enabled for reads. 

ViRGE also provides a 2-bit GOP on dedicated 
pins for Vl-Bus configurations. To implement 
this: 

1. SetSR1C_1-oto 11b. 

2. Program the desired output in CR5C_1-o. 
This statically drives the state of CR5C_0 
onto pin 151 and the state of CR5C_1 onto 
pin 153. These pin will continue to reflect 

. the register bit states as long as SR1C_1-o 
=11b. The values in CR5C_1-0 can be re
programmed at any time. 

ViRGE 

Table 12·1 Trio64-type Feature Connector 
Configuration 

Pin(s) 
144,142, 140, 138, 134, 132, 
130,128,127,129,131, 
136, 139, 141, 143 
151 
115 
117 
106 
109 
111 

VFCEVClK 
HSYNC 
VSYNC 

The 2-bit GOP is only useful for cases where the ra n provides an interface to either 
video BIOS is part of the system BIOS (mother- S Advanced Feature Connector 
board implementations) and the ROMEN signal A) P. rough bidirectional feature con-
is not needed. If ROMEN is required, a 1-bit GOP ----.:I ....... or. I all ases, SRO_O must be set to 1 to 
is available by programming SR1C_1-o to 10 . e at econnectoroperation and SR1C_1-
Whatever is programmed to CR5C_0 is refle d b Ob to enable ENFEAT on pin 151. 
on pin 151. 

When a Vl-Bus configuration powers 
default value ofOObfor bits 1-0, both 
pin 153 will be driven high (logic 1). n 
190 are driven high on power-up f 
rations. Thus, external devices i 
enables will not be enabled whe 
these pins. 

12.5 

PROPRIETARY AND CONFIDENTAl 

.,..""~..,.,,V~A..,;.;,FC implementation, VFCESYNC and 
F ClK are pulled up. This means that 

H NC, VSYNC, VFCBLANK and VFCVClK are 
ways outputs to the feature connector. Pixel 

address data (PA[15:0] is an output from ViRGE 
if VFCEVIDEO is high and is an input to ViRGE if 
VFCEVIOEO is low. If bit 1 of SRB is set to 1, pixel 
data input is strobed into the internal RAMOAC 
by VFCVClKI. 

Figure 12-9 shows a VAFC implementation for a 
32-bit PO bus implementation (this is used for 1 
MByte of video memory). No glue logic is re
quired because the multiplexed pins are not re
quired for PO operation. 

Figure 12-10 shows the VAFC implementation for 
64-bit PO bus designs. The additional buffers are 
required to isolate the PO bus from the feature 
connector during 64-bit operation. This means 
that memory size will be at least 2 MBytes. Set
ting bit 0 of SRO to 1 drives the ENFEAT pin low, 
enabling the isolation buffers. Note that ViRGE 
always uses a 32-bit PO bus when feature con
nector operation is enabled and that the speed of 
the interface (VFCVClK/OClK) is limited to 37.5 
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VIRGE 
(32-BIT PD BUS) 

PA[15:0] 

ENFEAT 

VCLKI 

VCLK 

HSYNC 
VSYNC 

iiLANK 
EVIDEO 

ESYNC 

EVCLK 

VAFC 

PA[15:0] 

NlC 

VCLK 

DCLK 

+5V 

+5V 

VAFC 

VCLK 
DCLK 

1I~'1----++----"'" HSYNC 
t-----H----.... VSYNC 

+5V 
WAFC2 

WAFC1 

Figure 12·10. VAFC Implementation (64-bit PD Bus) 

ViRGE 
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ViRGE 
(32-BIT PO BUS) 

PA[7:0] 

EN FEAT 

VCLK 

HSYNC 
VSYNC 

'BLANK 

EVIOEO 
ESYNC 

EVCLK 

ViRGE 
(64-BIT PO BUS) 

PA[7:0] 
ENFEAT 

NlC 

PASS
THROUGH 

PA[7:0] 

PASS· 
THROUGH 

PA[7:0] 

ViRGE 

VPASCON1 

• • 
VCLK.... • 

HSYNC.... • 
VSYNC.... • 
BLANK ~ • 

EVIDEO 

ESYNC 

EVCLK I~.II---------
VPASCON2 

Figure 12-12. Pass-Thru Feature Connector (64-bit PD) 
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MHz. See the VESA VAFC specification for further 
description and timing specifications. . 

Figure 12-11 shows a bidirectional 8-bit pass
through feature connector implementation for 
ViRGE configured for 32-bit PO bus operation (1 
MByte of video memory). When the feature con
nector function is enabled by setting bit 0 of SRO 
to 1, the direction of the pixel data is controlled 
by the polarity of the VFCEVIOEO signal. If 
VFCEVIOEO is low, pixel data is an input to 
ViRGE.lfVFCEVIOEO is high, ViRGE outputs pixel 
data to the feature connector. 

ViRGE 

Table 12-2 LPB Feature Connector Configura
tion (VL-Bus) 

Pin(s) 
202,184,175,174,155, 154, 
147,146 
151 
206 
148 
.183 
203 

If VFCESYNC is low, HSYNC, VSYNC and 1---=2::0:..:4 __ ~~~----1~---liI-'f--="":'-==~_--l 
VFCBLANK are inputs to ViRGE. If VFCESYNC is 1--1~49:'=""_~----1~---liI~*---f--=-":'=-:"':"':"'::""'---I 
high, these three signals are outputs. tf VSYNC 
VFCEVCLK is low, VFCVCLK is an input to ViRGE 
and is used to clock the pixel data to the internal 
RAMOAC. If VFCEVCLK is high, VFCVCLK is an 

output. fi roTh ins used to provide this type of 
. . p f n lis d in Table 12-3. The interface 

VIRGE ~emory confi~uratlon~ of 2 MBytes and ttl sa e own in Figure 12-9. However, 
larger Will use the entire 64-blt PO bus. In these GE· n r tricted to 32-bit PO bus operation 
cases, VFCEVIO~O, VFCE~YNC, VFCEVCLK an (as ·th e ri064-type operation) and can use 
PA(7:0] are multiplexed with some of the up r ~f 64 it PO bus for 2- or 4-MByte memory 
32 PO lines. The buffers shown in Figure 1 2 co fi ions. 
prevent the PO lines from being driven 
feature connector during 64-bit PO bus OR . on I 12-3 LPB Feature Connector Configura-
As with the VAFC connector, ViRGE us a it tio (Pel) 
PO bus during feature connector ope ti 

Setting SRO_1 to 1 selects LPB fe 
operation. This configuration pr id 
face to either a baseline VES dv ce 
Connector (VAFC) or pass- roug 
feature connector. In all case SR 
to 1 to enable feature ~me~ ~~~fh 
SR1C_1-0 must be 00 
151.ln addition, LPB 
(MMFFOO_O = 0) and 
tion must be di 
feature conne 

LPB feature c n ctor p ration provides an 8-
bit bi-directio I at e onnector for VL-Bus 
configurations. e PinS ed to provide this type 
of operation are lis . able 12-2. The interface 
is the same as shown in Figure 12-11. However, 
ViRGE is not restricted to 32-bit PO bus operation 
(as with the Tri064-type operation) and can use 
the full 64-bit PO bus for 2- or 4-MByte memory 
configurations. 

Pin(s) Si nals 
201-199, 189-185,202, 184, PA(15:0] 
175,174,155,154,147,146 
151 ENFEAT 
206 BLANK 
148 VCLK 
196 VCLKI 
183 ESYNC 
203 EVIOEO 
204 EVCLK 
149 HSYNC 
150 VSYNC 

8-bitfeature connector operation is also available 
for PCI configurations. 
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12.6 SERIAL COMMUNICATIONS 
PORT 

A serial communications port is implemented in 
the MMFF20 register. Bit.4 is set to 1 to enable 
the' interface. The clock is written to bit 0 (= 0) and 
data to bit 1 (= 0), driving the SPCLK and SPD pins 
low respectively. The state of the SPCLK pin can 
be read via bit 2 and the state of the SPD pin can 
be read via bit 3. The SPCLK and SPD pins are 
tri-stated when their corresponding control bits 
are reset to 0, allowing other devices to drive the 
serial bus. 

Typical uses for the serial port are for DOC moni
tor communications and 12C interfacing. When 
SPCLK and SPD are tri-stated, ViRGE can detect 
an 12C start condition (SPD driven low while 
SPCLK is not driven low). This condition is gen
erated by another 12C master that wants control 
of the 12C bus. If bit 19 of MMFF08 is set to- 1, 

ViRGE 

For PCI LPB configurations, SPCLK and SPD are 
not multiplexed. This reduces the isolation re
quirements. 

Mn·~FtYI~ GENERATION 

detection of a start condition generates an inter- ration, pin 152 is pulled low to 
rupt and sets bit 3 of MMFF08 to 1. If bit 24 of pt (lNTA). For a VL-Bus configu-
MMFF08 is set to 1, ViRGE drives SPCLK low t r n,' 1 is pulled high to signal an interrupt 
generate 12C wait states until the Host can cle ~ ). 
the interrupt and service the 12C bus. 

W at ver the mode of operation (VGA or En-
The SPCLK and SPD signals are multiple WI nc d), bit 4 of CR32 must be set to 1 to enable 
the ESYNC and BLANK feature connect Is int rupt generation. 
on pins 205 and 206 for VL-Bus confi f 
DOC, 12C and/or feature connector e 
required, the lines from pins 20 d 
be multiplexed to separate pairs f II 
operation to provide the necessa 
tion. The ENFEAT signal s u 
able ESYNC and BLANK on 
the feature connector. W ~~ot:;: 
bit of the General 0 ut P ca be used to 
select between 12C a d ~p ti ,with a 1 
enabling output on n pai a s and a 0 
enabling output t r. 

The National I n a 4052B Dual 4-
Channel Anal g Multi Ie er/Demultiplexer pro
vides the cap iI to h nnel two lines to one 
offour pairs of . e s on two select signals. 
Each side can ac e' er an input or output. A 
set of schematics showing the use of this part is 
available. 

hen ViRGE is being operated in VGA mode 
(CR67_0 = 0), only a vertical retrace can generate 
an interrupt. This is enabled when bit 5 of CR11 
is cleared to 0 and a 1 has been programmed into 
bit 4 of CR11. When an interrupt occurs, it is 
cleared by writing a 0 to bit 4 of CR11. The 
interrupt must then be re-enabled by writing a 1 
to the same bit. Note that the BIOS clears both bit 
4 and bit 5 of CR11 to 0 during power-on, a mode 
set or a reset. Thus, interrupt generation is dis
abled until bit 4 is set to 1. 

When ViRGE is being operated in Enhanced 
mode (CR67_0 = 1), interrupts can be generated 
by a vertical retrace, S3D Engine busy, S3D En
gine done, Host DMA done, Command DMA 
done, S3D FIFO empty, command FIFO overflow 
and command FIFO empty. These interrupts are 
enabled and cleared and their status reported via 
42E8H. 
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Multiple interrupts can be enabled at the same 
time in Enhanced mode. The interrupt ·pin will 
remain asserted until all interrupt status bits are 
cleared. 
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Section 13: Basic Software Functio 

This section describes the basic operations required for ViRGE. 

13.1 CHIP WAKEUP 

The following code segment wakes up ViRGE. 

mov dx,3c3h 
mov al,Olh 
out dx,al 
mov dx,102h 
[load CRTCs] 
mov dx,3C6h 
mov al,FFh 
out dx,al 
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13.2 REGISTER ACCESS 

mov ax, 4838h 
out dx,ax 

should be used for efficiency instead of the operations used in the fi 

Write code to CR38 to provide access to the S3 

mov dx,3d4h 
moval,38h 
out dx,al 
inc dx 
moval,48h 
out dx,al 
dec dx 

copy index register addr 
copy index for CR38 reg' 
write index to index g 
increment dx to 3DSh (d 
copy unlocking cod (..,..."""", .. v.""", 

write the unlockin 
to al 

Write code to CR39 to provide acces Control and System Extension 
registers (CR40-CRFF) 

dx is already loaded with 

moval,39h 
out dx,al 
inc dx 
moval,OaSh 

out dx,al 
dec dx 

Set bit 

instruction 

egister into al 
register 

to (data register address) 
'ng code to al (the code aSH also unlocks 

c figuration registers CR36, CR37 and CR68 
n cking code to the data register 

index register address to dx 

Enhanced Commands registers. 

previous instruction 

write the unlocking code to the data register 
restore the index register address to dx 
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13.2.2 Locking the S3 Register~ 

Relocking the S3 registers is done by repeating the code used to unlock the registers except: 

1. The values written to the CR38 and CR39 registers must change at least one of t 
bits in the valid code pattern. For example, OOh will always accomplish this. 

2. After first verifying that the S3D Engine is not busy (bit 9 of 9AE8H is 0), bit 
cleared to O. A read-modify-write cycle must be used instead of the code us 
overwriting of any changes made to bits 7-1 in CR40 since reset. 

mov dx,3d4h 
moval,40h 
out dx,al 
inc dx 
in al,dx 
and al,Ofeh 
out dx,al 
dec dx 

copy index register address into dx 
copy index for CR40 register into 
write index to index register 
increment dx to 3DSh (data regi 
read content of CR40 into al 
clear bit 0 to 0 
write to CR40 to lock the 
restore the index registe 

13.2.3 Unlocking/Locking Other Registers 

Table 13-1. VGA Register Acces 

Re ister Bit 
CR33, bit 1 

CR33, bit 4 

CR33, bit 6 . 

CR35, bit 4 

CR35, bit 5 
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13.3 TESTING FOR THE PRESENCE OF A ViRGE CHIP 

After unlocking, a ViRGE chip can be identified via CR30 and CR2E. The following code aborts the driver 
program and returns to DOS if a ViRGE chip is not found. ~ 

mov dx,3d4h copy index register address into dx 
mov al,2eh copy index for CR2E register into al 
out dx,al write index to index register 
inc dx increment dx to3D5h (data register addr s~ 
in al,dx read content of CR2E into al \I 
cmp al,3lh compare chip ID to the desired 
jne not_ViRGE jump to not_ViRGE if device ID 

ViRGE chip found - continue 

not_ViRGE: 
-mov ax,4cOOh ; terminate with 

13.4 GRAPHICS MODE SETUP 

Some programs may require a graphics mode othe 
example, a DOS game may require a resolution of 64 
DOS mode, e.g., mode 03. The following code fr 

mov ax,4f02h 
mov bs,lOOh 
int lOh 

13-4 BASIC SOFTWARE FUNCTIONS PRELIMINARY 

ov ed by standard operation. For 
CYE.~O«ode 100) instead of the standard 

o this is done. 
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Section 14: VGA Compatibility Supp 

This section describes ViRGE support for standard VGA and VESA 

14.1 VGA COMPATIBILITY 

ViRGE is compatible with the VGA standard. These mode 
However, other design features provide excellent VGA Ii 

Several of the standard VGA registers have been mo fi in ViRGE. Table 14-1 describes 
these changes. 

Table 14-1. 

Re ister 
CRO 

CR1 

CR2 

CR3 

CR4 

CR5 

CR6 

CR7 

CR9 

CRe 

CRE 

f CR35 controls access to this register. Bit 
ter 5' . 

. t 5 of CR35 controls access to this register. Bit 

It 4 of CR35 controls access to bit 5 of this re ister. 

The display start address is a 20-bit value for ViRGE. The extension bits (20-16) 
are bits 4-0 of CR69. 

The cursor location address is a 20-bit value for ViRGE. The extension bits (20-16) 
are bits 4-0 of CR69. 
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CR10 In addition to the s~andard VGA extensions (bit 8 is bit 2 of CR7, bit 9 is bit 7 of 
CR7), bit 10 is bit 4 of CR5E. Bit 4 of CR35 controls access to this re ister. 

CR11 Bit 4 of CR35 controls access to bits 3-D of this register. Bit 6 (3/5 refresh cycles 
per line) can be overridden by CR3A_2-D. Setting bit 1 of CR33 to 1 I bles the 
write rotect effect of bit 7 of this re ister on bits 1 and 6 of CR7. 

CR12 In addition to the standard VGA extensions (bit 8 is bit 1 of CR7 bit 9 
CR7), bit 10 is bit 1 of CR5E. 

CR13 

CR15 

CR16 

CR17 

CR18 

AROO-AROF 

3C6H-3C9H Bit 4 of CR33 controls writes to thes 

For a detailed discussion of VGA programming, see pfj gr. 
VGA Cards, 3rd Edition by Richard F. Ferraro (Addis - s 

14.2 VESA SUPER VGA SUPPORT 

ViRGE supports the extended (Super) VGA 
S3d Engine except for the planar (4 bits/R· el) 
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Section 15: Enhanced Programmin 

Enhanced mode provides a level of performance far beyond what is 
Hardware BitBL Ts (with 256 ROPs), 20 and 3D line drawing, 20 p n lis nd riangle drawing 
are implemented. Hardware cursor support and clipping are also up rte W' e in Enhanced mode, 
the· display memory bit map can be updated in two ways. One is 0 ve t U issue commands 
and send data to the S3d Engine, which then controls pixe e 0 er is to have the CPU 
write directly to .memory. (This is also possible in non- anced mode via paging.) This section 
explains these two methods and provides a set of Enh c gramming examples and 
explains the basic elements of 3D drawing. 

15.1 MEMORY-MAPPED 1/0 

ViRGE provides two memory-mapped I/O (M 
AOOOH (or B800H), allowing use during DOS 
and PCI configurations. For the -new· me 
address and requires protected mode. I 
big endian addressing. The new meth 
methods is described below. 

15.1.1 Old MMIO 

Setting bits 4-3 of CR53 to Ob en CI MMIO .function. A setting of 11 b enables both the old 
and new MMIO methods Sl ult: ously. hen the old MMIO is enabled, CR53_5 selects the base· 
address. CR53_5 = 0 pi ow at AOOOOH - AFFFFH. CR53_5 =1 places the MMIO window 
at B8000H - BFFFFH. er tti leaves AOOOOH - B7FFFH free for VGA memory and other uses. 
In either case, all the i GE i s re accessible via either window at the variable offsets shown in 
Table 15-1. For exam e, len Iguration space registers are found starting at A8000H (or B8000H, 
depending on t g 5 _5). 

53_5 =0, image writes are made by accessing any memory location in 
p ce from AOOOOH to A7FFFH. This allows efficient use of the MOVSW and 

MOVSD asse n u e commands. Accesses must be to doubleword addresses. Software must 
not make image rites yond the A7FFFH range. If CR53_5 = 1, image writes cannot be made as the 
AOOOOH - A7FFFH e is reserved. 

When MMIO is enabled (old or new), clearing bit 7 of SR9 to 0 allows both programmed I/O (IN, OUT) 
access and MMIO (MOV) access. Setting this bit to 1 disables programmed 1/0 access, allowing only 
MMIO access. The latter is required for plug and play operation. 
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15.1.2 New MMIO 

The new MMIO method for ViRGE provides a 64-MByte addressing window starting atthe base address 
specified in CRS9-SA or the PCI base address register. This space is divided into a 32- e space for 
little endian (Intel-style) addressing and a 32-MByte space for big endian (Power PC-s e) dress· g. 
All registers and data transfer locations are mapped into this area as shown in Table 7-

The new MMIO (only) is enabled by setting bits 4-3 of CRS3 to 01 b. This is the efau r P 
configuration, allowing PCI software immediate access to all registers and e a iIi~o r 
address space. The new MMIO is also enabled in conjunction with the 01 10 ,Mh en bits 
4-3 of CRS3 are set to 11 b. VL-Bus configurations power up with bits 4-3 of cl r t Ob, disabling 
both old and new MMIO operation. 

When MMIO is enabled (old or new), clearing bit 7 of SR9 to 0 allo 
access and MMIO (MOV) access. Setting this bit to 1 disables pr~~"" 
MMIO access. The latter is required for plug and play operation. 

Table 1S-1. New MMIO Addresses 

00 8300 - 100 83Dx 
1008504 
100 850C 
100 8580 - 1 00 85FF 
100 AOOO -100 A1 FF 
100 A400 - 100 A5FF 
100 A800 - 1 00 A9FF 
100 ACOO - 100 ADFF 
1 00 BODO - 1 00 B 1 FF 
100 B400 - 100 B5FF 
100 FFOO - 1 00 FF5C 

n the memory ranges shown in Table 1S-1 are reserved. 

For big endian ad sing, add 2 to the most significant hex digit shown in Table 15-1, i.e., 
Oxx xxxx becomes 2xx xxxx and 1xx xxxx becomes 3xx xxxx. Thus, the total address space decoded 
by ViRGE is 64 MBytes. 
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15.2 DIRECT BITMAP ACCESSING-LINEAR ADDRESSING 

Linear addressing is useful when software requires direct access to display memory. ViRGE provides 
two linear addressing schemes. The old method can be used when MMIO is disabled with the old 
MMIO method. The second is used in conjunction with the new MMIO method. 

15.2.1 Old Linear Addressing 

Enhanced mode operation must be enabled before linear addressing is en 
o of CR66 is set to 1 to enable Enhanced mode functions and bit 3 of CR31 i 
mode memory mapping. 

ViRGE provides linear addressing of up to 4 MBytes of display me 0 
than 64 KBytes requires that the CPU be operated in protected m 

The S3d Engine busy flag, bit 13 of 42E8H, should be verified to be 0 0 usy) e re linear addressing 
is enabled by setting bit 4 of CR58 to 1. The size of the linear 'n w is et via bits 1-0 of CR58. 
The base address for the linear addressing window is set v: R59 an CR (or via the Base Address 
o (Index 10H) PCI configuration register for PCI systems) 

15.2.2 New Linear Addressing 

With the new MMIO enabled (CR53 
(big and little endian) are dedicat 
space (starting at the lowest ad e 
from bits 31-26 ofthe linear addr s 
the PCI Base Address 0). T 
programmer. 

se to 64 KBytes. The base address 
dow position in CR59-CR5A to 

«.1.~~lUlflc) specified in bits 5-0 of CR6A is 
owing access to up to 4 MBytes of 

he first 16 MBytes of each 32M address space 
ea ad sing. A maximum of 4 MBytes of each address 

space is usable with ViRGE. The base address is taken 
d position (bits 7-2 of CR59 or the high order 6 bits of the 

na d with the display memory address specified by the 

programmer must also enable linear addressing and specify 
r the old linear addressing. Note that since only bits 31-26 are 

OOH cannot be specified and the 64K banking scheme possible 
not be used with the new linear addressing. 
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15.3 READ AND WRITE ORDERING 

An overview of the ViRGE internal organization is shown in Figure 15-1. Note that there are three 
independent and concurrent paths for communications between the CPU and ViRG gisters and 
memory. The time required for any given read or write to complete (latency) varies b a . This an 
have important implications for the programmer. 

First is the issue of write ordering. For example, a linear addressing write to memo 
FIFO path, while an image write to memory uses the S3d FIFO path. If the pro ra 
addressing command and then an image write command before the 
completes (or vise versa), there is no guarantee which will complete 
prematurely overwriting memory data, the programmer must check tha h 
doing linear addressing updating or for command FIFO empty before oi 

Similarly, if correct operation of any command is dependent on 
(such as a VGA register update before an S3d command), the prog m 
FIFO is empty before issuing the dependent command. 

Reads through the LPB and VGA paths bypass the respe 
the relevant FIFO is empty before completing. For PCI s 
3 of CR66 is set to 1). This hold guarantees that a re 
correct data. Reads of S3d registers go through the 
not empty or with the S3d Engine busy will yield un 

EXTERNALL 

ower, they will be held until 
nerate a disconnect (if bit 

following a write will yield the 
e r, any read with the S3d FIFO 

PRIMARYI 
SECONDARY 

~--------------------~ smEAM 

ORDERING 

FIFO 
24x65 

Figure 15·1. Internal Organization 
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15.4 S3d ENGINE PROGRAMMI~G 

All Enhanced mode programming should be done using memory-mapped I/O. 

MMIO Format: 

EnableMMIO 
Point ES to AOOOH (old MMIO) or base address (new MMIO) 
Load the x and y values into EAX (y value in the low word and x value in the 

EAX*=x,y 

MOV ES:[REGMNEMONIC), EAX 

The MMIO scheme is the most efficient and is used where apprOR 
provided later in this section. All assume that the ES register poin 
used or the base address if the new MMIO is being used. 

15.4.1 Notational Conventions 

The following provides examples of the conventi 
following a ';' is a comment. 

ES:[MMXXXX] *= BN1 (bh-bl), BN2 (bh-bl) 

MMXXXX identifies the memory-mapped r 
offset. Thus MMAS04 identifies the regis at 
monic followed by the bit location(s). T s 
grammed into bits 26-16. 

S3dViRGE 

The complete binary programmi Set register is provided. For example, 

Where: 

7171 = appropriate variable ffset va e Command Set register, e.g., ASOO for BitBL Ts. 
X = 0; bit value = 0 
X = 1; bit value = 1 
X = S; this bit value 

COUNT 
I MAG E DATA 

rites to the frame buffer) are notated as follows: 

b of CPU writes. IMAGEDATA means the 32K Image Data Transfer mem
mo -mapped location shown in Table 1S-1. 
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15.4.2 Initial Setup 

When bit 0 ofthe Command Set register is cleared to 0, the command is e 
Set register is written. If this bit is set to 1, the comm"nd is not execu d 
highest address for that command type (BitBl T, Line Draw, etc.) i w 
executions of a given command using different parameters withou 
Set register. Full programming examples for autoexecute on are 

15.4.4 20 Programming Examples 

This section provides programming examples for the f 0 

tions: 

• BitBlT 

• Rectangle Fill 

• 20 Line Draw 

• 20 Polygon Fill 

S3d ViRGE 
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15.4.4.1 BitBl T 

The BitBL Tfunction provides a full implementation of the 256 raster operations as defined by Microsoft 
for Windows. A listing and explanation of these is provided in Appendix A. 

Each raster op has three operands: Source, Pattern and Destination. The Source pixel ca be 0 t 
screen (current bitmap) or from the CPU (image transfer). When the source is cree t pi el 
depth is always the same for both the source and destination (8, 16, 24 bits/pixel) Whe e 
the CPU, the pixel can be either color (same source and destination pixel dep, h) 0 ~o ( 

The Pattern is an 8x8 array of pixels. A mono pattern is specified in the Mo r 0 
The Pattern Foreground and Background Color registers define the p' el rs. 
specified in a set of registers starting at offset 100 A100H. The numb of egis rs 
on the color depth. 

The Destination pixel is always the screen (current bitmap) and i al ys c or 
is the pixel that will be overwritten or left unchanged by the result f t 

Based on the above definitions, there are 6 valid BitBL T c 

Color Pattern 

• Source = Screen, Color Pixels 

• Source = CPU, Color Pixels 

• Source = CPU, Mono Pixels 

Mono Pattern 

• Source = Screen, Color Pixel 

• Source = CPU, Color Pixe 

• 
When the source and desti tion are over ing rectangles on the screen, care must be taken so that 
the source data is not ritt 0 it is moved. This issue is explained next, followed by 
programming exampl for e 0 hese above cases. 

Overlapping Rectang s~ 
Figure 15-2 sh s th .~f overlapping rectangles. Table 15-2 gives the proper programming 
parameters fo e c a rection indicates whether the pixels are moved from left to right (X+) 
or right to left X and 0 to bottom (Y+) or bottom to top (Y-). These are specified via bits 25 and 26 
of the Comma d et r iter. The source and destination coordinates are speCified via the Rectangle 
Source XV and ec gl Destination XV registers. x1,Y1 is the pixel position of the upper left hand 
corner ofthe sou re ngle. x2,Y2 is the pixel position of the upper left hand corner of the destination 
rectangle. The width of the rectangle is W (in pixels) and the height is H (in lines). As indicated in the 
figure, you always start with the source corner inside the overlap and move that pixel to the 
corresponding corner for the destination pixel. 
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Table 15·2 Programming Parameters for Overlapping BitBLTs 

Case Direction SRC_X 

1 X+, y+ xl x2 

2 X-, y- xl + W-l x2+W-l 

3 X-, y+ xl + W-l 

4 X+, y- xl 

The basic algorithm is if the drawing direction is negative, add [rectangle di 
to the normal source/destination location. If the drawing direction i 
source/destination location. 

The parameters for Case 1 are appropriate for non-overlapping rect 

x2,y2 

CASE 1 
x1 ~x2 
y1~y2 

~ 
x1, y1 

S 

CASE 2 
x2~x1 
y2~y1 

x2,.., """-....... _~ 

o 

x1, y1 

CASE 4 
x1 ~x2 
y2~y1 

x2~ 
~ 
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Color Pattern Case 1 (Source = Screen, Color Pixels) 

This command copies a source rectangular area in display memory to another location in display 
memory. The 8x8 pixel pattern is programmed in the color pattern registers. For this ex pie, assume 
x1,y1 is the top left corner of the source rectangle in display memory and x2,y2 is th to left corner 
ofthe destination rectangle. The rectangles can be overlapping or disjoint. See Table 18- or e so e 
and destination coordinate parameter values for overlapping cases. The height wid (i e 
of the rectangle being copied are Hand W. The color depth is assumed to be 8 b ts/p 

Autoexecute Off: 

ES:[MMA100] ¢= P3 (31-24), P2 (23-16), P1 (15-8), PO (7-0) 

ES:[MMA13C] <= P63 (31-24), P62 (23-16), P61 (15-8), P60 (7-0) 
ES:[MMA504] ¢= W-1 (26-16), H (10-0) 
ES:[MMA508] ¢= SRC_X (26-16), SRC_Y (10-0) 
ES:[MMA50C] ¢= DEST_X (26-16), DEST_Y (10-0) 
ES:[MMA500] ¢= 0000 OSSS SSSS SSSO 0000 0000 0010 

The following must be specified: Y direction (bit 26), d' 
enable (bit 1). Bits 4-2 will be different for other color ep 

Autoexecute On: 

ES:[MMA100] ¢= P3 (31-24), P2 (23-16), P1 ( 

ES:[MMA13C] ¢= P63 (31-24), P62 (2 
ES:[MMA500] ¢= 0000 OSSS SSSS 
ES:[MMA504] ¢= W-1 (26-16), H ( 0-
ES:[MMA508] ¢= SRC_X (26-16), S C_ ]0 
ES:[MMA50C] ¢= DEST_X (2 T_ 

; pixels 3-0 of the color pattern 

; pixels 63-60 of the color pattern 
; bit 0 = 1 for autoexecute 
; rectangle width and height 
; source x and y start coordinates 
; destination x and y start coord. 

is programmed. The order of programming the other 
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Color Pattern Case 2 (Source = CPU, Color Pixels) 

This command transfers a rectangular color image provided by the CPU to a location in display 
memory. The 8x8 pixel pattern is programmed in the color pattern registers. For this ex pie, assume 
the height and width (in pixels) ofthe rectangle being copied are Hand W. The color d t 's assumed 
~o be 8 bits/pixel. 

Autoexecute Off: 

ES:[MMA100] ¢:: P3 (31-24), P2 (23-16), P1 (15-8), PO (7-0) 

ES:[MMA13C] ¢:: P63 (31-24), P62 (23-16), P61 (15-8), P60 (7-0) 
ES:[MMA504] ¢:: W-1 (26-16), H (10-0) 
ES:[MMA50C] ¢:: DEST_X (26-16), DEST_Y (10-0) 
ES:[MMA500] ¢:: 0000 OOOS SSSS SSSO OOSS SSOO 1010 OOSO 

The following must be specified: ROP (bits 24-17), first dw 
alignment (bits 11-10), clipping enable (bit 1). Bits 4-2 wi b 

COUNT (of image pixel data to transfer) = (See Note 
I MAG E DATA ¢:: RECT_DATA ; Output data t 

. Autoexecute On: 

Writing to the Destination XV register (MM 

Note 

addresses for COUNT dwords 

If the CPU obtains the image data fr 
the application passes the origin 
bitmap can then be blitted to di I 
whether or not the entire bitmap r a 

written to system memory by the application, 
p, I idth, height and color depth. Some or all of this 

ry (screen). The method of transfer varies depending on 
bitmap is transferred. 

line is required by specification to be word aligned, i.e., 
xt w d after the last word containing valid data for the previous 

rce bitmap, the driver does the following: 

1. 0 leword aligned. Therefore, bits 13-12 of the Command Set 
to properly reflect the alignment of the first pixel of the source 

e 
2. t be specified by programming bits 11-10 of the Command Set register to 

gine that the data for the next line starts at the next word after the data 
ending the' e. some cases, doubleword alignment is appropriate (bits 11-10 of the Com-
mand set register = 10b). This is more efficient, but is a special case. Word alignment always 
works. 

3. To determine the number of doublewords to transfer, calculate (for the source bitmap): 

int[(width x height x bits/pixel) + 311/32. 
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4. The image transfer area in memory is 32K (offset 100 OOOOH - 100 7FFFH). The driver must moni
tor the addresses for image writes and reset the address pointer back to the start before any 
writes are made beyond the 32K area. 

If the application requests that only a rectangular subsection of the source bitmap b 
display memory, the driver has "multiple choices of how to do this. 

1. The driver .can transfer the entire source bitmap and use the clipping regis rs 
unwanted pixels. 

2. The driver can transfer only the requested pixels, but it must do this 0 

of each line is not doubleword aligned, the driver must determine t 
containing the first data for the first line and the number of doubl 0 re 
whole line. It must then issue the command to blit this line, with it 3-1 0 

Set register set to ignore the appropriate number of bytes at t s rt f the in 
must thel"1 change the address to the start of the next line an e th abo process, in-
cluding specification of a new destination start address. Th re It is at ne command is 
executed for each line. 

Note that if the lines for the requested pixels happen 
tire rectangle can be blitted with a single comman e 
the start of each line. The driver still needs to kee tr 
address by the stride at the end of each line. 

3. The driver can transfer the requested pixels as 
registers to eliminate any extra pixels at th-""=-:::::I~ 
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Color Pattern Case 3 (Source = CPU, Mono Pixels) 

This command transfers a rectangular mono image provided by the CPU to a location in display 
memory. The mono image is converted to the screen color depth based on the the attern color 
(potentially) mixed with the screen (destination) color. The 8x8 pixel pattern is pro a ed in the 
color pattern registers. For this example, assume the height and width (in pixels) of the r ta Ie b 
copied are Hand W. The screen color depth is assumed to be 8 bits/pixel. 

Autoexecute Oft: 

ES:[MMA100] ~ P3 (31-24), P2 (23-16), P1 (15-8), PO (7-0) 

ES:[MMA13C] ~ P63 (31-24), P62 (23-16), P61 (15-8), P60 (7-0) 
ES:[MMA504] ~ W-1 (26-16), H (10-0) 
ES:[MMA50C] ~ DEST_X (26-16), DEST_Y (10-0) 
ES:[MMA500] ~ 0000 OOOS SSSS SSSO OOSS SSOO 111000 

The following must be specified: ROP (bits 24-17), first d or 
alignment (bits 11-10), clipping enable (bit 1). Bits 4-2 I 

COUNT (of image pixel data to transfer) = (See Note) 
I MAG E DATA ~ RECT_DATA ; Output d::.M' ....... "'" 

Autoexecute On: 

Writing to the Destination XV register (M 

Note 

If the source bitmap is provided b en the entire Note for the previous color pixels 
case also applies to this mono p' e se b ause each line is required to be word aligned. If the 
source bitmap is provided by the rive. font data, the driver should byte align the data and 
program bits 11-10 of the Co n S gl er to OOb to specify byte alignment to the Engine. 

15-12 ENHANCED PROGRAMMING PRELIMINARY PROPRIETARY AND CONFIDENTIAL 



S3dViRGE 

83 Incorporated 

Mono Pattern Case 1 (Source = Screen, Color Pixels) 

This command copies a source rectangular area in display memory to another location in display 
memory. It is identical to the Color Pattern Case 1 except that the 8x8 pixel pattern is p grammed in 
the mono pattern registers and the pattern color is taken from the pattern foreground ackground 
registers. For this example, assume x1,y1 is the top left corner of the source recta Ie· dis y 
memory and x2,y2 is the top left corner ofthe destination rectangle. The rectangle an b pi 
or disjoint. See Table 18-1 for the source and destination coordinate parameter v lue r 0 er p ng 
cases. The height and width (in pixels) of the rectangle being copied are Hand . ~e olor 
depth is assumed to be 8 bits/pixel. V 

Autoexecute Off: 

ES:[MMACE8] ¢:: MONO PATTERN 0 
ES:[MMACEC] ¢:: MONO PATTERN 0 
ES:[MMACFO] ¢:: DATA1 (7-0) 
ES:[MMACF4] ¢:: DATA1 (7-0) 
ES:[MMA504] ¢:: W-1 (26-16), H (10-0) 
ES:[MMA508] ¢:: SRC_X (26-16), SRC_ Y (10-0) 
ES:[MMA50C] ¢:: DEST_X (26-16), DEST_Y (10-0) 
ES:[MMA500] ¢:: 0000 OSSS SSSS SSSO 0000 000100 

The following must be specified: Y direction (bit 26), d. 
enable (bit 1). Bits 4-2 and the fields programme b 

. different for other color depths. 

Autoexecute On: 

Writing to the Destination XV register ( 

PROPRIETARY AND CONFIDENTIAL PRELIMINARY 

), ROP (bits 24-17), clipping 
o d and foreground colors will be 
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Mono Pattern Case 2 (Source = CPU, Color Pixels) 

This command transfers a rectangular color image provided by the CPU to a location in display 
memory. It is identical to the Color Pattern Case 1 described earlier except that the 8x8 ixel pattern 
is programmed in the mono pattern registers and the pattern color is taken from the atl n fore-
ground and background registers. For this example, assume the height and width (in el of t 
rectangle being copied are Hand W. The screen color depth is assumed to be 8 b· /pixe 

Autoexecute Off: 

ES:[MMACE8] $= MONO PATTERN 0 
ES:[MMACEC] $= MONO PATTERN 0 
ES:[MMACFO] $= DATA1 (7-0) 
ES:[MMACF4] $= DATA 1 (7-0) 
ES:[MMA504] $= W-1 (26-16), H (10-0) 
ES:[MMA508] $= SRC_X (26-16), SRC_Y (10-0) 
ES:[MMA50C] $= DEST_X (26-16), DEST_Y (10-0) 
ES:[MMA500] $= 0000 OOOS SSSS SSSO 000110010010 OOS 

The following must be specified: ROP (bits 24-17), first d or: 
alignment (bits 11-10), clipping enable (bit 1). Bits 4-2 II e 

-12), image transfer 
for other color depths. 

Autoexecute On: 

T nsfer addresses for COUNT dwords 

Writing to the Destination XV register 

Note 

so rce bitmap written to system memory by the application, 
·tm , its width, height and color depth. Some or all of this 

me (screen). The method of transfer varies depending on 
arti I bitmap is transferred. 

n, each line is required by specification to be word aligned, i.e., 
word after the last word containing valid data for the previous 

Ie e source bitmap, the driver does the following: 

doubleword aligned. Therefore, bits 13-12 of the Command Set 

2. Word alignment must be specified by programming bits 11-10 of the Command Set register to 
01 b. This tells the Engine that the data for the next line starts at the next word after the data 
ending the line. In some cases, doubleword alignment is appropriate (bits 11-10 ofthe Com
mand set register = 10b). This is more efficient, but is a special case. Word alignment always 
works. 
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3. To determine the number of doublewords to transfer, calculate (for the source bitmap): 

int [(width x height x bits/pixel) + 31 ]/32. 

4. The image transfer area in memory is 32K (offset 100 OOOOH - 100 7FFFH). The d 
tor the addresses for ima.ge writes and reset the address pointer back to the sta 
writes are made beyond the 32K area. 

If the application requests that only a rectangular subsection of the source bit 
display memory, the driver has multiple choices of how to do this. 

1. The driver can transfer the entire source bitmap and use the clippi 
unwanted pixels. 

2. The driver can transfer only the requested pixels, but it must d thi ne e 
of each line is not doubleword aligned, the driver must deter i he out) 
containing the first data for the first line and the number of Ie 
whole line. It must then issue the command to blit this line, bits 
Set register set to ignore the appropriate number of b s at 
must then change the address to the start of the next 
cluding specification of a new destination start addr: 
executed for each line. 

Note that if the lines for the requested pixels h p n 
tire rectangle can be blitted with a single comm 
the start of each line. The driver still need 0 e 
address by the stride at the end of each 

3. The driver can transfer the requested 
registers to eliminate any extra pixe 
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Mono Pattern Case 3 (Source = CPU, Mono Pixels) 

This command transfers a rectangular mono image provided by the CPU to a location in display 
memory. The mono image is converted to the screen color depth based on the the attern color 
(potentially) mixed with the screen (destination) color. It is identical to the Color a rn Case 3 
described earlier except that the 8x8 pixel pattern is programmed in the mono pattern eg ters 
the pattern color is taken from the pattern foreground and background register. or ttl e 
assume the height and width (in pixels) of the rectangle being copied are Hand 
depth is assumed to be 8 bits/pixel. 

Autoexecute Off: 

ES:[MMACE8] <= MONO PATTERN 0 
ES:[MMACEC] <= MONO PATTERN 0 
ES:[MMACFO] <= DATA1 (7-0) 
ES:[MMACF4] <= DATA1 (7-0) 
ES:[MMA504] <= W-1 (26-16), H (10-0) 
ES:[MMA508] <= SRC_X (26-16), SRC_Y (10-0) 
ES:[MMA50C] <= DEST_X (26-16), DEST_Y (10-0) 
ES:[MMA500] <= 0000 OOOS SSSS SSSO 0000 00011110 

The following must be specified: ROP (bits 24-17), fir d 0 

alignment (bits 11-10), clipping enable (bit 1). Bits 4-2 ill e 

Writing to the Destination XV reg~ster 

Note 

T nsfer addresses for COUNT dwords 

p ation, then the entire Note for the previous color pixels 
a e each line is required to be word aligned. Ifthe source 

, the driver should byte align the data and program bits 
specify byte alignment to the Engine. 
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15.4.4.2 Rectangle Fill 

This command draws a filled rectangle on the screen. Only ROPs that do not contain a source can be 
used. If the ROP contains a pattern, the pattern specification will be ignored. Instead, t ttern value 
is forced to a 1 by the hardware, selecting the pattern foreground color. ROPs spe only 
destination (screen) and optionally a logical operation (e.g., NOT D) can be used. In is 
rectangle color will depend only on the current screen color. For this example, a u the 
width (in pixels) of the rectangle being drawn are Hand W. The screen color de :th is 
8 bits/pixel. t> 
Autoexecute Off: 

ES:[MMA4F4] ¢:: DATA1 (7-0) 
ES:[MMA504] ¢:: W-1 (26-16), H (10-0) 
ES:[MMA50C] ¢:: DEST_X (26-16), DEST_Y (10-0) 
ES:[MMA500] ¢:: 0001 OOOS SSSS SSSO 0000 00010010 OOSO 

The following must be specified: ROP (bits 24-17), clipping 
for other color depths. Bit 8 must be set to 1 to specify a 

Autoexecute On: 

Writing to the Destination XV register (MMA50C) exe 
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15.4.4.3 20 Line Draw 

This command draws a two-dimensional line between two specified points on the screen. Only ROPs 
that do not contain a source can be used. If the ROP contains a pattern, the pattern s ·fication will 
be ignored. Instead, the pattern value is forced to a 1 by the hardware, selecting the pa rn d 
color. ROPs specifying only the destination (screen) and optionally a logical operation ) 
can be used. In this case, the line color will depend only on the current screen col . su 
the starting coordinates ofthe requested line and x2,y2 are the ending coordinate . x1 a 
coordinates, with 0 being the x coordinate of the first (leftmost) pixel on each lin y~nd 
coordinates, with 0 being the coordinate of the first (topmost) line. 

The S3d Engine draws 20 lines from the bottom up, regardless'of the e ·ng direction. 
Figure 15-3 shows four cases of requested lines (shown by the arro s Case 1, the 
requested drawing direction is the same as is used by the S3d En . e 0 e x oordinates are 
used to determine the starting coordinates (XSTART, YSTART). In C , tile wi e drawn by the 
S3d Engine exactly reversed from that requested, so x2,y2 e ed ermine the starting 
coordinates. In these and the other two cases, the small arrows 0 si the i point to the starting 
coordinates used by the S3d Engine. The programmer must ttl end ith the largest y value 
as the starting point. 

Another complexity is illustrated by Case 1. If the line· 'VIY'lJllr.1l.~R . e., for a given movement along 
the line, the x value increases faster than the y value), e al must be adjusted to the point 
indicated by the intersection of the dashed lines. This a ~. e rection) extension from the first 
pixel to be drawn. For Y MAJOR lines (Case 4), t· . tm t required. 

The parameters required to draw a line mu 
appropriate registers. The first values that 

ax = x2 - x1 or x1 - x2 
l\ Y = y2 - y1 or y1 - y2 

The important point is that if x2 -

The parameters required are: 

CASE 1 o,o' _____ ,...,.,...,...+_ 

y+ y+ 

x+ 

b software and programmed into the 
re: 

en y2 - y1 must be used for l\Y and vice versa. 

x+ CASE 4 x+ CASE 3 
0,0 0,0 

y+ y+ 
2Dl.R 

Figure 15·3. 2D Line Drawing Cases 
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X DELTA = - (4)< « 20)/!l Y (integer divide) 

This is value is programmed in MMA970 with bit 31 as the sign bit (0 = positive) 

Y START = YSTART 

This value is programmed in MMA978_10-0. It is the Y value of the fi 
largest requested y. 

Y COUNT = labs (y2 -y1)]-1 

This value is programmed in MMA97C_10-0. It is the numbe 

The horizontal drawing direction is specified in MMA97C 

The final parameters to be specified are used primari 
a polyline (connected line segments) and specifies "I 
so that the last pixel of one segment is not drawn 
The parameters are: 

END1 = x coordinate for the last pixel to be 
ENDO = x coordinate for the first pixel to 

The both cases, the 5 most significant 

;-:1 = left to right) 

ere the programmer is drawing 
II for one segment. This is done 

s e first pixel of the next segment. 

The complication here is again th 
requested direction. In Case 1 
specified, then ENDO is progra 

d in drawing direction may not be the same as the 
u 1 3, th 0 directions are the same. If "last pixel off" is 
ith e x1 (reque$ted starting x) value and END1 with x2 -1 (one 

less than the requested endi p the line one pixel short). In Case 2, the directions are 

x+ 

y+ POLYLINE 

Figure 15-4. Polyline Drawing Example 
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opposite. ENDO is programmed with x2 +1 and END1 with x1. Thus, the S3d Engine (which starts at 
the requested ending x position so it can draw upward) skips the first pixel and draws the last to 
accommodate the reversed drawing direction. In a similar fashion, is is easy to see that for Case 3, 
ENDO is x2 - 1 and END1 is x1. For Case 4, ENDO is x1 and END1 is x2 +1. 

If -last pixel off" is not requested, the ENDO and END1 values are the same as describe aD ve e 
that 1 is not added or subtracted as appropriate. Thus, the full x values of both nds 0 th Ii 
specified. This allows a horizontal line to be drawn. Normally, the X DELTA valu fo ho on al ne 
would be infinity (L1Y = 0). For this case, the programmer can specify an X DEL A R! 0 t S3d 
engine will use the endpoint parameters to draw the correct line. V 

The following programming example is for a polyline as shown in Fi re 5 
segment goes up to the right with the last pixel not drawn. The second g en 0 

with all pixels drawn. This first segment must be drawn first since it s th larg t 
as described for Case 1 in Figure 15-3 except the line is X MAJOR. h co d lin gment is drawn 
as described for Case 3. This line is neither X MAJOR or Y MAJO R assumption should 
be used because it is simpler to calculate X START. Autoexecut t t the Command Set 
register does not need to be re-programmed. 

ES:[MMA96C] <= ENDO (31-16), END1 (15-0) 
ES:[MMA970] <= X DELTA 
ES:[MMA974] <= X START 
ES:[MMA978] <= Y START (10-0) 
ES:[MMA900] <= 0001100S SSSS SSSO 0000 0 
ES:[MMA97C] <= DIR (31), Y COUNT (10-0) 

ES:[MMA96C] <= ENDO (31-16), END1 (15- ) 
ES:[MMA970] <= X DELTA 
ES:[MMA974] <= X START 
ES:[MMA978] <= Y START (10-0) 
ES:[MMA97C] <= DIR (31), Y COU 

; direction gradient 
. arting x coord. for S3d Engine 
I starting y coord. for S3d Engine 
; Command Set (autoexecute) 
; draw dir and # of scanlines 
; 2nd line segment 
; all pixels drawn 
; x direction gradient 
; starting x coord. for S3d Engine 
; starting y coord. for S3d Engine 
; draw dir and # of scanlines 

e ommand Set register set to 1), a line is drawn every time 

15-20 ENHANCED PROGRAMMING 

th Command Set register has a unique address for each 
o lines while it is at A500 for BitBL Ts and rectangle fills. 
(bi ) are optionally specified for line draws. 

ing a polyline, autoexecute must first be turned off. This is done 
er with bit 0 cleared to 0 and the command (bits 30-27) specified 
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15.4.4.4 20 Polygon Fill 

This command is used to generate a filled polygon. Any number of edges can be d 
must be such that any horizontal line must intersect the polygon edges in no 
The exception is that any edge .can be horizontal. Only ROPs that do not contain a 
Ifthe ROP contains a pattern, the pattern specification will be taken from the Slnlnrn,nriSltIllMln" 
pattern registers. ROPs specifying only the destination (screen) and option 
NOT D) can be used. In this case, the pixel color will depend only on the 
destination pixel. 

For polygon fills, the end points of each edge segment are not explicif~:SP~l(:if~d 
optionally drawn or not drawn. Drawing of the overlapping ·pixels i~A·uu .. rtfttl,1'I 'lu~)I'ftiati(:ally. 

instead of specifying the direction of line drawing, the edge or edc::Je!lilto 
bits 28 and 29 of MMAD7C. Otherwise, the parameters for each I Cal.cula~td 
lines. 

&X = x2 - x1 or x1 - x2 
AY = y2 - y1 or y1 - y2 

The important point is that if x2 - x1 is used for AX, <1.",,, ... ,,''£' n1\I'S"T't!Wl..ItJ!::e!o for A Y and vice versa. 

The parameters required are: 

X DELTA = - (AX« 20)/IlY (integer divide) - rialUl'5hd"'tIKt 

These values are programmed in MMAD68 ~UVlA'1I7t[)\~litbfbit 31 as the sign bit (0 = positive) 

X START = (XSTART« 20) - (X DELTA» 
. X START = (XSTART« 20) for Y MAJO 

These values are programmed in III'ln'",I.'"'''' ~II"AI)74 with bits 31 and 30 as sign bits. The line 
draw discussion describes how tf7ljoet'el'ti1~irlJ"XlST 

Y START = YSTART 

POLYFILL 

Figure 15·5. Polygon Fill Example 
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This value is programmed in MMA978_10-0. It is the y value of the first scan line and is always the 
largest requested y. . 

Y COUNT = labs (y2 -y1)]-1 

This value is programmed inMMAD78_10-0. It is the number of scanlines to draw e 
segment. 

The S3d Engine draws polygons from the bottom up as shown in the example Fw.ur • n the 
first iteration, the programmer specifies line parameters for the left and rig dg ~ ec les that 
they both be updated. The first iteration also specifies the number of sca in u to t t vertex, 
which is on the left edge in this example. This results in the trapezoid s w ·n e ost example. 
The second iteration only specifies the second segment of the Ie d e, su· g n the middle 
example. Since the right edge does not change slope, it shoul ot re- e d or updated 
(MMAD7C_28 = 0). This speeds the drawing by eliminating the ne t r alcu . n for that edge. 
The third iteration draws the third segment of the left edge, whic j s th rig t edge to complete the 
polygon as shown by the right hand example. Again, the right dg sho d t be re-specified or 
updated. 

As with the bottom edge shown in the example, if the to 
have to be drawn to close the polygon. 

ES:[MMAD68] <= RIGHT EDGE X DELTA 
ES:[MMAD6C] <= RIGHT EDGE X START 
ES:[MMAD70] <= LEFT EDGE X DELTA 
ES:[MMAD74] <= LEFT EDGE X START 
ES:[MMAD78] <= Y START (10-0) 
ES:[MMADOO] <= 0010 100S SSSS SSS 
ES:[MMAD7C] <= Update Lft (29), Up t 

ES:[MMAD70] <= LEFT EDGE X 0 
ES:[MMAD74] <= LEFT EDGE X T 
ES:[MMAD7C] <= Update Lft (29), p 
nes 

. t iteration 
, right edge x direction gradient 
; right edge starting x coord. 
; left edge x direction gradient 
; left edge starting x coord. 
; bottommost y value 
; Command Set (autoexecute) 

NT (10-0) ; update edge and # of scanlines 
; 2nd iteration 
; left edge x direction gradient 
; left edge starting x coord. 

t (28), Y COUNT (10-0) ; update edge(s) and # of scanli-

; 3rd iteration 
; left edge x direction gradient 

ES:[MMAD74] <= LE DGE T T ; left edge starting x coord . 
. ES:[MMAD7C] <= Up a~{2 Up ate Rgt (28), Y COUNT (10-0) ; update edge and # of scanlines 

Note that with a C 0 ( to of the Command Set register set to 1), a trapezoid fill is executed 
every time M ~D7C ro ed. Also note that the Command Set register has a unique address 
for each com a d p, . IS at offset ADOOfor 20 polygon fills while it is at A500 for BitBL Ts and 
rectangle fills n A90 f 20 lines. Only.the ROP (bits 24-17) and clipping (bit 1) are optionally specified 
for polygon fi s. 
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15.4.5 3D Graphics Drawing 

The S3d Engine accelerates the drawing of 3D lines and triangles. Texturing of 3D triangles and fogging 
and alpha blending of both 3D lines and 3D triangles is also supported. This section de r es the basic 
3D drawing capabilities ~nd the register values required to generate the desired imag Pr ram 'ng 
code is quite complex for 3D operations and will be provided by S3 to customers desl 'ng 
custom drivers. 

15.4.5.1 3D Line Drawing 

3D line drawing is very similar to 20 line drawing except: 

• There is a third (Z) dimension, with increasing values going 
screen). Like the X value, this is specified in fractional COOl: 

integer number of scan lines.) The registers associated wi t 
3ZStart and are used only when Z-buffering is desired. 

• There are 4 color coordinates for the start of the line 
values are Alpha (transparency/opacity factor), Re , 
as fractional values. The registers associated wi t s 
3dAdY _dRdY (deltas) and 3GS_BS and 3AS_R s 

15.4.5.2 3D Triangle Drawing 

Figure 15.6 represents a typical triangle 
coordinates, i.e., each intersection is the I 
(0,0), with the X dimension increasing 
specified triangle does not have to sta or: 

e buffer. The grid represents pixel 
e • The origin of the grid is at the top left 

PROPRIETARY AND CONFIDENTIAL 

n mbered by decreasing Yvalue, i.e., from bottom 
o bott to top, starting at the first scan line at or above 

a the last scan line at or below the ending (top) vertex. The 
si ) determines the horizontal rendering direction. For a 

e on the left, rendering must be done from left to right. 
C to 1. If the triangle in Figure 15.6 is flipped horizontally 

Color Dimensions (Point A) 

PRELIMINARY 

Texture Dimensions ( Point A) 
TDS 
TUS 
TVS 
TWS 
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ig 1 • Polygon Fill Example 

The following registers so wi the Y axis and side 02. Note that the Y component of side 
02 (B in Figure 15.6), ways 

.~ 
er ines the number of scan lines required to render the triangle. 

Spatial Dimension' ~. ('< axi~ , M_olor Dimensions (V axis) Texture Dimensions (V axis) 

TdXdY02 . (2~ TdGdY_dBdY TdDdY 
TdZdY TdAdY_dRdY TdUdY 
TY01_Y12 TdVdY 

TdWdY 

The TXEnd01 ~ssociated with point C in Figure 15.6. 
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The following registers are associated with the X axis and side 01. Note that the X component of side 
01 (0 in Figure 15.6), is always the maximum width of the rendered triangle. 

S atial Dimensions (X axis) 
TdXdY01 
TdZdX 

Color Dimensions (X axis) 
Td GdX_d BdX 
TdAdX_dRdX 

The TXEnd12 register is associated with point E in Figure 15.6. 

The TdXdY12 register is associated with side 12 (F in Figure 15.6). 

The TbU and TbV registers contain the common offset values for th 
these values are added to all U and V specifications. 

Texture Dimens 
TdDdX 
TdUdX 
TdVdX 
TdWdX 

Triangles can be drawn with perspective correction (bits 30-27 oft et register = 0101 or 
0110). Perspective correction uses the W parameters. In addi' n, an V pa ameters have different 
bit codings when perspective correction is specified tha en it is not. 
register descriptions. Using automatic perspective corr 
performance, but can in some circumstances provide a 

15.4.6 Z-Buffering 

Z-buffering allows the programmer to elimi 
when bits 25-24 of the Command Set regis 
not OOOb. Use of z-buffering requires th sp 
starting location is specified in the Z_ S 
corresponding 16 bits of depth info 
relational operator used to compa t 
value, as follow: 

000 = Z compare never passes 
001 = Pass if Zs > Zzb 
010 = Pass if Zs = Zzb 
011 = Pass if Zs ~ Zzb 
100 = Pass if Zs < Zzb 
101 = Pass if Zs ¢ Zzb 
110 = Pass if Zs ~ Zz 
111 = Z compare 

f i::fden lines and surfaces. It is enabled 
i 22-20 of the Command Set register are 

b al c ed in video memory for the z-buffer. The 
r. or ach graphics pixel, the z-buffer contains a 

2- of the Command Set register specify the 
e source pixel with its corresponding z-buffer 

o ans thatthe source pixel will replace the current pixel in video memory 
less than the corresponding z-buffer value. This is the normal comparison, 

as it allows th p el c s r to the viewer to be drawn. If bit 23 of the Command Set register is set to 
u will replace the current z-buffer value. If bit 23 of the Command Set register 

er value remains unchanged. 

The z-buffer comparison occurs before any of the pixel coloring operations described below. If the z 
comparison fails, no further coloring operations will be done on that pixel. Similarly, if the operator is 
set to never pass, z-buffering is effectively disabled. This can improve performance. 
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15.4.7 MUX Buffering 

Z-buffering requires 16 bits of video memory storage for each displayable pixel. If insufficient memory 
is available, MUX buffering may allow z-buffering to be performed. With MUX buff , the active 
frame buffer area (draw buffer) is alternately programmed with z-buffer values and p el olors. his 
requires that all the primitives (lines and triangles) of the scene be rendered twice, w h s 
performance. Otherwise, MUX buffering produces the effects as normal z-buffer:' 

MUX buffering can only be used when the destination format is 16 bits/pixel and 0 ~ha 
to be performed (bit 19 of the Command Set register = 0). When the destin fo IMis s/pixel, 
bit 15 = 1 indicates the word contains a z value and bit 15 = 0 indicates t 0 ct' san RGB555 
value. 

With MUX buffering, double buffering should be used sothatthe z-b 
(back) buffer. See the Streams Processor section for an explanati 
enabled as explained in the previous section except that bit 23 th 
set to 1 so that the source pixel z value will replace the current z-b 
entire buffer must be written with either a solid color or a e 
each word to 0, indicating that colors are stored. 

On the first pass, bits 25-24 of the Command Set regist a 
pass. The S3d Engine interpolates only the z value f 
each source pixel, ifthe corresponding destination pi 

ed to 01 b to specify the z-buffer 
primitive (line or triangle). For 
= 0), the source z value replaces 

the destination color. For the first primitive to be 
replace all the corresponding destination pix s 
subsequent primitives for the scene, the sou e Ixe a 

c e, the source pixels (z values) will 
a e of the initialization to colors. For 

y not replace the destination pixel. It 
tination is a z-value, it will only replace 

xels corresponding to primitives are set to 
al es. 

will always replace it if the destination is a r, ut if h 
it if the z comparison passes. At the end t 
z values. All other pixels retain the initi 

register are programmed to 10b to specify the For the second pass, bits 25-24 of 
draw buffer pass. The S3d Engi 
destination pixel is a color, tha i 
source z value is compared with e 

a i er I es the z values for all source primitives. If the 

and that color value replac 
contain color values. The uffer is 
refresh. 

colo IS left unchanged. If the destination pixel is a z value, the 
in ion z value. If they are equal, the source color is computed 

tio z value. At the end of this 'pass, all pixels in the buffer 
. hed to the front (active) and is used for the next screen 

1. g' enabled for a 3D triangle, two, four or eight texels (texture pixel) from the 
texture m can filtered (interpolated) to generate a texture color to be mixed with the 
source color I step 3 or a code to be used in the next step. 

2. Generate - For certain applications, textures can be stored in a compact colorless mode (Blend4). 
This step generates a texture color based on the compact coding, which mayor may not be 
the output of filtering from the previous step. This color is used in the next step. 
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3. Light -If a lit texture triangle is specified, the source pixel color is mixed with the texel color to 
generate a color which can optionally be fogged or alpha blended. 

4. Fog - Also called depth cueing. As shown in Figure 15-7, the input can either be the source pixel 
color or the result of the filter/generate steps. 

5. Alpha Blend - The source pixel color or the output of the fogging step (which m 
is blended with the destination pixel color in video memory. This can produce a t 
effect. 

Each of these steps is explained in more detail in the following sections. 

15.4.8.1 Texture Filtering 

Textures are stored in off-screen video memory at a location s 
components of the U and V parameters generate the memory a s 
which is called a texel. The fractional part of the U and V para te are 
interpolation between texel colors. The texture color format is sp ifi 
Set register and can be one of the following: 

000 = 32 bitS/pixel (ARGB8888) 
001 = 16 bits/pixel (ARGB4444) 
010 = 16 bits/pixel (ARGB1555) 
011 = 8 bits/pixel (Alpha4, Blend4) 
100 = 4 bits/pixel (Blend4, low nibble) 
101 = 4 bits/pixel (Blend4, high nibble) 
110 = 8 bits/pixel (palettized) 
111 = YU/YV (16 bits/pixel equivalent) 

DRAW 
UNLIT TRIANGLE 

Figure 15-7. Pixel Coloring 

. The integer 
eac exture element, 

e in the filter stage for 
-5 of the Command 

DRAW 
GOURAUD TRIANGLE 
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The texture can be a single rectangular pattern or a mipmap. A mipmap contains multiple versions of 
the same texture, each at successively lower resolutions (1/2, 1/4, 1/8, etc.). The size of the largest 
mipmap level (level 0) must be specified via bits 11-8 of the Command Set register. The integer part 
of the D parameter points to the mipmap level to be used for the texture. The fraction part of the D 
parameter is used for filtering of colors between mipmap levels. 

A variety of filter modes are provided via bits 14-12 of the Command Set register 

000 = M1TPP (MIP _NEAREST) 
001 = M2TPP (LiNEAR_MIP _NEAREST) 
010 = M4TPP (MIP _LINEAR) 
011 = M8TPP (LiNEAR_MIP_LlNEAR) 
100 = 1 TPP (NEAREST) 
101 = V2TPP (used for YUNV video format) 
110 = 4TPP (LINEAR) 
110 = Reserved 

Modes starting with Mare mipmapped. Those without have a 
are interpolated per source pixel. Figure 15-8 demonstrates 
U,V and D parameters point to the texture map location· at 
the color for this location, the four nearest pixels in mip a e 
the color indicated by the top medium gray dot (11). T f r 
8) are interpolated to generate the color indicated b th tt 
11 and 12 are then interpolated to produce the final a F 

xt e Ie PP means X texels 
f t e 011 setting (M8TPP). The 

the ack-dot at F. To generate 
1 - re interpolated to generate 

es ixels in mipmap level D + 1 (5-
e um gray dot (12). The colors at 

If M1TPP or 1TPP is selected, the texel nearest t 9 me texture location is chosen to provide 
the texture color. For M2TPP, the color is intell 01 ed b e nearesttexels from 2 mipmap levels 
(e.g., texels 1 and 5 in Figure 15-8). For M4 4 P, t x s ,2,3 and 4 are interpolated. For V2TPP, 
which is used only for YUV data, texels p ated. 

i 6 
~.1'--------------------~ 

.•.. i .~,. 
#*. ,.' 

"", .' 12 ,/ #. .# #. # • 
• # .' 

7 ~~:-------:"'-----------------~~{8 PTE)( 

MIPMAP LEVEL 0 + 1 

Figure 15-8. Texture Filtering 
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Filtering of 8 bits/pixel palettized data produces uncertain results. Palettized texel colors can be used 
ifthe filter mode is M1TPP or 1TPP (only one texel is used to generate the color) and the texture blending 
mode (lighting) is specified as decal. This means the texel color replaces the source pixel color (no 
mixing). Because the color is now palettized, it cannot be texture lit, fogged or alpha b ded. 

15.4.8.2 Generation 

ViRGE provides several compact texture storage modes, called Blend4 (high 
Alpha4/Blend4. Blend4 uses 4 bits to define the color for each texel. These bi an 
or low nibble of each byte, allowing the programmer to locate texels frol"ODlWl:Nl 
single byte. Alpha4/Blend4 has 4 bits of Alpha coding and 4 bits of RGB 01 

Blend4 is useful for textures with a narrow range of colors, suc 
interpolation factor between two RGB colors defined in the Color ~I\OM1t5 
registers. 

Alpha4/Blend4 is useful for textures with a limited range of c a 
sky. In this case, there are a few shades of blue-white, wi white 
bluer sky. Alpha blending is explained below. 

Generation of colors for Blend4 modes occurs after 
multiple Blend4 texels to produce a composite col 
phase. The results of this might be hard to predi 
1TPP filter mode. 

15.4.8.3 Lighting 

Lighting is the blending of the texel co r It 
only when a lit triangle is specifie in 
Command Set register specify the e 

00 = Complex reflection 
01 = Modulate 
10 = Decal 
11 = Reserved 

programmer 

se. Therefore it is possible to filter 
tor to be used in the generate 

can be bypassed by selecting a 

urc pixel color. As seen in Figure 15-7, it is used 
e Command Set register. Bits 16-15 of the 

follows: 

Decal replace 
scene. This is 

rc pixel color with the texel color, essentially overlaying the texture on the 
de that can be used with palettized ~ata. 

If the texture map' aller than the area to be textured, texture wrapping can be turned on via bit 26 
of the Command Set register. This allows the texture to be tiled across the scene. If texture wrapping 
is disabled and and the texture map is smaller than the area to be textured, the texel color is taken 
from the Texture Border Color register (MMB4FO) for all pixels beyond the texture. 
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15.4.8.4 Fogging 

Fogging is enabled via bit 17 ofthe Command Set register. This operation uses the pixel's alpha value 
to interpolate between the pixel color at this stage of the coloring process (see Figure 7) and a fog 
color specified in MMB(0/4)F4 . .lf the alpha value corresponds to the distance from th vi er, thi is 
called depth cueing. Iffogging is being done, source alpha cannot be specified for alpha len in 
bits 19-18 ofthe Command set register cannot be 11b). 

15.4.8.5 Alpha Blending 

Alpha blending blends the pixel color at this stage of coloring (see Fi 
corresponding pixel in the draw buffer. It is enabled via bits 19-18 ofth 
bits are 1 Ob, the texture alpha is used for the interpolation factor. Th e r 
for the pixel at this stage of the coloring and not a texel alpha. If 9-
is used for the interpolation factor. This is the original pixel alph be re t 

Alpha blending is used fortransparency effects. The smallert 
color will dominate the final color (or higher transparency 
in order of increasing transparency, Le., decreasing alp . 
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15.5 PROGRAMMABLE HARDWARE CURSOR 

A programmable cursor is supported which is compatible with the Microsoft Windows (bit 4 of CR55 
= 0) and X11 (bit 4 of CR55 = 1) cursor definitions. The cursor size is 64 pixels wide by ixels high, 
with the cursor pattern stored in an off-screen area of display memory. Two monoch m ·mages 64 
bits wide by 64 bits high (512 bytes per image) define the cursor shape. The first bit im e I an 
mask and the second bit image is an XOR mask. The following is the truth table f e cu or sp, y 
logic. 

AND Bit XOR Bit 
o 0 
o Cursor Fore round Color 

o Current Screen Pixel 
NOT Current Screen "Pixel 

The hardware cursor color is taken from the Hardware Graphi s C 
the Hardware Graphics Cursor Background Stack (CR4B) reg; 
registers. The stack pointers are reset to 0 by reading th 
(CR45). The color value is then programmed by consecu e 
to the appropriate (foreground or background) registe 

Enabling/Disabling the Cursor 

CR39 <=AOH 
CR45_0 <= 1 
CR45_0 <=0 
CR39 <=OOH 

Positioning the Cursor 

i n use. It can be enabled or disabled 

n he display, with the X,Y coordinates ranging from 0 to 
e displayed on the screen and partial cursor images to 

be displayed at the righ n 0 om edge of the screen. The cursor offset OX,OY has to be 
set to 0,0 for a 1024x"Z 8 reso io If X is> (1024 - 64) or Y is > (768 - 64), then a partial cursor is 
visible at the right ed e S:lt e e the screen respectively. Note that if Y ~ 768 then the cursor is 
not visible; it is residi g the s en area. 

A partial curso mag D is layed at the left edge or the top edge of the screen. To enable partial 
cursor displa~ at he 0 f the screen, Y is set to 0 and the Y offset register is set to OY (range 
from 0 to 63). h dis a the bottom 64-0Y rows of the cursor image at the currently set X position 
and the top ed e the c en. Si milarly, a partial cursor can be displayed at the left edge of the screen 
by setti'ng X to an X offset register to OX (range from 0 to 63). This displays the right 64-0X 
columns of the c . age at the currently set X and the left edge of the screen. The following 
pseudocode illustrates cursor positioning. 

CR39 <=AOH 
CR46_10-8 <= MS 3 bits of X cursor position 
CR47 _7-0 <= LS 8 bits of X cursor position 

; Unlock System Control registers 
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CR4B_10-8 <= MS 3 bits of Y cursor position 
CR49_7-O <= LS 8 bits of Y cursor position 
CR4E_5-0 <= Cursor Offset X position 
CR4F _5-0 <= Cursor Offset Y position 
CR39 <= OOH ; Lock System Control registers 

The cursor position is updated by the hardware once each frame. Therefore, the 
ensure that the position is re-programmed no more than once for each vertical 

Programming the Cursor Shape 

The AND and the XOR cursor image bitmaps are 512 bytes each.· These 
in a contiguous area of display memory, i.e., AND word 0, XOR word 
AND word 255, XOR word 255. The starting location must be on a 1 
is programmed into the Hardware Graphics Cursor Start Address re 

CR39 <= AOH ; Unlock System Control re 
CR4C_5-8 <= MS 4 bits of the cursor storage start 1024-byte ~1!fteQ!\. 
CR4D <= LS 8 bits of the cursor storage start 1024-byte se 
CR39 <= 0 ; Lock System Co 

S3dViRGE 

d interleaved 
R word 1 •.• 

. This location 
R4D) as follows: 

The value programmed is the 1024-byte segment 0 en at which the beginning of the 
hardware cursor bit pattern is located. For example, or 8 mode on a 1 MByte system, 
there are 10241Ksegments. Programming CR4C h 3 a tf 4Dwith FEH specifies the starting 
location as the 1022nd (O-based) 1 K segme ~e cop ern is programmed (using linear 
addressing) at FF800H offset from the base a tfr s 0 he buffer. 

Note 

If the cursor is not 64 bits by 64 bits, t ould be padded to make the cursor image 64 
bits by 64 bits. The padded area sho d arent by padding the extra AND mask bits with 
'1's and the extra XOR bits by 'O's 

15-32 ENHANCED PROGRAMMING PRELIMINARY PROPRIETARY AND CONFIDENTIAL 



S3d ViRGE 

15.6 BUS MASTER DMA 

For PCI systems, ViRGE provides bus master DMA capabilities. There are two indellendent DMA 
channels. One handles transfers of video data to video memory or an MPEG decoder from video 
memory to system memory. The other is used to transfer command and parameter 0 im e dat to 
the S3d Engine. 

15.6.1 Video/Graphics DMA Transfers 

These transfers are enabled by setting MM8580_0to 1.lfMM8580_1 = 1, da 
memory to the LPB output FIFO. This can be compressed video data fo r 
or de-compressed software MPEG data to be written to video memo wi 
the LPB section for the appropriate register settings for each type oftr 
address in system memory for the data to be transferred is progra 
aligned). The number of doublewords to transfer -1 is program 

If MM8580_1 = 0, data is transferred from video memory to 
video memory is programmed in MM8220_21-3 (quadwo 
programmed in MM8224_27-19 and the line stride in qua 
destination starting address in system memory is progr 
The number of doublewords to transfer -1 is progra 

The DMA write and read pointer re . te MM8988) are initialized to all O's. The transfer 
sequence begins with the CPU w .. g am of data to the buffer. This data is derived from 
the parameter blocks passed to t e er the application via the programming interface. In general, 
the transfer should include one 0 co plete command/parameter/data blocks. After this data is 
written to the buffer, the ne S5 'n the frame buffer is programmed into the DMA write 
pointer field (MM8984_15- and is set to 1 to indicate that the write pointer has been 
updated. When the write 0 te' hea of the read pointer (MM8598_15-0), DMA transfers to the 
S3d Engine begin. T writ oi er date bit (MM8984_16) is immediately cleared to ° by the 
hardware and the re Id automatically updated as each doubleword transfer to the S3d 
Engine is made. OM tr nsfe I ntinue as long as the write pointer is ahead ofthe read pointer. 

oin r quais the write pointer. 

Additional da 'tten the buffer at any time, starting at the current write pointer address. 
Wrapping of" "e write he the end of the buffer is reached is handled by the programmer. Before 
writing additi n dat t the buffer, the programmer must first read the read pointer to determine 
how much spa e i il Ie in the buffer. If this is not done, the write data could wrap and overwrite 
good data befor 't is r d from the buffer. 
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Each update of the circular buffer must start with a doubleword header that defines what is to follow. 
The format of this header is: . 

Bit(s) Deseri tion 
15-0 Number of .doublewords to transfer 
29-16 Most significant 14 bits of the least significant 16 bits of the offset of t 

to be ro rammed 
30 Reserved 
31 Data e data) 

If image data is being transferred (a BitBl T with the C~U as the source 0 

need be programmed. 

This capability allows updating of multiple S3d registers in one 0 
a color pattern with an 8 bits/pixel color depth requires that al re ters ro A100H to A13CH be 
programmed. Thus, bits 15-0 would be programmed with 16 (deci alJ. The 0 significant 14 bits of 
A 100H (dropping the two low-order O's) are programmed in . -1. Bit 3 is cleared to O. 

The parameter register address ranges for some of the 
programmer can either send a new header for each co g 
in the doublewords corresponding to the holes. For e m 
the 3AS_RS parameter register for a 3D line and tti 3 
handled by the "garbage" technique. 
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tai "holes" (no register). The 
gi r sequence or program garbage 

a ·ngle doubleword gap between 
register. This is probably best 
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Section 16: VGA Standard Register Desc~· 

In the following register descriptions, 'U' stands for undefined or u s d 
(write = 0, read = U). A question mark in an address stands for a h 
If bit 0 of the Miscellaneous Output Register (3C2H, Write) is set 
color emulation. If this bit is reset to 0, the address is based at 3B 

See Appendix A for a table listing each register in this sec· 

16.1 GENERALREGISTERS 

This section describes general input status and 0 

Miscellaneous Output Register (MiSe) 

Write Only 
Read Only 
Power-On Default: OOH 

7 6 5 

VSP HSP 

Bit 0 ss Select 

o 
IDA 
SEL 

-.-..., ____ "hro emulation. Address based at 3Bx 
... rla.l.l.lolllTlon. Address based at 3Dx 

Bit 1 Enable CPU Display Memory Access 
- 01 ab access of the display memory from the CPU 

e access of the display memory from the CPU 

S3d ViRGE 
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Bits 3-2 Clock Select - Select the Video Clock Frequency 
00 = Selects 25.175 MHz DCLK for 640 horizontal pixels 
01 = Selects 28.322 MHz DCLK for 720 horizontal pixels 
10 = Reserved 
11 = Enables loading of DCLK PLL parameters in SR12 and SR13. 

A setting of either OOb or 01b causes the appropriate values to be 
the DCLK PLL registers if bit 1 of SR15 is set to 1. 

Bit 4 Reserved = 0 

Bit 5 PGSL -Select High 64K Page 
o = Select the low 64K page of memory 
1 = Select the high 64K page of memory 

Bit 6 HSP - Select Negative Horizontal Sync Pulse 
o = Select a positive horizontal retrace sync pulse 
1 = Select a negative horizontal retrace sync p 

Bit 7 VSP - Select Negative Vertical Sync Pulse 
o = Select a positive vertical retrace syn 
1 = Select a negative vertical retrace s c 

Feature Control Register (FCR_WT, FCR_AD) 

Write Only 
Read Only 
Power-On Default: OOH 

Bits 2-0 

Bit! 

S3dViRGE 
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Input Status ° Register (STATUS_O) 

Read Only Address: 3C2H 
Power-On Default: Undefined 

This register indicates the status of the VGA adapter. 

7 6 5 4 3 2 1 ° CRT MON 
INTPE =0 =0 SENS =0 =0 =0 =0 

Bits 3-0 Reserved = 0 

Bit 4 MON SENS - Monitor Sense Status 
0= The internal SENSE signal is a logical 0 
1 = The internal SENSE signal is a logical 1 

Bits 6-5 Reserved = 0 

Bit 7 CRT INTPE - CRT Interrupt Status 
o = Vertical retrace interrupt cleared 
1 = Vertical retrace interrupt pendin 

Input Status 1 Register (STATUS_1) 

Read Only Addr 
Power-On Default: Undefined 

7 6 
1 ° 

=0 LPF DTM 

Bit ° e Inactive 
lay· in the display mode. 

S3dViRGE 

i ay is not in the display mode. Either the horizontal or vertical retrace 
d is active 

Bit 1 

Bit 2 Reserved = 1 

Bit 3 VSY - Vertical Sync Active 
o = Display is in the display mode 
1 = Display is in the vertical retrace mode 
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Bits 5-4 TST-VDT - Video Signal Test 
Video Data Feedback 1,0. These bits are feedback video signals to do read back tests. 
These bits are selectively connected to two of the eight color outputs of the attribute 
controller. Bits 5 and 4 ofthe color plane enable register (AR12) contrOI~Ulti
plexer for this video output observation. 

Bits 7-6 Reserved = 0 

~ 
Video Subsystem Enable Register 

ReadlWrite Address: 3C3H 
Power-On Default: OOH 

7 6 5 4 3 2 1 

R R R R R R R 

Bit 0 VGA ENB - VGA Enable 
o = VGA display disabled 
1 = VGA display enabled 

Bits 7-1 Reserved 
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16.2 SEQUENCER REGISTERS 

The sequencer registers are located at two-byte address spaces. These registers are accessed by first 
writing the data to the index register ofthe sequencer at I/O address 3C4H and then writi 0 or reading 
from the data register at 3C5H .. 

Sequencer Index Register (SEQX) 

Read/Write Add ress: 3C4H 
Power-On Default: Undefined 

This register is loaded with a binary value that indexes the sequenc 
value is referred to as the "Index Number" of the SR register in t 

Bits 4-0 

Bits 7-5 Reserved 

Sequencer Data Register (SEQ_DATA) 

Read/Write Addre 
Power-On Default: Undefined 
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Reset Register (RST _SYNC) (SRO) 

Read/Write Address: 3C5H, Index OOH 
Power-On Default: OOH 

Bit 0 ASY RST - Asynchronous Reset 

This bit is for VGA software compatibility only. It has 

Bit 1 SYN RST - Synchronous Reset 

This bit is for VGA software compatibility only 

Bits 7-2 Reserved = 0 

Clocking Mode Register (ClK_MODE) (SR1) 

Read/Write 
Power-On Default: OOH 

This register controls the operation mo 

765 
SCRN 

= 0 = 0 OFF 

Bit 0 

Bit 1 

Bit 2 

Bit 3 - I ternal character clock = 1/2 DCLK 
0= t internal character clock to the same frequency as DCLK 
1 = Set the internal character clock to 1/2 the frequency of DCLK 

Bit 4 SHF 4 - Load Serializers Every Fourth Character Clock 
o = Load the serializers every character clock cycle 
1 = Load the serializers every fourth character clock cycle 

S3d ViRGE 
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Bit 5 SCRN OFF - Screen Off 
o = Screen is turned on. 
1 = Screen is turned off 

Bit 7-6 Reserved = 0 

Enable Write Plane Register (EN_WT_Pl) (SR2) 

Read/Write Address: 3C5H, Index 02H 
Power-On Default: OOH 

S3dViRGE 

This register selects write protection or write permission for CPU w . e 

Bits 3-0 EN.WT.PL - Enable Write to a Plane 
o = Disables writing into the correspon n 
1 = Enables the CPU to write to the c re 0 Cii 

Bits 7-4 -Reserved = 0 
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Character Font Select Register (CH_FO~T_SL) (SR3) 

Read/Write Address: 3C5H, Index 03H 
Power-On Default: OOH 

3 2 1 0 
SLA SLB 

1 0 1 0 

In text modes, bit 3 of the attribute byte normally turns the foreground int 
be redefined to be a switch between two character sets. The switch is ena 
between the value of character font select A and character font sele B 
register bit 1 = 1 (extended memory) enables all bits of this function· th 
4 are available. 256 KBytes of video memory support 8 charact 
asynchronously during a system reset. 

Bits 4, 1"() SLB - Select Font B 
This value selects the portion of plane 2 use 
bit 3 of the attribute byte is a logical 1, acc 

Bits Font Table Location 
4,1,0 

000 
001 

010 
011 

Bits 5, 3-2 SLA - Select Font A 
This value select 
bit 3 of attribute 
select A. 

Bits 7-6 
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Memory Mode Control Register (MEM)VIODE) (SR4) 

Read/Write Address: 3C5H, Index 04H 
Power-On Default: OOH 

This register controls CPU memory addressing mode. 

7 

=0 

6 5 43210 
CHN SEQ EXT 

=0 =0 =0 4M MODE MEM =0 

Bit 0 Reserved = 0 

Bit 1 EXT MEM - Extended Memory Access 
0= Memory access restricted to 16/32 KBytes 
1 = Allows complete memory access to 256 K 

Bit 2 SEa MODE - Sequential Addressing Mode 
This bit affects only CPU write data acce 
must be 0 for this bit to be effective. 
o = Enables the odd/even addressing 0 

Odd addresses access planes 1 
1 = Directs the system to use a s uentl 

Bit 3 CHN 4M - Select Chain 4 Mod 
o = Enables odd/even mod 

S3dViRGE 

r: sses access planes 0 and 2. 

1 = Chain 4 Mode. This bi 
memory. A logical di 

addressing for CPU access to display 

select the plane i 

A1 AO 
o 0 
o 

. 1 
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er order bits of the CPU address used to 
e accessed as follows: 
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Unlock Extended Sequencer Register (~NLK_EXSR) (SR8) 

Address: 3C5H, Index OSH 

Extended Sequencer 9 Register (SR9) 

Re~dJWrite Address: 3C5H,Index 09H 
Power-On Default: OOH 

7 6 5 4 3 2 1 
MMIO-
ONLY R R R R R 

Bits 6-0 Reserved 

Bit 7 MMIO-ONL Y - Memory-map, 
o = When MMIO is enable 

accesses are allowe 
1 = When MMIO is en o -mapped I/O register accesses are allowed 

7 6 1 o 
2 P50 

MCLK SEL R R R 
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Bit 5 PD-NTRI- PD[63:0] Not Tri-stated 
0= PD[63:0] tri-stated 

Bit 6 

1 = PD[63:0] not tri-stated 

The default value of 0 reduces power consumption. The pins are enabl ct r output 
only as needed. Note that output pads for PD[63:29) also latch the most ec tout t 
state. . 

with 1- or 2-MByte memory configurations. With this e g 
the OE1 output is held high whenever Trio64-comp, i F 
operation is enabled (SRD_1 = 0). This disables 0 put the 
lines. 

1 = Pin 50 outputs RAS1 for either fast page or ED mo is se ing should 
always (and only) be used for 4-MByte config ati s. 0 compatible VAFC 
feature connector operation cannot be us it thl setti and should never be 
enabled. 

Bit 7 2MCLK - 2 MCLK CPU writes to memory 
o = 3 MCLK memory writes 
1 = 2 MCLK memory writes 

st s using an MCLK less than 57 
z, bit 7 of SR15 should also be set 

Extended Sequencer B Register (SR 

Read/Write 
Power-On Default: OOH 

7 1 o 
VAFC DOT= 
VCLKI VCLKI 

Bit 1 V C V KI - Use VCLKI input with VAFC 
0= Pixel data from pass-through feature connector latched by incoming VCLK 
1 = Pixel data from VAFC latched by VCLKI input 

Bits 3-2 Reserved 
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Bits 7-4 AL T COLOR MODE - Color Mode for feature connector input 
0000 = Mode 0: 8-bit color, 1 pixelNCLK 
0001 = Mode 8: 8-bit color, 2 pixelsNCLK 
0011 = Mode 9: 15-bit color, 1 pixelNCLK 
0101 = Mode 10: 16-bit color, 1 pixelNCLK 
0111 = Reserved 
1101 = Mode 13: 24-bit color, 1 pixelNCLK 

All other mode values are reserved. Setting mode 0001 (clock dou 
quires that either bit 4 or bit 6 of SR15 be set to 1 and that bi of 
Clock doubling cannot be used with the Streams Processor: cti • 

Extended Sequencer 0 Register (SRD) 

Read/Write Address: 3C5H, Index ODH 
Power-On Default: OOH 

This register provides feature connector control and als pr 
HSYNC and VSYNC signals, therefore supporting the S 
trol) standard. 

7 6 
VSY-CTL 
1 0 

Bit 0 

5 4 
HSY-CTL 
1 0 

3 
R 

C and VSYNC are outputs . 

S3d ViRGE 

. T e ore ion of VCLK is controlled by EVCLK and the 
C an VSYNC is controlled by ESYNC. In both cases, 

an input and a logic high specifies an output. 

Bit 1 

·n 51 with a logic o. This enables the feature connector 
o64-compatible VAFC feature connector is enabled for 

MBytes or larger. 

·PR.~"'....:.t..Mie disab led and feature connector operation enabled for this bit to 

Bits 3-2 

Bits 5-4 HSY-CTL - HSYNC Control 
00 = Normal operation 
01 = HSYNC =0 
10 = HSYNC = 1 
11 = Reserved 
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Bits 7-6 VSY-CTL - VSYNC Control 
00 = Normal operation 
01 =VSYNC=O 
10 = VSYNC = 1 
11 = Reserved 

MCLK Value Low Register (SR10) 

Read/Write Address: 3C5H, Index 10H 
Power-On Default: See description below. 

The power-on default value for this register in conjunction with the 
generate an MCLK value of 45 MHz. All other MCLK values must QIt\~~~C\T 
SR10 and SR11. Loading of a new value is enabled by either bit 

Bits 4-0 

Bits 6-5 PLL R VALUE 
These bits contain the bina 
scale the output of the M 

Bit 7 Reserved 

MCLK Value High Register ( 

The power-on defaul 
generate an MCLK v 
SR10 and SR1 

Bits 6-0 PLL M-DIVIDER VALUE 

S3dViRGE 

These bits contain the binary equivalent of the integer (1-127) divider used in the feed
back loop of the MCLK PLL. See Section 9 for a detailed explanation. 

Bit 7 Reserved 
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DCLK Value Low Register (SR12) 

Read/Write Address: 3C5H, Index 12H 
Power-On Default: See description below. 

The power-on default value for this register in conjunction with the power-on default 
generate a DCLK value of 25.175 MHz. The default value is automatically placed' is r ist 
bits 3-2 of 3C2H are programmed to OOb. If bits 3-2 of CR2H are programmed to 1 b, a 
PLL Rand PLL N values for a 28.322 MHz DCLK will automatically be placed in t 's ~ist 
DCLK values must be specified by programming of SR12 and SR13. Loadin an wVal 
by either bit 1 or bit 5 of SR15 and by setting bits 3-2 of 3C2H to 11b. 

Bits 4-0 N-DIVIDER VALUE 
These bits contain the binary equivalent of t 
input to the DCLK PLL. See Section 9 for a e 

Bits 6·5 PLLR VALUE 
These bits contain the binary equival t e i e r , 2, 4, 8) range value used to 
scale the output of the DCLK PLL. Se ctlO 

Bit 7 Reserved 

DCLK Value High Register (SR13) 

Read/Write 
Power-On Default: See descripti 

conjunction with the power-on default value for SR12 
ault value is automatically placed in this register 

med to Ob. If bits 3-2 of CR2H are programmed to 01 b, the ap
AIVIM2"oMICLK will automatically be placed in this register. All other 

gramming of SR12 and SR13. Loading of a new value is en
nd by setting bits 3-2 of 3C2H to 11 b. 

L - 01 IDER VALUE 
Th s contain the binary equivalent of the integer (1-127) divider used in the feed-
back loop of the DCLK PLL. See Section 9 for a detailed explanation. 

Bit 7 Reserved 
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CLKSVN Control 1 Register (SR14) 

Read/Write Address: 3C5H, Index 14H 
Power-On Default: OOH 

765 4 3 210 
EXT EXT P151 CLR M EN MPLL DPLL 

DCLK MCLK SEL CNT TEST CNT PD PD 

Bit 0 DPLL PO - Power down DCLK PLL 
o = DCLK PLL powered 
1 = DCLK PLL powered down 

This bit is used for S3 test purposes only. 

Bit 1 MPLL PO - Power down MCLK PLL 
o = MCLK PLL powered 
1 = MCLK PLL powered down 

This bit is used for S3 test purposes onl . 

Bit 2 

Bit 3 M TEST - MCLK Test 
0= Test DCLK 
1 = Test MCLK 

Bit 4 

Bit 5 

S3d ViRGE 

bit to 1 allows pin 151 to act as an MCLK input. This is enabled by setting 
register to 1. 

Bit 6 EXT MCLK - External MCLK Select 
o = MCLK provided by internal PLL 
1 = MCLK is input on pin 151 
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This bit can also be set to 1 at reset via power-on strapping of PD11. An external 
MCLK is only used for S3 test purposes. 

Bit 7 EXT DCLK - External DCLK Select 
o = DCLK provided by internal PLL 
1 = DCLK is input on pin 156. 

This bit can also be set to 1 at reset via power-on strapping of PO 
DCLK is only used for S3 test purposes. 

CLKSYN Control 2 Register (SR15) 

Read/Write Address: 3C5H, Inde><: 15H 
Power-On Default: OOH 

7 6 5 4 3 2' 1 
2 CYC DCLK\ CLK DCLK/ VCLK MCLK DRFQ 
MWR INV LOAD 2 OUT OUT EN 

Bit 0 MFRQ EN - Enable new MCLK frequenc 10 d 
o = Register bit clear 
1 = Load new MCLK frequency 

When new MCLK PLL value 
values in the PLL. The loa 
This bit should be cleare t 
use bit 5 of this registe to 

Bit 1 DFRQ EN - Enable 
o = Register bit cl r 
1 = Load new DCL 

e programmed, this bit can be set to 1 to load these 
3C2H must also be set to 11 b if they are not already at 

may be delayed a small but variable amount of time. This bit 
should ~ra e to 1 at power-up to allow loading of the VGA DCLK value and 

this e . Use bit 5 of this register to produce an immediate load. 

Bit 2 I - tR t internally generated MCLK 
Ions normally 

outputs the internally generated MCLK 

only for testing. 

Bit 3 VCLK OUT - VCLK direction determined by EVCLK 
o = Pin 148 outputs the internally generated VCLK regardless of the state of EVCLK 
1 = VCLK direction is determined by the EVCLK signal 

This bit is effective only when the LPB feature connector is enabled. 
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Bit 4 DCLK/2 - Divide DCLK by 2 
o = DCLK unchanged " 
1 = Divide DCLK by 2 

Bit 5 

To produce an immediate MCLK and DCLK load, program i it 
Bits 3-2 of 3C2H must also then be prog"rammed to 11 bid t e 
they are not already programmed to this value. This r iste 
1. 

Bit 6 DCLK INV - Invert DCLK 
o = DCLK unchanged 
1 = Invert DCLK 

Either this bit or bit 4 of this register mus 
eration (mode 0001). 

Bit 7 2 CYC MWR - Enable 2 cycle memo 

Read/Write 

o = 3 MCLK memory write 
1 = 2 MCLK memory write 

Setting this bit to 1 bypasse 
set to 1. This can allow 2 
MHz. 

Power-On Default: OOH 

PROPRIETARY AND CONFIDENTIAL PRELIMINARY 

k doubled RAMDAC op-

r linear addressing when bit 7 of SRA is 
MCLK frequencies between 55 and 57 
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CLKSYN Test Low Register (SR17) 

Read Only Address: 3C5H, Index 17H 
Power-On Default: OOH 

This register is reserved for S3 testing of the internal clock synthesizer. 

7 6 5 4 3 2 1 

R R R R R R R 

RAMDAC/CLKSYN Control Register (SR18) 

Read/Write Address: 3C5H, Index 18H 
Power-On Default: OOH 

7 6 543 2 
elKx lUT DAC TST TST TST 

2 WR PD BLUE GRN RED 

Bit 0 TST EN - Enable test counter 
o = RAMDAC test counter dis 
1 = RAMDAC test counter e 

Bit 1 TST RST - Reset tes a 
0= No effect 
1 = Reset the RA 

Bit 2 

Bit 3 

Bit 4 TST BLUE - Test blue data 
0= No effect 
1 = Place blue data on internal data bus 

This bit is used for S3 test purposes only. 

o 
R 
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Bit 5 OAC PO - RAMDAC power-down 
o = RAMDAC powered 
1 = RAMDAC powered-down 

Bit 6 

Bit 7 CLKx2 - Enable clock doubled mode 
o = RAMDAC clock doubled mode (0001) disabled 
1 = RAMDAC clock doubled mode (0001) enabled 

This bit must be set to 1 when mode 0001 is specifi 
Either bit 4 or bit 6 of SR15 must also be set to 1. 

Extended Sequencer 1C Register (SR1C) 

Read/Write Address: 3C5H, Index 1 
Power-On Default: OOH 

The bits in this register are effective only in LP 

Bits 1-0 

53 is ROMCS 
3isROMCS 

i ROMCS 
sGOP1 

IJrn\":!IoIo.LI:Jrare bits 0-1 of the General Output Port register (CR5C). 

S3d ViRGE 

stem powers up with a default value of OOb for bits 1-0, both pin 151 and 
be driven high (logic 1). 

Bits 7-2 Reserved 
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16.3 CRT CONTROLLER REGISTERS 

The CRT controller registers are located at two locations in I/O address space. These registers are 
accessed by first writing to the index register of the CRT controller and then accessing t ata register. 
The index register is located at I/O address 374H and the CRT Controller Data register i t H. W . ch 
address is used (3BX or 3DX) depends on bit 0 of the Miscellaneous Output register at 2 

CRT Controller Index Register (CRTC_ADR) (CRX) 

Read/Write Address: 3?4H 
Power-On Default: OOH 

This register is loaded with a binary value that indexes the CRT c 
accessed. This value is referred to as the "Index Number" of the 
is also used as an index to the S3 VGA registers, the System Co trol 
registers. 

Bits 7-() 

CRT Controller Data Register (CRTC_ 

Read/Write 
Power-On Default: Undefined 

This register is the data po 
register. 

1: Register Data 
ontroller register indexed by the CRT controller address index. 
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Horizontal Total Register (H_TOTAL) (CRO) 

Read/Write Address: 375H, Index OOH 
Power-On Default: Undefined 

This register defines the number of character clocks from HSYNC going active to the next S 
active. In other words, it is the total time required for both the displayed and no 'spla 
of a single scan line. Bit 8 of this value is bit 0 of CR5D. 

7 6 543 2 1 o 
HORIZONTAL TOTAL 

Bits 7-0 HORIZONTAL TOTAL. 
9-bit Value = (number of character clocks in one s 
the least significant 8 bits of this value. 

Horizontal Display End Register (H_D_END) (CR1) 

Read/Write Address: 375H, Index 0 
Power-On Default: Undefined 

This register defines the number of character 
is bit 1 of CR5D. 

Bits 7-0 

the active display. Bit 8 of this value 
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Start Horizontal Blank Register (S_H_B~NK) (CR2) 

Bits 7-0 START HORIZONTAL BLANK 
9-bit Value = character clock value at which horizont 
contains the least significant 8 bits of this value. 

End Horizontal Blank Register (E_H_BLNK) (CR3) 

Read/Write Address: 3?5H, Index 03 
Power-On Default: Undefined 

This register determines the pulse width of the he display enable skew. 

7 

R 

6 5 4 

DSP-SKW 
1 0 

Bits 4-0 
7-bit Value = leas si 
horizontal blankin 
character clo t 
The 5 least 

bits of the character clock counter value at which time 
To btain this value, add the desired BLANK pulse width in 

H izontal Blank value, which is also in character clocks. 
its is sum are programmed into this field. The sixth bit is 
of C 5. The seventh bit is programmed into bit 3 of CR5D. 

Bits 6-5 ·sp w 
bits e ne the amount of display enable skew. Display enable skew 

r yide s Icient time for the CRT Controller to access the display buffer to 
h er and attribute code, access the character generator font, and then 

the rizontal Pixel Panning register in the Attribute Controller. Each ac-
c s re i s e display enable signal to be skewed one character clock unit so the 

o 0 tp t is synchronous with the HSYNC and VSYNC signals. The bit values and 
.rr'~njf'of skew are shown in the following table: 
o - Zer character clock skew 
01 = ne character clock skew 
10 = Two character clock skew 
11 = Three character clock skew 

Bit 7 Reserved 
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Start Horizontal Sync Position Register (S_H_SY _P) (CR4) 

Bits 7-0 START HORIZONTAL SYNC POSITION. 
9-bit Value = character clock counter value at which 
ister contains the least significant 8 Obits of this val . 

End Horizontal Sync Position Register CE_H_SY _P) (CR5) 

Read/Write Address: 315H, Index 05 
Power-On Default: Undefined 

This register specifies when the HSYNC signal 
pulse defined by this register can be extende 

7 

EHB 
b5 

6 5 4 
HOR-SKW 

1 0 

Bits 4-0 
Ica t bits of the character clock counter value at which time 

tain this value, add the desired HSYNC pulse width in 
rizontal Sync Position value, also in character clocks. 

this sum are programmed into this field. The sixth bit is ° 

R5D. 

Bits 6-5 - H iz Skew 
its ont I he skew of the HSYNC signal. A binary 00 equals no HSYNC delay. 

m s, is necessary to provide an HSYNC signal that takes up the entire 
g erv. Some internal timings are generated by the falling edge of the 

H YN i na. To guarant,ee the signals are latched properly, HSYNC is asserted be-
fo the n of the display enable signal, and then skewed several character clock 
·me p ovide the proper screen centering. 
o Zer character clock skew 
01 = ne character clock skew 
10 = Two character clock skew 
11 = Three character clock skew 

Bit7 EHB b5 
End Horizontal Blanking bit 5. 
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Vertical Total Register (V_TOTAL) (CR6). 

Read/Write Address: 375H, Index 06H 
Power-On Default: Undefined 

This register speCifies the number of scan lines from one VSYNC active to the next VS C tiv. 
The scan line counter resets to 0 at this point. Bit 8 is bit 0 of CR7. Bit 9 is bit 5 of. . Bit 
ofCR5E. 

7 6 5 4 . I 3 2 1 o 
VERTICAL TOTAL 

Bits 7-0 VERTICAL TOTAL 
11-bit Value = (number of scan lines from VSYNC ct eta e 
This register contains the least significant 8 bits of is 

CRTC Overflow Register (OVFL_REG) (CR7) 

Read/Write Address: 375H, Index 0 
Power-On Default: Undefined 

7 6 543 
VRS VDE VT LCM SVB 

9 9 988 

This register provides extension bits 

Bit 0 

Bit 1 

Bit 2 

Bit 3 

Bit 4 

BitS 

Bit 6 

Bit 7 Vertical Retrace Start register (CR10) 
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Preset Row Scan Register (P _R_SCAN) (~R8) 

, 6 I 5 4 I 3 I 2 I 1 I 0 
BYTE-PAN 

=0 1 0 PRE-SET ROW SCAN COUNT 

Bits 4-0 PRE-SET ROW SCAN COUNT 
Value = starting row within a character cell for the fi t 
vertical retrace. This allows a partial character row 0 

display and is used for scrolling. 

Bits 6-5 BYTE-PAN 
Value = number of bytes to pan. The num 

Bit' Reserved = 0 

. Maximum Scan Line Register (MA)CS_LN) (e 

Read/Write Address: 315 , 
Power-On Default: Undefined 

S3dViRGE 

This register specifies the number 0 c acter row and provides one scanning control 
bit and two overflow bits. 

, 6 5 o 
DBl lCM SVB 
SCN 9 9 

Bits 4-0 
n lines per character row) - 1 

Bit 5 
ertical Blank Register (CR15) 

Bit 6 
Line Compare Register (CR18) 

Bit' DBl S 
o = Normal operation 
1 = Enables double scanning operation. Each line is displayed twice by repeating the 

row scan counter and video memory address. Vertical parameters in the CRT 
controller are not affected. 
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Cursor Start Scan Line Register (CSSL) (CRA) 

7 6 5 4 I 3 I 2 I 1 I 0 
eSR 

=0 =0 OFF CSR CURSOR START SCAN LINE 

Bits 4-0 CSR CURSOR START SCAN LINE 
Value = (starting cursor row within the character cell 
ter is programmed with a value greater than the c s 
erated. 

Bit5 CSR OFF 
o = Turns on the text cursor 
1 = Turns off the text cursor 

Bits 7-6 Reserved = 0 

Cursor End Scan Line Register (CESL) (CRB) 

Read/Write Address: 37 
Power-On Default: Undefined 

This register defines the row scan 

7 

=0 

Bits 4-0 

'0 

S3d ViRGE 

. e number within the character cell for the text cursor. If the 
tart scan line is greater than the value of cursor end line, then no 

Bits 6-5 Cursor Skew 
ontrol the delay skew of the cursor signal. Cursor skew delays the text cur

e elected number of clocks. For example, a skew of 1 moves the cursor 
ri on haracter position on the screen. . 
00 = ero character clock skew 
01 = One character clock skew 
10 = Two character clock skew 
11 = Three character clock skew 

Bit 7 Reserved = 0 

16-26 VGA REGISTER DESCRIPTIONS PRELIMINARY PROPRIETARY AND CONFIDENTIAL 



S3dViRGE 

sa Incorponted 

Start Address High Register (STA(H)) (~RC) 

Read/Write Address: 375H, Index OCH 
Power-On Default: Undefined 

Start Address low Register (STA(l)) (CRD) 

Re.ad/Write Address: 375H, Index ODH 
Power-On Default: Undefined 

Cursor location Address High Register (C 

Read/Write Address: 
Power-On Default: Undefined 

the video memory where the text cursor is active. This 
igh order bits of the address. 

Cursor location address (low) contains the 8 low order bits of the address. 
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Vertical Retrace Start Register (VRS) (CR10) 

Read/Write Address: 375H, Index 10H 
Power-On Default: Undefined 

7 6 
5 '" 4 

3 2 1 o 
VERTICAL RETRACE START 

Bits 7-0 VERTICAL RETRACE START. 
11-bit Value = number of scan lines at which VSYNC be co e ct e. T 
low-order 8 bits. Bit 8 is bit 2 of CR7. Bit 9 is bit 7 of CR7 i 0 

Vertical Retrace End Register (VRE) (CR11) 

Read/Write Address: 375H, Index 11H 
Power-On Default: OxH 

This register controls the vertical interrupt and CRO-7 

7 6 543 
LOCK REF DIS CLR 
RD-7 3/5 VINT VINT 

Bits 3-0 VERTICAL RETRACE EN 
Value = least significa 4 ts a ine counter value at which VSYNC goes in-
active. To obtain this al , ct e red VSYNC pulse width in scan line units to 
the CR10 value, als s Ii e u . . The 4 least significant bits of this sum are pro-
grammed into thi fi Thi allows a maximum VSYNC pulse width of 15 scan line 
units. 

Bit 4 

At the n of a ti ical display time, a flip-flop is set for a vertical interrupt. The 
ou t f is fll - op goes to the system interrupt controller. The CPU has to reset 

IS fli op 11 ting a logical 0 to this bit while in the interrupt process, then set 
h . to 0 al the flip-flop to catch the next interrupt request. Do not change the 

o er b' IS register. This bit is cleared to 0 by the BIOS during a mode set, a re-

Bit 5 Disable Vertical Interrupt 
o = ertical retrace interrupt enabled if CR32_ 4 = 1 
1 = Vertical interrupt disabled. This bit is cleared to 0 by the BIOS during a mode set, 

a reset, or power-on 
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Bit 6 REF 3/5 - Refresh Cycle Select 
o = Three DRAM refresh cycles generated per horizontal line 
1 = Five DRAM refresh cycles generated per horizontal line. Selecting five refresh 

cycles allows use of the VGA chip with slow sweep rate displays (15KHz). 
This bit is cleared to 0 by the BIOS during a mode set, a reset, or w -on. This 
setting· can be overridden via bits 1-0 of CR3A 

Bit 7 LOCK RO-7 - Lock Writes to CRT Controller Registers 
o = Writing to all CRT Controller registers enabled 
1 = Writing to all bits of the CRT Controller registers CRO-CR 

(LCMa) disabled. This bit is set to 1 by the BIOS durin 
power-on 

Vertical Display End Register (VDE) (CR12) 

Read/Write Address: 375H, Index 12H 
Power-On Default: Undefined 

The vertical display enable end register defines a bits 
display on the screen ends. Bit a and Bit 9 are bits 1 

Bit 7-0 

Read/Write 
Power-On Default: Und 

Bits 7-0 LOGICAL SCREEN WIDTH 
10-bit Value = quantity that is multiplied by 2 (word mode), 4 (doubleword mode) or 8 
(quadword mode) to specify the difference between the starting byte addresses of 
two consecutive scan lines. This register contains the least significant a bits of this 

PROPRIETARY AND CONFIDENTIAL PRELIMINARY VGA REGISTEfl DESCRIPTIONS 16-29 



S3dViRGE 

S3 Inoorporated 

value. The addressing mode is specified by bit 6 of CR14 and bit 3 of CR17. Setting bit 
3 of CR31 to 1 forces doubleword mode. 

Underline location Register (Ull) (CR14) 

Read/Write Address: 315H, Index 14H 
Power-On Default: Undefined 

This register specifies the horizontal row scan position of underline an 
modes. 

7 6 5 
DBWD CNT 

=0 MODE BY4 

4 

UNDER LINE LOCATION 

Bits4-0 UNDER LINE LOCATION 
5-bit Value = (scan line count of a charact r 

Bit 5 

Bit 6 

Bit 7 Reserved = 0 

Read/Write . 
Power-On Default: U 

Bits 7-0 START VERTICAL BLANK. 
11-bit value = (scan line count at which BLANK becomes active) - 1. This register con
tains the least significant 8 bits of this value. 
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End Vertical Blank Register (EVB) (CR16) 

Bits 7-0 END VERTICAL BLANK 
Value = least significant 8 bits of the scan line counter alu 
ing ends. To obtain this value, add the desired widt f 
scan lines to [(value in the Start Vertical Blank reg· 
least significant bits of this sum are programmed i 
mum vertical blanking pulse of 255 scan line 

CRTC Mode Control Register (CRT _MD) (CR17) 

Read/Write 
Power-On Default: OOH 

S3dViRGE 

This register is a multifunction control regi fining a different specification. 

765 4 
BYTE ADW 

RST MODE 16K = 0 

Bit 0 o for CGA Emulation 
. s bstituted for memory address bit 13 during active 

mapping compatibility with the IBM CGA graphics mode. 

Bit 1 

The combination of this bit and bit 0 of this register allows compatibility with Hercu
les HGC graphics memory mapping. 

Bit 2 VT X2 - Select Vertical Total Double Mode 
o = Horizontal retrace clock selected 
1 = Horizontal retrace clock divided by two selected 
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This bit selects horizontal'retrace clock or horizontal retrace clock divided by two as 
the clock that controls the vertical timing counter. If the vertical retrace counter is 
clocked with the horizontal retrace clock divided by 2, then the vertical r olution is 
double. 

Bit 3 CNT BY2 - Select Word Mode 
o = Memory address counter is clocked with the character clock i 

addressing for the video memory is selected 
1 = Memory address counter is clocked by the character cloc 

word mode addressing for the video memory is select 

Bit 4 Reserved = 0 

Bit 5 ADW 16K - Address Wrap 
o = When word mode is selected by bit 6 of this r is 

13 appears on the memory address output bit si al 0 

the video memory address wraps around yt 
1 = When word mode is selected by bit 6 of is regis , m 

15 appears on the memory address 0 p it . nal 

Bit 6 
o er its down one bit, and the most 
the ast significant bit of the memory 

Bit 7 RST - Hardware Reset 
0= Vertical and horiz t r 
1 = Vertical and hor" on I 
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Line Compare Register (LCM) (CR18) 

Read/Write Address: 375H, Index 18H 
Power-On Default: Undefined 

This register is used to implement a split screen function. When the scan line counter I is e 
to the content of this register, the memory address counter is cleared to o. The Ii add ss n r 
then sequentially addresses the display buffer starting at address o. Each subse uen w ddre s is 
determined by the addition of the Offset (CR13) register content. Bit 8 is bit 4 of RkBit· 6 of 
CR9. Bit 10 is bit 6 of CR5E. V 

7 6 543 2 1 o 
LINE COMPARE POSITION 

Bit 7-0 LINE COMPARE POSITION 
11-bit Value = number of scan lines at which t cr 
screen B. This register contains the least sig ·Ican 

CPU Latch Data Register (GCCL) (CR22) 

Read Only Address: 375H, Ind 
Power-On Default: Undefined 

This register is used to read the CPU latch· 

Bits 7-0 
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Attribute Index Register (ATC_F/n (CR2~) 

Bits 4-0 ATTRIBUTE CONTROLLER INDEX 
This value is the Attribute Controller Index Data at II 

Bit 5 ENV- Enable Video Display 
This is the setting of bit 5 of 3COH, indicating v· 0 

(1 = enabled). 

Bit 6 Reserved = 0 

Bit7 AFF 
Inverted Internal Address flip-flop 
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16.4 GRAPHICS CONTROLLER ~EGISTERS 

The graphics controller registers are located at a two byte I/O address space. These registers are 
accessed by first writing an index to the Graphics Address register (at 3CEH) and the cessing the 
Data register (at 3CFH). . 

Graphics Controller Index Register (GRC_ADR) 

Read/Write Address: 3CEH 
Power-On Default: Undefined 

This register is loaded with a binary index value that determines who 
be accessed. This value is referred to as the "Index Number" of t 

Bits 3-0 GR CONT ADDRESS - Graphics Contra er 
A binary value indexing the register 

Bits 7-4 Reserved = 0 

Read/Write Addres . 3 
Power-On Default: Undefined 

This register is the data port for e 
Index register. 

LLER DATA 
cs Controller register indexed by the graphics controller address. 
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Set/Reset Data Register (SET /RST _DT) (.GRO) 

Bits 3-0 SET/RESET DATA 
These bits become the color value for CPU memory 
0, the set/reset data can be enabled on the corresp 
Data register. In write mode 3, there is no effect on 

Bits 7-4 Reserved = 0 

Enable Set/Reset Data Register (EN_S/R_DT) (GR1) 

Read/Write Address: 3CFH, Ind 
Power-On Default: Undefined 

These bits enable the set/reset data, and a 

Bits 3-0 

S3dViRGE 

th respective memory plane is written with the value of 
gical 0 disables the set/reset data in a plane, and that 

of CPU write data. 

Bits 7-4 
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Color Compare Register (COLOR-CMP) (<;iR2) 

Read/Write Address: 3CFH, Index 02H 
Power-On Default: Undefined 

These bits represent a 4-bit color value to be compared. In read mode 1, the CPU execut a e 
read, the read data is compared with this value and returns the results. Thi iste 
conjunction with the Color Don't Care register. 

321 0 
COLOR COMPARE DATA 

Bits~ COLOR COMPARE DATA 
This value becomes the reference color used to co 
positions of the read data are compared across fou 
in each bit position for which the colors match. 

Bits 7-4 Reserved = 0 

Raster Operation/Rotate Count Register (WT _ROP 

Read/Write Address: 3CFH, In 
Power-On Default: Undefined 

This register selects a raster operation fu 
rotated (right) on the video memory wr' e 

7 6 5 

=0 =0 

s the number of bits the CPU data will be 

b ary coded value of the number of positions to right-rotate 
ry write. To write non-rotated data, the CPU must preset a 
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Bits 4-3 RST-OP - Select Raster Operation 
The data written to memory can operate logically with the data already in the proces
sor latches. This function is not available in write mode 1. The logical functions are 
defined as follows: 
00 = No operation 
01 = Logical AND with latched data 
10 = Logical OR with latched data 
11 = Logical XOR with latched data 

The logical function specified by this register is applied to da 
ory while in modes 0, 2 and 3. 

Bits 7-5 Reserved = 0 

Read Plane Select Register (RD_PL_SL) (GR4) 

Read/Write Address: 3CFH, Index 04H 
Power-On Default: Undefined 

7 6 5 4 3 2 

=0 =0 =0 =0 =0 =0 

The contents of this register represent the m 
O. This register has no effect on the color c 
is ignored. Four memory planes are sele d 

Bits 1-0 RD-PL-SL - Read Plane el t 
The memory plane i el ct 

Bits 7-2 

00 = Plane 0 
01 = Plane 1 
10 = Plane 2 
11 = Plane 3 
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Graphics Controller Mode Register (GRP :-MODE) (GR5) 

Read/Write Address: 3CFH, Index 05H 
Power-On Default: Undefined 

7 

=0 

6 5 
SHF-MODE 
256 DIE 

432 1 0 
DIE RD WRT-MD 
MAP CMP =0 1 0 

This register controls the mode of the Graphics Controller as follows: 

Bit 1-0 WRT-MD - Select Write Mode 

Bit 2 

These bits select the CPU write mode into video mem 
is defined as follows: 
00 = Write Mode O. Each of four video memory pia 

rotated by the number of counts in the rotate 
enabled for any of four planes, the corresp, di 
stored in the set/reset register. Raster op atio 
effective 

01 = Write Mode 1. Each offourvideo m . en with the data in the 
processor latches. These latches ar a rin previous CPU read opera-
tions. Raster operation, rotate co t, ta nable set/reset data and bit 
mask registers are not effective 

10 = Write Mode 2. Memory plan ~ ... ---."'- fil i 8 bits of the value of CPU 
write data bits 0-3, respecti Iy e p e, write data bit 0 is a 1, eight 1's 
are written to memory pia e The n e CPU data bus is treated as the 
color value. The Bit Ma is tl e as the Mask register. A logical 1 in 
the Bit Mask register s ing pixel in the addressed byte to the 
color specified on t d I gi lOin the Bit Mask register sets the 
corresponding pix i h e byte to the corresponding pixel in the 
processor latche . T able Set/Reset and Rotate CC?unt registers 
are ignored 

11 = Write Mode 

Bit 3 ead Compare 
e data from the video memory planes. The plane is selected by the 

ane Select register. This is called read mode 0 
P reads the results of the logical comparison between the data in four 

a emory planes selected by the contents of the Color Don't Care register 
n e contents of the Color Compare register. The result is a 1 for a match and 

o for a mismatch on each pixel. This is called read mode 1 
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Bit 4 OlE MAP - Select OddlEven Addressing 
o = Standard addressing .. 
1 = Odd/even addressing mode selected. Even CPU addresses access plane 0 and 2, 

while odd CPU addresses access plane 1 and 3. This option is usefu or 
emulating the CGA compatible mode. The value of this bit should e e inverted 
value programmed in bit 2 of the Sequencer Memory Mode registe S ). Th· 
bit affects reading of display memory by the CPU 

Bit 5 SHF-MODE - Select Odd/Even Shift Mode 
o = Normal shift mode 
1 = The video shift registers in the graphics section are dire 

data stream with even-numbered bits from both pia 
planes and odd-numbered bits from both planes 0 

Bit 6 SHF-MODE - Select 256 Color Shift Mode 
o = Bit 5 in this register controls operation of the v: 
1 = The shift registers are loaded in a manner that 

Bit 7 Reserved = 0 

ReadJWrite Address: 3CFH, In 
Power-On Default: Undefined 

This register controls the video memory 

7 6 5 4 

=0 =0 =0 =0 

Bit 0 cs ode 
ing selected 

~~~~iiddressing selected. When set to graphics mode, the 

Bit 1 
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Bits 3-2 MEM-MAP - Memory Map Mode 
These bits control the add'ress mapping of video memory into the CPU address 
space. The bit functions are defined below. 
00 = AOOOOH to BFFFFH (128 KBytes) 
01 = AOOOOH to AFFFFH (64 KBytes) 
10 = BOOOOH to B7FFFH (32 KBytes) 
11 = B8000H to BFFFFH (32 KBytes) 

Bits 7-4 Reserved = 0 

Color Don't Care Register (CMP _DNTC) (GR7) 

. Read/Write Address: 3CFH, Index 07H 
Power-On Default: Undefined 

This register is effective in read mode 1, and controls wh 
Compare Register is to be ignored or used for color comp 

Bits 3-0 

Bits 7-4 Reserved = 0 

Bits 7-0 BIT MASK 
A logical 0 means the corresponding bit of each plane in memory is set to the corre
sponding bit in the processor latches. A logical 1 means the corresponding bit of 
each plane in memory is set as specified by other conditions. 
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16.5 ATTRIBUTE CONTROLLER. REGISTERS 

The attribute controller registers are located at the same byte I/O address for writing address and data. 
An internal address flip-flop (AFF) controls the selection of either the attribute index 0 ta registers. 
To initialize the address flip-flop (AFF), an I/O read is issued at address 3BAH or 3DAH. is resets he 
address flip-flop to select the index register. After the index register has been loaded a /0 r e 
to address 3COH, AFF toggles and the next I/O write loads the data register. Eve writ to d ss 
3COH toggles this address flip-flop. However, it does not toggle for I/O reads at a ress 0 1 H. 
The Attribute Controller Index register is read at 3COH, and the Attribute Cont[ lIer a~egl 
at address 3C1H. 

Attribute Controller Inct.ex Register (ATR_AD) 

Read/Write Address: 3COH 
Power-On Default: Undefined 

This register is loaded with a binary index value that deter 
be accessed. This value is referred to as the "Index Nu 

7 

R 

6 

R 

5 
ENS 
PLT 

4 

Bits 4-0 ATTRIBUTE ADDRESS 
A binary value that point ntroller register where data is to be 
written. 
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Attribute Controller Data Register (ATR..,..DATA) 

543 2 
ATTRIBUTE DATA 

Bits 7-0 ATTRIBUTE DATA 
Data to the attribute controller register indexed.by t 

Palette Registers (PL T _REG) (AROO-GF) 

Read/Write Address: 3C1H!3COH, Inde 
Power-On Default: Undefined 

These are 16, 6-bit registers pointed to by the ind 
between the text attribute or graphics color inp and t 

7 6 

=0 =0 

Bits s-o PALETTE COLOR 
The six bit display 0 
respectively. 

Bits 7-6 

PROPRIETARY AND CONFIDENTIAL PREll MI NARY 

d They allow a dynamic mapping 
y olor on the CRT screen. 
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Attribute Mode Control Register (ATR_MODE) (AR10) 

Read/Write Address: 3C1H/3COH, Index 10H 
Power-On Default: OOH 

The contents of this register controls the attribute mode of the display function. 

7 

SEL 
V54 

6 
256 
CLR 

Bit 0 

Bit 1 

Bit 2 

Bit 3 

Bit 4 

5 4 3 2 1 0 
TOP ENS ENS MONO TX/GR 
PAN =0 SLNK LGC ATRS 

TX/GR - Select Graphics Mode 
0= Selects text attribute control mode 
1 = Selects graphics control mode 

MONO ATRB - Select Monochrome Attributes 
o = Selects color display text attributes 
1 = Selects monochrome display text attri 

ENS LGC - Enable Line Graphics 
o = The ninth dot of a text character ( 
1 = Special line graphics character 

When this bit is set to 1, it forc 
cal to the eighth dot of the ch 
through DFH. For other cha 

i he same as the background 

t of line graphics character to be identi
phics character codes are COH 

dot is the same as the background. 

for blinking graphics modes. The blinking counter is op-
unter (VRTC) input. It divides the VRTC input by 32. 
VRTC clocks and OFF for 16 VRTC clocks. In the 

activated~ the most significant color bit (bit 3) for each 
.y ......... -.. ... us allowing two different colors to be displayed for 16 

i . played in the text mode, it is blinked at a rate of ON for 8 VRTC 
or 8 VRTC clocks (period by 16 frames). The displayed characters are 
Ii ked at the rate of 32 frames as above. 

OBit 5 Top Panning Enable 
o =' ompare has no effect on the output of the pixel panning register 
1 = Forces the output of the pixel panning register to 0 after matching line compare 

until VSYNC occurs in the CRT controller. At the top of screen the output of the 
Pixel Panning register returns to its programmed value. This bit allows a top 
portion of a split screen to be panned. 
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Bit 6 256 CLR - Select 256 Color Mode 
o = 4 bits of video (translated to 6 bits by the palette) are output every internal 

d ot-cl ock cycle 
1 = Two 4-bit sets of video data are assembled to generate 8-bit video d~t half the 

frequency of the internal dot-clock 

Bit 7 SEL V54 - Select V[5:4] 
o = In VGA, mode, bits 5-4 of video output are generated by the a rib a tte 

registers. Bits 7-6 of video output are always generated by bit 3-~of 
1 = Bits 5-4 of video output are generated by bits 1-0 of AR14 V 

Border Color Register (BDR_CLR) (AR11) 

Read/Write Address: 3C1 H/3COH, Index 11 H 
Power-On Default: OOH 

Bits7~ 

Color Plane Enable Register (DISP _P 

Read/Write 
Power-On Default: OOH 

7 6 

=0 

o 

ENBL 
f these bits forces the corresponding color plane bit to 0 before accessing 

n palette. A 1 in any of these bits enables the data on the corresponding 
r pia e. 
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Bits 5-4 VDT-SEl - Video Test Select 
These bits select two of the eight bit color outputs to be available in the Input Status 
1 register. The output color combinations available on the status bits are as follows: 

DSTSMUX STS1 
BitS Bit 4 BitS Bit 4 

0 0 Video 2 Video 0 

0 1 Video 5 Video 4 

0 Video 3 Video 1 

Video 7 Video 6 

Bits 7-6 Reserved = 0 

Horizontal Pixel Panning Register (H_PX_PAN) (AR13) 

Read/Write Address: 3C1 H/3COH, Index 1 
Power-On Default: OOH 

This register specifies the number of pixels to shift the IS a 
is available in both text and graphics modes. It is not av 'Ia e 
(CR31_3 = 1). 

Bits 3-0 

2 
3 
4 
5 
6 
7 

o 

Bits 7-4 Reserved = 0 
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Pixel Padding Register (PX_PADD) (AR1~) 

Address: 3C1 H/3COH, Index 14H 

4 3 1 0 
PIXEL PADDING 

=0 =0 =0 =0 V7 V6 V5 V4 

Bits 1-0 PIXEL PADDING V5, V4 
These bits are enabled with a logical 1 of bit 7 of A 
the V5 and V4 bits from the Palette registers to for 
put. 

Bits 3-2 PIXEL PADDING V7, V6 
In all modes except 256 color mode, thes 
digital color value output. 

Bits 7-4 Reserved = 0 

S3dViRGE 
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16.6 RAMDAC REGISTERS 

DAC Mask Register (OAC_AD_MK) 

Read/Write Address: 3C6H 
Power-On Default: Undefined 

This register is the pixel read mask register to select pixel video output. T 
at anytime. 

7 6 543 2 1 o 
DAC ADDRESS MASK 

Bits 7-0 DAC ADDRESS MASK 
The contents of this register are bit-wise g' al 
output (PA[7:0)). This register is initiali d 
set. 

DAC Read Index Register (DAC_RD_AD) 

Write Only Address: 3 
Power-On Default: Undefined 

This register contains the pointer 
color palette. 

S3d ViRGE 

e he c 0 c e is written to this register, it identifies that a read sequence 
rea s quence consists of three successive byte reads from the RAM

egl er t I/O address 3C9H. The least significant 6 bits of each byte taken 
t e data register contain the corresponding color value, and the most 

t bits contain zeros. The order is red byte first, then green, and finally 
s quence of events for a read cycle is: 

e color code to this register (RAMDAC Read Index) at address 3C7H. 

2. The contents of the location in the color look-up table pointed to by the color code 
are transferred to the RAMDAC data register at address 3C9H. 

3. Three bytes are read back from the RAMDAC data register. 

4. The contents of this register auto-increment by one. 
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5. Go to step 2. 

OAC Status Register (OAC_STS) 

Read Only Address: 3C7H 
Power-On Default: Undefined 

7 6 5 4 3 2 
=0 =0 =0 =0 =0 =0 

Bits 1-0 DAC-STS - RAMDAC Cycle Status 
The last executing cycle was: 
00 = Write Palette cycle 
11 = Read Palette cycle 

1 0 
DAC-STS 

Reads from the RAMDAC Write Index 
address 3C7H do not interfere with r 
time. 

Bits 7-2 Reserved = 0 

Read/Write 
Power-On Default: Undefined 

S3dViRGE 

r the DAC status register at 
and may take place at any 

s the pointer to one of 256 palette data registers and is used dur-

1. Write the color code to this register (DAC Write Index) at address 3C8H. 

2. Three bytes are written to the DAC Data register at address 3C9H. 
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3. The contents of the DAC data register are transferred to the location in the color 
look-up table pointed to by the color code. 

4. The DAC Write Index register auto-increments by 1. 

5. Go to step 2. 

If bit 2 of the Extended RAMDAC Control register (CR55) is set to 1 
eral I/O Port read function, a read of 3C8H retrieves data from an e 
er. The data is transmitted via GD[7:0] to AD[7:0] for a PCI bus con 
directly to SD[7:0] for a VL-Bus configuration. 

RAMDAC Data Register (DAC_DATA) 

Read/Write Address: 3C9H 
Power-On Default: Undefined 

This register is a data port to read or write the contents ofth 
to by the DAC Read Index or the DAC Write Index registe 

Bits 7-0 DAC READ/WRITE DATA 
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Section 17: S3 VGA Register Descript-

, ViRGE has additional registers to extend the functions beyond VGA. 
Controller address space at locations not used by the IBM~ VGA. 
protected at power-up by hardware reset. In order to read/Writ he re· te , the Register Lock 1 
register (CR3B) must be loaded with a changed key pattern (see the eg ter 
will remain unlocked until the key pattern is reset byalterin .. a bit. 

In the following register descriptions, 'R' stands for reserv tl 
A for a table listing each register in this section and its a 

Device 10 High Register (CR20) 

Read Only 
Power-On Default: 56H 

This register should contain the same v 

Bits7-{) 

Bits 7-{) CHIP 10 LOW 

e ofthe PCI Device 10 (Index 02H) register. 
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Revision Register (CR2F) 

Read Only Address: 375H, Index 2FH 
Power-On Default: See Description 

7 6 543 2 1 
REVISION LEVEL 

Bits 7-0 REVISION LEVEL 

Chip ID/REV Register (CHIP-ID/REV) (CR30) 

Read Only Address: 375H, Index 30H 
Power-On Default: E1H 

When the software detects EH in the upper nibble of 
CR2F for chip 10 information. 

Memory Configuration Register ( 

Read/Write 
Power-On Default: OOH 

o 

7 6 1 0 

R 
HST 
DFF 

CPUA 
R BASE 

- En Ie Base Address Offset 

S3d ViRGE 

et bits 3-0 of CR35 and bits 3,..2 of CR51 or the new address offset bits 
R6A) are disabled 

d s offset bits 3-0 CR35 and bits 3-2 of CR51 or the new address offset bits (5-
o of C 6A) are enabled for specifying the 64K page of display memory. Bits 5-0 of 

are used if this field contains a non-zero value. This allows access to up to 
4 MBytes of display memory through a 64K window. 

Bit 1 Reserved 
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Bit 2 VGA 16B - Enable VGA 16-bit Memory Bus Width 
o = 8-bit memory bus operation 
1 = Enable 16-bit bus VGA memory read/Writes 

Bit 3 

S3dViRGE 

Setting this bit to 1 overrides the settings of bit 6 of CR14 n 
causes the use of doubleword memory addressing mo 
2 of GR6 is overridden with a fixed 64K map at AOOOO . 

Bits 5-4 OLD-DSAD 17, 16 - Old Display Start Address Bits 

Bit 6 

Bits 17-16 of start address (CRe, CRD) and cursor I ati 

Bits 1-0 of the Extended System Control 2 re ster ( 
dress and enable access to up to 4 MBytes f . pi 
grammed into bits 3-0 of the Extended S t nt 
becomes the upper 4 bits of the displa t d 
bits 1-0 of CR51 are ignored. 

bits 19-18 of the ad
emo . If a value is pro

ister (CR6S), this value 
ss and bits 5-4 of CR31 and 

rates greater than 40 MHz. See bit 5 of 

Bit 7 Reserved 

Backward Compatibility 1 

Read/Write 
Power-On Default: 00 

7 6 

R 

Bits 3-0 

Bit 4 INT EN -Interrupt Enable 

2 1 

R R 

o = All interrupt generation disabled 
1 = Interrupt generation enabled 

Bit 5 Reserved 

o 

R 
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Bit 6 VGAFXPG - Use Standard VGA Memory Wrapping 
o = Memory accesses extending past a 256K boundary do not wrap 
1 = Memory accesses extending past a 256K boundary wrap at the boundary 

The standard 256K VGA memory page always ends on a natural 256K ou ary and 
accesses beyond this boundary will wrap. If the starting address is mov VI bits 
of CR69 (or bits 5-4 of CR31 and bits 1-0 of CR51), the 256K page not d 
256K boundary and accesses past the boundary will not wrap. Th· wh 
this bit is cleared to O. For standard VGA compatibility when the p 
moved, this bit is set to 1 to cause wrapping at a 256K bound 

Bit 7 Reserved 

Backward Compatibility 2 Register (BKWD_2) (CR33) 

Read/Write Address: 375H, Index 33H 
Power-On Default: OOH 

7 

R 

6 
LOCK 
PLTW 

543 
BDR LOCK VCLK= 
SEL DACW -DCK 

2 

R 

Bit 0 Reserved 

Bit 1 DIS VDE - Disable Vertical 
o = VDE protection enab d 
1 = Disables the write t e bit 7 of CR11 on bits 1 and 6 of CR7 

Bit 2 Reserved 

Bit 3 

Bit 4 

Bit 5 

rt 
K ass-through feature connector clock input enabled) 

Ipixel modes (see bit 6 of AR10 or bit 4 of CR3A) or is 
~"AS""~~"'~lnEllther of the first two cases apply) . 

_, .. :::~~-~llank/Border Select 
-"""=--",,,---,K . .-ctive time is defined by CR2 and CR3 

is active during entire display inactive period (no border) 

Bit 6 LOCK PL TW - Lock Palette/Border Color Registers 
o = Unlock Palette/Border Color registers 
1 = Lock Palette/Border Color registers 

Bit 7 Reserved 
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Backward Compatibility 3 Register (B~D_3) (CR34) 

Read/Write Address: 375H, Index 34H 
Power-On Default: OOH 

7 

R 

6 5 

R R 

4 
ENB 
SFF 

3 210 
PCI PCI PCI 

R RET ABT SNP 

Bit 0 PCI SNP - PCI DAC snoop method 
o = Handling of PCI master aborts and retries during D 

and 2 of this register 
1 = PCI master aborts and retries are not handled d 

Bit 1 PCI ABT - PCI master aborts during DAC cycles 
o = PCI master aborts handled during DAC cyc 
1 = PCI master aborts not handled during D cycle 

Bit 0 of this register must be cleared to 0 

Bit 2 PCI RET - PCI retries during DAC cycle 
o = PCI retries handled during DAC 
1 = PCI retries not handled durin AC c 

Bit 3 

Bit 4 ENB SFF - Enable Sta 
o = Start Display FIF F 
1 = Start Display F 

Bits 7-5 Reserved 

S3dViRGE 
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CRT Register Lock Register (CRTFLLOC~) (CR35) 

Read/Write Address: 3?5H, Index 35H 
Power-On Default: OOH 

7 

R 

6 

R 

5 4 
LOCK LOCK 
HTMG VTMG 

321 0 
OLD-CPU-BASE-ADDRESS 
17 16 15 14 

Bits U OLD-CPU-BASE-ADDRESS 
CPU Base Address bits 17-14. These four bits define the Pare 
KByte units of display memory. These bits are added Ith 
of video memory addressing) to bit 14 for display b 

S3d ViRGE 

Bits 3-2 of the Extended System Control 2 register R ) are it 9-18 of the ad

Bit 4 

Bit 5 

dress and enable access to up to 4 MBytes of . la 
grammed into bits 5-0 of the Extended Syste Can 
becomes the upper 6 bits of the CPU base 
CR51 are ignored. 

CR6 
CR7 (bits 7,5,3,2,0) 
CR9 (bit 5) 
CR10 
CR11 (bits 3-0) 
CR15 
CR16 

the Vertica"1 Retrace End register (CR11). 

All these registers (except bit 2 of CR17) are also locked by bit 7 of the Vertical Re
trace End register (CR11). 

Bit 7-6 Reserved 
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Configuration 1 Register (CONFG_REG1 ~ (CR36) 

Read/Write* Address: 375H, Index 36H 
Power-On Default: Depends on Strapping ~ 

* Bits 1-0 are read only. The other bits can be written only after OA5H is written to CR3 . 

This register samples the reset state from PO bus pins [7:0]. Other configurati str in bit are 
found in CR37, CR68 and CR6F. '\> 

7 6 5 1 0 
MEM SIZE SYS BUS 

Bits1-o SYS BUS - Select System Bus Interfaced 
00 = Reserved 
01 = VL-Bus 
10 = PCI Bus 
11 = Reserved 

Bit 3-2 MEM MODE - Memory Page Mode Sel 
00 = 1-cycle EDO mode 
01 = Reserved 
10 = 2-cycle EDO mode 
11 = Fast page mode 

Bit 4 VBE - Video BIOS Access E 
o = Disable video BIOS ac 
1 = Enable video BIOS 

Bits 7-5 MEM Size - Memory 
000 = 4 M Bytes 
100 = 2 MBytes 
110 = 1 MByte 
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Configuration 2 Register (CONFG_REG2~ (CR37) 

Read/Write* Address: 3?5H, Index 37H 
Power-On Default: Depends on Strapping 

* These bits can be written only after OA5H is written to CR39. 

This register samples the reset state from PO bus pins [15:7]. Other configurati 
found in CR36, CR68 and CR6F. 

7 
R 

6 5 1 ~I R R R 

Bit 0 EV - Enable ViRGE (Vl-Bus only) 
o = Disable ViRGE except for video BIOS accesses 
1 = Enable ViRGE 

Bit 1 Reserved 

Bit 2 VBS - Video BIOS Size (Vl-Bus only) 
o = 64-KByte video BIOS ROM 
1 = 32-KByte video BIOS ROM 

Bit 3 CS - Clock Select 
o = Use external DClK on pin 
1 = Use internal DClK, MCl 

Bit 4 

Bits 7-5 Reserved 
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Register Lock 1 Register (REG_LOCK1) (CR3S) 

Address: 375H, Index 38 

Register Lock 2 Register (REG_LOCK2) (CR39) 

Read/Write Address: 375H, Index 39 
Power-On Default: OOH 

Loading 101xxxxx (e.g., AOH) unlocks the system control 
reading/writing (x = don't care). Loading A5H allows bit 
CR68 to be written. 

S3d ViRGE 

PROPRIETARY AND CONFIDENTIAL PRELIMINARY S3 VGA REGISTER DESCRIPTIONS 17-9 



S3 Incorporated 

Miscellaneous 1 Register (MISC_1) (CR3~) 

Read/Write Address: 375H, Index 3AH 
Power-On Default: OOH 

7 
PCIRS 
DISA 

6 

R 

5 
HST 
DFW 

4 3 
ENH TOP 
256 MEM 

2 
ENS 
RFC 

1 0 
REF-CNT 

1 0 

Bits 1-0 REF-CNT - Alternate Refresh Count Control 
00 = Refresh Count 0 
01 = Refresh Count 1 
10 = Refresh Count 2 
11 = Refresh Count 3 

Bit 2 ENS RFC - Enable Alternate Refresh Cou C tr. 

Bit 3 

Bit 4 

Bit 5 

o = Alternate refresh count control (bits -0 s IS e 
1 = Alternate refresh count control (bit 1- . e b 

0= Attribute cantrall 
1 = Attribute contr 

Enhanced mo s 

d ext Font Writing 
twriting 

nt writing 

S3d ViRGE 

o Iy required for DCLK rates greater than 40 MHz. See bit 6 of 

Bit 6 

Bit 7 /!\ - PCI Read Bursts Disabled 
I r burst cycles enabled 

ea burst cycles disabled 

Note: Bit 7 of CR66 must be set to 1 before this bit is set to 1. 
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Start Display FIFO Register (DT _EX_POS,) (CR3B) 

Read/Write Address: 315H, Index 3BH 
Power-On Default: OOH 

This value must lie in the horizontal blanking period and is typically 5 less than the valu pr-
grammed in CRO. This parameter helps to ensure that adequate time is available °ng H 
blanking for activities such as RAM refresh that require control of the display me 
value is bit 6 of CR5D. This register must be enabled by setting bit 4 of CR34 01. 

7 6 543 2 1 o 
START DISPLAY FIFO FETCH 

Bits 7-0 START DISPLAY FIFO FETCH 
9-bit Value = the time in character clocks from the a iv is pi s rt until the restart 
of fetching of FIFO data after the start of horiz I ki . Tn register contains 
the low-order 8 bits of this value. 

Interlace Retrace Start Register (lL_RTSTART) (CR3 

Read/Write Address: 315H, In 
Power-On Default: OOH 

This value allows determination of the ev 
, ing in an interlaced mode. This register· 

Bits 7-0 

PROPRIETARY AND CONFIDENTIAL 

acter clocks for Interlaced mode start/end in even/odd 
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System Control registers are configuration registers, mode control 
cursor control registers. They are positioned in the same indexed~IlJIDI''''~ 
All of these registers are read/write protected at power-up by h d 
these registers, the Register Lock 2 register (CR39) must be loade 
description). The registers will remain unlocked until the keyJOl~·n'ic: 
bit. 

I n the followi ng register descriptions, 'R' stands for rese e 
A for a table listing each of the registers in this secti a 

System Configuration Register (SYS_CNFG) 

Read/Write 
Power-On Default: 30H 

765 
WDL 

=0 =0 o LAY 

Bit 0 

Bits 3-1 

Bits 4 

Bit 5 Reserved = 1 (Default) 

Bits 7-6 Reserved = OOb 

S3dViRGE 
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BIOS Flag Register (BIOS_FLAG) (CR41) 

Read/Write Address: 375H, Index 41H 
Power-On Default: OOH 

7 6 543 2 
BIOS-FLAG-REGISTER-1 

Bits 7-0 BIOS-FLAG-REGISTER-1 
Used by the video BIOS. 

Mode Control Register (MODE_CTt) (CR42) 

1 

Read/Write Address: 375H, Index 42H 
Power-On Default: OOH 

7 6 5 4 3 2 1 
INTL 

R R MODE R R R 

Bits 4-0 Reserved 

Bit 5 INTL MODE -Interlaced M e 
o = Noninterlaced 
1 = Interlaced 

Bits 7-6 Reserved 

o 
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Extended Mode Register (EXT_MODE) (CR43) 

Read/Write Address: 375H, Index 43H 
Power-On Default: OOH 

6 

I : I : I 
3 1 

I : I R R R 

Bits 1-() Reserved 

Bit 2 OLD LSW8 - Logical Screen Width Bit 8 
This is an extension of the Offset (Screen Width) re 
bits 5-4 of the Extended System Control 2 register 

Bits 6-3 Reserved 

Bit 7 HCTR X2 - Horizontal Counter Double Mod 
o = Disable horizontal counter double m e 
1 = Enable horizontal counter double d h 

Hardware Graphics Cursor Mode Register (H 

Read/Write 
Power-On Default: OOH 

7 6 5 

R R R 

Bit 0 cs Cursor Enable 
ur r disabled in any mode 

cu or enabled in Enhanced mode 

Bits 3-1 

Bit 4 

Bits 7-5 Reserved 

S3d ViRGE 
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Hardware Graphics Cursor Origln-X Registers (HWGC_ ORGX(H)(L)) (CR46, CR47) 

Read/Write Address: 375H, Index 46H, 47H 
Power-On Default: OOOOH 

The high order three bits are written into CR46 and the low order byte is written into C 

Bits 10-0 

Bits 15-11 Reserved 

Hardware Graphics Cursor Origin-V Registers (HWGC_OR 

Read/Write Address: 375H, Index 48H 
Power-On Default: Undefined 

The high order three bits are written into CR48 a 

Bits 10-0 C sor Upper Line 
on writing HWGC ORG Y (H). 

Bits 15-11 Reserved 

Hardware Graphics Cu 

OR FOREGROUND STACK (0-2) 

Three foreground color registers are stacked at this address. The stack pointer (com
mon with CR4B) is reset to 0 by reading the Hardware Graphics Cursor Mode register 
(CR45). Each write to this register (CR4A) increments the stack pointer by 1, so three 
writes provide 24 bits of true color information. 
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Hardware Graphics Cursor Background Color Stack Register ( HWGC_BGSTK) (CR4B) 

Read/Write Address: 375H, Index 4BH 
Power-On Default: Undefined 

TRUE COLOR BACKGROUND STACK (0-2) 

Bits 7-0 TRUE COLOR BACKGROUND STACK (0-2) 

Three background color registers are stacked at this ad 
mon with CR4A) is reset to 0 by reading the Hardwar 
(CR45). Each write to this register (CR4B) increment h 
writes provide 24 bits of true color Information. 

Hardware Graphics Cursor Storage Start Address Registers 

Read/Write Address: 375H, Index 4CH, 4 
Power-On Default: Undefined 

The high order four bits are written into CR4C and t 

Bits 11-0 or Storage Start Address 

Bits 15-12 Reserved 

S3dViRGE 

rt X-PXL-Position Register (HWGC_DX) (CR4E) 

Read/Write 
Power-On Default: U 

DISP START X-POS - HWGC Pattern Display Start-X Pixel Position 

·s val is the offset (in pixels) from the left side of the 64x64 cursor pixel pattern 
fro ich the cursor is displayed. This allows a partial cursor to be displayed at the 
left border of the display. 

Bits 7-6 Reserved 
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Hardware Graphics Cursor Pattem Disp .Start Y-PXL-Position Register (HGC_DY) (CR4F) 

Read/Write Address: 375H, Index 4FH 
Power-On Default: Undefined 

7 

R 
6 54321 0 

R HWGC PAT DISP START Y-POS 

Bits 5-0 HWGC PAT DISP START Y-POS - HWGC Pattern Display Sta 

This value is the offset (in pixels) from the top of the 64 
which the cursor is displayed. This allows a partial cur or t 
of the display. 

Bits 7-6 Reserved 

S3dViRGE 
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Section 19: System Extension Register Des 

These registers provide extended system and memory control, ext 
window control. They are enabled in the same way as the Syste 
Lock 2 register (CR39). 

In the following register descriptions, 'R' stands for reserved ( 
A for a table listing each of the registers in this section an 

Extended System Control 2 Register (EX_SCTL_2) (C 1 

Read/Write 
Power-On Default: OOH 

7 6 

R R 

Bits 1-0 

5 4 
LOG-SCR-W 

9 8 

Address Bits 19-18 

S3d ViRGE 

ory Configuration register (CR31) bits 5-4 (Display 
~ r 4 display start address bits are programmed into 

Bits 3-2 

Bits 5-4 

bits 5-4 of CR31 are ignored. 

ase Address Bits 19-18 
bi of CRT Register Lock register (CR35) bits 3-0 (CPU Base Ad

e its 19-18 of the CPU base address, enabling access to up to 4 
MIiIi'O'ft!~~lf • pi Y emory. If the upper 6 CPU base address bits are programmed 

A, these bits and bits 3-0 of CR35 are ignored. 

- - Logical Screen Width Bits 9-8 
o extension bits of the Offset register (CR13).lfthe value ofthese bits is 

2 of the Extended Mode register (CR43) is disabled. 

Bits 7-6 Reserved 
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Extended BIOS Flag 1 Register (EXT_BBFLG1) (CR52) 

Read/Write Address: 375H, Index 52H 
Power-On Default: OOH 

7 6 5 I' 4 3 2 1 o 
EXT-BIOS-FLAG-REGISTER-1 

Bits 7-0 EXT-BIOS-FLAG-REGISTER-1 

Reserved for use by the video BIOS. 

Extended Memory Control 1 Register (EX_MCTl_') (CR53) 

Read/Write Address: 375H, Index 53H 
Power-On Default: See Bit Descripitions 

7 6 5 4 3 2 
SWP MMIO MMIO 

R NBL WIN SELECT 

Bit 0 Reserved 

Bits 2·' BIG ENDIAN LIN ADDR - e swap (linear addressing only) 
00 = No swap (Default) 
01 = Swap bytes wit' 
10 = Swap all byte . do 
11 = Reserved 

Bits 4-3 
VL-Bus) 

tabl enabled (Default for PCI) 

Bit 5 #v11~VW'1L 

i'k.'t\/lIVN.o en bled at window selected by bit 5 of this register 
and new MMIO enabled 

Bits 4-3 of this register must be programmed to 10b for this bit to be effective. 
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Bit 6 SWP NBL - Swap Nibbles 
o = No nibble swap (Default) 
1 = Swap nibbles in each byte of a linear memory address read or write operation 

Bit 7 Reserved 

Extended Memory Control 2 Register (EX_MCTL_2) (CR54) 

Read/Write Address: 315H, Index 54H 
Power-On Default: OOH 

7 5 4 3 2 
R R R R R ~IG ENDIAN 

Bits 1-0 BIG ENDIAN - Big Endian Data Byte Swap (n 
00 = No swap (Default) 
01 = Swap bytes within each word 
10 = Swap all bytes in doublewords (b es v 
11 = Swap according to BE[3:0] (VL-B s) (i:..itfE~~ 

Byte enable settings for a bit sett· 
0000 = Swap all bytes in doubl 0 

0011 = Swap bytes within sel 
1100 = Swap bytes within s 
All other values = no swa 

Bits 7-2 Reserved 

7 
TOFF 
VCLK 

6 

R 

Bits 1-0 

1 

R 

o 

R 
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Bit 2 ENB GIR - Enable General Input Port Read (VL-Bus) 
o = RAMDAC reads enabled 
1 = General Input Port read enabled 

When this bit is set to 1 and SR1C_10 = 01b, the GPIOSTR strobe for re 

S3dViRGE 

Input Port data is generated when 3C8H is read. The data is transmitted 're y to 
SD[7:0] for VL-Bus configurations. PCI configurations must use the B Ge 
Port capability. 

Bit 3 Reserved 

Bit 4 MS/X11 - Hardware Cursor MS/X11 Mode 
o = MS-Windows mode (Default) 
1 =X11-Windows mode 

This bit select the type of decoding used for the 
ware graphics cursor. See the Programming the Ha 
scription of the decoding. 

Bits 6-5 Reserved 

Bit 7 TOFF VCLK - Tri-State Off VCLK Outpu 
o = Normal operation 
1 = VCLK output is tri-stated off 

External Sync Control 1 Register (EX_SY 

Read/Write 
Power-On Default: OOH 

7 6 5 

R R R 

Bit 0 

Bit 1 

Bit 2 

Bits 7-3 Reserved 

4 

- Tri-state off VSYNC 
C utput buffer tri-stated on 

output buffer tri-stated off 

o 

R 
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U Inoorporated 

Unear Address Window Control Re9iste~ (LAW_CTl) (CR58) 

Read/Write Address: 315H, Index 58H 
Power-On Default: OOH 

7 
RAS 
PRE 

6 5 

R R 

4 3 
ENS LAT 
LA DEL 

2 

R 

1 0 
LAW-SIZE 
1 0 

Bits 1-0 LAW-SIZE - Linear Address Window Size 
00 = 64 KSytes (Default) 
01 = 1 MByte 
10 = 2 MBytes 
11 = 4 MBytes 

Bit 2 Reserved 

Bit 3 LAT DEL - Address Latch Delay Control (VL 

Bit 4 

o = Address latching is delayed one clock 2 
1 = Address latching occurs in the T1 c e 

S3dViRGE 

selected by setting bit 4 of 

Enabling linear addres 
ing is enabled via bit of, 
ter and AOOOH is s ed s 

s to the AOOOH-AFFFH region unless bank
wi dow size is set to 64K via bits 1-0 of this regis

in CR59-5A. 

and is equivalent to it. 

Bits 6-5 

Bit 7 
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Unear Address Window Position Registers (LAW_POS(X) (CR59-5A) 

Read/Write Address: 375H, Index 59H-5AH 
Power-On Default: OOOAH (VL-Bus), 7000H (PCI) 

CR59 contains the upper byte (15-8) and CR5A contains the lower byte (7 ). 
the Linear Address Window Position in 32-bit CPU address spac~. The Li a d e 
on a 64KB, 1 MB, 2MB or 4MB memory boundary (size-aligned bound ) 0 e ~ 
(illustrated by "xx .. xx" in the following table) are ignored because oft lign d 

Bits 15-0 

LAW 
Size 
64KB 31-25 24 23 
1MB 31-25 24 23 
2MB 31-25 24 23 
4MB 31-25 24 23 

Bits 31-23 are common with 
Base Address 0 register at 
also be written to the oth . 
configuration register. 
do not change bits 31 

22 
22 xx 
22 xx 

S3d ViRGE 

nd bit of CR31 is set to 1, bits 5-0 of CR6A specify the 
o to be accessed through a 64K window located at the ad

is s. 
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U Inoorporated 

General Output Port Register (GOUT _P()RT) (CR5C) 

Read/Write Address: 315H, Index 5CH 
Power-On Default: OOH 

7 6 543 2 1 o 
GENERAL OUT PORT 

Bits 7-0 GENERAL OUT PORT 

This register can be used in a variety of ways. See Sec· 
scription. 

Extended Horizontal Overflow Register (EXT _H_OVF) (CR5D 

Read/Write Address: 315H, Index SOH 
Power-On Default: OOH 

7 6 5 4 3 2 

SFF EHS SHS EHB 
R 8 6 8 7 

Bit 0 HT 8 - Horizontal Total (C 

Bit 1 

Bit 2 

Bit 3 

Bit 4 
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S3 Incorporllted 

Extended Vertical Overflow Register (E'.<·CV_OVF) (CRSE) 

Read/Write Address: 375H, Index 5EH 
Power-On Default: OOH 

7 6 S 4 3 2 1 0 
LCM VRS SVB VDE vr 

R 10 R 10 R 10 10 10 

Bit 0 VT 10 - Vertical Total (CR6) Bit 10 

Bit 1 VDE 10 - Vertical Display End (CR12) Bit 10 

Bit 2 SVB 10 - Start Vertical Blank (CR15) Bit 10 

Bit 3 Reserved 

Bit 4 VRS 10 - Vertical Retrace Start (CR10) Bit 1 

BitS Reserved 

Bit ~ LCM 10 - Line Compare Position (C 

Bit 7 Reserved 

Extended Memory Control 4 Register -.1 .. .. -"w-.. 

Read/Write 
Power-On Default: OOH 

Bit 7 
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Extended Miscellaneous Control Register (EXT -MISC-CTL) (CR65) 

Read/Write Address: 375H, Index 65H 
Power-On Default: OOH 

I 

7 

I 
6 

I 
5 4 3 

I 
2 

I 
1 

DELAY BLANK 
R R 2 1 0 R R 

Bits 2-D Reserved 

Bits 4-3 DLK BLANK - Delay BLANK by DCLK 
000 = No delay of BLANK 
001 = Delay BLANK for 1 DCLK 
010 = Delay BLANK for 2 DCLKs . 
011 = Delay BLANK for 3 DCLKs 
100 = Delay BLANK for 4 DCLKs 
101 = Delay BLANK for 5 DCLKs 
110 = Delay BLANK for 6 DCLKs 
111 = Delay BLANK for 7 DCLKs 

Bits 7-5 Reserved 

Read/Write 
Power-On Default: OOH 

7 6 5 4 

PCI TOFF 
DE PADT R 

I 

Bit 0 ha ed Functions 

0 

I R 

o 

A planar (4 bits/pixel) modes 
Ctes (Enhanced and VESA non-planar) 

S3d ViRGE 

e function as MMS50C_0. It enables operation of the S3D Engine. 

Bit 1 
= 00 e tion 

a e reset of S3D Engine and memory controller 

Setting this bit has the same effect as setting MMS054_15-14 (Write) to 10b. 

Bit 2 Reserved 
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Bit 3 PCI DISC - PCI Disconnects 
0= No effect 

S3d ViRGE 

Bits 5-4 

1 = An attempt to write data with the Command FIFO or LPB Output FIFO full or to 
read data with the Command FIFO not empty generates a PCI bus §? onnect 
cycle 

Bit 7 of this register must also be set to 1 to enable this feature. 

Reserved ~ 

Bit 6 TOFF PADT - Tri-State Off Pixel Address Bus 
o = Normal operation 
1 = PA[15:0] are set to tri-state off 

Bit 7 PCI DE - PCI bus disconnect enable 
o = PCI bus disconnect disabled 
1 = PCI bus disconnect enabled 

Setting this bit to 1 allows PCI burst cycles t 
address during the burst goes outside the C:t 
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Extended Miscellaneous Control 2 R.gi~er (EXT -MISC-2)(CR67) 

Read/Write Address: 375H, Index 67H 
Power-On Default: OOH 

7 

3 

4 

o 

3 2 
STREAMS 

MODE 

1 

R 

o 
VCLK 
PHS 

Bit 0 VCLK PHS - VCLK Phase With Respect to DCLK 
0= VCLK is 1800 out of phase with DCLK (inverted) 
1 = VCLK is in phase with DCLK 

Bit 1 Reserved 

Bits 3-2 STREAMS MODE 

Bits 7-4 

00 = Streams Processor disabled 
01 = Secondary stream overlaid on VGA m 
10 = Reserved 
11 = Full Streams Processor operation 

supported sources) 

S3d ViRGE 
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S3 Inoorporllted 

Configuration 3 Register (CNFG-REG-3) ~CR68) 

Read/Write Address: 375H, Index 68H 
Power-On Default: Depends on Strapping 

This is the third byte (along with CR36 and CR37) of the power-on strapping bits. CR co tain 
fourth byte. PD[23:16] are sampled on power-on reset and their states are writt to bi 
register. A5H must be written to CR39 to provide read/write access to this regist r. 

7 
MEM 
BUS 

6 4 321 0 
RAS - RAS - CAS CAS 

BIOS AREA PCG LOW LE TE 

Bit 0 CAS TE - CAS, OE Trailing Edge Delay MSB 
00 =0 delay 
01 = 1 unit delay 
10 = 2 units delay 
11 = 3 units delay 

The LSB for this field is MM8204_5. 0 
layed by 0 or 2 units. After reset, so 
tions by programming MM8204_5. 

edge of CAS/OE can be de-
e is delay to any of the four op-

Bit 1 CAS LE - CAS, OE Leading Edg 

Bit 2 

Bit 3 

00 = 0 delay 
01 = 1 unit delay 
10 = 2 units delay 
11 = 3 units delay 

The LSB for this fiel 
layed by 0 or 2 un' 
tions by program 

reset the leading edge of CAS/OE can be de
are can change this delay to any of the four op-

i I s the length of the RAS active time for a single row/column ac
low longer to accommodate additional page mode accesses 

W S goes high to end a memory cycle, this parameter specifies the minimum 
period it must be held high before beginning another memory access cycle. 

Bits 6-4 BIOS AREA 

Reserved for use by the video BIOS. 
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Bit 7 MEM BUS - Memory Bus Size 
o = Memory bus size is 32" bits 
1 = Memory bus size is 32 bits (1 MByte) or 64 bits (2 or 4 MBytes) 

Extended System Control 3 Register (EXT -8CTL-3)(CR69) 

Read/Write Address: 315H, Index 69H 
Power-On Default: OOH 

R R R R 
3 2 1 0 ,. 

DISPLAY-START-ADDRESS " 
7 6 5 4 

Bits 3-0 DISPLAY-START-ADDRESS 
This field contains the upper 4 bits (19-16) of t 
dressing of up to 4 MBytes of display memo ........... ~_ 
programmed in this field, bits 5-4 of CR31 
dress bits) are ignored. 

Bits 7-4 Reserved 

Extended System Control 4 Register (EXT-S 

Read/Write 
Power-On Default: OOH 

Bits 5-0 

S3dViRGE 

uppe 6 bits (19-14) of the CPU base address, allowing access
yt 0 • play memory via 64K pages. When a non-zero value is 

n . I d, bits 3-0 of CR35 and 3-2 of CR51 (the old CPU base address 
bits) a i nor . I 0 f CR31 must be set to 1 to enable this field. If linear address-
ing is e a ed a d KByte window is specified, these bits specify the 64K page to 

acc e ease address specified in CR59 and CR5A. Otherwise, the base ad-
mall tAOOOH. 
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Extended BIOS Flag 3 Register (EBIOS·FLG3)(CR6B) 

Read/Write Address: 315H, Index 6BH 
Power-On Default: OOH 

7 6 5 4 3 2 1 o 
EXT-BIOS-FLAG-REGISTER-3 

Bits 7-0 EXT-BIOS-FLAG-REGISTER-3 
This register is reserved for use by the S3 BIOS. 

Extended BIOS Flag 4 Register (EBIOS·FLG4)(CR6C) 

Read/Write Address: 315H, Index 6CH 
Power-On Default: OOH 

Read/Write 
Power-On Default: OOH 
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U Inoorpontecl 

Extended BIOS Flag 6 Register (CR6E) 

Read/Write Address: 375H, Index 6EH 
Power-On Default: OOH 

This register is reserved for use by the BIOS. 

7 6 5 4 3 2 1 

RESERVED 

Bits 7-0 Reserved 

Configuration 4 Register (CR6F) 

See Bit Definitions Address: 375H, Index 6FH 
Power-On Default: Depends on Strapping 

This is the fourth byte of power-on strapping bits. PO 
written to bits 4-0 of this register. A5H must be writt 
register. This register will power up with a value 

Bit 0 

o 

S3d ViRGE 

ide read/write access to this 
28:24] are not pulled low. 

es . e he functionality of ViRGE when configured for LPB 

Bit 1 

tib e is se!ected, use the Tri032/Trio64 data book. 

Enabling I/O access allows the serial port to be used for 12C communications when 
ViRGE is disabled. 
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Bit 3 WE Trailing Edge Delay (read/write) MSB 
00 = 3 units delay 
01 = 2 units delay 
10 = 1 unit delay 
11 = 0 units delay 

S3d ViRGE 

The LSB of this field is MM8204_3. On reset the trailing edge of W an b de 
by 0 or 2 units. After reset, software can change this delay to any f t 
by programming MM8204_3. 

Bit 4 WE Leading Edge Delay (read/write) MSB 
00 = 3 units delay 
01 = 2 units delay 
10 = 1 unit delay 
11 = 0 units delay 

The LSB of this field is MM8204_4. On resetthe Ie in edg 
by 0 or 2 units. After reset, software can chan is el 
by programming MM8204_4. 

Bits 7-5 Reserved 
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Section 20: S3d Engine Register DescriR 

This section describes the S3d Registers for ViRGE. These registers e 
of 20 and 3D graphics. 

In all register bit descriptions, the letter uRn identifies reserved 
undefined unless noted, and you may write only zero to are 

20.1 REGISTER MAPPING AND ADDRESS I 

S3dViRGE 

bit's read value is 

OOOOH from the base address. 
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U Incorponated 

Table 20-1. S3d Register Memory Map 

Offset From Base Address (Little Endian Addressino) 

100 AOxxH 100 A4xxH 100 A8xxH 100 ACxxH 100 BOxxH A 100 B4xxH 
xx Pattern Reoisters BitBLT/Rect Fill 20 Line 20 Polygon 3D Line ~ Trianole 
04 SRCBASE SRC BASE SRC BASE Z BASE '\ i'BASE/\. 
08 OEST BASE OEST BASE OEST BASE OEST BAjS... ~ST~SE/ 
DC CLIP L R CLIP L R CLIP L R CLIP L_~ " COO>_ L _~ 
EO CLIP T B CLIP T B CLIP T B CLIP T _~" ~B 
E4 OEST SRC STR OEST SRC STR OEST SRC STR OES~C _5VR ID£;J;.L~C STR 
E8 MONO PAT 0 MONO PAT 0 ~TR1\)E \ / Z_~TRIOE 
EC MONO PAT 1 MONO PAT 1 / /'\ '\ \ 1 TEX BASE 
FO PAT BG CLR PAT BG CLR ('\ '\., JEX BOR CLR 
F4 PAT FG CLR PAT FG CLR PAT FG CLI¥' A F1\G cll\. ~ FOG CLR 

F8 SRC BG CLR A'v '\ '\ V COLORO 
FC SRC FG CLR \ \ \.. '\ COLOR1 
100 Start CMO SET CMO SET CMU SE~ I\.. CM~~T CMO SET 
104 (100 to 1 BC) RWIOTH HEIGHT / ~ '\ TBV 
108 RSRC XY A.. '\ .-- TBU 
10C ROEST XY / /'\ \..--..~ TdWdX 

110 " / /\.'\. '\ TdWdY 
114 ( (/ / ~ • TWS 

118 ' v / / Y TdOdX 
11C / ~ \/ / TeNdX 
120 / ,......,. ~ / TdUdX 

124(<' ~ \~ TdOdY 
128 /'\.'\ '\ ) I ~ TeNdY 

12C A '\'\ \..1 J TdUdY 
130 If' /'\. '\'\ / TOS 
134 / / A.\.. \..\..1( TVS 
138 ( / L_,," L TUS 
13C A'\. v / v TdGdX dBdX 

140 '\ ~ \ TdAdX dRdX 

144 ~ "\... "' ~ 3dGdY dBdY TdGdY dBdY 
148 { ~ '\.'\./ 3dAdY dRdY TdAdY dRdY 
14C \.. ~ } 3GS-BS TGS BS 
150 ~ '\ ....... -J 3AS RS TAS RS 
154 f ,.....,.,.. ~ '\ TdZdX 

158 I( '\, \.. / 3dZ TdZdY 
15C ' \ 1 1 ....'j.·L 3ZST ART TZS02 

160 /' " "-I I TdXdY12 
164 , /""'/ I}. ./ TXEN012 

168 I ( " -- PRdX TdXdY01 
16C '\ 1 I LXENOO EN01 PRXSTART 3XENOO EN01 TXEN001 
170 \. '-/ J LdX PLdX 3dX T dXdY02 
174 '\.. I( LXSTART PLXSTART 3XSTART TXSTART02 
178 LYSTART PYSTART 3YSTART TVSTART 

17C LYCNT PYCNT 3YCNT TV 01 Y12 
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S3 Incorporated 

20.2 COLOR PAlTERN REGIST~RS 

When the ROP chosen for a BitBL T uses a color pattern, the 8x8 pixel pattern data must be stored in 
the register address space starting at offset 100 A100H. The amount of register spa equired is a 
function of the color depth as shown in Table 20-2. The value is derived by multiplyin ixels ( x8 
pattern) by the color depth (bytes/pixel) and dividing by 4 bytes/doubleword (32-bit reg te • 

Table 20-2 Color Pattern Data Storage Requirements 

Color De th (Bits/Pixel) uirements (Doublewords) 
8 16 
16 32 
24 48 

The pattern color data is written starting with the upper left pix (0, to t 
then proceeding across each line to the last pixel (8,8). Pixel 0,0 is 
stored fully packed. 

For 8 bits/pixel, pixel 0,0 is written to the low order byt 
would then be written to the low order byte of 100A1 ~ 
an index to the DAC palette registers. 

For 24 bits/pixel, pixel 0,0 is written to the 
value for pixel 1,0 is written to the high 
1,0 are written to the low order word 
boundaries. 

PROPRIETARY AND CONFIDENTIAL PRELIMINARY 

r" en to byte 1, etc. Pixel 4,0 
o The 8-bit value for each pixel is 

S3D REGISTER DESCRIPTIONS 20-3 



S3 Inoorporated 

20.3 20 REGISTERS 

Source Base Address Register (SRC_BASE) (MMA4D4, MMA8D4, MMACD4) 

Read/Write Offset: A4D4H (BitBL T), A8D4H (20 Line), AC 
Power-On Default: Undefined 

15 

31 

Bits 2-0 Reserved = 0 

Bits 21-3 SOURCE BASE ADDRESS 

Bits 31-22 Reserved 

Read/WriteD' 
Power-On Default: U 

15 

31 

R 

Bits 2-0 Reserved = 0 

S3d ViRGE 

1 o 
a a 

16 

3 2 1 o 
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U Inoorponted 

Bits 21-3 DESTINATION BASE ADDRESS 

Bits 31-22 

Left/Right Clipping Register (CUP _L_R) (MMA4DC, MMA8DC, MMAC 

Read/Write Offset: A4DCH (BitBL T), A8DCH (20 L· e) 
Power-On Default: Undefined 

Bit 1 of the Command Set register must be set to 1 for the s 

15 14 13 12 11 

R R R R R 

31 30 29 28 27 

R R R R R 

Bits 10-0 LEFT CLIPPING LIMIT 

Value = pixel position of 

Bits 15-11 Reserved 

Bits 26-16 RIGHT CLIPPING 

S3d ViRGE 

o 

16 

t pixel to be drawn on each line. The first pixel is O. 

Bits 31-27 
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Ulnoorporatecl 

Top/Bottom Clipping Register (CUP_T_E!S) (MMA4EO, MMA8EO, MMACEO) 

Read/Write Offset: A4EOH (BitBl T), A8EOH (20 line), ACEOH (20 Polygon) 
Power-On Default: Undefined 

Bit 1 of the Command Set register must be set to·1 for the settings in this register to ha e e 

15 14 13 12 11 
R R R R R 

31 30 29 28 27 
R R R R R 

Bits 10-0 BOTTOM CLIPPING LIMIT 

Bits 15-11 Reserved 

Bits 26-16 TOP CLIPPING LIMIT 

Bits 31-27 Reserved 

Destination/Source Stride Register (D 

Read/Write Offset: 
Power-On Default: Undefined 

15 14 13 321 0 
R R R 000 

31 30 29 19 18 17 16 
R R R 000 

Bits 11-0 

'71\.,~ __ -t of vertically adjacent pixels for the source data. Bits 2-0 must be 

Bits 15-12 

Bits 27-16 DESTINATION STRIDE 

Value = byte offset of vertically adjacent pixels for the destination data. Bits 2-0 must 
be OOOb. 
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Bits 31-28 Reserved 

Mono Pattern ° Register (MONO_PAT_O) (MMA4E8, MMACE8) 

Read/Write Offset: A4E8H (BitBL T), ACE8H (20 Polygon) 
Power-On Default: Undefined 

The pattern data in this register is used when bit a of the Command Set re 
a mono pattern. The first four lines of the pattern are specified in this reg· 

15 14 13 12 11 10 9 8 7 6 
L20 L21 L22 L23 L24 L25 L26 L27 L10 

31 30 29 28 27 26 25 24 23 

L40 L41 L42 L43 L44 L45 L46 L47 L30 

Bits 31-0 MONO PATTERN ° 
Value = first (low order) 32 bits of a 

Read/Write OffS,tIoLA"'''15..VI'1 
Power-On Default: Undefined 

S3dViRGE 

° L17 

17 16 
L36 L37 

e bit a of the Command Set register is set to 1 to specify 

15 14 
L60 L61 

31 30 
LaO L81 

pattern are specified in this register. 

8 7 6" 5 4 3 2 1 ° L67 L50 L51 L52 L53 L54 L55 L56 L57 

24 23 22 21 20 19 18 17 16 
L87 L70 L71 L72 L73 L74 L75 76 L77 

cond (high order) 32 bits of a 64-bit mono pattern (little endian format) 

The first (low order) 32 bits are found in the Mono Pattern 0 register. These two regis
ters define an axa mono pattern. In the above register bit table, LXV means bit Y of 
line X, with the leftmost bit of each line (row) being bit O. 
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S3 Incorporated 

Mono Pattern Background Color Regist~r (PAT_BG_CLR) (MMA4FO, MMACFO) 

Read/Write Offset: A4FOH (BitBl T), ACFOH (20 Polygon) 
Power-On Default: Undefined 

The pattern color data in this register is used when bit 8 of the Command Set register i et 0 1 
specify a mono pattern and the pattern bit is O. The color depth specified must m the al 
lected by bits 4-2 of the Command Set register. 

15 

31 16 

R 

Bits 7-0 DATA 1 

Value = DAC ClUT index (8 bits/pixel), lowe 
color index (24 bits/pixel 

Bits 15-8 DATA2 

Value = Reserved (8 bits/pixel), up ta (15/16 bits/pixel), green color 
index (24 bits/pixel) 

Bit 23-16 DATA 3 

Value = Reserved (8, 15 

Bits 31-24 Reserved 
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Mono Pattern Foreground Color Register (PAT_FG_CLR) (MMA4F4, MMA8F4, MMACF4) 

Read/Write Offset: A4F4H (BitBl T), A8F4H (20 Line), ACF4H (20 Polygon) 
Power-On Default: Undefined 

The pattern color data in'this register is used when bit 8 of the Command Set register i 
specify a mono pattern and the pattern bit is 1. It is also the pattern color used fQ tan e 
line draws and polygon fills, regardless of any pattern specification. The color d th s if I d 
match the value selected by bits 4-2 of the Command Set register. 

15 o 

31 16 
R 

Bits 7-0 DATA 1 

Value = DAC ClUT index (8 bits/pixel), 10 1"\'I~...,yata (15/16 bits/pixel), blue 
color index (24 bits/pixel 

Bits 15-8 DATA 2 

Value = Reserved (8 bits/pixel), 
index (24 bits/pixel) 

Bit 23-16 DATA 3 

d color index (24 bits/pixel) 

Bits 31-24 Reserved 
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S3 Incorporated 

Source Background Color Register (SRC~BG_CLR) (MMA4F8) 

Read/Write Offset: A4F8H (BitBL T) 
Power-On Default: Undefined 

For mono image transfers (bit 6 of the Command Set register set to 1), this is the sourc 0 r w 
the image bit is O. It is not used when color compare is enabled (bit 9 of the Com d Se re . er 
set to 1). The color depth specified must match the value selected by bits 4-2 of t e Co adS 
register. ~ 

15 o 

31 16 
R 

Bits 7"() DATA 1 

Value = DAC CLUT index (8 bits/pixel), 10 a (15/16 bits/pixel), blue 
color index (24 bits/pixel 

Bits 15-8 DATA 2 

Value = Reserved (8 bits/pixel), ata (15/16 bits/pixel), green color 
index (24 bits/pixel) 

Bit 23-16 DATA 3 

Value = Reserved (8, 1 

Bits 31-24 Reserved 
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a Inoorporated 

Source Foreground Color Register (SRC..,.FG_CLR) (MMA4FC) 

Read/Write Offset: A4FCH (BitBl T) 
Power-On Default: Undefined 

For mono image transfers (bit 6 of the Command Set register set to 1), this is the sourc co r w 
the image bit is 1. For 8- or 15/16-bits/pixel color image transfers when transpar lor 
(bit 9 of the Command Set register set to 1), the image data color is compared w h thl 
matches, the screen is not updated. If it does not match, the image data colo is u e~ up 
screen. In all cases, the color depth specified must match the value selecte 0 bit 4~' 
mand Set register. 

15 

31 
R 

Bits 7'() DATA 1 

Value = DAC ClUT index (8 bits/pixel), a 
color index (24 bits/pixel) 

Bits 15-8 

Bit 23-16 DATA 3 

Bits 31-24 

rogr med to both the DATA 1 and DATA 2 bytes. 
only for mono image transfers. 

bits/pixel), red color index (24 bits/pixel) 

r mono image transfers. 

o 

16 
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Command Set Register (CMD_SET) (M~A500, MMA900, MMADOO) 

Read/Write Offset: A500H (BitBL T), A900H (20 Line), ADOOH (20 Polygon) 
Power-On Default: Undefined 

15 14 98765 

R R TP MP IDS MS DE 

31 26 25 24 23 22 
23D YP XP 

Bit 0 AE - Autoexecute 

Bit 1 

Bits 4-2 

Bit 5 

o = Execute command when this register is written to 
1 = Execute command when the highest address re 

written to 

The highest address register in a drawing typ 
it is the bottom register in each column. For 
executed when the RDEST _XV (MMA50C) g. 
of a 20 line command is based on writi t h 
lows multiple executions of a given co 
writing the Command Set register. 

nd, write to this register with this 
1b (NOP). 

The settings in the 
bit is set to 1. 

MxxDC, MMxxEO) are effective only when this 

ra r alues calculated during the execution of the command end up the same 
re dies of the setting of this bit. That is, the command is fully executed except for 
the possible non-drawing of the new pixel. 

Bit 6 MS - Mono Source (Image Transfers) 
o = Source data is the same pixel depth as the destination data 
1 = Source data is mono 
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U Inaorporated 

Bit 7 IDS - Image Data Source 
o = Source data is from video memory (screen) 
1 = Source data is from the image transfer port (CPU, system memory) 

When this bit is set to 1, source data is provided by CPU writes to the s range of 
100 OOOOH to 100 7FFFH or the alternate image transfer port range of 10 0 
100 EFFFH. Bit 6 of this register specifies whether mono or color d is b . 
ferred. 

Bit 8 MP - Mono Pattern 
o = Pattern data is the same pixel depth as the destination 
1 = Pattern data is mono 

This bit is cleared to 0 for a BitBL T using a ROP with a 
tern is found starting at location 100 A 100H. For a 
tion is determined from the Mono Pattern 0 and 1 
for a rectangle fill operation. 

Bit 9 TP - Transparent 
0= A mono source image transfer uses bo 

and source background (image bit = c 0 

transfer uses the CPU-provided col rs 
1 = A mono source image transfer up te t Iy when the source 

foreground color is selected (im it = ise (image bit = 0), the screen 
pixel is left unchanged. A col ima r pdates the screen with the 
transmitted color only whe th 10 es t match the color in the source 
foreground color register. a olor a curs, the destination pixel is not 
updated. This transpare or atu e r color image transfers can be used for 
8- and 16-bit color m 2 -bit color. 

Note: This bit is effecti of this register is set to 1. A setting of 1 for 
the mono source ca t ns arent textK capability. The term Ktransparent 
text" refers to the tin 0 nly t pixels forming the text characters and not the 
entire rectangular~"'''",,",'n sing the background color for non-text areas. 

Bits 11-10 
age transfer is byte aligned 
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Ulnoorpomed 

Bits 13-12 

Bits 16-14 

Bits 24-17 

FDO - First Doubleword Offset (Image Transfers) 
00 = Entire first doublewo·rd of an image transfer contains valid data 
01 = Start with the second byte of the first doubleword of an image transfer 
10 = Start with the third byte of the first doubleword of an image tranSf~ 
11 = Start with the fourth byte of the first doubleword of an image tran e 

Reserved 

256 ROPS - 256 Raster Operations '\> 
Value = binary key selecting one of 256 three operand rast 0 ns med in 
Appendix A. 

The full 256 three-operand ROPs are available for Bit 
tions. The other 2D operations (Rectangle Fill, Line 
use the subset of the 256 ROPs that does not hav 

pattern foreground color regardless of the val 
registers. 

Bit 25 XP - X Positive (BitBL T) 
o = A BitBL T is performed from right t e 
1 = A BitBL T is performed from left to ig 

Bit 26 YP - Y Positive (BitBL T) 

Bits 30-27 

o = A BitBL T is performed fro 
1 = A BitBL T is performed fro 

P ption is required to turn off autoexecute without executing a command. 
efinition for bit 0 of this register. 

Bit 31 23D - 2D or 3D Select 
o = A 2D command is being executed 
1 = A 3D command is being executed 
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sa Inoorpar8ted 

Rectangle Width/Height Register (RWlDTH_HEIGHT) (MMA504) 

Read/Write Offset: A504H (BitBL T) 
Power-On Default: Undefined 

15 14 13 12 11 
R R R R R 

31 30 29 28 27 
R R R R R 

Bits 10-0 RECTANGLE HEIGHT 

Value = height in lines of the rectangle to be draw 

A value of 1 equals 1 line. 

Bits 15-11 Reserved 

Bits 26-16 RECTANGLE WIDTH 

A value of 0 equals 1 pixel/line. 

Bits 31-27 Reserved 

Rectangle Source XV Register (RS 

15 14 13 o 
R R R 

31 30 29 16 
R R 

Bits 10-0 

ordinate in lines of the upper left hand corner of the source rectangle for 

Bits 15-11 Reserved 
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sa Inoorporaecl 

Bits 26-16 SOURCE X 

Value = x coordinate in pixels of the upper left hand corner of the source rectangle for 
a BitBLT 

Bits 15·11 Reserved' 

Note: The starting coordinate is 0,0. 

Rectangle Destination XV Register (RDEST _XV) (MMA5OC) 

ReadlWrite Offset: A50CH (BitBL T) 
Power-On Default: Undefined 

15 14 13 12 11 o 

31 30 29 28 27 16 

Bits 10-0- DESTINATION Y 

Bits 15·11 Reserved 

Bits 26·16 DESTINATION X 

of the upper left hand corner of the filled rectangle to 
r a BitBLT 

Bits 15·11 Reserved 

20-16 S3D REGISTER DESCRIPTIONS PRELIMINARY PROPRIETARY AND CONFIDENTIAL 



S3dViRGE 

S3 Incorponrted 

Line Draw Endpoints Register (LXENDO_END1) (MMA96C) 

15 14 13 12 11 10 0 

0 0 0 0 0 

31 30 29 28 27 26 16 
0 0 0 0 0 

Bits 15-0 END1 

Value = x coordinate (in pixels) ofthe last J:f e 
The first coordinate value is O. Bits 15-11 e 9 
positive value. 

Bits 31-16 ENDO 

Value = x coordinate (in pixels) 
line. The first coordinate value 
a positive value. 

PROPRIETARY AND CONFIDENTIAL PRELIMINARY S3D REGISTER DESCRIPTIONS 20-17 



S3d ViRGE 

U Incorporeted 

Line Draw X Delta Register (LdX) (MMA.970) 

Read/Write Offset: A970H (20 Line) 
Power-On Default: Undefined 

15 

31 

Bits 31-0 X DELTA 

Value = - (ax« 20)/dY) with integer division 

1 anddYisy2-y1. 

Line Draw X Start Register (LXSTART) (MMA974) 

Read/Write Offset: A974H (2 
Power-On Default: Undefined 

15 

31 

Bits 31-0 

(x1 «20) - (X DELTA» 1) 
v ue = x1 «20 

o 

16 

ajo in, e absolute x value increases faster than the absolute y value as 
is aw. this case, there may be more than one pixel drawn per scan line. 

or: ajo In, the absolute y value increases faster than the absolute x value. In 
t s cas , t one pixel will be drawn per scan line. If the requested line is drawn 
u war x is the requested starting x coordinate. If the requested line is drawn down-
w ,x i the requested ending x coordinate. X DELTA is the value programmed in 

M 0 he field format is S11.20, i.e, bit 31 is the sign bit (0 = positive), with 11 in-
itions and 20 fractional positions. 
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U InODrporated 

Une Draw Y Start Register (LYSTART) (MMA978) 

Read/Write Offset: A978H (20 Line) 
Power-On Default: Undefined 

15 14 13 12 11 
R R R R R 

31 30 29 28 27. 

R R R R R R 

Bits 10-0 Y START 

Value = Y coordinate (in scan lines)· of first scan line 

ViRGE draws lines from bottom to top. Therefore th 
requested starting and ending y coordinates. 

Bits 31-11 Reserved 

Line Draw Y Count Register (L YCNT) (MMA97C) 

"Read/Write Offset: A97CH (2 
Power-On Default: Undefined 

15 14 13 12 11 o 
R R R R R 

31 30 29 28 16 
DIR R R R R 

Bits 10-0 

ng y coordinate and y1 is the requested starting y coordinate. 

Bits 30·11 

Bit 31 

PROPRIETARY AND CONFIDENTIAL PRELIMINARY S3D REGISTER DESCRIPTIONS 20-19 



S3dViRGE 

S3 Incorporated 

Polygon Right X Delta Register (PRDX) . (MMAD68) 

Read/Write Offset: AD68H (Polygon Fill) 
Power-On Default: Undefined 

15 

31 

Bits 31-0 RIGHT EDGE X DELTA 

Value = - (~« 20)/~Y) with integer division 

If the requested line is from coordinates x1,y1 to x 
(~ = x1 - x2 and ~ Y = y1 - y2 also works.) T 
sign bit (0 = positive), with 11 integer posi 

Read/Write Offset: AD6CH (P. Iy 
Power-On Default: Undefined 

15 

31 

Bits 31-0 

i~-..tll .... L_ (x1 «20) - (RIGHT EDGE X DELTA» 1) 
lue=x1 «20 

o 

16 

ajo Ii e, e absolute x value increases faster than the absolute y value as 
is ra n. n this case, there may be more than one pixel drawn per scan line. 

aj i , the absolute y value increases faster than the absolute x value. In 
t IS as t one pixel will be drawn per scan line. If the requested line is drawn 

war, 1 is the requested starting x coordinate. If the requested line is drawn down
d, 1 i the requested ending x coordinate. X DELTA is the value programmed in 

1lJI1MJltg71[]J The field format is S11.20, i.e, bit 31 is the sign bit (0 = positive), with 11 in
sitions and 20 fractional positions. 
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S3 Inoorponted 

Polygon Left X Delta Register (PLDX) (IVIMAD70) 

Read/Write Offset: AD70H (Polygon Fill) 
Power-On Default: Undefined 

15 

31 

Bits 31-0 LEFT EDGE X DELTA 

Value = - (ax« 20)/.6.Y) with integer division 

If the requested line is from coordinates x1,y1 0 x 
(ax = x1 - x2 and .6. Y = y1 - y2 also works.) T fie 
sign bit (0 = positive), with 11 integer posi . 

Read/Write Offset: AD74H (P 
Power-On Default: Undefined 

15 o 

31 

Bits 31-0 

For an in (x1 «20) - (LEFT EDGE X DELTA» 1) 
Forav.m~. rl ,v ue=x1 «20 

For an ajo i , e absolute x value increases faster than the absolute y value as 
t is a . n this case, there may be more than one pixel drawn per scan line. 

ajo in, the absolute y value increases faster than the absolute x value. In 
t s cas , t one pixel will be drawn per scan line. If the requested line is drawn 
u war x is the requested starting x coordinate. If the requested line is drawn down

the requested ending x coordinate. X DELTA is the value programmed in 
o he field format is S11.20, i.e, bit 31 is the sign bit (0 = positive), with 11 in

itions and 20 fractional positions. 
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S3 Inoorporated 

Polygon Y Start Register (PYSTART) (M~AD78) 

Read/Write Offset: AD78H (Polygon Fill) 
Power-On Default: Undefined 

15 14 13 12 11 
R R R R R 

31 30 29 28 27 
R R R R R 

Bits 10-0 Y START 

Value = Y coordinate (in scan lines) of first scan lin 

ViRGE draws lines from bottom to top. Therefore ttl v 
requested starting and ending y coordinates. 
once for each polygon. 

Bits 31-11 Reserved 

Read/Write Offset: AD7C 
Power-On Default: Undefined 

15 14 13 12 11 o 
R R R R R 

31 30 29 28 16 
R RULE URE R 

Bits 10-0 

Value [~2 - ] T 

T p go date proceeds upward to the first vertex. y2 is the requested end-
di f r the line leading to that vertex and y1 is the requested starting y 

r t line. Both bit 28 and bit 29 will be set to 1 for the first update. For 
til sec n polygon update, only the X DELTA for the line extending from the first ver-
e 's re p cified and only the update bit (28 or 29) for that edge is set to 1. The 

lu . t s scan line count field is set for the number of scan lines from the first ver-
te t second vertex. See the polygon fill programming examples for a more com-
plete explanation of how to program the polygon fill registers at each step to form a 
complete polygon. 

Bits 27-11 Reserved 

20-22 S3D REGISTER DESCRIPTIONS PRELIMINARY PROPRIETARY AND CONFIDENTIAL 



U Inoorponrted 

Bit 28 URE - Update Right Edge 
o = Do not update right edge 
1 = Update right edge 

Bit 29 ULE - Update Left Edge 
o = Do not update left edge 
1 = Update left edge 

Bits 31-30 Reserved 
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83 Incorponted 

20.4 3D REGISTERS 

Z-Buffer Base Address R,gister (Z_BASE) (MMBOD4, MMB4D4) 

Read/Write Offset: BOD4H (3D Line), B4D4H (3D Triangle) 
Power-On Default: Undefined 

15 

31 
R 

Bits 2-0 Reserved = 0 

Bits 21-3 Z-BUFFER BASE ADDRESS 

Value = base address in video memo 
to store depth information for each p 

Bits 31-22 Reserved 

Destination Base Address Register 

Read/Write 
Power-On Default: Undefined 

15 

31 
R 

o 
o 
16 

ffe used in 3D drawing operations 
s be OOOb (quadword aligned). 

3 2 1 o 

lue = se address in video memory of destination data for 2D drawing operations. 
must be OOOb (quadword aligned). 

This is the 0,0 pixel address in video memory for the screen resolution being used. It 
will normally be at the start of video memory. 

Bits 31-22 Reserved 
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S3 Incorporated 

Left/Right Clipping Register (CUP _L_R) (MMBODC, MMB4DC) 

Read/Write Offset: BODCH (3D Line), B4DCH (3D Triangle) 
Power-On Default: Undefined 

Bit 1 of the Command Set register must be set to 1 for the settings in this register to ha 

15 14 13 12 11 10 

R R R R R 

31 30 29 28 27 

R R R R R 

Bits10'() LEFT CLIPPING LIMIT 

Bits 15-11 Reserved 

Bits 26-16 RIGHT CLIPPING LIMIT 

Bits 31-27 Reserved 

Top/Bottom Clipping Register (CLlP_T 

Read/Write Offset: 
Power-On Default: Undefined 

15 14 13 o 
R R R 

31 30 16 

R R 

Bits 10'() llalfil~M,.a.I.fe~ 

position of the last line to be drawn. The first line is O. 

Bits 15-11 

Bits 26-16 TOP CLIPPING LIMIT 

Value = line position of the first line to be drawn. The first line is O. 
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83 Inoorponted 

Bits 31-27 Reserved 

Destination/Source Stride Register (DEST _SRC_STR) (MMBOE4, MMB4E4) 

Read/Write Offset: BOE4H (3D Line), B4E4H (3D Triangle) 
Power-On Default: Undefined 

15 14 13 12 
R R R R o 

31 30 29 28 16 
R R R R o 

. Bits 11-0 SOURCE STRIDE (3D Triangie only) 

Value = byte offset of vertically adjacent pi 
map. Bits 2-0 must be OOOb. 

Bits 15-12 Reserved 

Bits 27-16 DESTINATION STRIDE 

Value = byte offset of verticall 
be OOOb. 

Bits 31-28 Reserved 

Z Stride Register (Z_STRIDE) (, ..... 1J1""~ 

Read/Writed 
Power-On Default: Undefi 

15 14 321 0 
R R 000 

31 30 19 18 17 16 
R R R R R R 

e offset of vertically adjacent pixels for the Z-buffer data. Bits 2-0 must be 

Z-buffer data is always 16 bits/pixel. If the destination format is 16 bits/pixel, the Z 
stride will be the same as the destination stride. Otherwise, the Z stride will differ 
from the destination stride according to the differing pixel depths. 
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Bits 31-12 Reserved 

Texture Base Address Register (TEX_BASE) (MMB4EC) 

Read/Write Offset: 84ECH (3D Triangle) 
Power-On Default: Undefined 

15 

31 
R 

Bits 2-0 Reserved = 0 

Bits 21-3 TEXTURE BASE ADDRESS 

Value = base address in video memory 
o must be OOOb (quadword aligned). 

Bits 31-22 Reserved 

. Texture Border Color Register (TEX_ 

Read/Write Ofts 
Power-On Default: Undefined 

15 

31 
R 

S3dViRGE 

o 
16 

o 

Value = DAC CLUT index (a bits/pixel), lower byte of color data (15/16 bits/pixel), blue 
color index {24 bits/pixel 
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Ulnoorpol'llted 

Bits 15-8 DATA 2 

Bit 23·16 

Fog Color Register (FOG_CLR) (MMBOF4, MMB4F4) 

Read/Write Offset: BOF4H (3D line), BOF4H (3D 
Power-On Default: Undefined 

This is the fog color blended with the pixel color when bit of the 
1. This operation is also called depth cueing when the fo fa 
distance from the viewer. 

15 o 

31 16 
R 

Bits 7-0 DATA 1 

bits/pixel), blue color index (24 bits/pixel 

Bits 15-8 DATA 2 

a (15/16"bits/pixel), green color index (24 bits/pixel) 

Bit 23·16 

16 bits/pixel), red color index (24 bits/pixel) 
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ColorO Register (COLORO) (MMB4F8) 

Read/Write Offset: B4F8H (3D Triangle) 
Power-On Default: Undefined 

When using one of the Blend4modes for texel storage, this register specifies one of th 
used in the interpolation of the texel color during the generate phase of pixel co 

15 

31 16 
R 

Bits 7-0 DATA 1 

Value = Lower byte of color data (15/16 bits/ . e , 

Bits 15-8 DATA 2 

Value = Upper byte of color data (15/ color index (24 bits/pixel) 

Bit 23-16 -DATA 3 

Bits 31-24 
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S3 Incorporated 

Color1 Register (COLOR1) (MMB4FC) 

Read/Write Offset: B4FCH (3D Triangle) 
Power-On Default: Undefined 

When using one of the Blend4 modes for texel storage, this register specifies one of th 
used in the interpolation of the texel color during the generate phase of pixel co 

15 

31 16 
R 

Bits 7-0 DATA 1 

Value = Reserved (8 bits/pixel), lower byte of 
index (24 bits/pixel) 

Bits 15-8 DATA 2 

Value = Reserved (8 bits/pixel), upper (15/16 bits/pixel), green color 
index (24 bits/pixel) 

Bit 23-16 DATA 3 

Bits 31-24 Reserved 
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U Inoorpor.'" 

Command Set Register (CMD_SET) (M~B100, MMB500) 

Read/Write Offset: B100H (3D Line), B500H (3D Triangle) 
Power-On Default: Undefined 

15 
TB 
31 

23D 

Bit 0 AE - Autoexecute 

Bit 1 

Bits 4-2 

Bits 7-5 

o = Execute command when this register is written t 
1 = Execute command when the highest address r 

written to 

The highest address register in a drawing ty 
it is the bottom register in each column. Fo 
executed when the 3YCNT (MMB17C) re . t 
3D Triangle command is based on writi g t 
setting allows multiple executions of gi 
without re-writing the Command Set i 

and, write to this register with this 
1b (NOP). 

The settings in the 
bit is set to 1. 

MxxDC, MMxxEO) are effective only when this 
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Bits 11-8 MIPMAP LEVEL SIZE 

Value = s, where 2s is the size of one side of the largest mipmap texture rectangle 

For example, a value of 4 specifies the largest mipmap as 24 x 24 = 16 16 
largest allowable s value is 9, which specifies a 512 x 512 texel texture. 

Bits 14·12 TEX FL TR MODE - Texture Filtering Mode 
000 = M1TPP (MIP _NEAREST) 
001 = M2TPP (L1NEAR_MIP _NEAREST) 
010 = M4TPP (MIP _LINEAR) 
011 = M8TPP (L1NEAR_MIP _LINEAR) 
100 = 1TPP (NEAREST) 
101 = V2TPP (used for YUNV video format - bits 7-5 0 
110 = 4TPP (LINEAR) 
110 = Reserved 

Only modes with no filtering (OOOb and 100b) 
data. In addition, the texture blending mode 
= 10b.) 

Bits 16-15 TB - Texture Blending Mode 
00 = Complex Reflection 
01 = Modulate 
10 = Decal 
11 = Reserved 

Bit 17 FE - Fog Enable 

Bits 19·18 

Bits 22·20 

o = Fog color blending di 
1 = Fog color blending 

Fogging is not avail 
blending. If the fo 
the viewer, this fu 
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U Inoorponted 

Bit 23 ZUP - Z Update Enable 
o = Never update z-buffer" 
1 = Update z-buffer with new (source) pixel z value if the z compare passes 

Bits 25-24 ZB MODE - Z-buffering Mode 
00 = Normal Z-buffering 
01 = MUX buffering (Z-buffer pass) 
10 = MUX buffering (draw buffer pass) 
11 = Reserved 

Bit 26 TWE - Texture Wrap Enable 
o = Texture wrapping disabled 
1 = Texture wrapping enabled 

If wrapping is disabled, the texture border color (M 

Bits 30-27 3D COMMAND 

Bit 31 

0000 = Gouraud Shaded Triangle 
0001 = Lit Texture Triangle 
0010 = Unlit Texture Triangle 
0011 = Reserved 
0100 = Reserved 
0101 = Lit Texture Triangle with pers 
0110 = Unlit Texture Triangle with 
0111 = Reserved 
1000 = 3D Line 
1001 = Reserved 
1010 = Reserved 
1011 = Reserved 
1100 = Reserved 
1101 = Reserved 
1110 = Reserved 
1111 = NOP 

turn off autoexecute without executing a command. 
is register. 
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U Incorporated 

3D Une Draw GB Delta Register (3dGdV _dBdV) (MMB144) 

Read/Write Offset: B144H (3D Line) 
Power-On Default: Undefined 

15 

31 

Bits 15-0 BLUE DELTA 

Value = Delta value for the accumulation of the blu 

Bits31-16 GREEN DELTA 

Value = Delta value for the accumulation of 

Read/Write Offset: B148H (3D 
Power-On Default: Undefined 

15 o 

31 16 

Bits 15-0 

e ccumulation of the red attribute. The format is 58.7. 

Bits 31-16 

for the accumulation of the alpha attribute. The format is 58.7. 
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U Incorporated 

3D Une Draw GB Start Register (3GS_SS) (MMB14C) 

Read/Write Offset: B14CH (3D Line) 
Power-On Default: Undefined 

15 14 
o 

31 30 
o 

Bits 15-0 BLUE START 

Value = Starting value for the accumulation of the 
where S must be O. 

Bits 31-16 GREEN START 

Value = Starting value for the accumulati 
where S must be O. 

3D Une Draw AR Start Register (3AS_RS) (M 

Read/Write Offset: B 150 
Power-On Default: Undefined 

15 14 o 
o 

31 30 16 
o 

Bits 15-0 

or the accumulation of the red attribute. The format is S8.7, 

rting value for the accumulation of the alpha attribute. The format is S8.7, 
ust be O. 
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3D Une Draw Z Delta Register (3dZ) (MMB158) 

Read/Write Offset: 8158H (3D Line) 
Power-On Default: Undefined 

15 

31 

Bits 31-0 Z DELTA 

Value = Delta value for the accumulation of the Z a 

3D Une Draw Z Start Register (3ZSTART) (MMB15C) 

Read/Write Offset: 8 15CH (3D Line) 
Power-On Default: Undefined 

15 

31 
o 

Bits 31-0 Z START 
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3D Une Draw Endpoints Register (3XENDO_END1) (MMB16C) 

Read/Write Offset: B16CH (3D Line) 
Power-On Default: Undefined 

15 14 13 12 11 

o 0 000 
31 30 29 28 27 

o 0 0 0 0 

Bits 15"() END1 

Value = x coordinate (in pixels) of the last pixel to ~UfI·\fhl 
The first coordinate value is 0, Bits 15-11 are sign 
positive value. 

Bits 31-16 ENDO 

Read/Write 

Value = x coordinate (in pixels) of the fir.: 
line. The first coordinate value is O. Bi 3 
a positive value. 

Power-On Default: Undefined 

15 

31 

Bits 31"() 

S3dViRGE 

o 

16 
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3D Line Draw X Start Register (3XST ART) (MMB174) 

Read/Write Offset: B174H (3D Line) 
Power-On Default: Undefined 

15 

31 
o 

Bits 31-0 X START 

Value = Starting value for the accumulation of the 
where S must be o. 

3D Line Draw Y Start Register (3YSTART) (MMB178) 

Read/Write Offset: B178H (3D Line) 
Power-On Default: Undefined 

15 14 13 12 11 
R R R R R 

31 30 29 28 27 
R R R R R 

Bits 10-0 Y START 

S3d ViRGE 

o 

16 
R 

tt to top. Therefore this value will be the largest of the 
g coordinates. 

Bits 31-11 
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3D Une Draw Y Count Register (3YCNT), (MMB17C) 

Read/Write Offset: AB1CH (3D Line) 
Power-On Default: Undefined 

15 14 13 12 11 
R R R R R 

31 30 29 28 27 
DIR R R R R 

Bits 10-0 SCAN LINE COUNT 

Value = The number of scan lines to be rendered 

Bits 30-11 Reserved 

Bit 31 DIR - Drawing Direction 
o = Draw line from right to left 
1 = Draw line from left to right, 
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S3 Incorporated 

Triangle Base V Register (TBV) (MMB~) 

Read/Write Offset: B504H (3D Triangle) 
Power-On Default: Undefined 

15 

31 
R 

Bits 19-0 BASE V 

Value = Base vertical coordinate value for texels. T"'~nlD 

Bits 31-20 Reserved 

Triangle Base U Register (TBU) (MMB508) 

Read/Write Offset: B508H (3D 
Power-On Default: Undefined 

15 o 

31 16 

R 

Bits 19-0 

o dinate value for texels. The format is 12.8. 

o et for a/l U coordinate values for textures. 

Bits 31·20 
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lUI Inoorporated 

Triangle WX Delta Register (TdWdX) (MMB5OC) 

Read/Write Offset: B50CH (3D Triangle) 
Power-On Default: Undefined 

15 

31 

Bits 31-0 WX DELTA 

Value = Delta value for the accumulation of the Wa 
nate) with respect to X. The format is S12.19. 

W is the depth coordinate for 3D texture map 

Triangle WV Delta Register (TdWdY) (MMB510) 

Read/Write Offset: B510H (3D Tr,I" "'l:l!'''''' 
Power-On Default: Undefined 

15 

31 

Bits 31-0 

mulation of the W attribute (homogeneous coordi
rmat is S12.19. 

o 

16 
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Triangle W Start Register (TWS) (MMB5.14) 

Read/Write Offset: 8514H (3D Triangle) 
Power-On Default: Undefined 

15 

31 

o 

Bits 31-0 W START 

Value = Starting value for the accumulation of the 
nate). The format is 512.19, where S must be O. 

W is the depth coordinate for 3D texture map . 

Triangle OX Delta Register (TdDdX) (MMB518) 

Read/Write Offset: 8518H (3D Tr:' 
Power-On Default: Undefined 

15 

31 

Bits 31-0 

S3d ViRGE 

o 

16 

umulatio'n of the 0 attribute with respect to X. The for
rap bits, 8 integer bits, 19 fractional bits - the wrap bits 
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Triangle VX Delta Register (TdVdX) (M~B51C) 

Read/Write Offset: B51CH (3D Triangle) 
Power-On Default: Undefined 

15 

31 

Bits 31-0 VX DELTA 

Value = Delta value for the accumulation of the V a 
mat is S24.7 if perspective is enabled (3D comma 
S12.8.11 without perspective enabled. This format i 
bits and 11 fractional bits. 

Triangle UX Delta Register (TdUdX) (MMB520) 

Aead/Write Offset: B520H (3D T,·_ .. ~,._ 
Power-On Default: Undefined 

15 

31 

Bits 31-0 

S3dViRGE 

o 

16 

umulation of the U attribute with respect to X. The for
ve enabled (3D command = 0101b or 0110b). The format is 

e ec Ive enabled. This format is 1 sign bit, 12 integer bits, 8 filter 
I ·ts. 
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U Incorpoqtecl 

Triangle DY Delta Register (TdDdY) (M~B524) 

Read/Write Offset: 8524H (3D Triangle) 
Power-On Default: Undefined 

15 

31 

Bits 31-0 DY DELTA 

Value = Delta value for the accumulation of the 0 
mat is S4.8.19 (1 ~ign bit, 4 wrap bits, 8 integer bi 1 fract na its - the wrap bits 
specify the number of map edge wrap arounds allo e 

Wrapping is enabled by setting bit 26 of th 
ute specifies the level within a texture mi 

Triangle VY Delta Register (TdVdY) (MMB528) 

Read/Write Offset: 8528H ( 
Power-On Default: Undefined 

15 

31 

Bits 31-0 
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U Inoorporated 

Triangle UY Delta Register (TdUdY) (MMB52C) 

ReadM'rite Offset: B52CH (3D Triangle) 
Power-On Default: Undefined 

15 

31 

Bits 31-0 UY DELTA 

Value = Delta value for the accumulation of the U a 
mat is 524.7 if perspective is enabled (3D comma 
512.8.11 without perspective enabled. This format i 
bits and 11 fractional bits. 

Triangle 0 Start Register (TDS) (MMB530) 

ReadM'rite Offset: B530H (3D T.,r" _. '0:7'-'-

Power-On Default: Undefined 

15 

31 
o 

Bits 31-0 0 START 

S3dViRGE 

o 

16 

ccumulation of the 0 attribute. The format is 54.8.19 (1 
eger bits, 19 fractional bits - the wrap bits specify the 
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Triangle V Start Register (TVS) (MMB534) 

Read/Write Offset: 8534H (3D Triangle) 
Power-On Default: Undefined 

15 

31 
o 

Bits 31-0 V START 

Value = Starting value for the accumulation of the 
perspective is enabled (3D command = 0101b or 10 
out perspective enabled. This format is 1 sign bit, 1 
fractional bits. In either case, the sign bit mu D 

The V attribute is the vertical coordinate 

Triangle U Start Register (TUS) (MMB538) 

Read/Write Offset: 8538H ( 
Power-On Default: Undefined 

15 

31 
o 

Bits 31-0 

S3dViRGE 

o 

16 

for the accumulation of the U attribute. The format is S24.7 if 
3D command = 0101b or 0110b). The format is S12.8.11 with

d. This format is 1 sign bit, 12 integer bits, 8 filter bits and 11 
ther case, the sign bit must be O. 

lJIIVIliJ,I"I.ll~ the horizontal coordinate value for a texel. 
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U Inoorporated 

Triangle GBX Delta Register (TdGdX_dBdX) (MMB53C) 

Read/Write Offset: 853CH (3D Triangle) 
Power-On Default: Undefined 

15 

31 

Bits 15-0 BLUE X DELTA 

Value = Delta value for the accumulation of the bl 
format is 58.7. 

Bits31-16 GREEN X DELTA 

Value = Delta value for the accumulation 
format is 58.7 . 

. Triangle ARX Delta Register (TdAdX_dRdX) ( 

Read/Write Offset: 8540 
Power-On Default: Undefined 

15 

31 

Bits 15-0 

S3dViRGE 

te with respect to X. The 

o 

16 

f the accumulation of the red attribute with respect to X. The 

o Ita value for the accumulation of the alpha attribute with respect to X. The 
8.7. 
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S3 Inoorponted 

Triangle GBY Delta Register (TdGdY _dBdY) (MMB544) 

Read/Write Offset: B544H (3D Triangle) 
Power-On Default: Undefined 

15 

31 

Bits 15-0 BLUE Y DELTA 

Value = Delta value for the accumulation of the blu 
format is S8.7. 

Bits 31-16 GREEN Y DELTA 

Value = Delta value for the accumulation 
format is S8.7. 

Read/Write Offset: B548H 
Power-On Default: Undefined 

15 o 

31 16 

Bits 15-0 

fo the accumulation of the red attribute with respect to Y. The 

ta value for the accumulation of the alpha attribute with respect to Y. The 
.7. 
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U Inaorponted 

Triangle GB Start Register (TGS_BS) (MMB54C) 

Read/Write Offset: B54CH (3D Triangle) 
Power-On Default: Undefined 

15 14 
o 

31 30 
o 

Bits 15-0 BLUE START 

Value = Starting value for the accumulation of the 
where S must be O. 

Bits 31-16 GREEN START 

Value = Starting value for the accumulati 
where S must be O. 

Read/Write 
Power-On Default: Undefined 

15 14 
o 

31 30 
o 

Bits 15-0 

S3d ViRGE 

ute. The format is S8.7, 

o 

16 

e r the accumulation of the red attribute. The format is S8.7, 

ing value for.the accumulation of the alpha attribute. The format is S8.7, 
st be O. 
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S3 Incorporated 

Triangle ZX Delta Register (TdZdX) (MMB554) 

Read/Write Offset: 8554H (3D Triangle) 
Power-On Default: Undefined 

15 

31 

Bits 31-0 ZX DELTA 

Value = Delta value for the accumulation of the Z a 
mat is S16.15. 

Triangle ZY Delta Register (TdZdY) (MMB558) 

Read/Write Offset 8558H (3D Trian 
Power-On Default: Undefined 

15 o 

31 16 

Bits 31.() zy DELTA 

a umulation of the Z attribute with respect to Y. The for-
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Triangle Z Start Register (TZS) (MMB55~) 

Read/Write Offset: 855CH (3D Triangle) 
Power-On Default: Undefined 

15 

31 

o 

Bits 31~ Z START 

Value = Starting value for the accumulation ofthe 
where S must be O. 

The Z attribute is used in conjunction with z-Mf~tlri\. 

Triangle XY12 Delta Register (TdXdY12) (MMB560) 

Read/Write Offset: B560H (3D TJI'· .... ;:'''''" 
Power-On Default: Undefined 

15 

31 

Bits31~ 

S3dViRGE 

o 

16 

umulation of the X attribute with respect to Y along the 

Section 15 for an explanation of this field. 
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Triangle X12 End Register (TXEND12) (IVIMB564) 

Read/Write Offset: B564H (3D Triangle) 
Power-On Default: Undefined 

15 

31 

o 

Bits 31-0 XY12 END 

Value = X coordinate for the last pixel drawn for si 
S must be O. 

See 3D Programming in Section 15 for an ex 

Triangle XY01 Delta Register (TdXdY01) (MMB568) 

Read/Write Offset: B568H (3D T~'aIlY~ 
Power-On Default: Undefined 

15 

31 

Bits 31-0 

S3d ViRGE 

o 

16 

umulation of the X attribute with respect to Y along the 

Section 15 for an explanation of this field. 

20-52 S3D REGISTER DESCRIPTIONS PRELIMINARY PROPRIETARY AND CONFIDENTIAL 



S3dViRGE 

sa Inoorponted 

Triangle X01 End Register (TXEND01) (MMB56C) 

Read/Write Offset: B56CH (3D Triangle) 
Power-On Default: Undefined 

15 

31 

o 

Bits 31-0 XY01 END 

Value = X coordinate for the last p~xel drawn for si 
S must be o. 

See 3D Programming in Section 15 for an ex a 

Triangle XY02 Delta Register (TdXdY02) (MMB570) 

Read/Write Offset: 8570H (3D T'I""_. ":~ 
Power-On Default: Undefined 

15 o 

31 16 

Bits 31-0 

umulation of the X attribute with respect to Y along the 
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S3 Inoorpor.ted 

Triangle X Start Register (TXS) (MMB57~) 

Read/Write Offset: 8574H (3D Triangle) 
Power-On Default: Undefined 

15 

31 
o 

Bits 31-0 X START 

Value = Starting value for the accumulation of the XAtwlrbllle 
where S must be O. 

Triangle V Start Register (TYS) (MMB578) 

Read/Write Offset: 8578H (3D Trian 
Power-On Default: Undefined 

15 o 

31 16 
o 

Bits 31-0 Y START 

ccumulation of the Y attribute. The format is S 11.20, 
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U Inoorponted 

Triangle Y Count Register (TY01_ Y12) (MMB57C) 

Read/Write Offset: 857CH (3D Triangle) 
Power-On Default: Undefined 

15 14 13 12 11 
R R R R R 

31 30 29 28 27 
L/R R R R R 

Bits 10"() SCAN LINE COUNT 12 

. Value = The number of scan lines required to rend 

Bits 15-11 Reserved 

Bits 26-16 SCAN LINE COUNT 01 

Bits 30·27 

Bit 31 

The triangle mus al 
with the largest Y 
scription. 

PROPRIETARY AND CONFIDENTIAL 

rendered in the direction starting with the triangle side 
e . See 3D Programming in Section 15 for a graphic de-
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sa Inaorporated 

Section 21: Streams Processor Register De 

This section describes the Streams Processor registers. 

In all register bit descriptions, the letter uRn identifies reserve 
undefined unless noted, and you may write only zero to a reserv 
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as Incorporated 

Primary Stream Control (MM8180) 

Read/Write Address: B1BOH 
Power-on Default: OOOOOOOOH 

15 14 13 12 11 10 9 8 7 

R R R R R R R R R 

31 30 29 28 27 26 25 24 23 

R PSFC R PSIDF R 

Bits 23-0 Reserved 

Bits 26-24 PSIDF - Primary Stream Input Data Format 
000 = RGB-B (CLUT) 
001 = Reserved 
010 = Reserved 
011 = KRGB-16 (1.5.5.5) 
100 = Reserved 
101 = RGB-16 (5.6.5) 
110 = RGB-24 (B.B.B) 
000 = XRGB-32 (X.B.B.B) 

Bit 27 Reserved 

Bits 30-28 PSFC - Primary Stream Filter. 
000 = Primary stream 
001 = Primary stream for: 
010 = Primary stream, -Ii 
Other values reserve 

Bit 31 Reserved 
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R R R 

22 21 

R R 
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Color/Chroma Key Control (MM8184) 

Read/Write Adds: 8184H 
Power-on Default: OOOOOOOOH 

15 

31 

R 

Bits 7-0 BN/Cr key value (lower bound for chroma) 

Bits 15-8 G/U/Cb key value (lower bound for chroma) 

Bits 23-16 AN key value (lower bound for chroma) 

Bits 26-24 RGB CC - RGB Color Comparison Precision 
000 = Compare bit 7 of RGB (compare re it 
001 = Compare bits 7-S of RGB 
010 = Compare bits 7-5 of RGB 
011 = Compare bits 7-4 of RGB 
100 = Compare bits 7-3 of RGB 
101 = Compare bits 7-2 of RGB 
110 = Compare bits 7-1 of RG 
111 = Compare bits 7-0 of R 

Bit 27 Reserved 

Bit 28 KC - Key Control 

S3dViRGE 

0= Extract key dat::\Ji:nrrN'rKp str key bit (if present), (KRGB-1S, 1.5,5.5 only) 
If the K bit is ,t ixe rom the other stream is used (transparent). If the K bit is 
1, the key bit s ea pi I is used (opaque) 

1 = Enable co ke 'n9 for all modes other than KRGB-16 

Bits 31-29 
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S3 'noorporeted 

Secondary Stream Control (MM8190) 

Read/Write Address: 8190H 
Power-on Default: OOOOOOOOH 

15 14 13 12 
R R R R 

31 30 29 28 
R SFC 

Bits 11-0 DDA Horizontal Accumulator Initial Value 

Value = 2 (WO-1) - (W1-1), where WO is the line wid 
is the line width in pixels after scaling. This is a si e 

When this field is programmed, the value do 

Bits 23-12 Reserved 

Bits 26-24 SDIF - Secondary Stream Input Data F 
000 = Reserved 
001 = YCbCr-16 (4.2.2),16-240 inp·,,"'''''''':1\00 
010 = YUV-16 (4.2.2), 0-255 inpu~ a 
011 = KRGB-16 (1.5.5.5) 
100 = YUV (2.1.1) 
101 = RGB-16 (5.6.5) 
110 = RGB-24 (8.8.8) 
111 = XRGB-32 (X.8.8.8 

ue does not take effect until the next VSYNC. 

Bit 27 Reserved 

Bits 30-28 

Bit 31 
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S3 Inoorpor.ted 

Chroma Key Upper Bound (MM8194) 

Read/Write Address: 8194H 
Power-on Default: OOOOOOOOH 

15 

31 
R 

Bits 7-0 VlCr key value (upper bound) 

Bits 15-8 U/Cb key value (upper bound) 

Bits 23-16 Y key value (upper bound) 

Bits 31-24 Reserved 

Secondary Stream Stretch/Filter Constants (MM819 

Read/Write Address: 8198H 
Power-on Default: OOOOOOOOH 

15 14 13 12 11 o 
R R R R R 

31 30 29 28 27 16 
R R R R R 

Bits 10-0 

e width in pixels of the initial output window (before 

Bits 15-11 

ammed, the value does not take effect until the next VSYNC. 

W1, where WO is the initial (unsealed) window width in pixels and W1 is 
tput window width in pixels. This is a signed value and will always be 

When this field is programmed, the value does not take effeet until the next VSYNC. 

Bits 31-27 Reserved 
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Blend Control (MM81AO) 

Read/Write Address: 81AOH 
Power-on Default: OOOOOOOOH 

15 14 13 12 10 9 8 7 6 5 4 

R R R R R R R R 

31 30 29 28 26 25 24 23 22 21 
R R R R COMP MODE R R R 

Bits 1-0 Reserved 

Bits 4-2 ,Ks 

Value = secondary stream blend coefficient 

When this field is programmed, the value d 

Bits 9-5 Reserved 

Bits 12-10 Kp 

Value = primary stream blend c 

Bits 23-13 Reserved 

Bits 26-24 
e ov y on primary stream 

overlay on secondary stream 
s (8 - Kp»)f8, ignore Ks 
s , where Kp + Ks must be ::;; 8 

S3dViRGE 

ream (secondary stream overlay on primary stream) 
key on secondary stream (primary stream overlay on 

rogrammed, the value does not take effect until the next VSYNC. 

Bits 31-27 

21-6 SP REGISTER DESCRIPTIONS PRELIMINARY PROPRIETARY AND CONFIDENTIAL 



S3dViRGE 

U Incorponted 

Primary Stream Frame Buffer Address O.(MM81CO) 

Read/Write Address: 81COH 
Power-on Default: Undefined 

If a primary stream is enabled, this register specifies the starting address in the frame tj ffe 

15 

31 
R 

Bits 21-0 

This value must be quadword aligned. 

Bits 31-22 Reserved 

Primary Stream Frame Buffer Address 1 (MM81C4) 

Read/Write Address: 81 C4H 
Power-on Default: Undefined 

Ifthe primary stream is double buffered, 
for the second buffer. 

15 o 

31 
R 
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S3 IncorpoNteci 

Primary Stream Stride (MM81C8) 

Read/Write Address: 81C8H 
Power-on Default: Undefined 

15 14 13 12 11 
R R R R 

31 30 29 28 27 
R R R R R 

Bits 11-0 Primary stream stride 

Value = byte offset of vertically adjacent pixels in t 

Bits 31-12 Reserved 

Double Buffer/LPB Support (MM81CC) 

Read/Write Address: 81 CCH 
Power-on Default: xxxxxxOOH 

15 14 13 12 11 5 4 3 2 1 0 
R R R R R LSL LIS R SBS PBS 

31 30 29 28 21 20 19 18 17 16 
R R R R R R R R R R 

Bit 0 S lect 
n9 address 0 (MM81CO_21-0) used for the primary 
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U Inoorponded 

Bits 2·1 SBS - Secondary Stream Buffer Select 
00 = Secondary frame buffer starting address 0 (MM81DO_21-0) used for the 

secondary stream 
01 = Secondary frame buffer'starting address 1 (MM81D4_21-0) us~d fOI: e 

secondary stream 
10 = Secondary frame buffer starting address 0 (MM81DO_21-0) used fo he 

secondary stream and LPB frame buffer starting address 0 (M FOC_ 1 
for the LPB input stream OR secondary frame buffer starting ddr 1 
(MM81 04_21-0) used for the secondary stream and LPB fram butler ~,I"fIIi"'" 
address 1 (MMFF10_21-0) used for the LPB input stream hic a~rn tiv 
applies is determined by LPB starting address register Ie d y b· 4 this 
register 

11 = Secondary frame buffer starting address 0 (MM81 _ 
secondary stream and LPB frame buffer starting dre 
for the LPB input stream OR secondary frame 
(MM81D4_21-0) used for the secondary strea 
address 0 (MMFFOC_21-o) used for the LPB in 
applies is determined by the LPB starting 
register 

Bit 3 Reserved 

Bit 4 LIS - LPB Input Buffer Select 
o = LPB frame buffer starting addr~~lY' 
1 = LPB frame buffer starting ad ess 1 lNIJMF1~ 

This bit selects the starting a 
the value programmed to t s 
this register. This bit can g 

B data into the frame buffer. When 
ta see is determined by the setting of bit 5 of 

a e ompletion of writing all the data for a 
frame to the frame buff v· ·1 6 this gister 

Bit 5 LSL - LPB Input Bu r Sit 
o = The value pro ect· 0 bit of this register takes effect immediately 
1 = The value pro a d to bit 4 of this register takes effect at the next end of 

frame (co let n ri· g all the data for a frame into the frame buffer) 

Bit 6 r Sele Toggle 
(c . n of writing all th~ data for a frame into the frame buffer) 

n e setting of bit 4 of this register 
s the setting of bit 4 of this register to toggle 

Bits 31·7 
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sa Inoorponted 

Secondary Stream Frame Buffer Address 0 (MM81 DO) 

Read/Write Address: 81DOH 
Power-on Default: Undefined 

If a secondary stream is e'nabled, this register specifies the starting address in the fram 

15 

31 
R 

Bits 21-0 

This value must be quadword aligned. 

Bits 31-22 Reserved 

Read/Write Address: 81D4H 
Power-on Default: Undefined 

If the secondary stream is double buffer 
buffer for the second buffer. 

15 o 

31 
R 

Bits 21-0 
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Secondary Stream Stride (MM81 08) 

Read/Write Address: 81D8H 
Power-on Default: Undefine~ 

15 14 13 12 11 
R R R R 

31 30 29 28 
R R R R 

Bits 11'() Secondary stream stride 

Value = byte offset of vertically adjacent pixels in t 

Bits 31-12 Reserved 

Opaque Overlay Control (MM81 DC) 

When an opaque overlay mode is being 
register can be programmed to elimin 
top (opaque) window. This reduces t 11Vf1~'" 
be full-screen when this feature is a~CVI"ct't'E 
31 is set to 1. Note that only hor" t 
handled automatically by the h d 

15 14 13 
R R R 

31 30 29 
OOC TSS R 

Bits2"() 

Bits 12-3 

e pixels for the rectangular area under the 
w· th requirements. The bottom window should 
e fields in this register have an effect unless bit 

must be specified. The vertical coordinates are 

3 2 1 0 
R R. R 
18 17 16 
R R R 

lu set in quadwords from the background starting pixel horizontal position to 
th Irst xel of the line not to be fetched from memory (hidden background) 

If the primary stream is the background, MM81FO_26-16 define the starting position 
for each line in the background window (XO) and MM81F8_26-16 define the first pixel 
position for each line in the top window (X1). The latter is the first background pixel 
that does not need to be fetched. The value programmed in this field is then (X1 - XO) 
x bytes per pixel/4. If the result is a fraction, it is rounded up the next highest integer. 
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sa Incorporated 

This gives the required quadword offset (0) for this field. This value is also used in 
the calculation for the field value of bits 28-19 of this register. 

Bits 18·13 

Bits 28·19 Pixel Start Fetch 

Value = {Offset in quadwords from the background starting 
to the line position of the resumption of pixel fetching fro 
ground)} - 1 

The value is determined by adding the Pixel Stop Fet 
3) to the width in quadwords of the top window (W 
pixels (P) is found in MM81F4_26-16 if the prima st am I on op and in 
MM81 FC_26-16 if the secondary stream is on top. in uad or = P x bytes per 
pixel/4. If this is a fraction, the result is trunca t 10 st integer. The value 
in this field is then [W + 0] - 1. 

Bit 29 Reserved 

Bit 30 TSS - Top Stream Select 
o = Secondary stream on top 
1 = Primary stream on top 

Bit 31 OOC - Opaque Overlay Contr: 
o = Opaque overlay control 
1 = Opaque overlay contr: 

K1 Vertical Scale Factor (MM81 

Read/Write 
Power-on Default: 000000 

15 14 
R R 

31 30 
R R 

Bits 10-0 K 

o 

16 
R 

ue = eight (in lines) of the initial output window (before scaling)) - 1 

When this field is programmed, the value does not take effect until the next VSYNC. 

Bits 31-11 Reserved 
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K2 Vertical Scale Factor (MM81E4) 

Read/Write Address: 81 E4H 
Power-on Default: OOOOOOOOH 

15 14 13 12 11 
R R R R R 

31 30 29 28 27 
R R R R R R 

Bits 10-0 K2 Vertical Scale Factor 

Value = 2's complement of [height (in lines) of the· 
ing)) - [height (in lines) of the final output window ft 

When this field is programmed, the value do 

Bits 31-11 Reserved 

DDA Vertical Accumulator Initial Value (MM81E 

Read/Write Address: 81E8H 
Power-on Default: OOOOOOOOH 

15 14 13 12 11 
R R R R 

31 30 29 28 
R R R R 

Bits 11-0 

Bits 31·12 

S3d ViRGE 

o 

16 
R 
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Ulnoorponted 

Primary Stream Window Start Coordin~tes (MM81 FO) 

Read/Write Address: 81FOH 
Power-on Default: Undefined 

15 14 13 12 11 
R R R R R 

31 30 29 28 27 
R R R R R 

Bits 10-0 Primary Stream Y-Start 

Value = Screen line number + 1 of the first line of t 

Bits 15-11 Reserved 

Bits 26-16 Primary Stream X-Start 

Value = Screen pixel number +1 ofthe 

Bits 31-27 Reserved 

Primary Stream Window Size (MM81F4) 

Read/Write Address: 
Power-on Default: Undefined 

15 14 13 12 o 
R R R R 

31 30 29 
R R R 

Bits 10-0 

lines displayed in the primary stream window 

Bits 15-11 

Bits 26-16 

- umber of pixels -1 displayed in each line in the primary stream window 

Bits 31-27 Reserved 
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Secondary Window Start Coordinates (~M81 F8) 

Read/Write Address: 81 F8H 
Power-on Default: Undefined 

15 14 13 12 11 

R R R R R 
31 30 29 28 27 
R R R R R 

Bits 10-0 Secondary Stream Y-Start 

Value = Screen line number +1 ofthe first line ofth 

Bits 15·11 Reserved 

Bits 26-16 Secondary Stream X-Start 

Bits 31·27 Reserved 
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Secondary Window Size (MM81 Fe) 

Read/Write Address: 81FCH 
Power-on Default: Undefined 

15 14 13 12 11 

R R R R R 

31 30 29 28 27 

R R R R R 

Bits 10-0 Secondary Stream Height 

Value = Number of lines displayed in the seconda 

Bits 15-11 Reserved 

Bits 26-16 Secondary Stream Width 

Bits 31-27 Reserved 
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Section 22: Memory Port Controlle 
Register Descriptions 

This section describes the Memory Port Controller (MPC) Registe fo ViR 
to adjust memory control signals and control the video data FIFO 

In all register bit descriptions, the letter "R" identifies re 
undefined unless noted, and you may write only zero to re,·""r""~i"\ 
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FIFO Control (MM8200) 

Read/Write Offset:8200H 
Power-On Default: Undefined 

11 10 6 5 

31 28 27 26 22 21 
R R R R R R 

Bits 4-0 PIS BOUNDARY - Primary/Secondary Stream FIFO Bou 
00000 = Primary Stream = 24 slots; Secondary strea 
01000 = Primary Stream = 16 slots; Secondary stre 
01100 = Primary Stream = 12 slots; Secondary stre 
10000 = Primary Stream = 8 slots; Secondary stream 1 
11000 = Primary Stream = 0 slots; Secondary - 4 

All other values are reserved and must no e 
word. 

Bit 5 Reserved 

Bits 10-6 

Value = Number of seconda 

When the secondary stre 
generated requesting r iii 
secondary stream FIF 

Bit 11 Reserved 

Bits 16-12 Threshold 

ViRGE 

4 

ach slot holds 1 quad-

FIFO empties down to this value, an internal signal is gener-

Bit 17 

Bits 20-18 

ting e of the primary stream FIFO. This value must be s the primary 
size p cified in bits 4-0 of this register. 

Va ber of the FIFO slot that, when when all slots above this are empty, trig-
gers a request for more data. The last slot to be emptied is slot O. 

This FIFO is used for DMA transfers from video memory to system memory and is 8-
deep x 64 wide. If, for example, 2 is programmed in this field, a request for more data 
is generated when the FIFO is drained to the point that 5 slots are empty. 
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Bits 31-21 Reserved 

MIU Control Register (MM8204) 

ReadlWrite Offset: 8204H 
Power-On Default: Undefined 

15 14 13 12 11 10 9 8 7 

R R R R R R R R R 
31 30 29 28 27 26 25 24 23 

R R R R R R R R R 

Bit 0 Reserved 

Bit 1 RP - RAS Pre-charge Control 
o = RAS pre-charge specified by CR68_3 ( . 
1 = RAS pre-charge = 1.5 MCLKs 

Bit 2 

Bit 3 

Bit 4 WL - WE Leading Ed 
o = WE leading ed 
1 = WE leading e e 

Bit 5 e ~ 

6 

CL 

22 

R 

specified by CR68_0 
yed one or three units, depending on the setting of 

Bit 6 ge Delay 
edge delay specified by CR68_' 
edge delayed one or three units, depending on the setting of 

Bits 31-7 

R 

16 

R 
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Streams Timout Register (MM8208) 

Read/Write Offset: 8208H 
Power-On Default: Undefined 

15 

31 
R 

Bits 7-0 SS TIMEOUT - Secondary Stream Timeout 

Value = number of MCLKs that the secondary stre 
memory before its grant is withdrawn 

Bits 15-8 PS TIMEOUT - Primary Stream Timeout 

Value = number of MCLKs that the prima 
ory before its grant is withdrawn 

Bit 16 PST - Primary/Secondary Tiebreaker 
o = Primary wins in case of a tie 
1 = Secondary wins in case of a 

Bits 31·17 Reserved 
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Miscellaneous Timout Register (MM82OC) 

ReadlWrite Offset: 820CH 
Power-On Default: Undefined 

15 

31 

Bits 7-0 CPU TIMEOUT 

Value = number of MCLKs that the CPU is given ac 
grant is withdrawn 

Bits 15-8 S3D ENGINE TIMEOUT 

Value = number of MCLKs that the S3D E 
fore its grant is withdrawn 

Bits 23-16 LPB TIMEOUT 

Value = number of MCLKs that t 
its grant is withdrawn 

Bits31-24 EXTTIMEOUT 

Value = number of MC s a 
ory before its grant is it r 
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DMA Read Base Address Register (MM~220) 

Read/Write Offset: 8220H 
Power-On Default: Undefined 

This register is used when the CPU is doing DMA transfers from video memory as spe . Ie 
ing bit 1 of MM8580 to 0 (read) and setting bit 0 of MM8480 to 1 (DMA enable). 

15 

31 
R 

Bits 2-0 Reserved = 0 

Bits 22-3 DMA READ BASE ADDRESS 

Value = Starting address in video memo 
(quadword aligned) 

Bits 31-23 Reserved 

DMA Read Stride/Width Register (MM822 

Read/Write Offset: 82 
Power-On Default: Undefined 

This register is used when the CR 
ing bit 1 of MM8580 to 0 (read) d 

15 14 13 
R R R 

31 30 
R R 

16 

321 0 
000 

19 18 17 16 
000 

lue = N mber of quadwords to add to the address at the end of a line to generate 
ss for the next line to be transferred 

A DMA transfer from video memory to system memory starts at the address speci
fied in MM8220_22_3 and proceeds for the number of quadwords defined by the 
value in bits 27-19 of this register. The stride value is then added to end of line ad
dress to get the addess for the start of the next line to be transferred. 
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Bits 15-12 Reserved 

Bits 18-16 Reserved = 0 

Bits 27-19 DMA READ WIDTH 

Value = [Number of quadwords per line to transfer to system me 

Bits 31-28 Reserved 
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Section 23: DMA Register Descripti 

This section describes the Direct Memory Access (DMA) registers f 
to control the two DMA channels when ViRGE operates as a PCI 
tranfer channel handles: 

• Compressed video data transfers from system mem 

• Decompressed video data (software MPEG) transf 

• Frame buffer data transfers to system memory 

For the latter case, the video memory read data loc io e are specified in MM8220 and 
MM8224. These are described in the Memory Po roll 

rawing parameter data from system 

In all register bit descriptions, the 
undefined unless noted, and you ay r" e 

reserved bits (a reserved bit's read value is 
to a reserved bit). 
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23.1 VIDEO/GRAPHICS DATA TRANSFER CHANNEL 

Video DMA Starting System Memory Address Register (MM8580) 

Read/Write Offset: 8580H 
Power-On Default: Undefined 

15 

31 

Bit 0 ENS - Video/Graphics DMA Enable 
o = Video/Graphics DMA disabled 
1 = Video/Graphics DMA enabled 

This bit is reset to 0 by the DMA contr 
transfer. 

Bit 1 

Bits 31-2 

ViRGE 

o 
ENB 

16 

dress when performing a DMA transfer from video mem-
~,nl'ttI\r fr ·system memory to the LPS output FIFO 
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Video DMA Transfer Length Register (MM8584) 

Read/Write Offset: 8584H 
Power-On Default: Undefined 

15 

31 
R 

Bits 1-0 Reserved 

Bits 23-2 .DMA TRANSFER LENGTH 

Value = (Number of double words to transfer) - 1. 

Bits 31-24 Reserved 

23.2 COMMAND TRANSFER CHANNEL 

Command DMA Base Address Register (M 

Read/Write Offset: 8590 
Power-On Default: Undefined 

6 5 4 3 2 1 0 
BS ENB 

31 21 20 19 18 17 16 

Bit 0 

Value = Command DMA buffer base address 

Bits 15-12 must be OOOb for a 64K buffer size (64K aligned). 
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Command DMA Write Pointer Register ~MM8594) 

Read/Write Offset: 8594H 
Power-On Default: Undefined 

15 

31 
R 

Bits 1-0 Reserved 

Bits 15-2 WRITE POINTER 

Value = next doubleword address after the last dou e . n to the system 
memory buffer 

Bit 16 WPU - Write Pointer Updated 

Software must set this bit to 1 each ti 
troller resets this bit to 0 when it begi 

Bits 31-17 Reserved 

DMA Read Pointer Register (MM8598) 

Read/Write Offset· 
Power-On Default: Undefined 

15 

31 
R 

210 
R R 

18 17 16 
R R R 

ress of next doubleword in system memory to be read by the DMA 

4 uff. address = base address 31-12 (concat) read pointer 11-2 (concat) 00 
64K buffer: address = base addess 31-16 (concat) read pointer 15-2 (concat) 00 

After this pointer value is initialized, it is is updated automatically by ViRGE. 

Bits 31-16 Reserved 
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Section 24: Local Peripheral Bus 
Register Descriptions 

This section describes the Local Peripheral Bus (LPB) registers. 

In all register bit descriptions, the letter "R" identifies res 
undefined unless noted, and you may write only zero to a serve 

S3dViRGE 
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LPB Mode Register (MMFFOO) 

Read/Write Address: FFOOH 
Power-on Default: OOOOOOOOH 

15 
R 

31 
CFL 

14 13 12 11 
R LBA CHS CVS 

30 29 28 27 
R R R R 

Bit 0 LE - LPB Enable 
0= LPB Disabled 
1 = LPB Enabled 

10 9 
LHS LVS 

26 25 
ILC SNO 

S3d ViRGE 

8 7 6 5 4 
R R CBS SF LR 

24 23 22 21 
CS R VFT 

Enabling the LPB causes the LPB mode pin config 
take effect. The exact pin configuration depe 
bits 3-1 of this register or which feature co 
the LPB is reset either by a system reset 

Bits 3-1 

d 4 ct as HS and VS respectively and 
e 1: o64V+ expects 16-bit Philips digitizer 

Bit 4 

e and then reset before switching between LPB modes. 

Bit 5 ame 
I ceived frames to memory 
ery other received frame to memory (1,3, etc.) 
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Bit 6 CBS - Color Byte Swap 
0= Incoming video is in U01, Yo, U01, y, format (e.g., CL-480), byte swapping enabled 
1 = Incoming video is in Yo, Uo" y" Vo, format (e.g., SAA7110), no byte swapping 

Bits 8·7 Reserved 

Bit 9 LVS - LPB Vertical Sync Input Polarity 
0= LPB vertical sync input is active low 
1 = LPB vertical sync input is active high 

Bit 10 LHS - LPB Horizontal Sync Input Polarity 
o = LPB horizontal sync input is active low 
1 = LPB horizontal sync input is active high 

Bit 11 CVS - CPU VSYNC (Write Only) 

Writing a 1 to this bit causes the Trio64V+ to do w 
to do upon receipt of a VSYNC. For example, 
only take effect at the next VSYNC. 

Bit 12 CHS - CPU HSYNC (Write Only) 

s it is programmed 
in certain registers 

Writing a 1 to this bit causes the Trio 
to do upon receipt of an HSYNC. 

~/blltelfler functions it is programmed 

Bit 13 

Bits 15·14 Reserved 

Bits 17·16 

Bits 20·18 

Bits 22·21 FIFO Threshdld 
slot 

IF slots 
10 - 0 slots 
11 = 6 FIFO slots 

When this many slots are filled in the video FIFO, a request is generated to the mem
ory manager to begin emptying the FIFO. This is used to maximize the efficiency of 
the memory interface. 
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Bit 23 Reserved 

Bit 24 CS - LPB Clock Source 
0= LPB clock driven by SCLK (pin 194) ~ 
1 = LPB clock driven by LCLK (pin 148) 

This bit allows for the LPB to be used in pass-through mode (MMF. 0_3- = 0 
when the Trio64V+ is configured for compatible mode. The LPB i no II rive y 
LCLK, but this is not available in compatible mode. t> 

Bit 25 SNO - Sync Non-Overlap 
0= No effect 
1 = Don't add stride after first HSYNC 

This bit must be set when the first HSYNC does no 
riod. . 

Bit 26 ILC -Invert LCLK 
o = Use LCLK as received 
1 = Invert the LCLK input 

Bit 24 of this register must be set to 1 

Bits 30-27 Reserved 

Bit 31 CFL - CFLEVEL Status (Read 0 

This bit reflects the state of 
mode. 
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LPB FIFO Status Register (MMFF04) 

Read Only Address: FF04H 
Power-on Default: 00000008H 

15 14 13 12 11 10 

R R OFAE OFE OFF R 
31 30 29 28 27 26 

F1AE VF1E VF1F R R R 

Bits 3-0 LPB Output FIFO Status 
0000 = 0 FIFO slots free 
0001 = 1 FIFO slot free 
0010 = 2 FIFO slots free 
0011 = 3 FIFO slots free 
0100 = 4 FIFO slots free 
0101 = 5 FIFO slots free 
0110 = 6 FIFO slots free 
0111 = 7 FIFO slots free 
1000 = 8 FIFO slots free 

Each slot contains 4 bytes 

Bits 10-4 Reserved 

Bit 11 OFF - LPB Output FIFO F 
o = Output FIFO not fu 
1 = Output FIFO full 

Bit 12 OFE - LPB Outpu 
o = Output FIFO n e 
1 = Output FI~"'''''''~' 

Bit 13 

Bits 19-14 

Bit 20 

9 
R 
25 
R 

Bit 21 V E - Video FIFO 0 Empty 
o = I eo FIFO 0 not empty 
1 = Video FIFO 0 empty 

8 7 
R R 

24 

R 

Bit 22 VFOAE - LPB Video FIFO 0 Almost Empty 

6 5 
R R 

0= Video FIFO 0 has something other than 1 slot filled 
1 = Video FIFO 0 has one slot filled 

S3d ViRGE 

4 
R 
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Bits 28-23 Reserved 

Bit 29 VF1 F - LPB Video FIFO 1 Full 
o = Video FIFO 1 not full 
1 = Video FIFO 1 full 

Bit 30 VF1 E - LPB Video FIFO 1 Empty 
o = Video FIFO 1 not empty 
1 = Video FIFO 1 empty 

Bit 31 VF1AE - LPB Video FIFO 1 Almost Empty 
o = Video FIFO 1 has something other than 1 slot filled 
1 = Video FIFO 1 has one slot filled 

LPB Interrupt Flags Register (MMFF08) 

Read/Write Address: FF08H 
Power-on Default: OOOOOOOOH 

15 14 13 12 11 10 9 

R R R R R R R 

31 30 29 28 27 26 
R R R R R R 

Bit 0 FEI - LPB Output FIFO E 
o = No interrupt 
1 = LPB output FIFO 

Bit 1 

Bit 2 

Bit 3 I Port Start Detect Interrupt Status 
0- terrupt 
1 = Serial port start condition detected 

S3dViRGE 

3 2 1 0 
SPS EFI ELI FEI 

19 18 17 16 
R SPM EFM ELM FEM 

A serial port start condition occurs when SPD (pin 206) is driven low by another de
vice while SPCLK (pin 205) is not being driven low. Writing a 1 to this bit clears the in
terrupt. 
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Bits 15~ Reserved 

Bit 16 FEM - LPB Output FIFO Empty Interrupt Enable Mask 
o = LPB output FIFO empty interrupt disabled 
1 = LPB output FIFO empty interrupt enabled 

Bit 17 ELM - End of Line Interrupt Enable Mask 
o = End of Line interrupt disabled 
1 = End of Line interrupt enabled 

Bit 18 EFM - End of Frame Interrupt Enable Mask 
o = End of frame interrupt disabled 
1 = End of frame interrupt enabled 

Bit 19 SPM - Serial Port Start Detect Interrupt Mask 
o = Serial port start detect interrupt disabled 
1 = Serial port start detect interrupt enabled 

Bits 23-20 Reserved 

Bit 24 SPW - Serial Port Wait 
o = Release SPCLK (pin 205) to float hi 
1 = Drive SPCLK (pin 205) low upon r ei 

Setting this bit to 1 enables seri 
the data. 

Bit 31-25 Reserved 

PROPRIETARY AND CONFIDENTIAL PRELIMINARY 

til the Host is ready to process 
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LPB Frame Buffer Address 0 Register (~MFFOC) 

Read/Write Address: FFOCH 
Power-on Default: OOOOOOOOH 

15 

31 
R 

Bits 21-0 LPB Frame Buffer Address 0 

Value = starting address 0 (offset in bytes from the 
ing LPB data to the frame buffer 

This value will normally be the same as the sdfVftoN:t~~ 
The value must start on an 8-byte bounda 

Bits 31-22 Reserved 

LPB Frame Buffer Address 1 Register (MMFF1 

Read/Write Address: FF1 
Power-on Default: Undefined 

15 o 

31 16 

R 

Bits 21-0 
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LPB Direct Read/Write Address Registe~ (MMFF14) 

Read/Write Address: FF14H 
Power-on Default: Undefined 

15 

31 
R 

Bits 20-0 LPB Direct Read/Write Address 

Value = address of SceniC/MX2/CL-480 register to r'~II~",1\t 

Bits 23·21 TT - Transaction Type (SceniC/MX2) 
000 = Register write 
001 = Register read 
110 = Compressed video data write from e 

generated by hardware when data· w tt 

Bits 31·24 Reserved 

LPB Direct Read/Write Data Register (MM 

Read/Write Address: Fi 
Power-on Default: Undefined 

15 

31 
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16 
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LPB General Purpose Input/Output Port Register (MMFF1C) 

Read/Write - see bit definitions 
Power-on Default: Undefined 

Address: FF1CH 

This register is available only for PCI bus configurations. 

15 
R 

31 
R 

14 13 12 11 10 9 8 7 
R R R R R R R 

30 29 28 27 26 25 24 23 

R R R R R R R R 

Bits 3-0 LPB General Purpose Output Data Port 

These bits are driven onto the LPB LD[3:0] lines wh 
CR5C. STWR is asserted (low) at this time for s 
data into an external buffer. 

Bits 7-4 LPB General Purpose Input Data Port (R 

Whenever a write is performed to CR 
used to enable a register to drive ~IiI"'IIil.lM 
then latched into these bits. 

Bits 31-8 Reserved 

S3dViRGE 

ed (low). This strobe can be 
of the LD[7:4] lines. This data is 
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Serial Port Register (MMFF20) 

See Bit Definitions Address: FF20H 
Power-on Default: OOOOOOOOH 

This register can also be accessed at I/O ports E2H or E8H. See the Serial Communica 
scription in Section 12. 

Bit 3 

~~~IJt1j·i6nal mode. When pin 205 
al state of the pin is read via 

device is driving this line) 

Bit 4 

Bits 5-7 

e 
- of this register disabled 

of this register enabled 

. Bit 8 it Mirror (Read Only) 
o Pin 5 is driven low 
1 = Pin 205 is tri-stated 

Bit 9 B1M - Bit 1 Mirror (Read Only) 
o = Pin 206 is driven low 
1 = Pin 206 is tri-stated 
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Bit 10 B2M - Bit 2 Mirror (Read Only) 
o = Pin 205 is low . 
1 = Pin 205 is tri-stated (no device is driving this line) 

Bit 11 B3M -Bit 3 Mirror (Read Only) 
o = Pin 206 is loW 
1 = Pin 206 is tri-stated (no device is driving this line) 

Bit 12 B4M - Bit 4 Mirror (Read Only) 
0= Use of bits 1-0 of this register disabled 
1 = Use of bits 1-0 of this register enabled 

Bits 31-13 Reserved 

LPB Video Input Window Size Register (MMFF24) 

Read/Write Address: FF24H 
Power-on Default: Undefined 

This register applies only to Video 8 In or Video 16 

15 14 . 13 12 11 
R R R R 

31 30 29 28 27 
R R R R R 

Bits 11-0 

S3dViRGE 

o 

16 

ed line after the offset specified in MMFF28_11-0. Be
d, the umber of pixels must be a multiple of 4. For example, in 
II idth is 637 pixels, this must be rounded up to 640. The 
hen 640 - 2 = 638. 

Bits 15-12 

Bits 24-16 

number of displayed lines - 1 after the offset specified in MMFF28_24_16. 

Bits 31-25 Reserved 
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LPB Video Data Offsets Register (MMFF28) 

Read/Write Address: FF28H 
Power-on Default: Undefined 

This register applies only'to Video 8 In or Video 16 mode 

15 14 13 12 11 

R R R R 
~ 30 29 28 16 

R R R R 

Bits 11-0 Horizontal Video Data Offset 

Bits 15-12 Reserved 

Bits 24-16 Vertical Video Data Offset 

Bits 31-25 Reserved 
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LPB Horizontal Decimation Control Register (MMFF2C) 

Read/Write Address: FF2CH 
Power-on Default: Undefined 

15 

31 

Bits 31"() Video Data Byte Mask 

Each 32 bytes of video .data input is compared wit . m sk. a b n this mask is 1, 
the corresponding byte is discarded. If a bit is a 0, he orre 0 ing byte is passed 
to the video memory. In Video 16 mode, each bit m k byt. pass-through 
mode, each bit masks 4 bytes. Normally, deci a· a witH it 0 after an HSYNC. 
If a horizontal video data offset is specified· MFF28_11- video 8 or 16 modes 
only), decimation aligns with the start of t 

LPB Vertical Decimation Control Register (MMFF. 

Read/Write Address: FF30H 
Power-on Default: OOOOOOOOH 

15 o 

31 16 

Bits 31..() 
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LPB Line Stride (MMFF34) 

Read/Write Address: FF34H 
Power-on Default: OOOOOOOOH 

15 14 13 12 11 
R R R R 

31 30 29 28 27 

R R R R R 

Bits 11-0 Line Stride 

Value = byte offset of vertically adjacent pixels 

This offset is added to the line starting address eac 
ing address. Each line must begin on an 8-b ~~~H)~ 

Bits 31-12 Reserved 

LPB Output FIFO Register (MMFF40) 

Read/Write Address: FF40 
Power-on Default: OOOOOOOOH 

. Writes to any of the addresses in this 8 
FIFO. This allows efficient use of th 
doubleword addresses. 

15 

31 

S3dViRGE 

t the new line start-

o 

16 

st never transfer more compressed data than there is room for in 
his information is read from MMFF04_3-Q. 
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Section 25: Miscellaneous Register Descf 

In all register bit descriptions, the letter uR" identifies reserved bi 
undefined unless noted, and you may write only zero to a reserve 

Subsystem Status Register (MM8504) 

Read Only Offset: 8504H 
Power-On Default: Undefined 

nitor 1.0. and the number of bits This read-only -register provides information on . 
per pixel. See the Subsystem Control (MM8504, rit for details on enabling and clearing 
'interrupts. 

15 14 13 12 5 4 3 2 1 0 
CD HD FIFO FIFO 3D VSY 

R R R DON DON EMP OVF DON INT 

31 30 29 21 20 19 18 17 16 
R R R R R R R R R R 

Bit 0 

Bit 1 

Bit 2 0 mand FIFP Overflow Interrupt Status 
e upt 

u generated 

Bit 3 P - Command FIFO Empty Interrupt Status 
o = No interrupt 
1 = Interrupt generated 
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Bit 4 HD DON - Host DMA Done Interrupt Status 
o = No interrupt . 
1 = Interrupt generated 

Bit 5 CD DON - Command DMA Done Interrupt Status 
0= No interrupt· 
1 = Interrupt generated 

Bit 6 3DF FIF - 530 FIFO Empty Status 
o = No interrupt 
1 = Interrupt generated 

Bit 7 LPB INT - LPB Interrupt Status 
o = No interrupt 
1 = Interrupt generated 

. Bits 12-8 S3D FIFO SLOTS FREE 
00000 = 0 slots free 

10000 = 16 slots free (530 FIFO is 16 s 

Bit 13 S3D ENG - 530 Engine Status 
o = 530 Engine busy 
1 = 530 Engine idle 

Bits 31-14 Reserved 

Write Only 
Power-On Default: Undefine 

ViRGE 

erru~ ources to be enabled or disabled. Interrupt status (Subsystem 
. This register also controls the software reset of the graphics 

.engine. 

9 8 7 6 5 4 3 2 1 0 

3DD VSy HDD 3DF CDD HDD FIFO FIFO 3DD VSY 
ENS ENS ENS CLR CLR CLR CLE CLO CLR CLR 

25 24 23 22 21 20 19 18 17 16 

R R R R R R R R R R R R 

Bit 0 VSY CLR - Clear Vertical Sync Interrupt Status 
0= No change 
1 = Clear 
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Bit 1 3DD CLR - Clear S3D Engine Done Interrupt Status 
o = No change . 
1 = Clear 

Bit 2 FIFO CLO - Clear Command FIFO Overflow Interrupt Status 
0= No change 
1 = Clear 

Bit 3 FIFO CLE - Clear Command FIFO Empty Interrupt Status 
0= No change 
1 = Clear 

Bit 4 HOD CLR - Clear Host DMA Done Interrupt Status 
0= No change 
1 = Clear 

Bit 5 COD CLR - Clear Command DMA Done Interrupt St 
0= No change 
1 = Clear 

Bit 6 3DF CLR - Clear S3D FIFO Empty Interru 

Bit' 

0= No change 
1 = Clear 

Bit 8 VSY ENS - Vertical Sync 
0= Disable 
1 = Enable interrupt 

Bit 9 

ViRGE 

he 3D Engine completes its current task and becomes 

Bit 10 

Bit 11 

rupt when the command FIFO becomes empty and CR32_ 4 = 1 

Bit 12 Command DMA Done Interrupt Enable 
o Disa 
1 = Ie interrupt when a command DMA transfer is complete and CR32_4 = 1 

Bit 13 3DF ENS - S3D FIFO Empty Interrupt Enable 
0= Disable 
1 = Enable interrupt when the S3D FIFO become~ empty and CR32_ 4 = 1 
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Bits 15-14 S3D RST - S3D Engine Software Reset 
00 = No change 
01 = S3D Engine enabled 
10 = Reset 
11 = Reserved 

Setting CR66_1 to 1 is equivalent to setting these bits to 10b. 

Bits 31-16 Reserved 

Advanced Function Control Register (MM850C) 

Read/Write Offset: 850CH 
Power-On Default: Undefined 

15 14 13 12 11 10 9 8 7 

R R R R R R R R 

31 30 29 28 27 26 25 
R R R R R R R 

Bit 0 ENB EHFC - Enable Enhanced 
o = Enable VGA and VESA p 
, = Enable all other modes n 

Bits 3-1 Reserved 

Bit 4 

f CR58 and is equivalent to it. 

ViRGE 

2 1 0 
ENB 

R R EHFC 

18 17 16 
R R R 
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Section 26: PCI Register Descriptio 

The PCI specification defines a configuration register space. These e ·st all 
device independent system address map construction and auto . 0 fig atio 
a subset of these registers, which are described below. 

The configuration register space occupies 256 bytes. When r:n-,_fiti\.J 

issued, the AD[7:0] lines contain the address ofthe register· 
or returns 0 for the first 64 bytes of this space. 

In the following register descriptions, 'R' stands for I: se e 

Vendor 10 

Read Only 
Power-On Default: 5333H 

This read-only register identifies th 

Bits 15-0 
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DevicelD 

Read Only Address: 02H 
Power-On Default: 5631 H 

Bits 15-0 Device 10 

Hardwired to 5631 H (initial stepping) 

Command 

Read/Write Address: 04H 
Power-On Default: OOOOH (PC/); 0003H (VL) 

This register controls which types of PCI cycles ViRG c 

15 14 13 12 11 10 9 

R R R R R R 

Bit 0 I/O - Enable Response to 0 cc 
o = Response to I/O sp e 
1 = Response to I/O 

Bit 1 MEM - Enable Re 0 

o = Response to m 
1 = ResponsetAO"'IiIlIel'Jl 

Bits 3-2 

Bit 4 

AC Register Access Snooping 

S3dViRGE 

3 210 
MEM I/O 

BME R R 

lalms and responds to all RAMDAC register access cycles 
E erforms RAMDAC register writes but does not claim the PCI cycle. 
~C register read accesses are performed by ViRGE. 
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-Status 

Read/Write Address: OSH 
Power-On Default: 0200H 

Bits 8-0 Reserved 

Bits 10-9 DEVSEL - Device Select Timing 
01 = Medium DEVSEL timing. (hardwired) 

Bit 11 Reserved 

Bit 12 RTA - Received Target Abort 
0= No effect 
1 = Bus master transaction terminated wit 

Bit 13 RMA - Received Master Abort 
0= No effect 
1 = Bus master transaction termina 

Bits 15-14 Reserved 

Class Code 

Read Only 
Power-On Default: 30000H 

31 

PROPRIETARY AND CONFIDENTIAL PRELIMINARY 
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O. 

16 
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Latency Timer 

Read/Write Address: ODH 
Power-On Default: OOOOH 

Bits 7-0 Reserved 

Bits 10-8 Reserved = 0 

These are the 3 Isb's of the latencv timer value, pro 

Jlits 15-11 BM LATENCY TIMER - Bus Master Latency TImer 

Value = number of PCI clocks ViRGE can ke 
removed 

S3d ViRGE 

These are the 5 msb's of this value. T t 
programmed by the systemBIOS bas d i 

a OOOb. This value is normally 
e quested value in bits 15-8 of 

3EH. 

Base Address 0 

Read/Write Address: 2 
Power-On Default: 7000 OOOOH (PCI) 

15 14 13 12 6 5 4 3 2 1 0 
R R R R R R R PREF MSI 

=0 TYPE =00 =0 
31 23 22 21 20 19 18 17- 16 

R R R R R R R R 

IAmlll!o.QiPUddress Relocation 
anywhere in 32-bit address space (hardwired) 

- Pr fetchable 
not meet the prefetchable requirements (hardwired) 

Bits 22-4 Reserved 
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Bits 31-23 BASE ADDRESS 0 

Value = upper 6 bits of the base address for accessing ViRGE registers and memory 
via memory-mapped 1/0 

This field provides for address relocation. ViRGE maps the upper 6 bits t regi 
to the Linear Address Window Position register CR59. Bits [31:26J p to its - of 
CR59. Consequently, these bits map to system address bits [31:2 . A he dCtr s 
bits (25-4) return 0 on read. 

BIOS ROM Base Address 

Read/Write Address: 32H (high).30H (low) 
Power-On Default: OOOC OOOOH 

15 14 13 12 11 10 9 
R R R R R R R 

31 30 29 28 27 

Bit 0 ADE - Address Decode Enable 
o = Accesses to the BIOS ROM 
1 = Accesses to the BIOS RO 

Bits 15-1 Reserved 

Bits 31-16 

Interrupt Line 

Bits 7-0 INTERRUPT LINE 

8 
R 

PROPRIETARY AND CONFIDENTIAL PRELIMINARY 

2 1 
R R 

18 17 

d ned in this register are disabled 
fined in this register are enabled 

0 
ADE 

16 
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Interrupt Pin 

Bits 7-0 INTERRUPT PIN 

La1ency/Grant 

Read Only Address: 3EH 
Power-On Default: TBD 

Bits 7-0 MINIMUM GRANT 

Bits 15-8 MAXIMUM LATENCY 

ss in units of 250 ns (33 MHZ' clock) 
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Appendix A: Listing of Raster Operati 

ViRGE supports all 256 triadic raster operations 
(ROPs) for BitBl Ts as defined by Microsoft for 
Windows. The coding for these is found on the 
following pages. 

The HEX value in the first column is the ROP 
code. This value must be programmed into bits 
7-0 of D2E8H atthe time that a ROPBl T command 
is executed. 

S = Source bitmap 

P = Pattern 

D = Destination bitmap rogramming using ROPBL Ts is explained in En
hanced Programming section. 
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In Reverse Polish iHEX 
00 o 

I HEX In Reverse Polish 
12C SPDSoax 

01 DPSoon ; 20 PSDnox 

02 DPSona :: 2E PSDPxox 

03 PSon 2F PSDnoan 

04 SDPona 30 

05 DPon 31 

06 PDSxnon 32 

07 PDSaon 33 

08 SDPnaa 34 

09 PDSxon 35 

OA DPna 36 

OB PSDnaon 37 

OC SPna \38 
00 PDSnaon 
OE PDSonon 
OF Pn 
10 PDSona 
11 DSon 
12 SDPxnon SPDSnaox 

13 SDPaon PSan 

14 DPSxnon PSDnaa 

15 DPSaon DPSxon 

16 PSDPSanaxx SDxPDxa 

17 SSPxDSxaxn SPDSanaxn 

18 SPxPDxa SDna 

19 DPSnaon 

1A DSPDaox 

1B 1 47 PSDPxaxn 

1C :: 48 SDPxa 

10 ; 49 PDSPDaoxxn 

1E 14A DPSDoax 

1F 14B PDSnox 

20 ! 4C SDPana 

21 
22 

140 SSPxDSxoxn 
I 4E PDSPxox 

23 i 4F PDSnoan 

24 i 50 PDna 

25 
26 
27 

51 DSPnaon 
:! 52 DPSDaox 
.. 53 SPDSxaxn 

28 
29 PSDPSaoxxn 

54 DPSonon 
: 55 On 

2A 
2B 

DPSana 
SSPxPDxaxn .~ 57 DPSoan 

56 DPSox 

............. .·.· ......... ·•••·•·.· ••• ·.v.·.· ......... ·.· ... ·............. •·.·•·•·.·.·.•.·.· ... ·.·.·.·.·.·.·.·u.·.·.· ......... •.·.·•· ..... ~............................... ::......................................................................................... . .............................................................................. , ........................................... . 
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HEX In Reverse Polish HEX In Reverse Polish 
58 PDSPoax 84 SDPxna 

59 DPSnox 85 
5A DPx 86 
5B DPSDonox· 87 
5C DPSDxox 88 
50 DPSnoan 89 
5E DPSDnaox 8A 

5F o Pan 8B 

60 PDSxa 8C 

61 DSPDSaoxxn 80 
62 DSPDoax 8E 

63 SDPnox 8F 

64 SDPSoax 90 
65 DSPnox 91 
66 DSx 
67 SDPSonox 
68 DSPDSonoxxn 

69 PDSxxn 
6A DPSax 
6B PSDPSoaxxn PSDPSonoxx 
6C SDPax SDPSonoxn 
60 PDSPDoaxxn DSxn 
6E SDPSnoax DPSnax 
6F PDSxnan SDPSoaxn 
70 PDSana SPDnax 
71 SSDxPDxaxn DSPDoaxn 
72 SDPSxox DSPDSaoxx 

73 SDPnoan PDSxan 
74 i AO DPa 

75 i A1 PDSPnaoxn 
76 lA2. DPSnoa 
n A3 DPSDxoxn 

78 ! A4 PDSPonoxn 

79 ; A5 PDxn 
7A ! A6 DSPnax 
7B A7 PDSPoaxn 

7C A8 DPSoa 

70 A9 DPSoxn 

7E AA o 
7F ; AB DPSono 

80 , AC SPDSxax 

81 SPxDSxon AD DPSDaoxn 

82 DPSxna .. AE DSPnao 

83 SPDSnoaxn AF DPno 
:: •••• ~ .................. ~ ........... ,.... •• ..... • ... ~ .... ~ .... • ... ~ .... • ... ~·N".,. ................... ••• ... • ... ·.v ............. ·.·.~· ..... ~·................. • ....................................... , ............................................................................. ; 
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HEX In Reverse Polish HEX In Reverse Polish 
BO PDSnoa DC SPDnao 
B1 PDSPxoxn DO SDno 
B2 SSPxDSxox DE SDPxo 
B3 SDPanan OF SDPano 
B4 PSDnax EO 
B5 DPSDoaxn E1 
B6 DPSDPaoxx E2 
B7 SDPxan E3 
B8 PSDPxax 
B9 DSPDaoxn 
BA DPSnao 
BB DSno 
BC SPDSanax 
BD SDxPDxan 
BE DPSxo 
BF DPSano 
co PSa 
C1 SPDSnaoxn 
C2 SPDSonoxn 
C3 PSxn SDPnoo 
C4 SPDnoa P 
C5 SPDSxoxn PDSono 
C6 SDPnax PDSnao 
C7 PSDPoaxn PSno 
C8 SDPoa PSDnao 
C9 SPDoxn PDno 
CA DPSDxax PDSxo 
CB SPDSaoxn PDSano 
CC S F8 PDSao 
CD F9 PDSxno 
CE FA DPo 
CF FB DPSnoo 
DO Fe PSo 
01 FD PSDnoo 
02 FE DPSoo 
03 FF 1 

::~'''''''''V'''''~'''''''''''''''''''''N. ... " ..... "" .. """" ......•. " .......... · .•. ·ov .... N ........................ A' ................. • .................. ••• ....... • ..... • ..... •.•••.••• ..... ·.·.·u ... · ..... ·.·UN-.·.·.· ..................... • ......................... : 

D4 
05 
06 
07 
08 
09 SDPSaoxn 
DA DPSDanax 
DB SPxDSxan 
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Appendix B: Register Reference 

This Appendix contains tables listing all the registers in each of cat 
16-26 of this data book. .. VGA 

• S3VGA 

• System Control 

• System Extension 

• S3D 

• Streams Processor 

• Memory Port 

• DMA 

• LP8 

• Miscellaneous 

• PCI Configuration Space 

Within each table, registers are Ii te 
bit descriptions with read/write s tu 
provided for each, register. 

PROPRIETARY AND CONFIDENTIAL 

or r of increasing addresses/indices. Name, address, register 
d e page number of the detailed register description are 

d dices are hexadecimal values. 
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B.1 VGA REGISTERS 

1 = B for monochrome, D for color. 

Table 8-1. VGA Registers '" /\ 

Aredsds Index Register Name f'....... I htts~a(pt.J6n 
Bit(s) Bit Description _\ _ ~"fag6 

General or External Res isters A. \ ~ ')V 
3C2 Miscellaneous Output A\.\ j "16-1 

o W Color emulation. Address based at 3Dx / j, ,\ \ 
1 W Enable CPU access of video memory / _ ( ,,\J 

3-2 W Video DCLK select. Enable DCLK PLI..{o.g , ,7 
4 W Reserved ( ~ " 
5 W Select the high 64K page of memo~, ,) 
6 W Make HSYNC an active low si/rl~, y 

7 W Make VSYNC an active lo~1 ~ ) 
3ce Miscelianeou.sOutput L .~~ , -......" 16-1 

o R Color emulation. Addr~s ~s~ ~x>x, 
1 R Enable CPU access of~e¥m~I\II~yI' 

4 R Reserved / ~" / 
5 R Select the h~64\.pag~of tn\6torv 
6 R Make HS~ C ~~cti\re IJw ~ignal 
7 R Make V£Y~n 'k\i..velo~signal 

31A Featutl'C~~~ ,"J' 16-2 
2-0 W R~rvW / ~J 
3 W (S~ is ~ed with the internal display enable signal 

3CA If F~ c~ol 16-2 
2-0 R \. ~rved) ~ 
3 If ~VS~ ~ORed with the internal display enable signal 

3C2 \ \ \ h~~ Status 0 16-3 

3-CY:~ " ..J Reserved 
( /'r-J' ~ .Ahe internal SENSE signal is a logical 1 

_ ~ 5 l ~R \ Reserved 
~ \ ~ J Vertical retrace interrupt to the CPU is pending 
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Table B-1. VGA Registers (continued) 

Add Index Register Name Description 
ress Bit(s) R/W Bit Description /\ Paste 
37A Input Status 1 \ \. 16-3 ... 

0 R The display in not in active display mode ... '- "\. /) 
1 R Reserved 

( "'" ." v/ 
2 R Reserved = 1 \ .... .............. V 
3 R Vertical retrace period is active /\. \ V ~ 

54 R Feedback of two color outputs for test purpo~ ~ \ ( 

7-6 R Reserved L/~'\1 \ 
3C3 Video Subsystem Enable / "\. '\0/ 16-4 

0 Enable VGA display AV"\."\. V 
7-1 RNV Reserved ,"\. .~ "" 

Sequencer Registers ~" V 
3C4 Sequencer Index ~ ~ '\ 16-5 

4-0 RNV Index to the sequencer regi,(er}~be~ ,~ 

7-5 RNV Reserved ~/:A.. " 
3C5 Se_quencer Data { (/ /'A) 16-5 

7-0 RNV Data to or from the ~cer r.e'gi,fer JCcessed 

3C5 00 Reset (SRO) /_,"V/ 16-6 
0 RNV Asynchronous rlse(fnot'\in~ ~a;i'or ViRGE 

1 RNV SynchronouaA\t (~ fun\:ti< Inar for ViRGE) 

7-2 RNV Reserved ~ '" "\."\. V J 
3C5 01 Clocking lffoc:M ·'kn& L 16-6 

0 RNV Chare.eferAO&S)~ 8 ~ wide 

1 RNV ReA\edV / V 
2 RNV Lo\d t~\vid~ serializers every second character clock 

3 RNV ~ ~e~'\.ch~cter clock is 1/2 the DCLK frequency 
4 RNV <. Loadtlt'e via-.~erializers every fourth character clock 

5 RNV~ -.....'sc~ed off 
3C5 02 f _ E~le 'write Plane 'SR2) 16-7 

3-0 RA N{ 'En' ible~a CPU write to the corresponding color plane 

7-4 L& ~, ~e ewed 

3C5 03/ >\. ~a" Icter Font Select (SR3) 16-8 

4, 110 I ~I\t'" ~lectFontB 
5,3\2 ' RM Select Font A 

7-6\ ~ ~ l Reserved 

3C5 04 ~./ Memory Mode Control (SR4) 16-9 

0 RNV Reserved 

1 RNV Memory access to 256K allowed (required for VGA) 

2 RNV Sequential addressing for CPU video memory accesses 
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Table B-1. VGA Registers (continued) 

Add Index Register Name Description 
ress Bit(s) R/W Bit Description/\ Page 

3 RMI Modulo 4 addressing for CPU video memory accesses \ I\. 
7-4 RMI Reserved \ '\. /) 

3C5 08 Unlock EXtended Sequencer (SR8) ("" I'\. 1~1~ 
7-0 RNV Load xxxx0110b to unlock SR9-SR1C \ .. ~'\./ 

3C5 09 R/W Extended Sequencer 9 (SR9) 7\.. \ V ~ ~10 
6-0 RMI Reserved A. '\. \ I -
7 RNV Memory-mapped 1/0 onlv (no Pia) / / \.. ,,\ \ 

3C5 OA Extended Sequencer A (SRA) / '\. '\. V 16-10 
4-0 RMI Reserved A ~ \.. V 
5 RMI PD[63:0) not tri-stated ('\. \.. \.. 
6 RNV Pin 50 is RAS1 _ \.. \.. V 
7 RNV 2 MCLK memorv writes -.:t ~, 

3C5 08 Extended Sequencer 8 (SRaY "" ~ ) '-, 16-11 
o RNV Use VCLKI for internal dotflloA~o~ (test onlv) 
1 RMI Pixel data from VAFC lalhe(b(V~ J 

3-2 RMI Reserved _ \.. ,.. / / " 
7-4 RMI Specify color modlior fea~ cM'n~or input 

3C5 OD Extended Seque-'ert6 (~I»)\'\. / 16-12 
o RMI Enable featu~n~or obe~t~n 
1 RMI Select LPBA..tu~\on~ orj 

3-2 RMI Reservei"' / ~ \.. '\. / 
5-4 RMI HSYNt' c~t~ f~'<3r~C reouirements 
7-6 RMI VS~ cMrollor G'Mn PC reouirements 

3C5 10 MCi!l ~e L'w (SR10) 16-13 
4-0 RMI ~CtXN~\id~value 
6-5 RMI < MC~ va~ 

3C5 11 I .. M\\..KVt.lue High (SR11). 16-13 
6-0 RAN ( "'Ml:ht< ~-divider value 
7 -B/W , ~e erved 

3C5 12/ >, ~LJ Value Low (SR12) 16-14 
44 ~ 1(~~CLK N-divider value 
6-& 'RrJv DCLK R value 
7 \ I~ Reserved 

3C5 13 """ ./ DCLK Value High (SR13) 16-14 
6-0 RMI DCLK M-divider value 
7 RMI Reserved 
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Table B-1. VGA Registers (continued) 

Add Index Register Name Description 
ress Bit(s} R/W Bit Description A Page 

3CS 14 CLKSVN Control 1 (SR14) <. l\. 16-15 
a RNV DCLK PLL powered down (test only) '\ '\./) 
1 RNV MCLK PLL powered down (test only) ~ '\.V/ 
3 RNV Test MCLK (test only) \ ........ ,'\./ 
4 RNV Clear clock synthesizer counters (test only) /\. \V ,7 
5 RNV Pin 146 tri-stated A "- \ / -
6 RNV MCLK is input on pin 146 (test only) / /'\. '\.\ \ 
7 RNV DCLK is input on pin 156 (test only) / "- '\.V 

3CS 15 CLKSVN Control 2 (SR1S) A/'\. "- V 16-16 
0 RNV Load new MCLK frequency ('\. '\.'\. 
1 RNV Load new DCLK freguency ,....\.'\. V 
2 RNV MCLK output on pin 147 (test~ly) ~ ~ 
3 RNV VCLK direction determined ~ ~L~ I 
4 RNV Divide DCLK by 2 //A'\. -
5 RNV Load MCLK and DCLK iLL {a~s ,L.~ -'~teIY 
6 RNV Invert DCLK -'\.'Or//y 
7 RNV Enable 2 MCLK ml'mo_rv ~ s V / 

3CS 16 CLKSVN Test Hisll (~16t\ " ~L 16-17 
7-0 RNV Reserved /\.'\. '\. \ I v 

3C5 17 CLKSVN Te,f\ugh'll.Rnv J 16-18 
7-0 RNV Reservei"' / ~ '\. '\. / 

3CS 18 RAMD~/oC~vbl~o~ (SR18) 16-18 
0 RNV R~c\lst£ouniVenabled (test only) 

1 RNV R&tet~~C test counter 

2 RNV ~ac\re~ta \cl internal data bus (test only) 

3 RNV < Pla~ee~ on internal data bus (test only) 

4 RNV, ....... '\J?I~ ~a on internal data bus (test only) 

5 R~ ~wMown RAMDAC 

6 RW( "S~ kt) cycle LUT write 

7 RW\ ~A M~AC clock doubled mode enabled 

3CS 1C/ ~ ~ell1ded Sequencer 1C (SR1C) 16-19 

1-/l I l(~ ~Iect functions for pins 151 and 190 
1\ , RM! Reserved 

~ 
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Table B-1. VGA Registers (continued) 

Add Index Register Name 
Bit Descri~jon 

I Description 
AI Page ress Bit(s) R/W 

CRT Controller Registers " 314 CRT Controller Index \ ~6-26) 
7-0 RNI/ Index to the CRTC register to be accessed (~, v / 

315 CRT Controller Data \ " ,'IM"0 
7-0 RNI/ Data to or from the CRTC register accessed /\. \ V ~} 

315 00 Horizontal Total (CRO) .A , \ { 16-21 

7-0 RNI/ Number of characters in a line -5 / /, ,\ \ 

315 01 Horizontal Display End (CR1) /" V 16-21 
7-0 RNI/ One less than the total number of dis~arkters V 

315 02 Start Horizontal Blank (CR2) ~ '\. '\. '\. 16-22 
7-0 RNI/ Character count where horizonta~n~g ~rts ~ 

315 03 End Horizontal Blank (CR3) .... ( ~ '\. 16-22 
4-0 RNI/ End position of horizontal bl~k~ ~ I 
6-5 RNI/ Display enable skew in cl)lraofe~ks'\. 
7 RNI/ Reserved ( < / / A ) 

315 04 Start Horizontal Sun,. D.a:ttion um4f T 16-23 
7-0 RNI/ Character count ~re HS~C WesAtive 

315 05 End Horizontal ~nJos~ n'~5f 16-23 
4-0 RNI/ Position whe~Y~ gods i tatfive 

6-5 RNI/ Horizontal Ac~~ ~" ig character clocks 

7 RNI/ End horil6"ntA' ~nk1x~bit V 
315 16-24 

7-0 RNI/ Nu~~n~-2 V 
315 07 CR1\. O~o' (CR7) 16-24 

1 ' RNI/ < Ve~dis~nd bit 8 

3 R/ ~ _ ~rt ~rtical blank bit 8 

4 RA N ( "Lirt ~o~pare bit 8 
5 BI (V , \ter ical total bit 9 

6 / R ~ "'-Jvej ical display end bit 9 
7{ I jIIjIv~~ ~rtical retrace start bit 9 

315 oa \ \ Preset Row Scan (CR8) 16-25 
4-0 \ ~ Line where first character row begins 

6-5 .... r-....BN/ Number of bytes to pan horizontally 

7 RNI/ Reserved 
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Table B·1. VGA Registers (continued) 

Add Index Register Name Description 
ress Bit(s) R/W Bit Description A Page 
315 09 Maximum Scan Une (CR9) <. 1\ 16-25 

4-0 RNV Character height in scan lines -1 \ '\. /) 
5 RNV Start vertical blank bit 9 ("-.. '\.v/ 
6 RNV Line compare bit 9 \ .... "" ,'\./ 
7 RNV Double scanning (repeat each line) enabled /\. \ V "'- )' 

315 OA Cursor Start Scan Une (CRA) A'\.\_I -16-26 

4-0 RNV Cursor starting line within'the character celY / '\. '\. \ \ 

5 RNV Turns off the cursor / \. '\.'\V 
7-6 RNV Reserved A/\. \. V 

315 OB Cursor End Scan Une (CRB ~~ ~~ 16-26 
4-0 RNV Cursor ending_line within the cha~te~ell~ V 
6-5 RNV Cursor skew to right in charac"tafs ~ "-
7 RNV Reserved L~_~ J 

315 OC Start Address High (CRC) / / A '\. - 16-27 
7-0 RNV Bits 15-8 of the display cfa~dlre~). ) 

315 00 Start Address Low fCBDl.. '\. ... / / ,,- 16-27 
7-0 RNV Bits 7-0 of the dis~y sta~drM' / 

315 OE Cursor LOCatiO~:C~~ ~dware Cursor 16-27 
Foreground Co On han eel de) (CRE) 

7-0 RNV Bits 15-8 ofN ~orlacalio~ start address 
315 OF Cursor L=~~f8r Hardware Cursor 16-27 

Backgro d 0 ced Mode) (CRF) 
7-0 RNV Bits}(i ) o(t~ c.J's~lo)ation start address 

315 10 Ve~a) ~iaJ Start (CR10 16-28 
7-0 RNV Ve~al ~~ac~tart in scan lines 

315 11 ;f;- ~ .,,'\. tnd fCR11) 16-28 
3-0 RNV '\.. Ve~al retra ~ end in scan lines 

4 R/VIJ" ~ea~h~ ical retrace interrupt flip-flop 

5 R~ ~I ~ D~I~ertical interrupts 

6 R!1 IV\ 'ivE MM refresh cycles per horizontal line 

7 ~ & ~ ~ J.o~ ~ writes to CRD-CR7 

315 12/ ~) Ve¢cal Display End (CR12) 16-29 

7-<1 RNi ~Number of scan lines of active video 

315 13\ \. J 'I Offset (CR13) 16-29 
7-0 \ ~j Mem~ry start address jump from one scan line to the next 

"'-"'" 
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Table B-1. VGA Registers (continued) 

Add Index Register Name Description 
ress Bit(s) R/W Bit Description ~ Page 
315 14 Un~erline Location (CR14) <. I\. 16-30 

4-0 RNV Horizontal scan line where underline occurs \ '\. / '\ 
5 RNY Memory address counter increment is 4 character cl~ .:\. v L 
6 RNY Memory accessed as doublewords . \....... '" '\.. / 
7 RNY Reserved /\. \ V ~)-

315 15 Start Vertical Blank (CR15) ~ '\. \/ -16-30 
7-0 RNY Horizontal scan line where vertical blankina.lta.Pfs'\. '\. \ \ 

315 16 End Vertical Blank (CR16 / ~ '\. W 16-31 
7-0 RNY Horizontal scan line where vertical bla~s '\. V 

315 17 CRTC Mode Control (CR17) ~ "\ '\. '\. 16-31 
o RNV Enable bank 2 mode for CGA er 'Mtio~ '\. V 
1 RNY Enable bank 4 mode for CGA ~ lulati~ ~ 
2 RNV Use horizontal retrace clock)!1lvi ~. b~ j '-, 
3 RNY Enable count by 2 mode / / A" -
4 RNV Reserved ( < / /~ ) 
5 RNY Enable eGA mode a~ wrarl' / " 
6 RNY Use byte address,6'ode '" V / 
7 RNY Horizontal and "'rtillll r~c~kJn;fs enabled 

315 18 Line Compareat8)'\. \ v 16-33 

7-0 RNY Line at wh~e~'\ry_~ e~ counter cleared to 0 

315 22 CPU Latclfb_a k~ / 16-33 
7-0 R ValueA tp6 orsU)~ch ~"the graphics controller 

315 24,26 Attri~ C¥trJdler Fh.6/lndex 16-34 
5-0 R Va\i.e~e ~ribute controller index data at 3COH 

7 R < Stat~ inv~ internat address flip-flop 
Graphics Controller - .'- ~........... / 

3CE f "G~h~ Controller Index 16-35 
3-0 RAN( '\.In~~ tithe graphics controller register to be accessed 

7-4 BI'W' ~e erved 
3CF / >\. I ~a'-nics Controller Data 16-35 

7-4 I 1(~ '-'I1ata to or from the graphics controller register accessed 
3CF od' \ Set/Reset (ORO) 16-36 

3-0\ ~ Color value for CPU memory writes 
7-4 ~-.....BIJt/ Reserved 

3CF 01 Enable Set/Reset (GR1) 16-36 
3-0 RNY Enable planes for writing GRO data 

7-4 RNY Reserved 
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Table B·1. VGA Registers (continued) 

Add 
ress 

3CF 

3CF 

3CF 

3CF 

3CF 

3CF 

3CF 

Index 
BIt(s) 

02 
3-0 

R/W 

RNV 

Color Com~are (GR2) 

Register Name 
Bit Description 

Reference color for color compare operations 

Description 
/\ Page 

<. I\. 16-37 
\ '\. /) 

7-4 RNV Reserved ("'- I'\. v / 
03 Raster Operation/Rotate Counter (GR3) \ .... ..... ,\&,tJ 
2-0 RNV Number of right rotate positions for a CPU me~ wr~e V "" }' 
4-3 RNV Select raster operation (logical function) /\. '\.\ 1-
7-5 RNV Reserved / /'\. '\.\ \ 
04 Read Plane Select (GR4) / , '\. V 16-38 

1-0 RNV Select planes for reading A/'\.' V 
7-2 RNV Reserved <. \.. ,'\.. 
05 Gr~hics Controller Mode (GR5) ,..,.., '\. '\. V 16-39 
1'() RNV Select write mode ,A( ~ ~ 
2 RNV Reserved / X ~ } 
3 RNV Enable read compare opeJiftiot A '\. -
4 RNV Select odd/even addresltng{ / / ~ ) 

5 RNV Select odd/even shi~ ... / / " 
6 RNV Select 256 color s~ mod~ V / 
7 RNV Reserved / .. /" ""\. \'\. L 

06 Memory Map ~ ~trol (ciRr) 16-40 

1 RNV Chain ocjd/ey6n~a~ / 

3-2 RNV SelecY~I~~~~pi~ 
7-4 RNV Re~dV / V 
07 ColckD~ C~ (GR7) 16-41 
3-0 RNV ~e~ c~l~e used for color comparison 
7-4 RNV {Re~d '\.V 

16-41 
7-0 RM ~ h \J.t is a mask for the corresponding memory plane bit 

Attribute Register4 ( '" ,~) 
3CO ' \ A~I'uTe Controller Index 16-42 

4-0/ R~ '-..4nQex to the attribute controller register to be accessed 
51 I~MJI\~able video display 

7-& 'RtW Reserved' 
3C1/0. \ I'-.J Attribute Controller Data 16-43 

7-0 "~RNJJ/ Data to or from the attribute controller register accessed 

3C1/0 OO-OF Palette Register (ARO-ARf) 16-43 

5-0 RNV Color value 

7-6 RNV Reserved 
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Table B·1. VGA Registers (continued) 

Add Index Register Name Description 
ress Bit(s) R/W Bit Description /"I Page 

3C1/0 10 Attribute Mode Control (AR10 \. 1\16-44 
0 R/w Select araphics mode " '\. /) 
1 R/W Select monochrome display (~ '\.v/ 
2 R/W Enable line araphics characters \ .. ~'\./ 
3 RfW Enable blinkina -/\. \V ~L' 
4 R/W Reserved ~~\ I -
5 R/w Enable top panning / /'\. '\.\ \ 
6 RfW Select 256 color mode 7 , ,'0/ 
7 RfW Bits 5-4 of video output come from A~~ ~ V 

3C1/0 11 Border Color (AR11) " ,'\. 16-45 
7-0 R/W Border color value ,.....'\.'\. V 

3C1/0 12 Color Plane Enable (AR12) .( ~'\. 16-45 
3-0 R/w Display plane enable /X ~ I 
54 R/W Select inputs to bits 54 on?~A '\. 
7-6 R/W Reserved «77~) 

3C1/0 t3 Horizontal Pixel Pan-:-- 1ttaD13V / J' 16-46 
3-0 R/VV Number of pixels ~sbift t~ is¥y ~ the left 

7-4 RNV Reserved ~/ / I ", 
3C1/0 14 Pixel Padding ~V) '\. \ IV 16-47 

1-0 RfW Bits 54 of.tlt ~vid~u~ifj h.R10 7=1 

3-2 RfW Bits 7-6,f t~ ~ ~eo'a'tt.tput/ 
7-4 RfW Rese~d/ /} '\. '\. V 

RAMDAC Registers A'\. V / V 
3C6 DA~a~ ( 16-48 

7-0 RNV ~e~a~s~· 
3C7 ~ (DAC R8iltt In~ 16-48 

7-0 W~ r-.... \J.n~al~ e reaister to be read 

3C7 / ... D~St'atus 16-49 

1-0 ~ ( "\stil ~s~hether previous DAC cycle was a read or write 

7-2 F 
, 

lte! e~ed 
3Ca -/ >\. I~QWrite Index 16-49 

71' l 1(~ ~dex to palette register to be written or General Input Port 
read data . 

3C9 \ I'\.. ) DACData 16-50 

7-0 ' ",RNV/ Data from register pointed to by DAC Read or Write Index -
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B.2 S3 VGA REGISTERS 

ViRGE has additional registers described in Table B-2 that are located in CRT Controller address space 
at locations not used by IBM. All of these registers are read/write protected at power- y hardware 
reset. In order to read/write these registers, the Register Lock 1 register (CR3B) must 10 ed wi h a 
binary unlock key pattern' (see the register description). The registers will remain unlo e un t e 
key pattern is reset. 7 = B for monochrome, D for color. 

Table B-2. S3 VGA Registers 

Add 
ress 

375 

375 

375 

375 

375 

375 

375 

Index 
Bit(s) 

2D 
7..(J 

2E 

R/W 

R 

Register Name 
Bit Description 

Device ID High (CR2D) 
High byte of device 10 (56H) 

/ "\. "\. \Y 
AV"\."\. V 

Device ID Low (CR2E) \. "\. "\. "\. 
7..(J R Low byte of device 10 (31 H) ,.....", "\. "\.~ 
2F Revision (CR2f) 110.( ~ "\. 
7..(J R Revision level (initially Bm·v'su~t ?$:'\..l'NI&.lYJ ' -
30 Chip ID/Rev (CR30) LL ~ _\.. 
3..(J R Chip Identification - H{ (/ / A ) 
7-4 R Chip revision statu~ing)/S" c1i2F 
31 Memory ConfiguJiio..D. (C~) V / 
o R/W Enable base ariJrels o~t ~6K.6..(J) 
1 RN'II Reserved /\. "\. "\. } I v 

2 RN'II Enable v{l!.\.6-~~ry ~us Width 
3 RN'II Use E06anlecbno~ J'lerJfory mapping 

5-4 RN'II Old $ifspJ(y ~a~)Qdr~ ~ bits 17-16 (see CR69 3..(J) 

6 RN'II E~ h)f6_~ed ~ 1 display font fetch mode 

7 RN'II Ft..se~\c;t ~ 
32 ~ '\. r~m.atibility 1 (CR32) 

3-D RN'II ~ Re5eited "\. V 
4 RNJ- ........ "\. E~efruPt generation 
5 F (Iv __ ~eskved 

6 F IW "ll~~ndard VGA memory wrapping at 256K boundary 
7 ..J ryv\ l R tserved 

3 V >\. '-'at kward Compatibility 2 (CR33) 
Q (~~"'~eserved 
1 , R W \ Disable write_protection provided by CR11 7 on CR7 1,6 

2\ ~J Reserved 
VCLK is internal DCLK 

4 RN'II Disable writes to RAMDAC registers (3C6H-3C9H) 

5 RN'II BLANK signal active during entire non-active video period 

6 RN'II Disable writes to Palette/Overscan registers (ARO-ARF) 

7 RN'II Reserved 

17-1 

17-1 

17-2 

17-2 

17-2 

17-3 

17-4 
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Table B·2. S3 VGA Registers (continued) 

Add Index Register Name Description 
ress Bit(s) R/W Bit Description A PaRe 
315 34 Backward Compatibility 3 (CR34) <. r\.. 17·5 

0 RNV PCI DAC snoop method select \ ~£) 
1 RNV Disable PCI master abort handling during DAC snoop~ I' VL 
2 RNV Disable PCI retry handling during DAC snoop \ ....... ,'\./ 
3 RNV Reserved /\. \V '" )~ 
4 RNV Enable Display Start FIFO Fetch register (CR~ _" \ I -

7-5 RNV Reserved ~ / '\..'\.\ \ 
315 35 CRT Register Lock (CR35) / _\. '\.'0/ 17·6 

3-0 RNV Old CPU base address (see CR6A _EM»\.\/'\.. '\. V 
4 RNV Lock Vertical Timing registers ~'\ '\.'\. 
5 RNV Lock Horizontal Timing registers,.."., '\. , V 

7-6 RNV Reserved .... ( ~'\. 
315 36 Configuration 1 (CR36) /"- ~ J 17·7 

1-0 R Select system bus (PCI o~L,l!u~ '\. -
3-2 RNV Select memory page mlde~a.i' pii~oo, 1-<~ycle EDO) 

4 RNV Enable BIOS ROM a~s TvLhtA' ,,-
7-5 RNV Define display me£of'L si~ V / 

315 37 Configuration 2 ftR~' , ~/ 17·7 
0 RNV Enable ViRG~~a~ (v~-B 'sr 
1 RNV Reserved A '\. '\. V J 

2 RNV Select 3~ c;l'6k B'tOG Ro(1 size (VL-Bus) 

3 RNV Use i~rp61 ~C~D~Y 
4 RNV De~R~D~ wrWsnooping (VL-Bus) 

7-5 RNV R~e~"'for{310S use 
315 38 • ~ L~1~R38) 17-9 

7-0 RNV < Unl~3.~egisters (CR30-CR3C) 
315 39 .~~i~c~ (CR39) '17·9 

7-0 
Rf( 

,~IO~ystem Control, System Extension and Strapping 
re htte (CR40-CR4F, CR5O-CR6D) 

315 3A \ ~sc ~Ib(neous 1 (CR3A) 17·10 
1-0/ R'l)\ ~e set alternate refresh count per horizontal line 

2{ I '[l(rM ~able alternate refresh count (CR3A 1-0) 
3\ , RrN Enable simultaneous VGA text and Enhanced modes 

4\ ~tJJ Enable 8-, 16- or 24/32-bit color Enhanced modes 

5 "- RMi/ Enable high speed text font writing 

6 RNV Reserved 

7 RNV Disable PCI bus read burst cycles 
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Table B-2. S3 VGA Registers (continued) 

Add Index 
ress Bit(s) R/W 
315 3B 

7.{J R/W 
315 3C 

7.{J R/W 

Register Name 
Bit Descri tion 

AFO Fetch (CR3B) 

B.3 SYSTEM CONTROL REGISTERS 

S3dViRGE 

System Contro'l registers are configuration registers, mode con 01 egis s, nd hardware graphics 
cursor control registers. They are positioned in the same indexe eg ter s c as VGA S3 registers. 
All of these registers are read/write protected at power-up a res . In order to read/write 
these registers, the Register Lock 2 register (CR39) must ith binary unlock key pattern 
(see the register description). The registers will remain u 0 • the y pattern is reset. ? = B for 
monochrome, 0 for color. 

The following table summarizes the System Contro 

Table B-3. System Control Registers 

Add 
ress 
315 

315 

315 

Index 
Bit(s) R/W 

40 
0 

3-1 
4 

5 
7-6 
41 
7.{J 

42 

PROPRIETARY AND CONFIDENTIAL PRELIMINARY 

Description 
Pa e 
18-1 

18-2 

18-2 
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Table B-3. System Control Registers (continued) 

Add 
ress 
315 

315 

315 

315 

315 

315 

315 

315 

315 

Index 
Bit(s) 

Register Name Description 
R/W Bit Description /\ Page 

43 Extended Mode (CR43) \ 1\ 18-3A 

1-0 RNV Reserved '\ '" / ) 
2 RNV Old logical screen width bit 8 ( " . '" v / 

6-3 RNV Reserved \ "- ,~ 
7 RNV Enable horizontal counter double mode /\.. \ V '- / 

45 Hardware Graphics Cursor Mode (CR45) .A.. '" \ ( 18-3 
o RNV Enable hardware graphics cursor / / '" '" \ \ 

3-1 RNV Reserved / '" '" 'V 
4 RNV Set up space at right of bit map for har~c'bc.sQ~ V 

7-5 RNV Reserved \, '" '" 
46-47 Hardware Graphics Cursor Origi~C1t4~R47i\/ 
1 0-0 RNV X-coordinate of the hardware c~or left S'ra\ '" 

15-11 RNV Reserved / )'" ~ / 
48-49 Hardware Graphics Cursot' O,(giJAN.Ct\uI-CR49) 

10-0 RNV Y-coordinate of the hard"'re (uiov6p*," ~e 
15-11 RNV Reserved ~ / / T 
4A Hardware Graphic,1:lB:Ior~re¥oq{d Stack (CR4A) 
7-0 RNV Hardware cursor t6re{rour1\.co'~(31egisters) 
4B Hardware Gr~~ C'"hrsor Sa ~kground Stack (CR4B) 
7-0 RNV Hardware c~ll.b~ro~ cr) or (3 registers) 

4C-4D Hardwar..t;r~p~s ~or.J'tart Address (CR4C-CR4D) 
12-0 RNV Hardw~ r:Ars¢ s~~a~ss 

15-13 RNV Res~ V ~ V 
4E Har~a"ht\or4hics Cursor Pattern Display Start X-Pixel 

~it~(~Ei\. 
5-0 RNV (Har~ cu~isplay start x-coordinate 

7-6 

4F /( ~~w\re Graphics Cursor Pattern Display Start V-Pixel 
, I ~o~ ipn )cR4F) 

5-0 RNv \ H\rd rvM cursor display start y-coordinate 

7-6L~ ~sfltved 

18-4 

18-4 

18-4 

18-5 

18-5 

18-5 

18-6 
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8.4 SYSTEM EXTENSION REGISTERS 

These registers provide extended system and memory control, external sync control and addressing 
window control. They are enabled in the same way as the System Control registerS~he Register 
Lock 2 register (CR39). 1 ~ B for monochrome, D for color. 

Table B-4. System Extension Registers ~ 

Add Index Register Name A \ ~ I D~a.!.etion 
dress Blt(s) R/W Bit Description 1 ~ ~ag. 
315 51 Extended System Cont 2 (CR51) /J\. \.. \ ( 19·1 

1-0 RMI Old display start address bits 19-18 / / '\.'\.\ 
3-2 AMI Old CPU base address bits 19-18 / A" ~ Y 
5-4 RMI Logical screen width bits 9-8 AV.~ '\. v 
7-6 AMI Reserved ~ '\.'\. \ 

315 52 Extended BIOS Flag 1 (CR52) ~ '\. '\. V 19-2 
7-0 RMI Used by the video BIOS A -.:\ 

315 53 Extended MemolY Cont 1 ~RD'" .~ 19·2 
o RMI Reserved / / /\'\. '\. 

2-1 RMI Big endian data byte sw!Q f~e,ra~sing 
4-3 RMI MMIO typ_e enable a~t ( / / 
5 RMI MMIO window at$8qgQtJ ~ v / 
6 RMI Enable nibble sv6p < '\ \ '\./ 
7 AMI Reserved _I'\. '\. '\. J I 

315 54 Extended~o~n\l (ok54) 19-3 
1-0 RMI Big endi~ ~a~ap'k)ot ulear addressing or image write) 
7-2 AMI Reser/'ed{ / )'\. )V 

315 55 E~d~Ap'Contr)f (CR55) 19·3 

1-0 RMI Re~~~.~ 
2 AMI /~,,~~e~l1bput Port read NL-Bus) 
3 RMI ~Re~erved '\V 
4 R/IY"~a~indows hardware cursor mode 

7 FINt "d ~put pin is tri-stated 
315 56 ...... ~\ \ dxtl rnal Sync Cont 1 (CR56) 19-4 

1 ( R 'Iv\. ..... -,fSYNC output buffer tri-stated 
a , RI W I VSYNC output buffer tri-stated 

·7-3\' "'ffJ'wJ Reserved 
315 58""""'/ Linear Address Window Control (CR58) 19·5 

1-0 RMI Linear addressing window size 
2 RMI Reserved 
3 RMI Address latch timing. control NL-Bus) 
4 RMI Enable linear addressing 
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Table B-4. System Extension Registers (continued) 

Add Index Register Name Description 
ress Bit(s) R/W Bit Description /\.. Page 
375 58 Lioear Address Window Control (CR58) (continued) ~ l\. 19-5~ 

6-5 RtN ReseNed '\ '\. /) 
7 RtN RAS precharge time increased (~ I'\. v / 

375 59-5A Linear Address Window Position (CR59-5A) \ .... ~~ 
15-0 RtN Linear addressina window position bits 31-16 ~ lV ~J~ 

375 5C General Out Port (CR5C) /\\. ,\ ( 19-7 
7-0 RNJ General Ouy>ut Port // '\. '\.\ \ 

375 5D Extended Horizontal Overflow (CR5D) L -"- _, "V' 19-7 
0 RtN Horizontal total bit 8 (CRO) AV'\.'\. V 
1 RtN Horizontal disQl~_ end bit 8 (CR1) \, ,'\. 
2 RMI Start horizontal blank bit 8 (CR2) ,...... '\. , V 
3 RMI End horizontal blank bit 7 (CR3, ~5) ~'\. 
4 RMI Start horizontal sync position ~ ~R4~ / 

5 RMI End horizontal sync positiorY6it...{ (~ '\. 
6 RMI Start FIFO Fetch bit 8 (CR6B) (/ / ~ ) 
7 RMI ReseNed ~-//]' 

375 5E Extended Vertical trvedlo~ R~ / 19-8 
0 RMI Vertical total bit 1 r((cifS) '"'\ , ~/ 
1 RMI Vertical dis1:lla~it'x> (C~l2 t v 

2 R/W Start vertica!A.k ~ 0 19(15) 
3 R/W ReseNed/ / ~ '\., / 
4 RMI VerticaIAt~eAa)~t~~R1 0) 

5 RMI Rese~ V / V 
6 RMI Line\.o~\re ~sition bit 10 (CR18) 

7 RtN ~.~ ,'\. '\. 
375 61 {Extendeti M~ Control 4 (CR61) 19-8 

4-0 RMI~ ~s~/ 
6-5 Rm 100.. B~nclbtn data byte swap (image writes) 

7 RA N( ~s~ ~~ 
375 65 \ Elite ~d;d Miscellaneous Control (CR65) 19-9 

2-0/ >\. RI) ~ sEJ Ned 

4-~ I ~~ ~y BLANK by DCLK 

7-A ' RNv ReseNed 

375 . 66~ 'J J Extended Miscellaneous Control 1 (CR66) 19-9 

0 "~ Enable all accelerated modes 

1 RNJ Software reset of S3D Engine 

2 RNJ ReseNed 

3 RNJ Enable PCI disconnects under certain FIFO conditions 

5-4 RNJ ReseNed 
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Table B-4. System Extension Registers (continued) 

Add Index Register Name Description 
ress Bit(s) R/W Bit Description A Page 
315 66 Extended Miscellaneous Control 1 (CR66) (continued) \. I\.. 19-9 

6 RMI PA[15:0] are tri-stated off \ '\. /) 
7 RMI Enable PCI bus disconnect during burst cycles (~ '\. v / 

315 67 Extended Miscellaneous Control 2 (CR67) \ ..... ,"sA'1 
o RMI VCLK is in phase with DCLK /\. \ V ~)" 
1 RMI Reserved A. '\. \ / 

3-2 RMJ Select Streams Processor mode / / '\. '\. \ \ 
7-4 RMI Select RAMDAC color mode / '\. '\. V 

315 68 Configuration 3 (CR68) A\/'\. '\. Y 19-12 
o RMI CAS, DE trailin~ edge MSB _\ '\. \.. \.. 
1 RMI CAS, DE leading edge MSB ,....,. '\. '\.. V 
2 RMI RAS low timingselect A( ~ '\.. 
3 RMI RAS precharge timing select / )'\.. ~ I 

6-4 RMI Reserved / / .A '\.. 
7 RMI Memory bus size select ( < / / A ) 

315 69 Extended System CouaaL'a.. (cRJ§)/ ]' 19-13 
4-0 RMI Display start addres~its 19-~ V / 
7-5 RMI Reserved / / "'\ \'\. / 

315 6A Extended SY;:»IP~~~o~ol4\(C~6~) 19-13 

5-Q RMI CPU base adAs ~'" 1 ~ j 
7-6 RMI Reserved/ /~ \..\.. / 

315 6B Extend,6 qI6~l~ (*a) 19-14 

315 6C Exte\de"ll'IO(Flag 4 (CR6C) 19-14 
7-0 RMI ~~th~\{de~IOS 

315 6D (exten~ BIbN(ag 5 (CR6D) 19-14 

315 6E f .... E~ d\cl BIOS Flag 6 (CR6E) 19-15 
7-0 RJIN ( ~ e~ h-v ~e video BIOS 

315 6F \ , C(~fi guration 4 (CRF) 19-15 

o / R~ ~ lej LPB vs Trio64-compatible mode 
1/ • ~v.;,~ ~ct 110 address for MMFF20 
2\ RNv Disable effect of bit 1 of this register 
3 \ ~ WE trailing edge delay MSB 
4 'iYV WE leading edge delay MSB 

7-5 RNJ Reserved 
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8.5 S3D REGISTERS 

This section lists the registers which support the S3D Engine functions. All of these registers are enabled 
only if bit 0 of the System Configuration register (CR40) is set to 1. 

~~ Table B-5. Color Pattem Registers 

Add 
ress 

A100 

A104 

Index 
Bit(s) 

31-{) 

31-{) 

R/W 

AMI 
AMI 

Register Name 
Bit Descri~tion 

Color Pattern Registers 
First pattern register 

Second pattern register 

/~ '\. \ ( 20-3 

/ I '\. '\.\ ) 

/\.v'\. '\. V 

\. '\. '\. \ 

A1BC 31-{) AMI Last pattern register A-'\. .-_ 

Table B-6. S3D 2D Registers 

Add 
ress 

AxD4 

AxD8 

AxDC 

AxEO 

Index 
Bit(s) 

2-{) 

R/W 
Source Base A~_ '\. 1 v 

R/W Reserved = O/\. '\. '\. V J 
21-3 R/W Source bas~d{lfe~ '\. '\. / 

31-22 R/W ReservecJ/' / /)'\. '\.V 

2-{) R/W Rese~d \.~ < 
21-3 R/W D~a~n ~ a'&iress 

31-22 R/W (eserv~ \.V 

15-11 RM R~e,",~ ) 
26-16 iJN' 1\ Rigt\t c .ipping limit 

31-27/ RM~\ ~erjed 
( If"'" /~ottomClipping 

1a-d I\R/W\ \ Bottom clipping limit 

15-11 \ ~ J Reserved 
26-16 ~ Top clipping limit 

31-27 R/w Reserved 
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Table B·6. S3D 2D Registers (continued) 

Add Index Register Name Description 
ress Bit(s) R/W Bit Description ~ Page 
AxE4 Destination/Source Stride \. \. 20-6 ... 

11-0 RNJ Source stride I\. ~ / ) 

15-12 RMI Reserved (" \. v / 

27-16 RNJ Destination stride \ " ~\./ 
31-28 RNJ Reserved /\. \ V "'-../ 

AxE8 Mono Pattem O~ '\ "\ I 20-7 

31-0 RNJ Mono pattern 0 -7 7 '\.. ". , 
AxEC Mono Pattem 1 7 , ,W 20-7 

31-0 RNJ Mono pattern 1 ~, V 
AxFO Mono Pattem Background Color \. \. \. \. 20-8 

7-0 RNJ Data 1 ,.....,.. \. \. V 
15-8 RNJ Data 2 ... { ~" 

23-16 RNJ Data 3 -/)\. ~ 7 
31-24 RNJ Reserved / / .A.. "\. 

AxF4 Mono Pattem Foregrounl ctl..o;' / ~ ) 20-9 
7-0 RNJ Data 1 --'. ,.. / / ]' 
15-8 RNV Data 2 /., V / 

23-16 RNV Data 3 / / ""\ \\. / 
31-24 RNV Reserved A\. \. l) v 

A4F8 Source Back~n~'oV 1 20-10 

7-0 RNJ Data 1 / /~ \.. \.. / 
15-8 RMI Data2 /·/·/),W 

23-16 RMI Data3A'V 7 V 
31-24 RMI Rese~ed\.\.-( 

A4FC SMlLCe)Pr»..Du1ki Color 20-11 
7-0 RMI 6ata 1~ . ~ 

AxOO 1\ COI"n and Set 20-12 
o , ..... Rm\ ~ blj autoexecute 
1 ~ 1fR?W j~e hardware clipping 

4-2' 1\ RNI\. \ Destination color format 
5 \ );w:j) 1 J Update screen with new pixel 
6 1'eLvv......,.., Mono source 
7 RNV Imaae source data from CPU 
8 RNV Mono pattern 
9 RMI Transparent transfers 

11-10 RNV Image transfer alignment 
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Table B·6. S3D 2D Registers (continued) 

Add Index Register Name Description 
ress Bit(s) R/W Bit DescriDtion ~ Page 

AxOO Command Set (continued) \ I\. 20-12.,. 
13-12 RNI/ First doubleword offset for imaae transfers " \.. L) 
16-14 RNV Reserved -? '" ." v / 
24-17 RNI/ Select one of 256 ROPs \. "'- ~'J 

25 RNI/ X positive BitBLT 7\.\ V ~ 
26 RNV Y positive BitBL T ~,\ ( 

30-27 RNI/ 20 command / / ~ ,\ \ 
31 RNI/ Select 2D or 3D command 7 \.: \.:'V 

A504 Rectangle Width/Height A~" V 20-15 
10-0 RNI/ Rectanale heiaht " " 15-11 RNI/ Reserved "'-" V 

26-16 RNV Rectanale width ~ ~\.. 

31-27 RNI/ Reserved 7J\.~1 
A508 Rectangle Source XV //A.\.. 20-15 

10-0 RNV Rectangle source Y { (/ /~) 
15-11 RNI/ Reserved ~ // T 
26-16 RNI/ Rectanale source X/ _ '" V / 
31-27 RNI/ Reserved ~7 I £ " , 

A50C Rectangle De~'\io~V) J-v 20-16 
10-0 RNI/ Rectanale dAat~~- V ) 

15-11 RNI/ Reserved/ / ~ "'" -/ 
26-16 RNI/ Recta~~ Qls1jt(at~M '\V 
31-27 RNI/ Res~'" V / V 

A96C Line'or~n"oints 20-17 
15-0 RNI/ ~.\.. \..\.. \.. 

31-16 RNI/ (End 2 ~ \..V 
A970 J" k'loe ~elta 20-18 

31-0 R//J t--.X~ta \.. 
A974 ( ane' bt~XStart 20-18 

31-0 L-.8J W' Xlta It ... 
A978 / ~, "tfne4 Draw V Start 20-19 

100 I R~ ~art 
31-\ 1 ' RNt Reserved 

~ 
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Table B·6. S3D 2D Registers (continued) 

Add Index Register Name Description 
ress Bit(s) R/W Bit Description A Page 

A97C Une Draw V Count ( 1\ 20-19 
1(){) RNI/ Scan line count \ "- /) 

30-11 RNJ Reserved ("- I'\. v / 

31 RNJ Drawing direction from left to riQht \ .. ~'\./ 
AD68 PolYaon Riaht X Delta /\. \V ,..... 26-20 

31-0 RNI/ Right edge X delta ",,\:, I -
AD6C Polygon Right X Start .. / /'\. '\.\ \ 20-20 

31-0 RNJ Right edge X start / "- '\.\\1 
AD70 Polygon Left X Delta A/'\. '\. V 20-21 

31-0 RNJ Left edge X delta (, ,~ 
AD74 polygon left X Start ,....." -V 20-21 

31-0 RNJ Left edge X start .. l ~, 
AD7S Polygon V Start /l\..~ 7 20-22 

1 (){) RNI/ Top side of the clipping rectIr;rulA '" -
31-11 RNJ Reserved (~/ /~) 

AD7C Polygon V Count _'\. .... / /" 20-22 
1(){) RNJ Scan line count / "- V / 

27-11 RMI Reserved / / '"\ \'\. / 
28 RMI Update right edA. '\. '\. \ 'v 
29 RMI Update left eA. '\. '\. V J 

31-30 RMI Reserved/ /~ " / 

~'Vv 
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Table B-7. S3D 3D Registers 

Add Index Register Name Description 
ress Bit(s) R/W Bit DescriDtion A Page 
BxD4 Z-B.."er Base Address \ I\. 20-24,. 

2-0 R/W Reserved = 0 '\ " /) 
21-3 RNV Z-buffer base address ("" I~ v / 

31-22 R/W Reserved \ "" ~~ 
BxDS Destination Base Address /\. \ V ~ ~-24 

2-0 RNV Reserved = 0 A. '\. \ { 
21-3 R/W Destination base address / / '\. '\.. \ \ 

31-22 RNV Reserved / '\. '\. 'V 
BxDC Left/Right Clipping AV'\. '\. V 20-25 

10-0 R/W Left clippina limit ,.", "', 
15-11 R/W Reserved ,..... '\." V 
26-16 R/W Right clipoina limit --=<~. , 
31-27 R/W Reserved /X ~ 7 .--

BxEO Top/Bottom Clippina/ 7 ~ , 20-25 

10-0 R/W Bottom clipping limit « 7 7 A / 
15-11 RMI Reserved ~ / / T 
26-16 RMI Top clipping limit / '" V / 
31-27 RMI Reserved / I "'\. \'\.. / 

BxE4 Destination/So A~ - c'"---e \ ) v 20-26 

11-0 RMI Source stride A '\. '\. V J 
15-12 RNJ Reserved / / ~ '\. '\.. / 
27-16 RMI Destinati~ sJtfd~ ) '\.. '\. V 
31-28 RMI Rese~ V / V 

BxES Z-Stn"\le '\. '\. < 20-26 
11-0 RMI Z.ftI;ide '\.. '\. '\. '\.. 

31-12 RMI (eserv~ '\. V 
BxEC l.-:te~u~ ~dress 20-27 

2-0 RN¥ .-Be~e~ 0 
21-3 RN T~ u~~aie address 

B4FO I )\ ~tlU e Border Color 20-27 
7-o( 1(F*Jj~1 
1 s-d 1\ RMI\ \ Data 2 

.23-16\ lwI J Data 3 

31-24 ~ Reserved 
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Table B-7. S3D 3D Registers (continued) 

Add Index Register Name Description 
ress Bit(s) R/W Bit Description /' Page 

BxF4 Fog Color \. I'\. 20-28"" 
7-0 RMI Data 1 _ "'\. / ) 
15-8 RMI Data 2 (" '\. v / 

23-16 RMI Data 3 \: "- ~ '\./ 
31-24 RMI Reserved /\. \ V ~/ 

B4F8 ColorO .~ ~ \ ( 20-29 

~ ~ ~1 7/'\.~\ 
15-8 ~ Data 2 7 _ '\. '\. V 

23-16 RMI Data 3 AV'\. '\. V 
31-24 RMI Reserved \ '\. '\. '\. 

B4FC Color1 ,......... '\. '\. V 20-30 

7-0 RMI Data 1 A.. ~."" 
15-8 RMI Data 2 / )'\. ~ / 

23-16 RMI Data 3 / / ~ '\. 
31-24 RMI Reserved < (/7X] 

BxOO Command Set ~ /·77 20-31 

o RMI Enable autoexecute / '" V 7 
1 RNV Enable hardware Q(opt"a " \'\./ 

4-2 RNI/ Destination coIA~al\. l) v 

7-5 RNI/ Texel color feAt \.\. V I 
11-8 RNV MIPMAPI~eIIrz~ '\.'\. / 

14-12 RNI/ TextureJtfie~,~,~~ ~v 
16-15 RNI/ Text~en¥~odeV 

17 RNI/ Enab~ f~g <. 
19-18 RNI/ ~ ~nd~c~rol 

25-24 RNI ",-Z-~eri'hg mode 
26 RJlIV { ~ab)~e~ure wrapping 

30-27 JjfI" I\. 3Dlcotnmand 

31'(SD~ 2D or 3D command 
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Table B-7. S3D 3D Registers (continued) 

Add Index Register Name Description 
ress Bit(s) R/W Bit Description A Page 

B144 3D Line Draw GB Delta \ '- 20-34 
15-0 RNI/ Blue delta '\ '\. /) 

31-16 RNI/ Green delta ("'" '\. v / 
B148 3D Line Draw AR Delta \ .... ,-)pM 

15-0 RNI/ Red delta /\. \ V ~)" 
31-16 RNI/ Alpha delta A. '\. \ / 

B14C 3D Line Draw GB Start / / '\. '\. \ \ 20-35 
15-0 RNI/ Blue start / '\. '\. V 

31-16 RNI/ Green start AV'\. '\. V 
8150 3D Line Draw AR Start ~, \.. \. 20-35 

15-0 RNI/ Red start ,...... '\. '\. V 
31-16 RNI/ Alpha start .( ~ ~ 

B158 3D Line Draw Z Delta /" ~ 1 20-36 

31-0 RNI/ Zdelta / /~ '\. 
B15C 3D Line Draw Z Start ( < / / A ) 20-36 

31-0 RNI/ Z start ~ ~ / / T 
B16C 3D Line Draw EndJin:tl " V / 20-37 

15-0 RNI/ End 1 / / ""\ \'\. / 
31-16 RNI/ End 2 /\.'\. '\. \) v 

B170 3D Line DraAD».. V J 20-37 

31-0 RNI/ X delta / /~ '\.'\. / 
B174 3D Lin..,6r-' X ~ '\. V 20-38 

31-0 RNI/ X stait\,. '\. V / V 
B178 3d L~e b}..w t Start 20-38 

10-0 RNI/ ~rt '\. '\. '\. '\. 
31-11 RNI/ {Rese~. '\.V 

B17C ,.~ LlI\1r-Bca.wft Count 20-39 
10-0 RrW .... S&li~count 

30-11 RMtJ 1\es~ 
31 .-B~ " D~w)ng direction is left to right 
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Table B·7. S3D 3D Registers (continued) 

Add Index Register Name Description 
ress Bit(s) R/W Bit Description A Page 
B504 Triangle Base V \ I\. 2G-4Q. 

19-0 RNV Base V '\ ,/) 

31-20 RNV Reserved ("', v / 

B508 Triangle Base U \..... ,'t040 
19-0 RNV Base U /\. \ V J' I 

31-20 RNV Reserved ~ , \ { 

B50C Triangle WX Delta / /, ,\ \ 20-41 
31-0 RNV WXdelta / , ,'V 

B510 Triangle WY Delta AV" V 20-41 
31-0 RNV WYdelta \..~ ~ ~ 

B514 Triangle W Start ""'- \. '\. V 20-42 
31-0 RNV Wstart A.. ~ \.. 

B518 Triangle DX Delta/ ),~ / '-, 20-42 

31-0 RNV DXdelta / / ,A. '\. 
B51C Triangle VX Delta < (/ / A ) 20-43 

31-0 RNV VX delta ~ - / / T 
B520 Triangle UX Delta / "" V / 20-43 

31-0 RNV UXdelta / l "\. " / 
B524 Triangle DV DA" 1 J v 20-44 

31-0 RNV' DYdelta A" V J 
B528 Triangle ~ ---"'~ ~ '\./ 20-44 

31-0 RNV VY delta/' / /}, "V 

B52C Tria~uMeJla V 20-45 
31-0 RNV UY~lta" ( 

B530 -- . ~ D~rt' 20-45 
31-0 RNV <Dsta~ ,V 

B534 ~ -J\ia~ StJt'rt 20-46 
31-0 RrW _ V~rt, 

B538 ,I ( ~ialt\telJ Start 20-46 
31-0 BIW \ Ultah "" 

B53C /' >\.. ~ajigJe GBX Delta 20-47 
1&hJ 1[~~Xdelta 

31-\6
1 

RNv Green X delta 

B540 \ 'J J Triangle ARX Delta 20-47 
15-0 ~ Red X delta 

31-16 RNV Alpha X delta 
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Table B-7. S3D 3D Registers (continued) 

Add Index Register Name Description 
ress Bit(s) R/W Bit DescriDtion A Page 
B544 Triangle GBY Delta ( 1'\ 20-48 

15-0 RMJ Blue Y delta \ '\. /\ 
31-16 RMI Green Y delta ~ r\. v / 

B548 Triangle ARY Delta \ .. ...... ~~~ 
15-0 RMI Red Y delta /\. \ V ~ )-

31-16 RMJ Alpha Y delta A '\. \ / --
B54C Triangle GB Start / /'\. '\.\ \ 20-49 

15-0 RMI Blue start / \. '\.'\V 
31-16 RMI Green start AA. '\. V 

B550 Triangle AR Start (, '\.'\. 20-49 
15-0 RMI Red start -- '\. '\. \J 

31-16 RMJ Alpha start ~l ~~ 
B554 Triangle ZX Delta /)\. ~ ) 20-50 

31"{) RMI ZXdelta //A'\. -
B558 Triangle ZY Delta ( (/riJ 20-50 

31"{) RMJ zy delta -.'\. .. / /" 
B55C Triangle Z Start / ""V/ 20-51 

31"{) RMI Z start 7/,' ~/ 
B560 Triangle XY12A)fta '\. , IV 20-51 

31"{) RMI XY12 delta A '\. '\. V j 

B564 Triangle ~2~n& '\. '\. / 20-52 
31"{) RMJ X12 enr/ / /)'\. '\.V 

B568 Triaotal. XMl ~lta V 20-52 
31"{) RMJ xyckd~ ( 

B56C Mlan~~'E~ 20-53 
31"{) RMI I(X01 ~. '\.V 

B570 ,.. ......... ""ia~oiDelta 20-53 
31"{) Rrf.J &: &Ita 

B574 ( ~ri,} ~1~Start 20-54 
31"{) RN\!\ x\5tc ttY 

B578 / )\. I':f'ri~ 19le Y Start 20-54 
3110 , ~~ ~art 

B57C \ \ \ , Triangle Y Count 20-55 

1~ ~ IvJ Scan line count 12 

15-11' "R!JPI Reserved 

26-16 RMI Scan line count 01 

30-27 RMI Reserved 

31 RMI Render the trianole from right to left 
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B.6 STREAMS PROCESSOR REGISTERS 

Table B-8. Streams Processor Registers 
A 

Add Index Register Name ~ ~~n dress Bit(s) R/W Bit Description 
8180 Primary Stream Control (~ r\. Y1-7' 

23-0 RMI Reserved \ """ "'" ~'\/ 
26-24 RMI Primary stream input data format /\.. \ V ~ ~l 

27 R!W Reserved '" \.\ { 
30-28 RMI Primary stream filter characteristics //\.\.\\ 

31 R!W Reserved / \. \.'V 
8184 Color/Chroma Key Control AV\, \. V 21-3 

7-0 RMI BN/Cr key value (lower bound for chro~) "\. \.\. 
15-8 RMI G/UlCb key value (lower bound for ~m'"k \. V 

23-16 RMI R!Y key value (lower bound for c~ma) ~ "\. 

26-24 RMI RGB color comparison precisio..r)"\. ~ I 
27 RMI Reserved / / A. "\. 
28 RMI Color key control (full com're~rJ!it ~ ~ 1 }.5.5) 

31-29 RMI Reserved -'."'/L"-
8190 Secondary Stream 06ntrol", V / 21-4 

11-0 RMI DDA horizontal ac<i'm~to7'.c itra "'al~ 
23-12 RMI Reserved /\.\. ~ \ v 

26-24 R!W Secondary str4 i~ d~ or; lat 
27 RMI Reserved L / ~ "\. \. / 

30-28 RMI SecondaA' Sye~ f~\c c~)lcteristics 
31 RMI Rese~ V / V 

8194 ChroJqa ~ U~er Bound 21-5 
7-0 RMI V~e~va~u~r bound) 
15-8 RMI (J/Cb k~alu~er bound) 

23-16 RMI ~'xey~.1ucier bound) 
31-24 RI\'1 _R~e~ 

8198 t ~co' .~ Stream Stretch/Filter Constants 21-5 
10-0 AI V ~ K1),0 zootal scale factor 

15-1~ RI ~ ~erl led 

26--t ~ W/' ~rizontal scale factor 

31-LV ~R~ \ Reserved 

~ 
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Table B-8. Streams Processor Registers (continued) 

Add Index Register Name Description 
dress Bit(s) R/W Bit Description /\ Page 
81AO Blend Control \. r\. 21-6 

1-0 RNV Reserved " '\. /) 
4-2 RNJ Secondary stream blend coefficient (~ I'\. v / 

9-5 RNJ Reserved \ .... '" '\./ 
12-10 RNV Primary stream blend coefficient /\. \ V ~)-
23-13 RNV Reserved A. '\. \ I 
26-24 RNJ Comj)ose mode / / '\. '\. \ \ 
31-27 RNV Reserved / '\. '\. 'V 

81CO Primary Stream Frame Buffer AddressA.V'\.. '\. V 21-7 
21-0 RNV Primary stream frame buffer starting adckes\o '\.., 

31-22 RNV Reserved ,...., '\. '\. .. ~ 
81C4 Primary Stream Frame Buffer AJl'tress ~ '\. 21-7 

21-0 RNJ Primary stream frame buffer st~i~~d~ L 
31-22 RN.J Reserved / /~ "" -

81C8 Primary Stream Stride ( < / / ~ ) 21-8 
11-0 RNJ Primary stream stride ~ - / / ]' 

31-12 RN.J Reserved /, V / 
81CC Double Buffer/LP"Su6po~ \'\. / 21-8 

o RNJ Select primary fr~ulfer ad\kE$s" 
2-1 RNJ Select secondAra~uVaciiress 
3 RNJ Reserved / / ~ '\. '\. / 
4 RNJ Select LP$ frJrfu~~ s~address 1 
5 RN.J LP8 jn~uM ~ect Ming at end of frame 
6 R//w Selec&d ~ in~ buffer toggles at end of frame 

31-7 RN.J R~~ '\.'\. '\. 
81 DOjecondiiit St~Frame Buffer Address 0 21-10 

21-0 RNJ ~~on~e~ frame buffer starting address 0 

31-22 RN' -Be~e~ 
8104 S~o~~~Stream Frame Buffer Address 1 21-10 

21-0 .J3L.V~ ~ Sec\>m a,y stream frame buffer starting address 1 

81D8 I .r~ )~ndaryStreamStride 21-11 

11-eJ '\ RNJ\ \ Secondary stream stride 
31-12\ ~ lReserved 
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Table B-8. Streams Processor Registers (continued) 

Add Index Register Name Description 
dress Bit,s) R/W Bit Description /\ Page 
81DC Blend Control \ 1\ 21-11 ... 

2-0 RMI Reserved '\ \. /) 
12-3 RNV Pixel stop fetch position ("' I \. v / 

18-13 RMI Reserved \ ... '-\./ 
28-19 RMI Pixel start fetch position /\.. \ V "" 1 

29 RNV Reserved A\,\ I 
30 RMI Primary stream on too 7 7, ,\ \ 
31 RMI Enable opaQue overlav control 7 , ,w 

81EO K1 Vertical Scale Factor A~, V 21-12 

10-0 RMI K1 vertical scale factor '"' ,\. 
31-11 RMI Reserved "'- ~ \. V 

81E4 K2 Vertical Scale Factor .( ~ '\.. 21-13 
10-0 RMI K2 vertical scale factor /)\. ~ j . .., 

31-11 RNV Reserved / / A \. 
81E8 DDA Vertical Accumulatolln~.;:'cv.tu~ ) 21-13 

11-0 RMI DDA vertical accumulat~1 valui / " 
31-12 RMI Reserved /"' V / 

81FO Primary Stream vufnctl'w S\trt~orlinates 21-14 
10-0 RMI Primary stream ~ \. l) v 

15-11 RMI Reserved A. \. \. V j 

26-16 RMI Primary strPLmX slwt \. \. / 
31-27 RMI Reservedi' / /)\. \.V 

81F4 Prima~~ Wlnd"'Size 21-14 
1 0-0 RMI Prima~ s~'\rn "ight 

15-11 RMI R~~ \.\. \. 
26-16 . RMI ~rimary~am~h 
31-27 RNV ~e~ / 

81F8 I .-S~d~ Stream Window Start Coordinates 21-15 
10-0 RN s~orl ~ltream Y start 

1 5-11 JJ/Y 1\ Res\", I9d
v 

26-161 RN ~\ ~ol')j ary stream X start 
31-2# If R/(N )~rved 

81FC \ 1\ \ \ Secondary Stream Window Size 21-16 
. 10-0 \ ~ J Secondary stream height 

15-11 1'eLw~ Reserved 
26-16 RMI Secondary stream width 
31-27 RMI Reserved 
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B.7 MEMORY PORT CONTROLLER REGISTERS 

Table B-9. Memory Port Controller Registers 
/\ 

Add 
dress 
8200 

8204 

8208 

820C 

8220 

Index 
Bit(s) 

4-0 

R/W 

RMI 

FIFO Control 

Register Name 
Bit Descri~tion 

Primary/secondary stream FIFO boundary 

5 RMI Reserved /\. \ V )J 
10-6 SecondaJY stream threshold ~ ,\ ( 
11 RMI Reserved / /, ,\ \ 

16-12 RMI Primary stream threshold 

17 RMI Reserved AV" V 
20-18 RMI DMA read FIFO threshold 

31-21 RMI Reservedr--- \.. \..V 
MIU Control ~ ~, 22-3 

o RMI Reserved/ l' ~ / 
RMI RAS J>r~harge = 1.5 MCLKI' / ~ , 

2 RMI RAS low time = 2.5 MCLK( <.../ / A) 
3 RNJ WE trailing edge delay ~ / / T 
4 

5 RMI CAS/OE trailing ed(e ~ay S\!e~;\, / 

6 RMI CAS/OE leadin~ d~y s~ec 'Y 

31-7 RNJ Reserved A.,' V J 

Streams T)6,eJ~ " / 22-3 
7-0 RMI Seconda,,( s~~ t~·l\.o~ V 

15-8 RMI Prima~"eMti~eoutV 
16 RMI Seco~a~ea~ wins memory arbitration in case of a tie 

31-17 RMI 
~iscell~ou~eout 22-5 

7-0 RMI ~t~/ 
15-8 RA ( i-<i3~n~e Timeout 

23-16 Rf'J v t LN ~'~erM 
31-24 ...BL'v ~ \ Ext~rnal memory master timeout 

I >\ ~IA) ~ead Base Address 22-6 
2-d 'RNv/~rved=O 
22-! \ RrM ! \ DMA read base address 

31-2~ ~ V Reserved 
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Table B-9. Memory Port Controller Registers (continued) 

Add Index Register Name 
dress Bit(s) RIW Bit Descri tion 

8224 DMA Read StridelWidth 

2-0 RNY Reserved = 0 
11-3 RNY DMA read stride 

15-12 RNV- Reserved 
18-16 RNY Reserved = 0 
27-19 RNY DMA read width 
31-28 RNY Reserved 
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B.8 DMA REGISTERS 

Table B-10. DMA Registers 

Add Index 
dress Bit(s) R/W 
8580 

0 RMI 

1 AMI 
31-2 RMI 

8584 
1-0 RMI 

23-2 RMI 

31-24 RMI 

8590 
0 RMI 
1 RMI 

31-2 RMI 

8594 
1-0 RW 

15-2 RMI 
16 RMI 

31-17 RMI 

8598 
1-0 RMI 

15-2 RMI 

31-16 RMI 

Register Name 
Bit Description 

Enable video/graphics DMA 

/\ 

Video DMA write /\. \ V J~} 
DMA startinQ memory address A '\ \ I 
Video DMA Transfer Length / / '\ '\\ \ 23-3 
Reserved 

DMA transfer lenoth A/,\ '\ V 
Reserved (" '\ '\ 

Command DMA Base Address "- '" \. ~ 23-3 
Enable command DMA ---;{ ~ ~ 
Specify 64 K8vte buffer size 7 J\: ~ 7'-
Command DMA buffer basJd~~, -

Command DMA Write Pc{nt' / / ~ ) 23-4 
Reserved ~ //}' 
Write pointer / "V / 
Write pointer upd""'d / "'\. \\. / 
Reserved /\. '\. '\. 1 J v 

DMA Read pJt'faer '\ '\ V J 23-4 
Reserved / / ~ \. \. / 
Read po~er/ /) '\ '\. V 
Rese~ V / V 
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8.9 LP8 REGISTERS 

Table B-11. LPB Registers 

Add Index 
dress Bit(s) 

FFOO 
0 

3-1 

4 

5 
6 

8-7 

9 
10 

11 

12 

13 

15-14 

17-16_ 

20-18 

22-21 

23 

24 

25 
26 

30-27 

31 

R/W 

RIW 
RIW 
RMI 

RMI 
RMI 

RMI 

RMI 

RMI 
W 
W 
W 

RMI' 

RMI 

RIW 
RMI 

RMI 

RMI 

RMI 

RMI 

RMI 

R 

LPB Mode 
Enable LPB 

Register Name 
Bit Description 

LPB mode 7\.. \ V J~ 1 
Reset LPB~' \ I 
Write every other received frame to memorv 7 7, \:\ \ 
No byte swap for incoming video 7 ~ ,w 
Reserved 

LPB vertical sync is active high 

LPB horizontal sync is active high ,..,..., '\. \. V 
CPU VSYNC ~..( ~ '\. 

CPU HSYNC / J\ ~ I 
Load base address currently Jfoiofe~ \. 
Reserved ( < / -Y'l. ) 
Maximum compressed daia.hUst sZe 7 ]' 
Reserved /'" V / 
Video FIFO thresh~ .~ " \~ 7 
Reserved /\. \. '\. 1 I v 
LPB clock drivAy ~K V j 

Don't add sJfrd~tl\v f~'\HS~C 

Rese~ V / V 
CFLE~L~tus< 
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Table B-11. LPB Registers (continued) 

Add Index Register Name Description 
dress Bit(s) R/W Bit Description /\. Page 
FFOO4 LPB FIFO Status \. ~ 24-5 ... 

3-0 R LPB output FIFO status \ \.. /) 
10-4 R Reserved (~ !\.. V / 

11 R LPB output FI FO full \ .... ,\../ 

12 R LPB outP9t FIFO empty /\. \ V '" 7 
13 R LPB output FIFO almost empty A. \.. \ { 

19-14 R Reserved / / \.. \.. \ \ 
20 R LPB video FIFO 0 full / \.. \.. V 
21 ·R LPB video FIFO 0 empty AV\.. \.. V 
22 R LPB video FIFO 0 almost empty <."' \. \. 

28-23 R Reserved ""'- \. \. V 
29 R LPB video FIFO 1 full .( ~ \.. 

30 R LPB video FIFO 1 empty / '" ~ I 
31 R LPB video FIFO 1 almost em~ / A. \. -

FF08 LPB Interru~t Flags « / / A.. ) 24-6 

o RNI/ LPB Out~ut FIFO empty_\' ... / / " 
1 RNI/ HSYNC (end of line) i~t on ~oy / 
2 RNI/ VSYNC (end of frar1)6) i~ut~ p~~oJl' 
3 RNI/ Serial port start c~oh\letecltec v 

15-4 RNI/ Reserved A\"\" V J 
16 RNI/ Enable LPB iiCito6tRF~~I""l./nterruPt 
17 RNI/ Enable HsiN~~ ~'N.in~ut interrupt 
18 RNI/ Enable .NMnIl'of fWe) input interrupt 
19 RNJ Enablke~\Por{start condition detect interrupt 

23-20 RNI/ Re&erYe~ \.\..:\. 
24 RNJ'ive ~.lo~Vreceipt of a serial port start condition 

31-25 RNJ .-ae'\..e~ L 
FFocL ~P~a~ Badier Address 0 24-8 

21-0 RM {L~ f~ ~e )uffer address 0 

FF10 J;' }\ llaB'FQ me Buffer Address 1 24-8 
21-o( !PJtI.L ~ame buffer address 1 
31-2~ \RNI/~ 'Reserved 
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Table B-11. LPB Registers (continued) 

Add Index Register Name Description 
dress Bit(s) R/W Bit Description /\. Page 
FF14 LPB Direct Read/Write Address \. 1\ 24-9 .... 

20-0 RNV Address of MPEG decoder address to read/write '\ " / ) 
23-21 RNV MPEG decoder transaction type (~ I\.. v / 

31-24 RNV Reserved \ ..... -'-1'...."-/ 
FF18 LPB Direct Read/Write Data A \ V J"- h4-9 

31-0 RNV LPB direct read/write data ~ ~ \ { 
FF1C LPB General Purpose Input/Output Port 7 7 ~ ~\ \ 24-10 

3-0 RNV General purpose output data port /" '\. 'V 
7-4 R General purpose input data port AV" '\. V 
31-8 RNV Reserved \." "" 

FF20 Serial Port ,......... "" V 24-11 
o RNV 0 = Serial clock write on pin 205, ~= pin ~tri-~te 
1 RNV 0 = Serial data write on pin 20611 }'-in ~tale 
2 R 0 = Serial clock low-on pin 2~, y=Jh\\20~i-state 
3 R 0 = Serial data low on pin =iJ6, ( :iOi~~tr}State 
4 RNV Enable serial port functi~" .'00' 777 

5-7 RNV Reserved 7" V / 
8 R Bit 0 mirror (data 0~b~la~21~2~ 
9 R Bit 1 mirror (dat~~vt~ane ~ a E2H) 
10 R Bit 2 mirror (~n ~ IW2 a E2H) 

11 R Bit 3 mirrorJ6a~ o~vt"" "'net' at E2H) 
12 R Bit 4 mirr;{r (r6t~n)\te ~ 2 at E2H) 

31-13 RNV Rese~ V / V 
FF24 LPB ~e~pu( Window Size 24-12 

11-0 RNV Vi$Q ir1b.Jt 7h..'a. w~h 
15-12 RNV ~eserv~" V 

31-25 RNI -Re~ e~ 
FF28 I Lltt ~ra.,Joata Offsets 24-13 

11-0 .J3L\I\ 1\ Hortzollt81 video data offset 

15-12/ Rm\ ~el1 ed 
24-1 ~ If F{J(N )~al video data offset 

31-2~ 1\ R/Wt \ Reserved 
FF2C \ '-I I LPB Horizontal Decimation Control 24-14 

31-0 ~ Video data byte mask 
FF30 LPB Vertical Decimation Control 24-14 

7-0 R Video data line mask 
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Table B-11. LPB Registers (continued) 

Add Index 
dress Bit(s) R/W 
FF34 LPB Line Stride 

11-0 R/W Line stride 
31-12 R/W 

FF40 
31-0 R/W 
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8.10 MISCELLANEOUS REGISTERS 

Table B-12. Miscellaneous Registers 

Add 
dress 
8504 

8504 

850C 

Index 
Bit(s) R/W 

Subsystem Status 

Register Name 
Bit Description 

o R Vertical sYnc interrupt oenerated \ "'" """-V' 
R S3D Enoine interrupt oenerated 7\.. \ V j ~ 

2 R Command FIFO overflow interrupt oenerated ~ '" .. ~ ( 

3 R Command FIFO empty interrupt generated 77, ~ \ 
4 R Host DMA done interrupt oenerated / \.. \.. 'it 
5 R Command DMA done 1nterrupt oenerateAV \.. \.. V 
6 R S3D FIFO empty interrupt oenerated \. \... \.. \.. 

7 R LP8 interrupt generated 
12-8 R S3D FIFO slots free 

13 R S3D Engine idle 
31-14 R Reserved 

Subsystem Control < (/ / A ) 25-2 
o W Vertical sync interrupt c~ / / T 
1 W S3D Engine interrulJtA'eamd "\. V / 
2 W Command FIFO ov~rtl~ inThcrul~lelred 
3 W Command FIFO~ i~erru~t deared 
4 W Host DMA doAte~t Wed 
5 W Command ()(".w~i~rucfcleared 
6 W S3D FIFcYer06Mnt)r'\ip~ared 
7 W Host ~d~ iJlerr~~nabled 
8 W Vertic~ s~nt~uPt enabled 
9 W SJ&l..Enatoe ~rr~t enabled 
10 W (ommarutFIF~rflow interrupt enabled 
11 W ~m~o'mpty interrupt enabled 
12 W II.....co~a~DMA done interrupt enabled 
13 wi S~ ~ ~ kpty interrupt enabled 

15-14 .-IN\ 1\ S3~ E tgine software reset select 
31-1151 W)\ ~er) ed 

If ~ j~nced Function Control 25-4 
o 1\ RIW\ \ Enable accelerated modes (enhanced and VESA non-planar) 

3-1 \ A,wI J Reserved 
4 ~ Enable linear addressing 

31-5 RIW Reserved 
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B.11 PCI CONFIGURA nON SPACE REGISTERS 

When a PCI configuration read or write command is issued, AD[7:0] contain the address ofthe register 

~~ 
in the configuration space to be accessed. 

Table B-13. PCI Configuration Space Registers 

Add 
dress 

00 

02 

04 

06 

08 

00 

10 

30 

Index 
Bit(s) R/W 

Register Name 
Bit Description \ 

.... :"Lm..scJi6tion 
A \~ ~ge 

Vendor 10 110.( \.. \ ... /r-J 26-1 
15-0 R Hardwired to 5333H 

Device 10 / (' .'\..\) 26-2 
15-0 R Hardwired to 5631 H (initial stepping) L A ~ .\.. T 

Command /V '\.. '\.. .." 26-2 
o R/W Response to I/O space accesses enabl~ \.. ~} 

3-2 R/W Reserved A_\. 
4 R/W Enable bus master operation/ /).. \.. ~ 
5 R/W Enable DAC snoopinQ // L)'\.. '\. 

15-6 RIW Reserved \.V//\/ 
Status ~ (// 26-3 

8-0 R/w Reserved / ~ ~ ,., / 

10-9 R/W Hardwired to sel~~ m'dium\le~Melect timing 
11 RIW Reserved L \.. \.. '\.. ) , 
12 R/W Bus master JfarJa.cti~er¥in.,(ed with target-abort 

13 RIW Bus mastlr'trln~n~ated with master-abort 
15-14 RIW Rese~(fj (/ /\.. )~ 

Cla~.'" / v 26-3 
31-0 R Hard~e.~\..in~ate VGA-compatible display controller 

26-4 
7-0 

1 0-8 RNJ/~e~~ LSBs of latency timer) 

15-11 Rr/v I ~u~asltr latency timer 
, \ B_e ~ress 0 26-4 

o ~ -ptA !\. Hai-d\llired to indicate base registers map into memory space 
2-Y ~ ~ Ha~ired to allow mapping anywhere in 32-bit address space 

j ( RM Hardwired to indicate does not meet prefetchable requirements 

22~ \. RN I Reserved 

31-2~ "'trrW J Base address 0 
~ BIOS Base Address 26-5 

o RMi Enable access to BIOS ROM address space 

15-1 RMi Reserved 

31-16 RMi Upper 16 bits of BIOS ROM address 
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Table B-13. PCI Configuration Space Registers (continued) 

Add Index Register Name 
dress Bit(s) R/W Bit Descri tion 

3C 
7-0 RMI information 

3D 
7-0 R use of INTA 

3E 
7-0 RMI 

15-8 RNV 
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2D line draw programming 15-18 
2D polygon fill programming 15-21 
3D color generation 15-26 
3D 1ine draw programming 15-23 
3D triangle programming 15-23 

A 

address latch delay 19-5 
alpha blending 15-30 

select type 20-32 
alpha4/blend4 15-29 
a utoexecute 15-6 

2D 20-12 
3D 20-31 

B 

base address 
command DMA buffer 
destination (2D) 20-5 
destination (3D) 20-24 
DMA read 22-6 
source 20-4 
texture 20-27 
z-buffer 20-24 

BIOS 
See video BIOS 

BitBLT 
destination oc . 
drawing di ec ion 
programml g 1 
rectangle di e 
source locati 

blank/border selec 
blend4 15-29 

color limits 20-29 - 20-30 
blending 10-7,21-6 
border color 15-29 

PROPRIETARY AND CONFIDENTIAL 
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Index 

c 

20-12 
20-31 

color compare 
VGA 16-37,16-41 

color keying 10-8,21-3 
enable 21-3 
in KRGB mode 21-3 

19-12,22-3 
19-12,22-3 

9-1 

color mode select 16-12 
color pattern registers 20-3 
color pattern select 20-13 
color space conversion 10-4 - 10-5 

PRELIMINARY 

16-17 
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command 
20 (specify) 20-14 
3D (specify) 20-33 

command set register 
20 20-12 
3D 20-31 

complex reflection 15-29,20-32 
configuration strapping 17-7 

at reset 5-3 
unlocking access to registers 17-9 

DMA 23-3 
CPU base address 

enable 17-2 
specify 19-13 

cursor 
end 16-26 
.Iocation address 16-27 
start 16-26 

cursor location address 16-27 

o 

DCLK 
control 9-3 
halving 16-6, 16-17 
invert 16-17 
inverted 17-4 
loading new frequency 9-2, 16-16 -
programming 9-2, 16-14 

decal 15-29,20-32 
decimation 11-10,24-14 
destination base address 

20 20-5 
3D 20-24 

destination color format 
20 20-12 
3D 20-31 

DEVSEL timing 6_r§) 
digitizer interface -7 
display active status \)
display FIFO fetch 

enable 17-
specify sta posit" -1 

display mem ~ 
2 MCLK w it - 1,16-17 
access con 0 1 
chip count II ita n 7-1 
configuration 
functional timing 7-4 
refresh 7-4 
refresh cycle control 7-4, 16-29 
size specification 5-1,17-7 

display pitch 16-29 

1-2 INDEX 

S3dViRGE 

19-13 

23-3 

E 

ena 
h 
P n 

Ii pi 
col k i 21-3 
o nOMA 23-3 

~ 
an d mode 25-4 

f connector 16-12 
fo gmg 20-32 
h rdware graphics cursor 18-3 
near addressing 19-5,25-4 

LPB 24-2 
memory mapped I/O '9-2 
PCI bus master operation 26-2 
pixel drawing (20) 20-12 
texture wrapping 20-33 
video/graphics DMA 23-2 
ViRGE 17-8 

end horizontal blank 16-22 
end horizontal sync position 16-23 
end vertical blank 16-31 
ENFEAT 16-12 
Enhanced mode 

enable 15-3, 25-4 
enable 8 bpp or greater 17-10 
memory mapping 17-3 
programming 15-5 

ESYNC 12-10, 16-12 
EVCLK 12-10, 16-12, 16-16 
EVIDEO 12-10 
extended data out (EDO) memory 7-1 
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F 

fast page mode memory 7-1,16-11 
feature connector 

AC timing 4-8 
enable 3-8, 12-10, 16-12 
interfaces 12-7 
LPB 12-10 
pass-through 12-10 
Tri064-type versus LPB 16-12 
VAFC 12-7 

filtering textures 15-27 
fogging 15-30 

enable 20-32 
font selection 16-8 
frame buffer 

See display memory 

G 

General Data bus 
BIOS ROM interface 12-2 

general input port 16-49 
description _ 12-4 
enable 12-4, 19-4 

. general output port 19-7 
description 12-5 
LPB 24-10 

Gouraud shading 20-33 
green PC 

HSYNCNSYNC control 

H 

hardware graphics cursor 
background color 18 
enable 18-3 
foreground color 
pattern display x 
pattern display y 

S3dViRGE 

horizontal sync 
control for power management 16-12 
polarity 16-2 

horizontal sync position 
end 16-23 
start 16-23 

horizontal total 16-21 
HSYNC 

direction 12-10 
direction control 

20-14 
20-12 

17-11,18-2 

nOMA done interrupt clear 25-3 

5J 
d DMA done interrupt enable 25-3 

c nd DMA done interrupt status 25-2 
c mand FIFO empty interrupt clear 25-3 
c mmand FIFO empty interrupt enable 25-3 
ommand FIFO empty interrupt status 25-1 

command FIFO overflow interrupt enable 25-

command FIFO overflow interrupt status 25-

commandFIFO overflow interrupt clear 25-3 
enable 12-11,17-3 
generation 12-11 
host DMA done interrupt clear 25-3 
host DMA done interrupt enable 25-3 
host DMA done interrupt status 25-2 
LPB 24-6 
S3D Engine done interrupt status 25-1 

15-31, 19-4 S3D Engine interrupt clear 25-3 
x origin S3D Engine interrupt enable 25-3 
yorigin 1 S3D FIFO empty interrupt clear 25-3 

high speed te S3D FIFO empty interrupt enable 25-3 
high speed te on S3D FIFO empty interrupt status 25-2 
horizontal blank vertical retrace interrupt clear 16-28 

end 16-22 vertical retrace interrupt enable 16-28 
start 16-22 vertical retrace interrupt status 16-3 

horizontal display end 16-21 vertical sync interrupt clear 25-2 
vertical sync interrupt enable 25-3 
vertical sync interrupt status 25-1 
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L 

latency timer 26-4 
LCLK 

invert 24-4 
lighting textures 15-29 
line compare 16-33 
line draw 

drawing direction 20-19 
endpoints 20-17 
scan line count 20-19 
x delta 20-18 
x start 20-18 
y start 20-19 

line draw programming 15-18, 15-23 
linear addressing 

.enable 15-3, 19-5,25-4 
explained 15-3 - 15-4 
window position 19-6,26-5 
window size 19-5 

Local Peripheral Bus 
See LBP 

locking register access 
See unlocking 

LPB 
24-3 

M 

m parameter 
See also PLL m parameter 

master abort 26-3 
maximum scan line 16-25 

1-4 INDEX 

memory 
See display memory 

memory mapped 1/0 
enable 19-2 
MMIO only select 

memory mapping 
EnhancedNGA 

mipmap 15-2 
level size 0-3 

MMIO 

control 3-7 
edge delay 7-4 
leading edge delay 
trailing edge delay 

offset 16-29 
ordering 

reads 15-4 
write 15-4 

p 

palette registers 16-43 
lock access 17-4 

S3d ViRGE 

19-12,22-3 
19-12,22-3 

panning 16-25,16-44,16-46 
pass-through 11-10 
pass-through feature connector 12-10 
pattern registers 

color 20-3 
mono 20-7 
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PCI Bus 
BIOS ROM access enable 26-5 
BIOS ROM base address 26-5 
bus master enable 26-2 
bus master latency timer 26-4 
configuration 6-1 
cycles 6-1 
device 1.0. 6-1 
DEVSEL timing 6-1 
disable read bursts 17-10 
enable disconnect 19-10 
enable I/O accesses 26-2 
enable memory accesses 26-2 
interface 6-1 
linear addressing base address 26-5 
master abort handling during DAC cycles 

8-3,17-5 
maximum latency 26-6 
minimum grant 26-6 
received master abort 26-3 
received target abort 26-3 
retry handling during DAC cycles 8-3, 17-5 
vendor 1.0. 6-1 

perspective correction 20-33 
pin 50 function select 16-11 
pin descriptions 3-4 - 3-10 
pin list 

alphabetical 3-12 - 3-14 
numerical 3-15 - 3-16, 3-18 

pitch 16-29 
PLL M parameter 
PLL N parameter 
PLL R parameter 
polygon draw 

left edge x delta 
left edge x start 
right edge x delta 
right edge x start 
scan line count 
specify edge to u 
y start 20-22 

polygon fill pro 
power manag ment 

HSYNC co tr I 
VSYNC co tr I 

programming 5-5 
programming 

20 line draw 
20 polygon fill 15-21 
3D triangle 15-23 
BitBLT 15-7 
hardware cursor 15-31 
notational conventions 15-5 

S3dViRGE 

rectangle fill 15-17 
protected mode 15-3 

Q 

quadword mode addressing 

R 

R parameter 
See PLL R param 

RAMDAC 
AC specificati s 

1 

io 8-2, 16-19 
t -11 
1 - 8-2 

4-1 
4-1 

~c~E~~O\rsRDY 17-8 
17-4 

cle control 16-19 
S ooping 17-5 

A-1 
20-14 
A-1 

16-19 
8-3 

7-4,22-3 

25-4 

17-1 - 17-2 

row scan count 16-25 

s 

S3D Engine 
enable 25-4 
register mapping 20-1 - 20-2 
software reset 25-4 
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scaling 10-4 
Scenic Highway 11-1 
screen off 16-7 
SENSE 

status of internal signal 16-3 
serial port 11-7 

add wait states 24-7 
addressing 19-15 
register 24-11 

source background color 20-10 - 20-11 
source base address 20-4 
SRDY 

delay assertion 18-1 
generation 6-2 

start address 16-27 
start horizontal blank 16-22 
start horizontal sync position 16-23 
start vertical blank 16-30 
stepping information 17-1 - 17-2 
streams processor 

blending 10-7, 21-6 
chroma keying· 21-5 
color space conversion 10-4 -10-5 
color/chroma keying 10-8,21-3 
compose modes 10-5,21-6 
double buffering 10-2,21-7 - 21-8 
FIFO control 10-8,22-2 
filter characteristics 21-2,21-4 
filter constants 21-5 
input data formats 21-2,21-4 
introduction 10-1 
mode select 19-11 
opaque overlay 10-6,21-1 
primary stream input 10-
primary stream stride 1-8 
primary stream windo 
scaling 10-4,21-12-
secondary stream i 10 
secondary stream tride 1-
secondary strea W~d 1-
timeout counters 2-4 

stride 
DMA read 22-

S3dViRGE 

T 

angle programming 15-23 
rio64 

compatible mode select 19-15 

u 
underline location 16-30 
unlocking 

configuration strapping registers 17-9 
Enhanced registers 18-1 
extended sequencer registers 16-10 
pseudocode for 13-2 
S3 VGA registers 17-9 

d stl a' endering) 20-6 system control/extension registers 17-9 
source an d stin (3D) 20-26 
z-buffer 0- 6 v 

STWR 
VAFC feature connector 12-7,16-12 

Trio64-compatible 7-1,7-4 
VClK 

direction 12-10, 16-16 
inversion of DCLK 17-4 
phase with respect to DCLK 19-11 
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VCLKI 3-8,16-11 x 
vertical blank 

end 16-31 X-Windows 15-31,19-4 
start 16-30 

vertical display end 16-29 z 
vertical retrace 

enable interrupt 16-28 z-buffering 
end 16-28 base address 20-24 
start 16-28 buffer update enable 

vertical sync programming 1 5 
active status 16-3 select compare de 
control for power management 16-13 select mode 0-
polarity 16-2 

vertical total 16-24 
VGA compatibility 14-1, 16-1 
VGA graphics mode select 16-44 
VGA memory bus width 17-3 
VGA memory mapping 17-3 - 17-4 
video BIOS 

access enable (PCI) 12-1,26-5 
base address (PCI) 12-4,26-5 
enable access 12-1 
enable accesses 17-7 
read functional timing 12-2 
ROM interface 12-1 
size selection 12-4, 17-8 

video display enable 16-42 
VL-Bus 

address latch delay 
cycles 6-2 
delay assertion of SRDY 
interface 6-2 
RDYIN 6-3 - 6-4 
RDYIN input 6-2 
SRDY generation 6-2 
write latching delay 

VLKLI 16-11 
VSYNC 

wait state co r 
wakeup 1 1 
WE 

leading edg de 
trailing edge 

word mode addressing 
write ordering 15-4 
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