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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 bit field from bit n to bit m. For example, 7-0 specifies bits 7 through 0,

When K or M are used, they refer to binary rather than decimal form.
bytes.

When k is used, it refers to decimal 1000,
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Section 1: introduction

High-Performance Integrated DRAM-based S3 Streams PracegsoNFe.

2D/3D Graphics and Video Accelerator
«  High-performance 64-bit 2D/3D graphics
engine utilizing S3's advanced S3d tech-
nology
e Integrated 135 MHz True-color RAMDAC
and dual-clock synthesizer
e  S3 Streams Processor for hardware-as-
sisted video playback and games accel-
eration
e  S3 Scenic Highway for direct interface tg
live video and MPEG-1 peripherals

e  Pin compatable with LPB mode of $8
Trio64V+

etic blending of two pixe!
ams for fade-in/fade-out effects

Sgenic Highway Interface

Philips SAA7110/SAA7111 video
digitizers

e S3 Scenic/MX2 MPEG-1 audio/video
decoder

S3d 64-bit 2D/3D Engine Technolgy

. Best of class 2D performangh
dows95

High Non-interlaced Screen Resolution Support
s 1280x1024x256 colors at 75 Hz refresh
e 1024x768x64K colors at 75 Hz refresh
e  800x600x16.7M colors at 75 Hz refresh

and presentations
o  Texture perspeciine

High-Performance Memory Support
e  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/Little 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
e  Glueless PCl 2.1 bus interface
o Glueless VESA® VL-Bus interface

Multimedia Support Hooks
"« 83 Scenic Highway
s VESA advanced feature connector

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

Full Software Support

o Drivers for Windows 95, Windows 3.11,
Windows NT, 0S/2 2.1 and 3.0 (Warp),
ADI 4.2

Green PC/Monitor Piug and Play Support

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

«  DDC monitor communications
Extensive Static/Dynamic Power Managemery

Industry-Standard 208-pin PQFP package

1.1 OVERVIEW

tions to the ‘mainstreaf
computing world. It dog

or graphics- mtens:ve
and Windows® 95 ap-
plications. In a W, the S3d Engine technol-
ogy provides ab gd 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 S$3's advanced Streams Proces-
sor for video and entertainment acceleration as
well as S$3’s Scenic Highway for multimedia con-

Microsoft® Wi

nectivity rounds out S$3d ViRGE as the complete
interactive graphics multimedia solution.

1.2 $S3d 64-BIT 2D/3D
ACCELERATION TE

pfailed description
¢ mapping features is
ent titled VIRGE Inte-
are Users Guide.

ing, and color space conversion (YUV to
of two independent pixel streams. Arithme-

gr 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
quality full 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 of the 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
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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.

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 83 SCENIC HIGHWAY

The S3 Scenic Highway interface directly con-
nects to MPEG-1 audio/video decoders such as
S3's Scenic/MX2™ and the C-Cube® CL-480 as
well 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
very tightly coupled to provide optimal live videg
playback. The Scenic Highway and Streap
hardware automatically switch capture and
play buffers without software interventio

1.5 SOFTWARE SUPPORT

API to enable application
Processor features. S3 v
driver to enable 3D a

S3 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.

05221 and 3.0

S3 will supply a full-featured driver for each of
these operating systems.

DOS Applicati
S3 supports DOS applicati

1. Driver support foy/ROS DvPl’ i
Argonaut™'s BRgadex™, Ccr’it 10

&S drivers for the 3D-Studio™ and
\applications.

PROPRIETARY AND CONFIDENTIAL
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1.6 VIDEO RESOLUTIONS
SUPPORTED

Table 1-1. Video Resolutions Supported

1MB | 2MBs | 4 MBs
Resolution DRAM | DRAM | DRAM

640x480x4

640x480x8

640x480x16
640x480x24
800x600x4

800x600x8.

800x600x16
800x600x24
1024x768x4
1024x768x8
1024x768x16
1024x768x24
1152x864x8
1280x1024x4
1280x1024x8
1600x1200x4 v
1600x1200x8

SRRVRIRIR

SR

ASAYANASANARASASASANAY

SRSRRISRRRRIRIRIRIRR

N

ANAN

SRIRIRIR

SN

1.7 MORE INFORMATIO

For more detailed information 3 proyram-
ming for the VIRGE produc Ncal
S3 representative or S3 dirgdctly fora he
VIiRGE Integrated 3D Accelexaton ftware sers
Guide.

1-4 INTRODUCTION PRELIMINARY PROPRIETARY AND CONFIDENTIAL
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Section 2: Mechanical Data

2.1 THERMAL SPECIFICATIONS _ A ®

Parameter Min Tﬁ \M& Unit
Thermal Resistance ©.Jc °C/IW
Thermal Resistance ©a (Still Air) °C/W
Junction Temperature °C
2.2 MECHANICAL DIMENSIONS
ViRGE comes in a 208-pin PQFP package. R dimensions are given in Figure 2-1.

S
&

PROPRIETARY AND CONFIDENTIAL PRELIMINARY MECHANICAL DATA 2-1
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30.6020.30
29.60+0.20
28.80
28.0:0.10

105

156
P
o

O
O
Z/

28.020.10
28.80
29.60+0.20
30.60+0.30

208
D
Tk
N
2.2
53

I
|

f"l|||||i!!l||||niiiIilIIIIIIIIIIIIIIIIIHIIIIIlIllIIIl||I||I|lIIIIIIIIIIIIIIIHIIIIIII At

3.8020.10

luumunii::

0.1520.05 (

R DIMENSIONS
N MILLIMETERS

%J

J__&
0.5020.20 reaont

Figure 2-1. 208-pin PQFP Mechanical Dimensions
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Section 3: Pins

3.1 PINOUT DIAGRAMS

ViRGE comes in a 208-pin PQFP package. It has two primary Rti odes with significantly
different pin definitions. These modes are selected accordipg.t g of the PD24 pin at
power-on reset.

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

If PD24 is strapped low at reset, VIRGE powers yg in LOwg

this mode for a PCI configuration is shown j
configuration is shown in Figure 3-3.

@@

o/ pinout for this mode for a VL-Bus

PROPRIETARY AND CONFIDENTIAL PRELIMINARY PINS 3-1
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LOWPAYHD?
LD10/PAI0MD2
LD11PAIIMHDS
LD12PA12HD4
STWi/Gol

CREQICROYNSEVCLK
SPCLK

SPD
A3t
A3

PO

3 g
i0E
I |

rE2ER

g 8|°|§E5r§§éss &

3
S
ﬁ&l§§§§§§§
uunun

SRS R ARSI NI NI III ISR SEI s s EaReRSES

Figure 3-1. VIiRGE PCl Bus Pinout - LPB Mode

§5§|§§§§§§§§§§l§|§i§l§l§ e
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DA

3333783338

33

R AR e RN R ARSI NI NIII ISR AR R B2 R RSES

EERRRREPREEREREFEEP ISR REREE

CECEeRINRIRRRERASNNIRSGNBITITICELSSSS

0L L L R
» Qg CX 115 mtn« VIRVLPIN

Au":>§§§§§§§l§E¥EE S EEERL L B R

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

The following table provides a brief description of each pin on VIiRGE for its PCl bus and VL-Bus
configurations. The following abbreviations are used for pin types.

| - Input signal
O - Output signal
B - Bidirectional signal

Some pins have multiple names. This either reflects the different functiong
depending on the bus configuration selected by power-on-strapping g
functions are selected via a register bit setting. The pin definitions ang
possible case.

Table 3-1. Pin Descriptions

Symbol | Type | Pin Number(s) | Description .. N\
BUS INTERFACES
Address and Data
ADI[31:0} B 207-208, 1-6,
10-11, 13-18,
28-31, 33-36,
3946
SD[31:0] B 46 Bus.
SAl22:2] | 201-196, 191 N\Q@er’ Aldress Bus Lines 22:2.
185, 183-1 \
SAUP1 (VL) ! 25 Uppgf Address Decode 1. In conjunction with
is input tells VIRGE when to respond when
mory/register address space has been relocated
abd¥e 4 MBytes. Specifically,
SAUP1 =0, SAUP2 = 1 - register/port address access
SAUP1 = 1, SAUP2 = 0 - video memory access
\ v> The other two combinations are ignored.
SAUP2 (VL) | SON (VL) Upper Address Decode 2. See definition for
Z~ TN SAUP1. .

C/BEI[3:0] I 7N X, 38 (PCl) Bus Command/Data Byte Enables. These signals
carry the bus command during the address phase and
the byte enables during the data phase.

SBE(3:0] f> A (VL) Data Byte Enables.

Bus c&ltrol ( \

SCLK \3/ 194 (PCI) PCI Systemn Clock.

SCLK (VL) CPU System Clock

INTA (0] 152 (PCI) Interrupt Request.

SINTR (VL) interrupt Request.

3-4 PINS PRELIMINARY PROPRIETARY AND CONFIDENTIAL
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Table 3-1. Pin Descriptions - LPB Mode (Continued)

Symbol Type Pin Number(s) | Description
IRDY I 21 (PCI) Initiator Ready. A bus data phase igéQmpleted
when both IRDY and TRDY are asserted
cycle.
RDYIN
is asserted.
TRDY (0] 23
when both IRDY and T|
cycle
SRDY (VL) Local Bus C
DEVSEL 0 24 i \ves)this signal active
e target of the
LOCA
IDSEL | 8
SM/I0 I /<\
ewlory/ cycle and low for an I/O cycie.
RESET | 193 N ( SyStem Reset. Asserting this signal forces the
> eg§¥ers and state machines to a known state.
SRESET {\ / (VL) System Resst.
FRAME | 20 (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. ‘
SADS l f\x (VL) System Address Strobe.
PAR 26 V' (PCI) Parity. VIRGE asserts this signal to verify even
> parity during reads.
SW/R (VL) Write/Read Cycle Indicator. This signal is high for
a write and low for a read.

PROPRIETARY AND CONFIDENTIAL

PRELIMINARY
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Table 3-1. Pin Descriptions - LPB Mode !Continued)

Symbol Type Pin Number(s) | Description

STOP o] 25 (PCI) Stop. VIRGE asserts this signal to ipflicate a
. target disconnect.

SAUP1 (VL) Upper Address Decode 1. In

its memory/register address space aVen 8ldaa

CLOCK CONTROL _ AN\,

XIN | 156 Reference Frequ \If 8§ external crystal is

. used, it is connectdd bixtweeN XOJT and this pin. A
stable extern. ource/an also be input via

internal #scjfat \ mally only used for test

purpoges
XOouT (0] 157 Crys' d{mﬂemal 14.318 MHz crystal is
uges s caffneftegbetween XIN and this pin. This
in drivés\th | via an internal oscillator.
DISPLAY MEMORY INTERFACE / L\ /
Address and Data A\ \ ]V

MA[8:0] o] 80, 78, 76, eM dress Bus. The video memory row and
72,73,78,77. mn gddresses are multiplexed on these lines.
79 A

PDI63:32] B 4 b‘sg)ay Memory Pixel Data Bus Lines 63:32. Certain of

these pins are enabled for feature connector operation
whenbit 0 of SRD is set to 1 and bit 1 of SRD is
cleared to 0.

/-
PD[31:0] Display Memory Pixel Data Bus Lines 31:0. PD[28:0}
are also used as the system configuration strapping
53, 65, 57, 59, bits, providing system configuration and setup
63, 65, 67, 69, information upon power-on or reset. After reset, the
105, 103, 101, General Data Bus signals are multiplexed on 24 of
98, 95, 93,91, | these pins.
89, 88, 90, 92,
94, 97, 100,
102, 104

3-6 PINS PRELIMINARY PROPRIETARY AND CONFIDENTIAL
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Table 3-1. Pin Descriptions - LPB Mode (Continued)

Symbol l Type | Pin Number(s) | Description
Memory Control
RAS[1:0] 0 50, 84
CAS[7:4] (0] 52, 61, 49, 48 Column Address Strobe Lins
not d(iven when the Trio§4
CASI3:0] (o] 82, 83, 85, 86
WE 0 125
OE[1:0] o} 50, 124
4
0 (default), a second OEO signal is output on
Ahis allows the same board to use either fast
> 3 r EDO memory in 2-MByte designs with no
Witional hardware. OE1 is not available for LPB VL-
Bus configurations. Memory designs requiring use of
pin 50 as a memory control signal cannot be used.
VIDEO INTERFACE N\ \\
PDOWN I 16 Power Down. Asserting this signal turns off the-RGB
/. TN analog output from the DACs.
VREF ( p 1 Voltage Reference. This pin is tied to Vss through a 0.1
\ pF capacitor.
RSET Reference Resistor. This pin is tied to Vss through an
/ 3\\‘)? external resistor to control the full-scale current value.
AR J \-/1%8 Analog Red. Analog red output to the monitor.
AG \) 171 Analog Green. Analog green output to the monitor.
AB \ N } 172 Analog Blue. Analog blue signal to the monitor.
PROPRIETARY AND CONFIDENTIAL PRELIMINARY PINS 3-7
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Table 3-1. Pin Descriptions - LPB Mode (Continued)

Symbol

Type

Pin Number(s)

Description

ENFEAT

(0]

151

Enable Feature Connector. Setting SRD 1 drives
this signal low when SR1C_1-0 are 00b.\[his\also

enables all feature connector operations.

BLANK
VFCBLANK

191, 206

115

connector input tha
video output.

ESYNC
VFCESYNC

183,205 .

109

External SYNC. TRAESKNC ?u%c}n is on pin 183
tion is enabled in

come outputs.

EVIDEO
VFCEVIDEO

203
m \

'de‘o/r EVIDEO function is on pin 203

) (or VFCPA[1 5:0]) are outputs to the feature
ctor.

EVCLK

VFCEVCLK

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.

VCLK

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 input used only for test purposes.

N

VCLKI

7
\

106

VCLK Input. The VCLKI function is enabled when LPB
VAFC (16-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.

3-8 PINS

PRELIMINARY

PROPRIETARY AND CONFIDENTIAL



#3 $3d ViRGE

83 Incorporated

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

Symbol Type Pin Number(s) | Description
HSYNC B 149 Horizontal Sync. When ESYNC (or VFCI C)is high
. this is the horizontal sync output. When\cSYWC i |s
this is an input from the feature connecto

VSYNC B 150 Vertical Sync. When ESYNC (or V C h‘g’h
this is the vertical sync output. n ES L\ A
thas is an input from the featu;e [ole] e

PA[15:0] B 201-199, 189-
185, 202, 184,
175, 174, 155,
154, 147,146

VFCPA[15:0] B 144, 142, 140,
138, 134,132,
130, 128, 127,
129, 131, 133,
136, 139, 141,
143

MISCELLANEOQUS FUNCTIONS
General Data, 1/O and Serial Ports

GAl15:0] (o] 105, 103, 101,
98, 95, 93, 91, OM reads. They are multiplexed
89, 88, 90, 92, ¢ / Programmers must ensure that the
94, 97, 100, 1S inactive when reading the ROM.

102, 104

GDI7:0) I 53, 55, ) Gegferal Data Bus. These signals carry data for

is inactive when reading the ROM.

A\ Y /
ROMEN o] 1 (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 SR1C are any value except 11b.

GOPY1:0] \\

GOP1{1:0]

AN

)
O
<
O
7
o]

GPIOSTR
SR1C_1-0 are 01b, 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.

190, 151 (PCl) General Qutput Port Bits 1-0. If SR1C_1 is set to
1, the value of CR5C_0 is output on pin 151 (GOPOQ)
and the value of CRSC_1 is output on pin 190 (GOP1).

j\/ (VL) General Input/Output Port Write Strobe. If

o (0‘>V /;_\
/

153, 151 (VL) General Output Port Bits 1-0. If bit 1 of SR1C is
set to 1, the value of CR5C_0 is output on pin 151
(GOPO0). If SR1C_1-0 are 11b, the value of CR5C_1 is
output on pin 153 (GOP1)

PROPRIETARY AND CONFIDENTIAL PRELIMINARY PINS 3-9
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Table 3-1. Pin Descriptions - LPB Mode (Continued)

Symbol Type Pin Number(s) | Description
STWR (0] 190 (PCI) Strobe Write. If SR1C_1 is cleared o this
. signal is asserted whenever a write is CR A
It is used to enable a General Qutput Port tc

SPCLK 7] 205 Serial Port Clock. ThIS is the clock or 38 jal xta ¥

communications As an outpi
MMFF20_0. As an input, it
MMFF20_2. In elther casg

SPD /o 206 Serial Port Data. i ta igrﬂ for serial data
. transfer, either for KC 0x DDCR mpnitor data
communicatig R ONtput, Wis programmed via

enableg/fy . X 0_4 to 1. PD[26:25] can be
strapp€ 3 K2H or E8H) access to MMFF20

LOCAL PERIPHERAL BUS
Scenic/MX2 Mode
LD[7:0} 10 202, 184, 175, { the Scenic Highway data bus and

174, 155, 154/ a es ressed data to the Scenic/MX2 and video
147. 146 %@ta e Scenic/MX2.
LCLK ! 148 / IRR, Clog€. This clock controls transactions between
/) \VI nd Scenic Highway peripherals
VREQ/VRDY e} 203, {/ \)@3 Request/Ready. This signal is part of the the

Scenic Highway data transfer protocol between VIRGE
and the Scenic/MX2.

CREQ/CRDY I mQ \;, Scenic/MX2 Request/Ready. This signal is part of the
4 the Scenic Highway data transfer protocol between
N VIRGE and the Scenic/MX2.

ENFEAT 1 i Enable Feature Connector. This signal is connected to
( \ the Scenic/MX2 chip enable input such that the
P~

Scenic/MX2 is disabled when feature connector
N’

operation is enabled.

3-10 PINS PRELIMINARY PROPRIETARY AND CONFIDENTIAL
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Table 3-1. Pin Descriptions - LPB Mode (Continued)

Symbol | Type | Pin Number(s) l Description
Video 8 in and Video 16 (PCl only) Modes /\
LDI7:0) I. | 202,184,175, | LPB Data Bus [7:0]. This is the Scenic HW
: 174, 155, 154, bus and carries video data input.
147. 146 , N
LD[15:8] | 201-199, 189- | (PCI) LPB Data Bus [15:8]. Scenic Xg%ay\aq%véta
185 input for the upper data byte jA\Vid mgode.
HS | 203 HSYNC. HSYNC input siWﬁﬂt&ns'{(mﬁfom one
line to the next.
VS | 204 VSYNC. VSYNC input gné&g &»\wcn from one
frame to the next.
HD(7:0] 0 201-199, 189- | Host Data. CL-48(/2Nfipre }{ .
185 -
HSEL[2:0] 0] 178-176 Host Select. elVone of five CL480
host interf: reglst
Video 8 in/Out Mode (CL-480) (PCI only)
LD[7:0] | 202, 184, 175, LPB Dafta is is the Scenic Highway data
174, 155, 154, bus @ghd ¢arp o ta input.
147. 146
DS - 179 /Z/asserts this signal to select the CL-
rite operation.
RW 0 180 GE drives this signal high to specify a
80 Jeagl cycle and low to specify a write cycle
DTACK | 181 taXk wiledge. The CL-480 asserts this signal
n it Jatches compressed data from ViRGE or when
aced video data on LD[7:0]. This is an open
CFLEVEL | Co‘r'npressed Data FIFO Level. When this signal is low,
the CL480 FIFO has room for at least 44 bytes of
compressed data. This is an open drain signal.
POWER AND G
VDD 1 ZW Digital power supply
192
AVDD i ), 170_| Analog power supply (RAMDAC)
CLKAVDDI[1:2] '\ \5 160 Analog power supply (clock synthesizer)
VSS ) N4, p2,32,47, | Digital ground
, 71,87, 99,
ﬂ 114, 123, 126,
135, 145, 195
AVSS \ J 159, 161, 163, | Analog ground
167,173
PROPRIETARY AND CONFIDENTIAL PRELIMINARY PINS 3-11
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3.3 PINLISTS

Table 3-4 lists all VIRGE pins alphabetically. The pin number(s) corresponding to each pin name are

Table 3-2. Alphabetical Pin Listing

PIN(S) A NN\/
Name PCI VL A \V .Y
AB 172 172 AN\ /Y
AD[31:0] 207-208, 1-6, 10-11,13-18, 28-31, / /\ \\ \
33-36,3946 / C N \\/_
AG 171 171 /Q’A N \/
AR 168 168 N\ °
AVDD 164, 169, 170 164, 1617\ )
AVSS 159, 161, 167, 173 15647, N3 Y
BGNT A\ N\
BLANK 191 2080\ \~/
BREQ - / /N\_\.
CAS3:0] 82, 83, 85, 86 (@174
CAS[7:4] 52, 51, 49, 48 —\ 52/51/49748
C/BER0] 7,19, 27,38 —/ v/
CFLEVEL 182 / /
CLKAVDD[1:2] | 158, 160 A\ \ 158¥160
CREQ/CRDY | 204 A N\ \/ P4
DEVSEL 24 / /N \\
DS 179 / / /NN \/
DTACK 181 </ / \
ENFEAT 151 (\\ / i 151
ESYNC 183 NN\ 205
EVCLK 204/ 0\ \N\ ) 204
EVIDEO 203\ o YW 203
FRAME 20 \ v
GA[15:0] 10, 128,10N\98,0, 92, 94, 97, 100;
10b, fo4 \ \
GD[7:0] 5N\67, 5P, $3, 65, 67, 69
GOPI1:0] 199N~ / 153, 151
GNT {7 A"
GPIOSTR L\ 151
HD[7:0] \ 9p, 189-185
HS \\i‘%i / 203
HSEL[2:0) 178-176
HSYNC 149 149
IDSEL 8
INTA 152
TRDY 21
3-12 PINS PRELIMINARY PROPRIETARY AND CONFIDENTIAL



-.’/’4"3 $3d ViRGE
83 Incorporated
Table 3-2. Alphabetical Pin Listing (Continued)
PIN(S)
Name PCl VL /\
LCLK 148 148 NN\ A
[D[7:0] 202, 184, 175, 174, 155, 154, 147, 146| 202, 184, 175, 174, 155, 164, 14 1% / )
LD[15:8] 201-199, 189-185 (N \  /
LOCA 24 \
MA[8:0] 80, 78, 76, 74, 72, 73,75, 77, 79 80, 78, 76, 74, 72,0757 7VI9
OFo 124 124 A\ \
OE1 50 ' / /N A\\\
PA(7:0] 202, 184, 175, 174, 155, 154, 147, 146| 202, 184, 175, 1%, 155 190\747, 146
PA[15:8] 201-199, 189-185, 134, 132, 130, 128 /A \
PAR 26 { ANAN
PD[63:0) 122, 120, 118, 116, 113, 111, 109, 107) 122, 120N1 18\116:X12 111, 109, 107,
106, 108, 110, 112, 116, 117, 119, 121 10€, 70830, N2, 175, 117, 119, 121,
144, 142, 140, 138, 134, 132, 130, 128 143,140, 133 134, 132, 130, 128,
134, 132, 130, 128, 127, 129, 131, 133/ 174, 3323048, 127, 129, 131, 133,
136, 139, 141, 143, 70, 68, 66, 64, &£, |A38/ 198_1N, 143, 70, 68, 66, 64, 61,
58, 56, 54, 53, 55, 58, 56, 54, 53, 55, N, 1>5€ 55, 58, 56, 54, 53, 55,
57, 59, 63, 65, 67, 69, 105, 10370\ 5759/ 6 65, 67, 69, 105, 103, 101,
98, 95, 93, 91, 89, 88, 90, 924,97, N8, ¥5.43, 91, 89, 88, 90, 92, 94, 97,
100, 102, 104 N\ [\, 702, 104
PDOWN 165 165
RASD 50
RAST 84 / /N \_/
REQ 198 / /NN
RESET 193 ANV /N\/
RDYIN C\ ¢ 21
ROMEN 153 NN\
ROMCS TN \/ 153
RSET 166 N\ %~ D 166
RW 180/\\\\’
SA[22:2] JiaN N\ 201-196, 191-185, 183-176
SADS \ \\V 20
SAUP1 A~\\ ) 25
SAUP2 -~/ \__ 50
SBE[3:0] [{ \~—" 7,19,27,38
SCLK \ \ 194) 194
sbz1:0]  \ [N/ 207-208, 1-6, 10-11, 13-18, 28-31, 33-36,
N 3946
SINTR 152
SM/0 8
SPCLK 205 205
PROPRIETARY AND CONFIDENTIAL PRELIMINARY PINS 3-13
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Table 3-2. Alphabetical Pin Listing {Continued)
PIN(S)
Name PCI VL A
SPD 206 206 N\
SRDY 23 NN AN
SRESET 193 /SN \V/
STOP 25 - N\/
STRD A\ Y
STWR AN\ /Y
STWR 190 / AN\
SW/R 2 / N\ \\)
TROY 3 %/A N\
VFCBLANK 115 115 AV N\ Y
VFCESYNC 109 109 N\ N\ \ )
VFCEVCLK 113 1nI~\ \ Vv
VFCEVIDEO 11 1 TN
VFCPA[15:0] 144, 142, 140, 138, 134, 132, 130, 128J/4 ™0.137, 134, 132, 130, 128,
127, 129, 131, 133, 136, 139, 141, 1 181, 133, 136, 139, 141, 143
VFCVCLK 117 { G
VFCVCLKI 106 _\
VCLK 148 / 1480/ /
VCLKI 106 / /N\ 1\ /
VDD 12,37, 62, 81, 96,137, 198\__\ 19,97, 62, 81, 96, 137, 192
VREQ/VRDY __ | 203 4: ¥ 5 /
VREF 162 62
Vs 204 / /AN \\ /204
VSS 9,22,32,47.60,01,87/114.1%3,) |9, 22 32, 47,60,71,87, 114, 123,
126,135,145 /dQ\1gs /¥ 126, 135, 145, 163, 195
VSYNC 150 NN\ 150
WE 125 A~ N DD 125
XIN 156\ R\ 156
XOUT 157 /\\\§/ 157
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Table 3-3. Numerical Pin Listing
Name
Number PCI VL A
1 AD29 SD29 N\
2 AD28 SD28 N\ A
3 AD27 SD27 /N~ \NV /
4 AD26 SD26 A\ NN\ /
5 AD25 SD25 A VLD Y
6 AD24 SD24 \N\
7 C/BE3 SBE3 / N\ \ (
8 IDSEL svio ./ ¢ N\ \\)
9 VSS vss /A N\ \ Y
10 AD23 spzz AV \ \ VY
11 AD22 sp22 & N\ \
12 VDD vope  \ \__V
13 AD21 1 N\
14 AD20 =~ /
15 AD19 / D1\ \
16 AD18 { |(sh ))
17 AD17 D,
18 AD16 / S /
19 C/BEZ yAaNh =74
20 FRAME A\ &
21 TRDY ,s\\ ] ADYIN
22 Vss \\ VY| Arss
23 TRDY / / A\ / SRDY
24 DEVSEL C{/ /\ ) | 6cA
25 STOP ANy 4 SAUP1
26 PAR NN N SW/R
27 CBET A~ \\ D SBET
28 AD15 N\ SD15
29 AD14~\. SD14
30 ADf3 SD13
31 aid \ \\/ SD12
32 ves \ ) VSS
33 ADN SD11
34 [ M1 SD10
35 \ AD{ | SD9
36 \Dg sDg
37 N _VDD/ VDD
38 C/BED SBEO
39 AD7 SD7
40 AD6 SD6
41 AD5 SD5
42 AD4 SD4
PROPRIETARY AND CONFIDENTIAL PRELIMINARY PINS 3-15
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Table 3-3. Numerical Pin Listing (Continued)
Name
Number PCl VL
43 AD3 SD3 \
44 AD2 SD2 N\ A
45 AD1 SD1 ~ \N\//
46 ADO SDo N\ /
47 VSS vss A\
48 CAS4 CAS4 N\
49 CASS CASS /N N\ (
50 RAST/OET saur2 — / / N \\)
51 CAS6 A/ N\ \ VYV
52 CAST CAS7 \
53 PD23/GD7 pD23 N\
54 PD24 PD.
55 PD22/GD6 Pp22
56 PD25 5w )
57 PD21/GD5 /oA \
58 PD26 / V/PE2)\ \
59 PD20/GD4 N\ MoAp /N
60 VSS /
61 PD27 /.~ Nep27/
62 VDD LN
63 PD19/GD3 N\ \ J| po19
64 PD28 / N\ \\ V |2
65 PD18/GD2 / / AN\ _/ Ppis
66 PD29 /7 2\ \ | pp29
67 pD17/6D1 A\ Y / PD17
68 PD30 NN\ € PD30
69 PD16/GDA~ N\ N\ \ PD16
70 PD31 I IR\V4 PD31
71 vsS\ %™~ / VSS
72 Myl \ MA4
73 MAY N\ N\ D) MA3
74 Mas\ Y\ VY MAS
75 / \/ } MA2
76 [ A MA6
77 LU v\ MA1
78 ‘BN 2] MA7
79 Yo/ MAO
80 Nt MAS
81 VDD VDD
82 CAS3 CAS3
83 CAS2 CAS2
84 RASO RASO
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Name
Number PCl VL
85 CAST CAST A
86 CASO CASO {\
87 VSS ‘ VSS N\ A
88 PD7/GA7 PD7 SN \NV/
89 PD8/GA8 PD8 A SN\ /0
) PDE/GA6 PD6 A\D YV
91 PD9/GA9 - PD9 7,§ N\
92 PD5/GAS PD5 A\
93 PD10/GA10 PD10 / ¢ N\ \\)
94 PD4/GA4 ‘ 4 /AN \Y
95 PD11/GA11 ~ D1l AV \ \ VY
%6 VDD vop_ \ NN\
97 PD3/GA3 D~ \ \ V
98 PD12/GA12 P12 N N\
99 VSS ~. /
100 PD2/GA2 oA\
101 PD13/GA13 VA G 7N
102 PD1/GA1 \ Yo/ /Y
103 PD14/GA15 / N /
104 PDO/GAO 7 7~ Noo /
105 PD15/GA15 AN\ ADV
106 PD55/VFCVCLKI &\\ N\ D55/VFCVCLK!
107 PD56 / \\ _V |fDs6
108 PD54 / / A\ \\ /| pps4
109 PDs7VFCESYNG ¢/ / \ ) | PDs7/VFCESYNC
110 PD53 N\ Y/ VvV |rps3
111 PDS8/VFCEVIDEONN._ \ PDS8/VFCEVIDEQ
112 PD52 A~ N ) PD52
113 PDSOVECEVCLK — \V " | PD59/VFCEVCLK
114 VSS~\ o/ VSS
115 PDA1ALECENAN PD51/VFCBLANK
116 pded "\ ) PD60
117 pOsoNFeveLE v PD5O0/VFCVCLK
118 ;?1\\_1/1 PD61
119 £ P04 PD49
120 \:D 2 . PD62
121 D PD48
122 PD6 PD63
123 Vss
124 OEO0 OE0
125 WE WE
126 Vss VSS
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Table 3-3. Numerical Pin Listing (Continued)
Name
Number PCI VL
127 PD39NVFCPA7 PD39/VFCPA7 / \
128 PD40/VFCPAS PD40/VFCPAS N\ A
129 PD38/VFCPAG PD38/VFCPAG ~ \N N/
130 PD41/VFCPA9 PD41/NFCPAS v N\ /
131 PD37/VFCPA5 PD3ZVFCPAS . \ W™ NV
132 PD42/VFCPA10 PD42VFCPAI0 N\ \ Y N/
133 PD36/VFCPA4 PD36/VFCPAY/ N \ \ (
134 PD43/VFCPA11 PDa3VFCPA1/ N\ \\ )
135 VSS vss / N\ \ WV
136 PD35/VFCPA3 PD35/V. \
137 VDD vbD N\
138 PD44/VFCPA12 P N \/
139 PD34/VFCPA2 PB34 \
140 PD45/VFCPA13 5/V§EBA13 )
141 PD33/VFCPA1 pORVFNeAT
142 PD46/VFCPA14 /Y PEaghRCPy 14
143 PD32/VFCPAO \_Mp /A0
144 PD47/VFCPA15 PR47/IVECPA1S
145 Vss / ~._Nyss
146 LDO/PAO KRNI
147 LD1/PAT N\ \ )] Joyrai
148 LCLKAVCLK / N\ _V cLkveik
149 HSYNC / / AN N\_/] HSYNC
150 VSYNC / /7 2N\ Y |vsync
151 ENFEAT/GOPAAN, Y / V| ENFEAT/GPIOSTR/GOPO
152 INTA NN\ (€ SINTR
153 ROMEN ~ N\ N\ \ ROMCS/GOP1
154 Y R\ LD2/PA2
155 LD3RA3N\, S~ / LD3/PA3
156 XI N\ XIN
157 xouf N\ N\ ) XOUT
158 cikAvooy | vV CLKAVDD1
159 T aes\/ } AVSS
160 ~elKayop2/ CLKAVDD2
161 Al Ay AVSS
162 \\ VREF 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 PCl VL
169 AVDD AVDD /\
170 AVDD - AVDD N\ A
171 AG AG ~ \N\//
172 AB AB N\ /
173 AVSS AVSS [ R\Y4
174 LD4/PA4 LD4/PA4 N\ N\ Y N/
175 LD5/PAS LD5/PAS /N \\ (
176 HSELO SA2 / / N\ \\ )
177 HSEL1 SA3 / N\ Vv
178 HSEL2 SA4 NV
179 DS sas € N\
180 RW SAG_ \
181 DTACK (Y] -
182 CFLEVEL ~
183 ESYNC Ao\ \
184 LD6/PA6 Dé/PPs.  \
185 LD8/PAS/HDO A
186 LD9/PAS/HD1 s&i
187 LD10/PA10/HD2 /%/
188 LD11/PA11/HD3 XG4
189 LD12/PA12/HD4 FANAN A14
190 STWR/GOP1 / 3\ A15
191 BLANK / / A\ [/ sAae
192 VDD / /7 /7 O\ V| vbp
193 RESET A\ VY / NV | SRESET
194 SCLK SN (< SCLK
195 vss A~ N\ \N\ \ VSs
196 vekl SN N\\/ SA17
197 GNT .\ ™~/ SA18
198 REZ N SA19
199 LI YPAN/IDG ) SA20
200 Ldiapa1aHie Y SA21
201 /PRI 5HD7 SA22
202 77/ LD7/PA7
203 VREQWRDY/HS/EVIDEO VREQ/VRDY/HS/EVIDEO
204 N\ CREOLCRDYNS/EVCLK CREQ/CRDYNVS/EVCLK
205 et SPCLK/ESYNC
206 Neper SPD/BLANK
207 AD31 SD31
208 AD30 SD30
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Section 4: Electrical Data

4.1 MAXIMUM RATINGS W
Table 4-1. Absolute Maximum Ratings Q
Y
N\

Ambient temperature 0°Cto70°C =
Storage temperature 40°Ct0125°C/ N4
DC Supply Voltage 05V107.0v/ / /AN \
/O Pin Voltage with respecttoVss | -0.5V to Voikt0.8,

4.2 DC SPECIFICATIONS v

Note: In all cases below, digital VDD = 5V Z£ B and prating temperature is 0° C to 70° C.

Table 4-2. RAMDAC/Clock Synthesizdr ‘X
Symbol Parame:zl( ( / / \ ) Min Typical Max Unit
AVDD DAC sugblyNxitage/ 4.75 5 5.25 Vv
AVDD (CLOCK) PLL supp}xvo e\ 4.75 5 5.25 \
VREF Intgfnalvokdge MYgrghce | 1.10 1.235 1.35 Y
Table 4-3. RAMDAC ristic!
( \ ) Min Typical Max Unit
Resolution EachDAC \ ) |} 8 bits
tsBsize /. N\ 66 pA
Integral Lin ,aMr N +1 LSB
Differential Lin\arity¥rr r +1 LSB
Output Full—éqale\cafrept 17 mA
DAC to DAC Miscaateh 5%
Power Supply Rejection Ratio 0.5 %/ % AVDD
Output Compliance 0.0 ) 1.5 V.
Output Capacitance 30 pF
Glitch Impulse 75 pV-Sec
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Table 4-4. Digital DC Specifications (VDD =5V + 5%, Operating Temperature 0° C to 70° C)

Symbol Parameter Min Max Unit
ViL Input Low Voltage 05 0.8 /\ V
ViH Input High Voltage 2.4 (Note 1) Vop +0.5 \ \V A
Vor Output Low Voltage Vss + 0.4 AL \ \ /
VoH Output High Voltage 24 N\
lou1 Qutput Low Current 8 (Note 2) n W
loH1 Qutput High Current 4 .( \ \ v /\U(A
loL2 QOutput Low Current 16 (Note 3) / 3\ \ ( mA
loH2 Output High Current 8 / ¢ N \\) maA
loLs Qutput Low Current 24 (Note 4) / A \ \ mA
loHs Qutput High Current -12 \ \ mA
loz Output Tri-state Current \ \ \ pA
Cin Input Capacitance \ \ 5V pF
Cout Output Capacitance A - \5 pF
Icc Power Supply Current / / \ ‘\SGD'(Note 5) mA
Notes for Table 44

The value for pins 25 (STOP) and 26 (PARV/s 2.

2. lou1, low1 for pins ROMEN, INTA, STRD SSYWNC, VBYNC, VCLK, BLANK, ENFEAT,
MA[8:0], CAS[7:0}, PDI[63:0], AD[31:0 ['AQ], HIEL) B, R'W, DTACK, VREQ/VRDY, SPCLK,
SPD

3. loL2 lou2 for pins OE[1:0], WE, RABI

4. lows, loxs for pins PAR, STOP, DEV; D

5. lcc measured for a resolutigf of $024x768 ith a 75 MHz DCLK and a 60 MHz MCLK at 25°C
and 5V.

6. The pin names used in thes¢ n a¥e the primary ones for PCI configurations. An output
signal multiplexed o eS\pinY 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 Specifications <‘\\

Parameter Typical Max (1 \ UNit™ /\Sotes
DAC Output Delay 5 . o\ € 1
DAC Output Rise/Fall Time 3 / {1\ rk;) 2
DAC Qutput Settling Time 15 A \s
DAC-to-DAC Output Skew 2 N\ nY 3
Notes for Table 4-5 \>
1. Measured from the 50% point of VCLK to the 50% of & scale Pransition

2.  Measured from 10% to 90% full scale
3 With DAC outputs equally loaded

Y
&
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4.3.2 Clock Timing

THIGH
R e
LI A e
0.8V --ofihermememeeee e R - v
TI.OW
Teve o
Figure 4-1. Clock Waveform Timj
Table 4-6. Clock Waveform Timing
Symbol Parameter pin Nhex. /|  Units Notes
Teve SCLK Cycle Time (VL-Bus) / 2{ /\ \QS ns 1
SCLK Cycle Time (PCI) ES 5 ns 1
LCLK Cycle Time 0 { / 200 ns
MCLK Cycle Time / ~18%67Y |/ 100 ns
DCLK Cycle Time (vGAMode){ €| \28\/ 100 ns 1
DCLK Cycle Time (Enhance ANE 2N 100 ns 1,2
THIGH SCLK High Time (VL-Bus), 4 80 ns
scLK High Time PCl) / /' A\_N\_A2 80 ns
LClkHighTime ¢ €/ 2\ 1) 12 160 ns
Tiow SCLK Low Time (y&%)" / Y s 80 ns
SCLK Low Time (PQ) N\ \ 12 80 ns
LCLK Low T\, \\_) 12 160 ns
" SCLK Slew ﬁete _ NV E 4 V/ns 3
1 4 v/nS 3

lalid writes to the PLLs.
Hz, clock doubling is used. The maximum DCLK rate with clock

hre specified in terms of the edge rate measured in V/ns. This slew rate
£ the minimum peak-to peak portion of the clock waveform.

4-4 ELECTRICAL DATA PRELIMINARY PROPRIETARY AND CONFIDENTIAL
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4.3.3 Input/Output Timing
CLOCK 15 VJ[_\_
Ty Tu
INPUT 15V 15V
Figure 4-2. Input Timing
Table 4-7. SCLK-Referenced Input Timing <\
PCl Bus ~\ \ V
Symbol Parameter é \Min Units
Tsu AD[31:0], C/BE[3:0], FRAME, IRDY, lDb,E up 7 ns
Tu ADI31:0] hold // /NN 1 ns
TH C/BEI3:0], FRAME, IRDY, IDSEL h&d 1 ns
VL-Bus
Symbol Parameter / A~ \ v / Min Units
Tsu AD[31:2], BE[3:0], SM/IO, &)é\“%m W 12 ns
phase) setup
TH ADI[31:2], BE[3:01, S mwmress 1 ns
phase) hold
Tsu AD[31:2], BE[: rz/ a phase) 4 ns
setup
TH AD[31:2], W},\\\ [{ SADS (data phase) 1 ns
hold
Tsy RDYIN gbtup~\ \\ ) 6 ns
TH RDYIN Ryld ~—~ 1 ns
Miscellaneous
Symbol Min Units
Tsu Rbr\\data‘(i Msetup (PCI) 5 ns
Th /T M Nta 5017:01 hold (PCI) 7 ns
Tsu )'\%@M Port GD[7:0] setup 5 ns
Th Gdnelal input Port GD[7:0] hold 7 ns
PROPRIETARY AND CONFIDENTIAL PRELIMINARY ELECTRICAL DATA 4-5
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Table 4-8. LCLK-Referenced Input Timing
Scenic/MX2 Interface
Symbol Parameter Min /\ Units
Tsu LDI[7:0] setup 10 N\ \ns A
" Tn LD[7:0] hold 9 ~J A\ N/
Tsu CREQ/CRDY 6. ( N \s /
T CREQ/CRDY 8\ 1 :y
CL-480/SAA7110 Interface Z\ \
Symbol Parameter /mio \ \ ( Units
Tsu LDI[7:0] setup (also LD[15:8] for 16-bit interface) / / 6\ \\ ) ns
T LDI7:0] hold (also LD[15:8] for 16-bitinterface) ¥ o N8 \_| ns
Tsu HS setup WV \ 6\ M ns
Tn HS hold \ N ns
Tsu VS setup /\\ \ sV ns
Th VS hold \7 ns

Table 4-9. MCLK-Referenced Input Timing

P\
Symbol Parameter / v Min Units
Tsu MDI[63:0] setup to MCLK Kgh %—;\yc\ N/ 0 ns
Th MDI63:0] hold from M h &cyde 4DO) 125 ns
Tsu MDI63:0] setup to forbwing ODG IoW (1 0 ns
EDO)
Th MDI63:0] hold fr é-. @& } w (1-cycle 15 ns
EDO)
Tsu MDI63:0] setﬂp t\\v &i gh {fast page) 0 ns
TH MDI[63:0 \gh (fast page) 15 ns
Note

eadh Yf the three cases above is to the event that causes the latching

4l MCLK.

4 used to latch 2-cycle EDO data is an internal signal that cannot be
6 signals used to latch read data in the other operational modes are

4-6 ELECTRICAL DATA
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CLOCK 15 VJI_\_

OUTPUT

Figure 4-3. Output Timing

The minimum delay is the minimum time after the clock edge that the jfom the previous

cycle will begin transition to the next state (becomne invalid).

The maximum delay is the maximum time after the clock edgg that ' fte is valid for the next
cycle.
Table 4-10. SCLK-Referenced Output Timing A
PCI Bus ( (/ / )
Parameter BAina\ - ﬁa/ / Units Notes
AD[31:0] valid delay / 2 Y/ ns 1
DEVSEL, PAR 14 Q \1)/ ns Medium DEVSEL
delay A\ timing used
STOP delay A NN/ n ns
TRDY delay //\ \ / 1 ns
INTA delay / /7 /D\ ANV 11 ns
VL-Bus ,\\ V / V )
Parameter ( \\ ( Min Max Units Notes
AD[31:2], D1, DO valid delaye. N\ N\ N 7 16 ns
SINTR delay {( X \/_ s 30 ns
SRDY delay o\ =~ / 5 1 ns
LOCA active delay N\ 5 15 ns
COCA inactivedelad ( \ \\ ) 5 20 ns
Miscellaneous \ v
Parameter m\ N/ Min Max Units Notes
STRD delayf Y AN 3 15 ns
ROMEN (P& Nelay § ) 4 10
ROM addresk vaig gelal (PCI) 5 30 ns
ADI[7:0] ROM asta vglid delay (PCl) 5 30 ns

Note

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.

PROPRIETARY AND CONFIDENTIAL PRELIMINARY * ELECTRICAL DATA 4-7
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Table 4-11. LCLK-Referenced Output Timing
Scenic/MX2 Interface /\
Parameter Min Max Units Notés \ ~
VREO/VRDY active delay 2 11 ns Znstydh \ /)
LD[7:0] valid delay 2 15 ns (an Y/
LD{7:0] tri-state from LCLK 7 15 ns
Table 4-12. MCLK-Referenced Output Timing
Parameter Min Max /YUM\ Ntes
PDI[63:0] valid delay - 2 711\ I\ ns\ N1
MAI8:0] valid delay 15 A~ N s
CASI7:0] active delay 1 5 v n\
CAS[7:0] inactive delay 1 ,/ \ \n/
RAS[1 0] active delay 1 / 1/ AN N _ns
RAS[1:0] inactive delay 14 64 ns
OE[1:0] active delay &L £ ns
WE active delay Ys/ ns
Note V

1. The maximum delay time is 7 nsfor

Table 4-13. CL-480 Timings - TQo

+ Dylving Host interface

p&ragon and 11 ns for 2-cycle operation.

CL-480 Interface N \\ )

Symbol Param ~ Min Units
m‘m{m RAW valid to DS low LCLK Teve ns

Th H HSELI2:0], RAW hold from DS low | LCLK Teve ns

Tsu [X0] (rdad)\sxlip to DTACK high 5 ns

TH / 7:)(rehdyhold from DTACK high 0 ns

Table 4-14. attire Gorfnector Timing - Output from Trio64V+ to Feature Connector

Symbol Parsmeter Min Units Notes

Tsu PA[15:0], BLANK setup to VCLK rising 5 ns

TH PA[15:0], BLANK hold from VCLK rising 5 ns

4-8 ELECTRICAL DATA
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Table 4-15. Feature Connector Timing - Output from Feature Connector to Trio64V+

Symbol Parameter Min Max Units Notes

Tsu PA[15:0}], BLANK setup to VCLK or 6 ns C 1
VCLKI rising . A

T PA[15:0], BLANK hold from VCLK or 6 1

" VC{_KI ri]sing 2\ \/

VCLK 25 40 Ysa NN/
VCLKI 27 20 /A Va2
VCLK, VCLKI duty cycle 40 60 N\ %\ -
VCLK, VCLKI high time 10 22/ /1N S\ \
VCLK, VCLKI low time 10 5 \ns
VCLK, VCLKI siew rate 1 V/i

Notes for Table 4-15

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

2.  This corresponds to the VESA VAFC specificatiop

Y
@

Q0 clock of 37.56 MHz.

PROPRIETARY AND CONFIDENTIAL
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SRESET, RESET f

Ty

—p]
SYSTEM
CONFIGURATION
DATA
ReseTT™ Tu't

Figure 4-4. Reset Timing

Table 4-16. Reset Timing <\

Symbol Parameter / N\ \Min Units

Tiow SRESET (VL) or RESET (PCI) active pulseAMith 0 ns

Tsu PD[28:0] setup to SRESET (VL) or W ns
inactive

TH PDI[28:0] hold from SRESET (VL) or ns
inactive

4-10 ELECTRICAL DATA PRELIMINARY PROPRIETARY AND CONFIDENTIAL
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Section 5: Reset and Initialization

/<\V

The reset signal (RESET for PCl, 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 pulied 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 edgé
of the reset signal, this state is sampled and
data loaded into the CR36, CR37, CR68 and £Q¢

design and bus type.

PROPRIETARY AND CONFIDENTIAL PRELIMINARY RESET AND INITIALIZATION 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 Bitsl Value | Function A
System Bus Select ( \
__CR36_1-0 10 | 00 Reserved N N
01| VLBus SN N\NY/
10| PCllocal bus N\ /
11 Reserved /\. \ V A~ >
Memory Page Mode Select /\\ \ Y / ~
CR36_3-2 32 | 00 1-cycle EDO mode. / /\ \\ \
01 Reserved / Q \ V
10 2-cycle EDO) mode A\ \/
11 Fast page mode \ \
Enable Video BIOS (VL-Bus) NNV
CR36_4 4 0 Disable video BIOS accm bcos contains video BIOS)
1 Enable video BIOS agfe T~
Display Memory Size / A i
CR36_7-5 7-5 | 000 | 4 MBytes / /NN
001 Reserved \ v / N
010 Reserved V /
011 Reserved/ /~\ /
100 | 2MB N\ VWV
101 Rese; ed\\ \ l
110 | 1By \ Y
11| Rlsgho®\ N/
Enable VIRGE ({L-84s/’ / \ ) _
CR37_0 8 0 ( \kisabl;/ViRGE'except for video BIOS accesses
1\ ENole\iRGE
CR37_1 9 /I gesd\eo
Video BIQS Size WL-Bus
CR37.2 10 /T 0N\ [\ 62%#yte video BIOS
/ N -KByte video BIOS
Clbch Selekt ) ,
CR37_3 0 Use external DCLK on pin 156 and external MCLK on pin 151
P / ({test purposes only)
Va Use internal DCLK, MCLK
RAMDAC Write Snooping (VL-Bus)
CR37_4 M J o Disable LOCA/SRDY for RAMDAC writes
1 Enable LOCA/SRDY for RAMDAC writes

5-2 RESET AND INITIALIZATION
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Table 5-1. Definition of PD[28:0] at the Rising Edge of the Reset Signal (Continued)

CRBits |PD Bits| Value | Function

BIOS Field /\
CR37_7-6 15-13| { Reserved for use by the S3 BIOS N\ A
; CAS/OE Trailing Edge Delay High Order Bit A~ \ \/
CR68_0 16 0 0 delay (1 unit if MM8204_5 = 1) { \ /
1 2 units delay (3 units if MM8204 5= 1)\ W™ N
CAS/OE Leading Edge Delay High Order Bit NN\ NN/
CR68_1 17 0 0 delay (1unitifMM8204 6=1 / N\ \ \ (
1 2 units delay (3 units if MM8204 =27 \ \\ )
RAS Low Timing Select /~\N \Y
CR68_2 18 0 4.5 MCLKs AN \\ VY
1 3.5 MCLKs AR
RAS Pre-Charge Timing Select /N x \ Vv
CR68_3 19 0 3.5 MCLKs
1 2.5 MCLKs /
CR68 6.4 22-20 Reserved 77 /7\\ \
Memory Data Bus Size ( V / x }
CR68_7 23 0 Memory dat 28ty /
1 Memory déta hys i y( MByte) or 64 bits (2 or more
MBytes)
Operating Mode Sel
CR6F_0 24 0
»
Serial Port 1/0
CR6F_1 25 0 /\VeM Pbrt rMer accessed at I/0 address 000E8H

1 \Qgrialéqrt register accessed at I/O address 000E2H
Serial Port.Addkesd\Nypd\Select
0

CR6F_2 26 ~Xcrid\e4rt register accessed at address defined in CR6F_1
/ ‘Won register accessed at its MMIO address only (offset
WE rai ‘eyJelay
CR6F_3 22 \| \ D delay (1 unit if MM8204 3 = 1)
/] '\\ I 2 units delay (3 units if MM8204_3 = 1)
/~VE Readina/Edge Delay
CR6F_4 28( ) 0 delay (1 unit if MM8204_4 = 1)

2 units delay (3 units if MM8204_4 = 1)

PROPRIETARY AND CONFIDENTIAL PRELIMINARY RESET AND INITIALIZATION 5-3
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Section 6: System Bus Interfaces

v

ViRGE interfaces to either a PCl bus or a VESA iaty/functional tim-
local bus (VL-Bus). This section describes the
connections and functional characteristics of

these interfaces.

speclf‘catlon for pro|

6.1 PCI BUS INTERFACE

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

faster Arbitration
9f Back to Back Transactions
'osted Transactions
Delayed Transactions
Device Selection
e  Configuration Read
e  Configuration Write
e Type 0 and 1 Configuration Cycles
e Interrupts
e  Parity (reads)
¢ RAMDAC Snooping

6.1.1 PCI Configuration

The Vendor ID register (Index 00|
Configuration space is hardwireg

Device ID register is hardwnre
Revision ID will vary by steppirg.

The following functions are not supported.

o  Exclusive Access

e Complete Bus Lock
anywhere in 4 3Abit alidfess space and the base *  Special Cycle

register is located Wpherhory space. e  Address Data Stepping
. PERR

6.1.2 PCI Function Support

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

PROPRIETARY AND CONFIDENTIAL PRELIMINARY SYSTEM BUS INTERFACES 6-1
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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[22:2] are di-

rectly decoded. Two inputs (SAUP1, SAUP2) are |

provided to allow decoding of the 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 | EFFECT
0 0 Ignored
0 1 Decode Access to
: register/port address
space
1 0 Decode Access to linear
addressing address
space (video memory)
1 1 __Ignored

There are many ways to generate these inputs,
depending on the system design. If response 0
a single linear addressing window above 4 Mg

tes is required, a PLD can be used to decoge\
appropriate address space. N

6.2.1 VL-Bus Cycles

The basic VL-Bus read cycle is

explained in Note 1.

The basic VL-Bus writf
6-2. The single wait-§

rlsmg SCLK efig th assertlon of RDYIN.

6.2.2 SRDY'Generation

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

intercepted, it should be fedto b

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 SRDX signal is not
processor

RDY input and ViRGE RDYIN inp!

6-2 SYSTEM BUS INTERFACES
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ex _ [\

| | .
SADS ! | / |
SA[31:2] T
M/IO

“%2 T AN

I /

|

I

l

/|

/é —
f

SAUP

B T Rt B

SRDY

RDYIN L_%_.__.I
' 1 KVLREAI!
Figure 6-1. VL-Bus Read Cycle
Notes
1. For one deco it 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 0.

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.

PROPRIETARY AND CONFIDENTIAL PRELIMINARY SYSTEM BUS INTERFACES 6-3
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SAI31:2] i \V4
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I .\

SAUP | /

4
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=

RDYIN |
I

ule 6-2. 1 Wait-state VL-Bus Write Cycle

Notes
1. Forone d state (bit 4 of CR40 set to 1), the address is latched on the first clock edge in-
dicated herd 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
CRA40 is cleared to 0.

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

AN

ViRGE supports a DRAM-based video frame buff-
er. This section describes the various configura-
tions supported, the functional timing for
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

VIiRGE uses either fast page mode or ext

data out (EDO) DRAMs for its frame buffy.
DRAMSs can be configured as 256Kx4, ({]
256Kx16. A Tech Note lists reco n
DRAMs.

For loading reasons, a maxim{m QX 8 QRAM

chips can be used for the frame bi{fer\kabiy, 7-1
shows the supported me iZd(chi\codnt
configurations.
Table 7-1 Memory Sigé/Chi u
Configurations

2556\ | \o56xd | 256Kx16

1MB s /\ 4/ 2

2MB ( /A\—% 4

4MB \ ) 8
N

Figure 7-1 shows\a_1-MByte 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 PD bus is 32 bits. This
reduces performance and the number of video
modes available as compared with 64-bit PD bus

atibly VAFC feature con-
alN\beg¢nab{ (SRD_1 = 0).

operation. Tri
nector opera

The configuryjon\gptio! r 2 MBytes of mem-

ory are/c , agpending on memory type
(fast e or EDO), skstem bus type (VL-Bus or
PCLY agd\ fe cgnnector operation type

(Mo atble VAFC or LPB feature connec-
r) h Byges of memory, 64-bit PD bus
erwtiopf i able unless the Trio64-compat-

VAEC feaplire connector is enabled (SRD_1 =

0). \be Sigpals for this feature connector are

Itidexgd on the upper PD lines. Therefore,

bit)PY bus operation must be forced (CR68_7

)} Pefore feature connector operation is en-

abled. (Note that this entire discussion applies

ony to Trio64-compatible VAFC feature connec-
r operation and not LPB connector operation,
hich is selected by SRD_1=1.)

If only fast page memory is to be used, OEO can
be connected to both the 1st and 2nd MByte. Pin
124 always outputs OEOQ. Pin 50 also outputs OEQ
with fast page memory when SRA_6 = 0 for a PCl
configuration. Figure 7-2 shows pin 560 connected
to the DRAMs’ OE input. However, pin 124 could
be connected and must be for a VL-Bus configu-
ration. In either case, forcing the PD 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 PCl bus configuration. In this case,
pin 50 outputs OEOQ with no feature connector and
OE1 when the feature connector is enabled. With
EDO memory, 2 MBytes of memory and the fea-

PROPRIETARY AND CONFIDENTIAL
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PD[31:0]
 PD[15:0]
VIRGE | MA[8:0]
RAM CONTROL
Figure 7-1. 1-MByte Me on
==—=="=1 FAST PAGE (FP) MODE OR EDO [ORYNAND S IN 50 = OE0 FOR FP AND OE1 FOR EDO)
PD[63:0)
/gs 15:
EO
AR
1
ASO
MA[8:0] I
VIRGE PD[31:16] ’
/
2MB
gem NTROL
L J U J
— Y Y
1ST MBYTE 2ND MBYTE

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 DRAM s in the 2nd
MByte. The 1st MByte is still active because it is
connected to the stili-functioning OEQ.

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 PCl bus systems.

A 4—MByte configuration requires RAS1 _to select
the 3rd and 4th MByte. VIRGE outputs RAST 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 RAS1. The Trio64-compatible VAFC feature
connector cannot be used with 4 MBytes of me
ory and must never be enabled for 4-MByte coft-
figurations.

7.2 DISPLAY MEMORY REFRE

refresh method. The functional tipfing\for thig’can
be found in any standard DRAM ¥at. \

The number of refresh cycleg
zontal line is determined by Xi
of CR3A is set to 1 the pt :

page mode read Cycfe. This also shows how
certain parameters for various control signais
can be adjusted to meet the access time require-
ments of a variety of DRAMs. Power-on strapping
of CR68_0 allows the trailing edges of the CAS
and OE signals to be delayed by 0 or 1 unit. (This

unit, typically on the order of 1 to 2 ns, varies by
signal loading, manufacturing process and other
variables.) After power-up, MM8204_5 can be
programmed to change the delayAQ 1 or 3 units.

of the RAS low time 34
power-up, MM8204 A

increased 0.5 M
ping of CR68_3/5
charge time g N

g After power-up,
umed to change this to

is-Used for this purpose. The
al rises at the same time, but

gdge immediately. This plus the
time guarantees that valid data is

Wbove. Power-on str_ag_ping 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 strapping of CR6F_4 allows the leading
edge of the 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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|-— SEENOTE1 —}
s " o
— ING —
cm— 1] 9 y, 1 F,
CAS . % '
SEE NOTE|3
I i 7Y corom YTRRTRTR
O ,
) \)\ \ !\)/\ [}
'SEE NOTE|3
PD[63:0] DATA DATA
MEMRD
Figure 7-4. Fast Page Mode Read Cycle
Notes

1. The RAS precharge time 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_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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Al

gure 7-5. Fast Page Mode Write Cycle

: me can be adjusted via CR68_3, MM8204_1 and CR58_7.

2. The RAS low™ie-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 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
e
OE
WE
Potss 0l R RN
: FPAMW
§. Fast Page Mode Read/Modify/Write Cycle
Figure 7-7 sHow ctional timing for an  MCLK longer. Note that RAS, the last CAS and OF

Extended Data mode read cycle. One
difference betww PO read cycle and a fast
page mode read Cyele4S that EDO memory holds
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

are all stretched one MCLX and OE is held low for
the entire cycle instead of being pulsed as in a
fast page mode cycle.

The timing adjustments for RAS, CAS/OE and WE
as described above for fast page mode cycles
aiso apply to EDO cycles. Note that if the mini-
mum RAS active time is specified as 3.5 MCLKs,
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Figure 7-7. EDO Mode Read Cycle

1. The RAS prd g/time 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 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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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

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

CAS

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

COLUMN

™\
. XXX XX XXX XE XX X AKX AKX
PDI63:0] BN \0;02.0‘0)‘020 POOBOXONRX

XX XX

3 ¥9999.0.99999.09.9909.0,
(O NONNON.:.:‘:’:.:.: XXX

¢

YA/

EDORMW

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 00b 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

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

tion.

N

coL1 XcoL2 YcoLs XDUMMV)M

CAS
MA[8:0] XOXOXXXXXX) M
mBe:0]  SXXXXXOEY \\d
OE

2

PD[63:0]

—

A\
KAARAFR I X A AX A AXIAAAXXARX KA XA XXX AN
R AR R o 1 Y o2 Y mos XTRRIXX
\/

099900
XXX

PD[63:0] XXX

(A X AKX XK
SRR

X AAAXAXN
SR

—

XXX XRRR
NLBERRLLBRK

SCEDORW

WR 1 XWR2 XWR3

AY/

Figure 7-9. 1-Cycle EDO Mode Read/Write
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T3 T4

T

T2

MCLK

/

RAS

T5 T6

CAS

Matsa SRR now Yoo ro} NN
OE
WE

XIS
e 0 0 o et 0 e e

\/
PDI63:0] XXX

CONTROL

A number of processes col
display memory. These£0m

Secondary controlier request/grant (S3
Shared Frame Buffer Interface)

CPU accesses
83d Engine accesses

N

X)

Béad/Modify/Write Cycle
e  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
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.

reams Processor off (CR67-3-1 = 00b),
the video FIFO (memory) is processed

r¥cthf to the RAMDAC. (Figure 8-1 shows the data

VREF RSET

OFF

, IlNTERNALVREF'i‘I DAC contRoL |

H- AND TRUE-COLOR BYPASS

S ey RED i IS

DAC '
8 IEREENI d I

o
MUX DAC

s [BLUE H I
1 DAC g

COMPARATOR |!
INTERNAL RAMDAC BLOCK i

SENSE

VIRGE

Figure 8-1. Internal RAMDAC Block Diagram
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Table 8-1 Color Modes

Color | CR67 MAX MAX

Mode | Bits 74 |PABits| DCLK | Pixel Rate | Description
0 0000 7:0 80 MHz | 80 MHz 8-bit pseudo-color (LUT) - Defau&\ N
8 0001 15:0 | 67.5 MHz | 135 MHz | Two 8-bit pseudo-color (LUT)  \_\ /
9 0011 15:0 | 80MHz | B0 MHz | 15-bit high-color ( LUT Bypfss’™\, \ - /
10 | 0101 | 150 | 80MHz | 80 MHz | 16-bit high-color (LUT Bypass) > \/
13 1101 23:0 | 50MHz | 50 MHz | 24-bit true-color (LUTZ?gasQ\

going through the Streams Processor, but all § in Table 8-1.

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 D, E, 10, 12 and 13,
all interlaced modes and the clock-doubled 8
bits/pixel mode.

With the Streams Processor on (CR67_3-2 = 11b),
memory data is passed directly to the Streams
Processor. 8 bits/pixel (palettized) data is passed
directly to the RAMDAC, where it is interpreted
by the color look-up table and returned to the
Streams Processor as RGB666. This and o \
input data types are converted to RGB8g3

high and true color bypass.

8.2 COLOR MODES

bytes of the internal address bus) are
transferred directly to the DACs each pixel
clock.

programming

setting bits 7-4 of CR67 to
pde, the low 8 internal pixel
NsAre ANDed with the contents of

ask register (3C6H). The result

Output-doubled 8 Bits/Pixel -
Mode 8

This mode is selected by setting bits 7-4 of CR67
to 0001b. In 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 setto 1
when this mode is selected and bit 7 of SR18
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 ANDed 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 DACs.

8-2 RAMDAC FUNCTIONALITY

PRELIMINARY

PROPRIETARY AND CONFIDENTIAL



o+

S3d VIiRGE

83 Incorporated

8.2.3 15/16-Bits/Pixel - Modes 9 and
10

These modes are selected by setting bits [7:4) of

CR67 to 0011b (15 bits/pixel} or 0101b (16

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 plxel 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.

84 RAMDAC SNOOPING

For PCl bus configurations, setting bit

RAMDAC reads.

If bit 5 of the PCI Com
0, VIRGE claims all R
cles.

Bits 2-0 of CR34
aborts and reffieg
disabled durir{g §

If power-on stragping-#it 12 (CR37, bit 4) is pulled
low at reset for a W Bug£onfiguration, LOCA and
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.

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

8.5 SENSE GENERATIO

signal active low wheng
the AR, AG or AB pig

PROPRIETARY AND CONFIDENTIAL
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Section 9: Clock Synthesis and Cont

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

9.1 CLOCK SYNTHESIS

nant crystal between the XOUT output pi
the XIN pin, the reference frequency is geng
by an internal oscillator. Alternately, 3
compatible clock input can be connegt

mined by the following equation:

(M+2)

UT = ———% X fREF
(N+2)x2"

where R=0,1,20r3

Programmed P!

vglues should be
consistent wit| y

1. 136 MHz<

2.minNx1

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.

manneras e
cies.

(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 DCLK. 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

R-Range Code | Frequency Divider
00 1
01 2
10 4
1 8

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

PROPRIETARY AND CONFIDENTIAL
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—1__ [ PHASE [—>|CHARGE LOOP
fer—> Wiz DETECT PUMP FLer [ Ve [ 2 [ four
; 0
M+2) [

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:

135 MHz< 2" four < 270MHz
2. Start with N1 = 1 and calculate:

fourx (N+2) x2f
fRer
3. Determine if the following constraint is mgt:

M= 1-2

(M2) frer
(N1+2) 22
4. If the constraint in step 3 is met,

0.995 four< < 1.005 four

frequency (within the specifig
If the constrain is not met, £

slues requires that bit 1 of
SR15 be set to 1.

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

A #ady programmed to this value).
# SR12 and SR13 and then toggle

eNofes (no variable delay). For example,
ocode to change DCLK to the frequency
jed by PLL parameter values of 34H and

6FH ; DCLK specified by
; SR12 and SR13
& 12H ; SR12 index
& 34H ; SR12 PLL value
& 13H ; SR13 index
& 56H ; SR13 PLL value
& 15H ; SR15 index
& RMW ; 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.

9-2 CLOCK SYNTHESIS AND CONTROL PRELIMINARY
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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.

in mode 8, the internal RAMDAC requires,§
clocks. The normal internal DCLK frequepicy

divided by two via bit 4 of SR15 to proyi¥g tF
standard VCLK input. Undivided DCL
the other input. This clock can be iny,
6 of SR15.

Connector (VAFC), this clod i
selected via bit 1 of 0 2 Arough

halved. This i$ tife casg i#6 of AR10 setto 1
and bit 4 of CR3A cleaYedto 0 and is enabled by
setting bit4 or' SR\ to 1 apd clearing bit 3 of CR33
to 0.

PROPRIETARY AND CONFIDENTIAL PRELIMINARY CLOCK SYNTHESIS AND CONTROL 9-3



S§3d VIRGE




#3 S3d VIiRGE

83 Incorporated

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.
idput formats, the Streams
ies a composite RGB-24 (8.8.8)
DALCs. This means that, for exam-
pudo-color graphlcs data can be

10.1 INPUT STREAMS

The processor can compose data from up to 3 \\
independent streams as shown in Figure 10-1: i\ data he result is improved vndeo qualltv

1. Primary Stream - RGB graphics data
rapie buffer format. In certain modes, the

GRAPHICS
FRAME BUFFER
GRAPHICS BUFFER 0 ¢ N 5
At s | K
v CES D
LN A
| N ) ? N c
SPRITEVIDE 7L| Ny G
Ga
i
spnmamw
OFF SCREEN/ STREAMS PROCESSOR
HARDWARE CURSOR

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 availabie for
clock-doubled 8 bits/pixel modes, interlaced
graphics modes and standard VGA modes except
for modes D, E, 10, 12 and 13.

Bits 3-2 of CR67 specify the Streams Processor
mode of operation. if they are cleared to 00b,
Streams Processor operation is disabled. They
are programmed to 01b when the primary stream
is VGA mode D, 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
11b to support an Enhanced mode primary
stream and a secondary stream.

10.1.1 Primary Stream Input

The primary stream is generated by reading the
RGB pixel data written to the frame buffer by tjfe
graphics controller. The format for this data,&g
be any of the following as selected via bitsZ6\X
of MM8180. N\

e RGB-8 (Although not shown i
the frame buffer data is first
through the internal RAMD/A
lookup table (CLUT), whers
tized before being pasge

key.
e RGB-16 (5.6.5)

e  XRGB-32(X.8.8
per byte.

The secondary s/ generated by reading
pixel data from a Meparate 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

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.

e  YUV-16 (4.2.2),0-25
e KRGB-16(1.5.5.5) -

key.
e YUV(2.1.1)
o RGB-16 (5.6

drsor generation is explained in Sec-
e cursor is overlaid on the Streams

.4 Frame Buffer Organization/
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

10-2 STREAMS PROCESSOR

PRELIMINARY

PROPRIETARY AND CONFIDENTIAL



{
#3

83 Incorporated

S§3d VIRGE

Table 10-1. Register Fields Used For Specifying Frame Buffer Organization and Double Buffering

Register Field

Description

MM81C0_21-0

Primary Display Buffer Address 0. This is the starting address (off; in the
frame buffer for 1 primary graphics image.

MM81C4_21-0

Primary Display Buffer Address 1. This is the starting addres?KffsNW)

frame buffer for a second primary graphics image.

MM81C8_11-0

Primary Stream Stride. This is the byte offset in the frame b fro XAl in
a given primary image display line to the pixel directly
display line. The stride must be the same for both pri

MM81CC_0

Primary Stream Buffer Select

0 = Primary frame buffer starting address 0 (MM82C0, fgr primary
stream

1 = Primary frame buffer starting address 1 (
stream

MM81CC_2-1

Secondary Stream Buffer Select

used for the LPB input
1 (MM81D4_21-0) useg
starting address 1 (
alternative applles y

MFF10_21-0) used for the LPB input stream. Which
\s determined by the LPB starting address register

MM81CC_4

MMB81CC_5

[\

MM81CC_6Q\j

LPg Isput Buffer Select Toggle :

0 57 Eqd 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

=<"End of frame causes the setting of bit 4 of this register to toggle

PROPRIETARY AND CONFIDENTIAL PRELIMINARY STREAMS PROCESSOR 10-3
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Table 10-1. Register Fields Used For Specifying Frame Buffer Organization and Double Buffering

(continued)
Register Field | Description
MM81CC_7 Dropped Frame Writing
0 = The dropped frames specified in bits 10-8 of this register are
frame buffer
1 = The dropped frames specified in bits 10-8 of this reglsterN j
the frame buffer
MMB81CC_10-8| Frame Dropping b \Y4
Value = 1 less than the number of frames to drop be frames
Bit 7 of this register determines whether or not t are written
to the frame buffer.
MMB81D0_21-0 | Secondary Display Buffer Address 0. This is #ieNdfa \i ress (offset) in the
frame buffer for 1 secondary graphics or videg i
MM81D4_21-0 | Secondary Display Buffer Address 0. Thig eNg \S\g afiress (offset) in the
frame buffer for a second secondary ggphics or Yide image.
MM81D8_11-0 | Secondary Stream Stride. This is th : WwtheArame buffer from a
.pixel in a given secondary image ¢ pixel directly below it on
the next display line. The stride ghu 8 for both secondary buffers.
MMFFOC_21-0 | LPB Frame Buffer Address 0. Thi ddress (offset) in the frame
buffer for one image buffer ltt data from the LPB. The
secondary stream can be gf
MMFF10_21-0 | LPB Frame Buffer Addre: e Arting address (offset) in the frame
buffer for a second i hich is written data from the LPB The
secondary stream cag/Ng m this buffer.
MMB81CC_6 LPB input Buffer
0 = End of framg tlng all the data fro a from into the frame
buffer) has no €ffe ttiAg of bit 4 of this register
1 =End of fr; ing of bit 4 of this register to toggle

LPB mode is enabled. In thi
Display Buffer Address 0 3
Buffer Address 0 wiII ngrme

Table 10-1 allo
the capture ang

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

10.2.1 Primary Stream Processing

The primary stream input RGB format is con-
verted (if required) to RGB-24 (8.8.8) format. Each
color byte is padded as required with low order
zeros. After this conversion, the data can be
passed through unscaled or scaled up horizon-
tally and vertically by a factor of 2 via bits 30-28
of MM8180. For MM8180_30-28 = 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 640x480 resolution.

10-4 STREAMS PROCESSOR
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10.2.2 Secondary Stream Processing

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 streary
window.

SCREEN START X0
(MM81F0_26-16)

10.3 COMPOSITION/OUTPUT

A variety of output types can be composed from
the streams described above. AMe compose
modes are:

1. MM81A0_26-24 = 000b
overlaid on the pnma

D01b - Primary stream
e~gecondary stream in an
Qngular window. This could

WINDOW START X1
(MM81F8_26:16)

INDOW WIDTH WO
BEFORE SCALING

P
l

1 WINDOW WIDTH
] SCALING (MM81

TR

:0 —

EZ E2

pe g | b

E = o

To T

= 8

00 GE

[« w<

zu T

" 2

v ¥

83

W1 AFTER 23
FC_26-16) > ;+

Figure 10-2. Screen Definition Parameters
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Table 10-2. Register Fields Used For Scaling Up the Secondary Stream

Register Field Description

MMB8190_30-28 | 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

This selection applies only to horizontal scaling.

MM8190_11-0 DDA Horizontal Accumulator Initial Value. Value =

scaling. This is a signed value.

-\ ( ), where
WO is the line width in pixels before scaling and igthu lin h after

scaling. This is a signed value.

MMB8198_10-0, | K1 Horizontal Factor. Value = W0-1, where VMA\W«M pixels before

MM8198_26-16 | K2 Horizontal Factor. Value = WO-W1, where X0 the\g}vimh in pixels

s a signed value.

MMB1EO_10-0, | K1 Vertical Factor. Value = [height (inAW
{before scahng)] -1. The initial out

| output window
the vertical resolution

(after scaling)]

to the frame buffer and

MMB81E4_10-0, | K2 Vertical Factor. Value = 2's c(¢ " e OX ~=' ght (in lmes) of the |n|tlal
. ig I B

The initial output windo j@hg i z jCal resolution of the data written

in/figure 10-2. The final value is the
3l N MM81FC_10-0 and is shown as H1 in

Figure 10-2. This valse g : omplement of (H1 - HO).

MMS81E8_11-0, DDA Vertical Acc 3
lines) of the outgut Wi
is programmed indVi)

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

A4
3. MMB81A0_26-24 = 010Q \ 6. MMB81A0_26-24 = 110b - Primary stream
blended with the primaxy stggam on 3 overlaid on the secondary stream in an ir-
pixel by pixel basigavitin \SE g regular window. This requires a
stream window. color/chroma key. This case allows, for ex-
dissolve betwee € ample, graphics text to overlay video with
4. MM81A0_26-24 0 echn¥ the video appearing around and even in-
blended wi ™N\rirs ] side of the text characters.
pixel by g
stream

nes.

5. MM81A0_2 b - Secondary stream
overiaid on the prighary stream in an ir-
regular window. This requires a color key.
This would be used, for example, for
game sprites. Only the graphics area be-
hind the sprite shape would be covered

Overlaying

10.3.1 Opaque Rectangular

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. If MMB81A0_26-24 = 000b (sec-

up- ondary stream on top), then MM81DC_30 must

10-6 STREAMS PROCESSOR PRELIMINARY PROPRIETARY AND CONFIDENTIAL
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be cleared to 0 to also specify secondary stream
on top. Similarly, If MM81A0_26-24 = 001b (pri-
mary stream on top), then MM81DC_30 must be
setto 1to 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 (X0) is
programmed in MM81F0_26-16. The difference
{X1.- X0) must be converted into quadwords and
then programmed in MM81DC_12-3. The value is
(X1 - X0) 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 (X0 - X1) x bytes per pixel/4,
again rounded up.

-X0) + W1, with W1 programmed in M
16 (secondary stream is on top). Cqg
quadwords, the value is [(X1 - X0)
per pixel/4. If the result is a fractig

(X0 - X1) is used and
MMB81F4_26-16 (prima

These modes ars and 4 in the compose
modes list. The bievwder"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

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 bgttom window
has no meaning.

Two types of blending are prg
fade.

g factor. It |s a 3-bit
M81A0_12-10. This
id to each of the three color

b6t when the Kp value is reprogrammed, its new
alue does not take effect until the next VSYNC,
so it can be reprogrammed during frame display
without disruptive effects.

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

{Pp x Kp + Ps x KsI/8, where Kp + Ks must be < 8.

Ks is the secondary stream weighting factor. It is
a 3-bit value programmed in MM81A0_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 0. As with Kp, when
the Ks value is reprogrammed, its new value
does not take effect until the next VSYNC.

PROPRIETARY AND CONFIDENTIAL
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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 stream 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 81A0_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 81A0_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,
the most significant bit of each pixel value is used
as a color key as long as MM8184_28 is cleare
to 0. When the most significant pixel bitisa0,
other stream pixel is displayed.

number of bits to compare for\e
specified in MM8184_26-24,
match with the keyed str
sponding other stream pjxe

the primary streang, If th€ secondary stream pixel
color is outside this range, the secondary stream
pixel is displayed.

10.3.4 Window Location

The starting X,Y coordinates and window size for
the primary stream are specified ANVIM81FO0 and

are specified in MM81F8 3
tively.

gCified for the primary and secondary
phis is done via MM81EC_16-12 for the

stream. When the FIFO empties to the
old level, an internal signal is generated
regfuesting the memory controller to begin refill-
g the FIFO. The programmed threshold levels
must never exceed the corresponding FIFO
depths. The optimal settings for the threshold
levels will be system and operating mode de-
pendent and will have to be determined by trial
and error.
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Section 11: Local Peripheral Bus

v

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 MMFF00 is setto 1. LPB
clocking with LCLK must also be enabled by
setting bit 24 of MMFFO00 to 1. The LPB function
provides the following:

e  S3 Scenic Highway interface to the
Scenic/MX2 MPEG Audio/Video Decoder
(glueless, bi-directional)

e  Scenic Highway interface to the C-Cubg
CL-480 Audio/Video Decoder (gluelesg

e  Scenic Highway interface to the
video digitizers (glue logic is regfui

uded to provide
Mon). A 16-bit data
e on ViRGE for PCI

g/connector interfaces and the General In-
py/Output Port are described in Section 12.

The internal block diagram for the LPB is shown

the Scenic/MX2 has a giu in Figure 11-1.
LPB
HOST "?E 7 D‘“,’,:,:‘:."Ess ¥ >
)
8
\ }\ LPB 8x32 o P 8VL) extennaL
\\'}/ OUTPUTFIFO_|——c- 36 (Pon) DEVICE
VIDEO FIFO - p8ne
MEMORY 8x32 <
RFACE 32/64 w L
8x32  hed T
DECIMATION
TO MEMORY MEMORY ADDRESS B0k
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
MMFF00_3-1 to 000b. 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 {CREQ/CRDY remains high).
One cycle after VIRGE asserts its VREQ/VRDY
signal, it sends the address in three byte writeg.

Scenic/MX2

0 for a memory access. Bits 3-0 are bits 19-16 of
the address. The second byte is bits 15-8 of
MMFF14 and the third byte is bits 7-0. The data
immediately follows in four byte wri
written in the opposite byte orde

delays sending
raises CREQ/QRDY

RDY high throughout the cy-
r bits of the first address byte

VIRGE

A 4

LCLK

LD[7:0]

VREQ/VRDY

»| CREQ/CRDY

ENFEAT

WCTOK

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

ﬁ'«wnnv_\ (\\
I.D[T:o]——————( m-zX AD-1XA|H)X noX o1

Figure 11-3. Scenic/MX2 Write (Scenic/MX2 F

LCLK

CREQ/CRDY

Wommv—\
um;o]_——( o2 X a1 X A0

) — r

wir0) ——————{ a0z X a1 X a0 ) { oo X oo X 2 X o »—

Figure 11-6. Scenic/MX2 Read (Scenic/MX2 Not Ready)
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nic/MX2 raises CREQ/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.

e No transaction can be initiated if the bus
is active
e  There is one dead cycle on the bus fol-
lowing all transactions

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

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

s |f CREQ/CRDY and VREQ/VRDY are both
driven iow on the same cycle (request

. contention), CREQ/CRDY (the Sce-
nic/MX2) wins.

11.1.2 Scenic/MX2 Compressed Data
Transfer

VIiRGE has an output FIFO for handling thg¥

check the number of empty slots (
then send no more than this man

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

MMFF00_17-16 are programmed o specify the
number of doublevyords of data Rurst to the

case where the Sceni

transferred exactl
write. Following

}/MX2 is not ready to receive data is almost the
same as a register write for the same circum-
stances (see Figure 11-4). The only difference is
that after the Scenic/MX2 returns its CRDY signal,

CREQ/CRDY

— (N

‘VREGVROY f
NS

T 2] »1XmeXm:XnuXm)——(m-oXm-:Xm-aXma):

Figure 11-7. Compressed Data Xfer (Scenic/MX2 Ready)
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LCLK

CREQ/CRDY

‘VREQ/VRDY \
/)
LD[7:0] ( A02 X A0 X AD0 X Do wa

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 CREQ/CRDY low for one (and
only one) cycle during byte three of any double-
- word. This is shown in Figure 11-8.

e defined (MMFFOC,
¥ One is required. The second
quited for double buffering.

e Aorizonta! and vertical decimation
egisters are programmed (MMFF2C,
VIMFF30). This is optional.

The line stride is programmed
(MMFF34_10-0). This is not required if
HSYNCs are not being sent.

An output FIFO empty interrupt can be eng}§|
by setting MMFF08_17 to 1. The status is rgé NG
bit 1 of this same register. \

11.1.3 Scenic/MX2 Video Cgh

VIRGE signals its readiness to accept data by
driving VREQ/VRDY high. This is done automat-
ically when ViRGE does not need to drive this

The following setup is done
video capture:

CREQ/CRN

HSYNC chvsis

Figure 11-9. Scenic/MX2 VSYNC and HSYNC 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
(CREQ/CRDY low for one cycle) followed by an
HSYNC (CREQ/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 CREQ/CRDY low at any time and
begin sending data three clocks later. This is

LCLK

CREQ/CRDY \

shown in Figure 11-10. ViIRGE assumes data has
begun any time CREQ/CRDY is held low for more
than two cycles. When the Scenic/MX2 is sending
the Iast byte, it drives CREQ/CRBY hlgh The

packets. If it has fewer to send fort e |2
it must pad the transmission

accept more data, 3
FIFO is full, it driye

VREQVRDY

LD[7:0)

LCLK

CREQ/CRDY

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
VIiRGE drives its VREQ/VRDY signal high again.
This is depicted in Figure 11-11, where the Dn0
byte, which is the first byte of the nth 4-byte
packet, is rejected. When ViRGE can accept more
data, it drives VREQ/VRDY high. The Scenic/MX2
drives CREQ/CRDY high (two cycles later) and
then drives it low when it is ready to resend the
data. The resend of Dn0 and subsequent bytes
starts two cycles later.

When ViRGE receives an HSYNC from the Sce-
nic/MX2, it adds the line offset (MMFF34_10-0) 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
Video 8 In mode (MMFF00_3-1 = 010b) is shoy
in Figure 11-12. This section describes the ipfe
face to the Philips SAA7110 digitizer.

SAA7110

The functional timing for converting the
SAA7110 16-bit video output to the 8-bit input
required by the LPB in a VL-Bus configuration is
shown in Figure 11-13.

conversion is required.

As an alternative, the
glueless interface to

interface is described in Sec-

ViRGE
LD[7:0]

LCLK

HS
VS

A

SDA

SPD

ScK |«

vvy VYV VY

SPCLK

VVDTOK

Figure 11-12. VIiRGE to SAA7110 Digitizer Interface
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wewrwa [\ [\ \/ ) U U
Y[7:0] :>( Y, L Y,
uv7:0] :X U, X Vor
LD{7:0] :X Y, 3( Y, X Y, X Vor

Figure 11-13. 16- to 8-bit Video g

11.2.2 SAA7110 Video Input dcolect Wrtical and horizontal sync
jes\are specified (MMFF00_9, 10).
The following setup is done for SAA7110 video gwio frame buffer starting ad-

input: efseg are defined (MMFFOC,

e  VIRGE is placed in Video 8 In mode
{MMFF00_3-1 = 010) or Video 16 mogft
(MMFF00_3-1 = 001b) for PCI config
tions.

¢  Byte swapping is disabled by g€
MMFF00_6 to 1.

‘quired 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,

Lo

Figure 11-14. Video 8 In or 16 Mode Input
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The video data horizontal and vertical
offsets are programmed in MMFF28.
The line offset (stride) is programmed
(MMFF34_10-0).

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 (MMFF28_24-16) is 1, meaning the first
line is skipped. The horizontal offset HO
(MMFF28_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 MMFFO0O to 1.

11.3 CL-480 INTERFACE

The CL-480 can be interfaced in two ways. g
Video 8 In mode (MMFF00_3-1 = 010b) the injér-

not 12C. Therefore, only LD[7:01], HS, V
are connected. This is shown by thé
signals in Figure 11-15. The functjd
the same as for the SAA7110
Figure 11-12.

In Video 8 In/Out mode (MMFF00_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-A5. Functional
timing for the compressed data is gi
in the CL-480 data book.

in bits 5-0. 4
BAOOOOH,

{; /oyte 2 data
¥ data byte 0
9; byte 0 data
; data byte 1
byte 1 data

wr FF14 0l1H; address byte 0
wr FF18 00H: byte 0 data
wr FF14 02H; address byte 1

VIRGE cL-480
[6:2] 1< VD[3:7]
:0] ¢ VD[14:15)
< VD16
HS HSYNC
vs |« VSYNC
LCLK VCLK
HD[7:0] HD[7:0]
HSEL{2:0] HSEL{2:0]
DS os
RW P AW
DTACK |« DTACK
CFLEVEL |« CFLEVEL
CLASOF
Figure 11-15. Video 8 In or 16 Mode _Input
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vwr FF18 O0H; byte 1 data 11.5 LPB-ENABLED PIN
wr FF14 03H; address byte 2 ’
wr FF18 BAH; byte 2 data - ASSIGNMENTS
wr FF14 04H; data byte 0 .
rd FF18 ; returns 5 The pin assignments when thé
wr FF14 05H; data byte 1 modes are enabled are shownin 1§
+d FF18 ; returns 2 that some functions are available

configurations. These have

Note that the last read returns 2 instead of the A~ humber.
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
(MMFF00_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. Thg
data will then be decimated according to tJ
programming of MMFF2C (horizontal)
MMFF30 (vertical) and then passed to the,

ensure that at least 5 clock
sync and the start of data
reloading.

Pass-through is notsapported if big-endian ad-
dressing is being used.

11-10 LOCAL PERIPHERAL BUS PRELIMINARY PROPRIETARY AND CONFIDENTIAL
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Table 11-1. LPB-Enabled Pin Assignments
Video 16 or 8 in
Scenic/MX2 MMFF00_3-1 = 001 Video /Out

Pin # MMFF00_3-1 = 000 MMFF00_3-1 = 010 MMFF0&_3\ = 011

146 LDO LDO LANA)

147 LD1 LD1 (NDI\ Y /

148 LCLK LCLK \ elx\/

154 LD2 LD2 A\ W )

155 LD3 LD3 N\ O\ \ B

174 LD4 LD4 / N\ \\Li¢

175 LD5 LD5 / 1\ \\)65

176(PCl) NO FUNCTION NO FUNCTION N\ SEL2

177(PCl) NO FUNCTION NO FUNCTION N\_\ __HSEL1

178(PCl) NO FUNCTION NO FUNCTIQN \ \/__ HSELO

179(PCl) NO FUNCTION NO FUNZTION DS

180(PCl) NO FUNCTION NO F N~/ RW

181(PCI) NO FUNCTION NOZUNMCTAN \ DTACK

182(PCl) NO FUNCTION NG F%} CFLEVEL

184 LD6 -\ LD6 LD6

185 (PC) NO FUNCTION /  LDNXidev’8 HDO

186 (PCI) NO FUNCTION / { LY \goﬁ HD1

187 (PCl) NO FUNCTION AN\ \.D1d Mdo 8) HD2

188 (PCI) NO FUNCTION A\ D deo 8) HD3

189 (PCI) NO FUNCTION / /I\. \\D14Video 8) HD4

199 (PCI) NO FUNCTION / A/ D\ NM3 (video 8) HD5

200 (PCI) NO FUNCTI2N V. /D14 (Video 8) HD6

201 (PCI) NO FUNcﬂov\}\\ LD15 (Video 8) HD7

202 LD7 LD7

203 _EGNRDV“ \\/ HS NO FUNCTION

204 @N\ / Vs NO FUNCTION
PROPRIETARY AND CONFIDENTIAL PRELIMINARY LOCAL PERIPHERAL BUS 11-11
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Section 12: Miscellaneous Function

This section explains how ViRGE interfaces to the strapping bit 4 Rit 4)\puY be pulied low
video BIOS ROM and feature connector. Green to disable BIQS\afcegsed\ For Wis configuration,
PC support, the General |/O Ports, the serial com- ROMCS is . W. BXs 1-0 of SR1C can be
munications port and interrupt generation are ai in N3Xuction as a second
also described. Rit instead of as ROMCS. For

12.1 VIDEO BIOS ROM INTERFACE

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 ANgepexate/mplementation of the video BIOS for

. . S DA7:p1 and GA[15:0] signals are multiplexed on
12.1.1 Disabling BIOS ROM Acc N pjhis. Therefore, the BIOS ROM must be shad-

owfd immediately after reset and BIOS access
WSabled to prevent interference with graphics

BIOS ROM

D[7:0]

A[15:0]

y
al
m

VPCIROM

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

2\

SA31:2] \

ADDRESS Bios
RO RONQS
D[7:0] \7
OE0
74ALS244 o

g 3

< SA[15:0]

Figure 12-2. BIOS ROM V|

ata one clock before
deassertion of R d then drives this data

onto the AD bu

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-

majitally increments the lower address three
iphes and generates the remaining three bytes of
ead data. In both cases, TRDY 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 CO000H-C7FFFH (32 KBytes).
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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 CO000H-CFFFFH (64 KBytes). PCl 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

VIiRGE 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

VIiRGE provides a 4-bit General Input Port (Y
for PCI configurations as part of its LPB fungfit
The following steps are required to impley

VESA
LOCAL BUS

Y%

‘ SD[7:0]

Y arr:0]

GENERAL
INPUT
PORT

BUFFER

N

_O—EH“"'_

. Disable all other LPB uses.

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

. If the LPB General Output P
also in use, ensure that the

LD(7:4] are latcheg
MMFF1C_7-4. (T
tents of MMFI
generates thé

ived the con-
3:0] and
pin 190. The

e A2-4. The following steps
JIP function.

Se
e
R SR1C_1-0 to 01b to enable output
\ OSTR on pin 151.

e data is read from an external buffer by

redd # .
g read of port 3C8H (the same as the DAC
Write Index off-chip register).

SD[31:0]

VIRGE

GPIOSTR

D[7:0]

OEM
DEFINABLE
DATA

]

g

Figure 12-4. General Input Port Interface (VL-Bus)
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S avataValalal
o RC

Figure 12.5. General input Port Tirping

KXXX

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

ite fanything) to CR5C. The data in
Wt1C_3-0 are immediately driven onto
P[3:0] and the STWR pulse is generated.
e rising edge of STWR (2 DCLKSs after it
is asserted) can be used to latch the data
into an external device. The data is held
valid for 1/2 DCLK after this edge. See Fig-
ure 12-6.

12.4 GENERAL OUTPUT PORT

ViRGE provides a 4-bit General Outp
for PCI configurations as part of its If°
To implement this:

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

1. SetSR1C_1to 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.

VESA
LOCAL BUS
£
SD[15:8]
Df7:0)
GENERAL
OUTPUT ¢
PORT
LATCH
Q[7:0]
N

Figure 12-7/ G, ‘al Putp!

DCLK

VIiRGE 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 immediately provided

this is shown in Figure 12-8. Not?
can be latched on either the pigj
of GPIOSTR. The entire cyfle
SADS to latching of data in eg)

S :0]
VIRGE
PIFSTR
ort Interface (VL-Bus)

aVaVal

r

SD[7:0]

AL

VGOPVL

Figure 12-8. General Output Port Timing (VL-Bus)
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If both an 8-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.

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

1. Set SR1C_1-0to 11b.

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 153. These pin will continue to reflect

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

The 2-bit GOP is only useful for cases where the
video BIOS is part of the system BIOS (mother-
board implementations) and the ROMEN signal
is not needed. If ROMEN is required, a 1-bit GOP
is available by programming SR1C_1-0 to 10b

on pin 151.

When a VL-Bus configuration powers
default value of 00b for bits 1-0, both p#
pin 153 will be driven high (logic 1).
190 are driven high on power-up fg
rations. Thus, external devices ¥
enables will not be enabled whe!
these pins.

to interfacing
isclearedto 0,

Table 12-1 Trio64-type Feature Connector
Configuration

2\
Pin(s) ( Shynals

144,142, 140, 138, 134, 132, oRAl
130, 128, 127, 129, 131,

136, 139, 141, 143 TN

151 A\ ‘SEN§¥
115 ALY LANK

17 / N\ \| \VFcveik

106 / { \ y\/rcvcm

VFCESYNC
VFCEVIDEO

<

VFCEVCLK

HSYNC

VSYNC

PVFZVCLK are pulled up. This means that

FYNC, VSYNC, VFCBLANK and VFCVCLK are
¥iways 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 VIiRGE if

VFCEVIDEO is low. If bit 1 of SRB is set to 1, pixel

data input is strobed into the internal RAMDAC
by VFCVCLKI.

Figure 12-9 shows a VAFC implementation for a
32-bit PD 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 PD operation.

Figure 12-10 shows the VAFC implementation for
64-bit PD bus designs. The additional buffers are
required to isolate the PD 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 SRD to 1 drives the ENFEAT pin low,
enabling the isolation buffers. Note that VIRGE
always uses a 32-bit PD bus when feature con-
nector operation is enabled and that the speed of
the interface (VFCVCLK/DCLK) is limited to 37.5
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VIRGE
(32-BIT PD BUS)

PA[15:0]
ENFEAT
VCLKI

VCLK
HSYNC
VSYNC
BLANK
EVIDEO
ESYNC
EVCLK

—— N/C

<

PA[J8) =

VAFC
< sssssssssssmmp>1 PA[15:0]

VCLK

"125n |

YYVY

125

=

+5V
+5V

VAFC

PA[15:0]

VCLK

DCLK
HSYNC
VSYNC
BLANK
EVIDEO

GRDY

e

VVAFC2

Figure 12-10. VAFC Implementation (64-bit PD Bus)
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VIRGE PASS-
(32-BIT PD BUS) THROUGH

PA[7:0] _ PA[7:0]

ENFEAT
VCLK
HSYNC
VSYNC
'BLANK
EVIDEO
ESYNC
EVCLK

5

IAAAA%ﬁI

VPASCON1

Figure 12-11. Pass-Thru pé oy/(32-bit PD)

VIiRGE PASS-
(64-BIT PD BUS) THROUGH

PA[7:0] y 24 PAI7:0] | <—)
ve X\\J » VCLK [e———>»

HSY \ »] HSYNC |[¢&—>
VSY| gs WV »| VSYNC |¢—>
_// = »| BLANK |€¢—>

VIDEO |« < EVIDEO |¢—

< f ESYNC |e—m—

EVCLK |« 2 EVCLK |e—

"2 ' 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 speciﬁcati_ons. ’

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

If VFCESYNC is low, HSYNC, VSYNC and
VFCBLANK are inputs to VIRGE. If VFCESYNC is
high, these three signals are outputs. If
VFCEVCLK is low, VFCVCLK is an input to VIRGE
and is used to clock the pixel data to the internal
RAMDAC. if VFCEVCLK is high, VFCVCLK is an
output.

VIRGE memory configurations of 2 MBytes and
larger will use the entire 64-bit PD bus. In these
cases, VFCEVIDEO, VFCESYNC, VFCEVCLK and
PA[7:0] are multiplexed with some of the uppgf
32 PD lines. The buffers shown in Figure 1
prevent the PD lines from being driven R

to 1 to enable feature
SR1C_1-0 must be 00h/to g .
151.In addmon LPB ope| R i 3

: sor opera-
= 00b) before

bit bi-directiong

ed to provide this type
of operation are listedirf Table 12-2, The interface
is the same as shown in Figure 12-11. However,
VIiRGE is not restricted to 32-bit PD bus operation
(as with the Trio64-type operation) and can use
the full 64-bit PD bus for 2- or 4-MByte memory
configurations.

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

Pa
Pinis) (sidqals
202, 184, 175, 174, 155, 154, I
147, 146 N
151 — \_| memat/
206 A\ [\VBLANR
148 é N\ e
183 N\ \ ¥sync
203 / < N\ \\Avipeo
204 ‘g/\ \  \ 7 EvCLK
149 { N\ | HSYNC
150 N\ \) VSYNC

operation provides a 16-
e connector for PCl con-

Pin(s) Signals
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 EVIDEO
204 EVCLK
149 HSYNC
150 VSYNC

8-bit feature 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 DDC moni-
tor communications and 1°C interfacing. When
SPCLK and SPD are tri-stated, ViRGE can detect
an 1°C start condition (SPD driven low while
SPCLK is not driven low). This condition is gen-
erated by another 1°C master that wants control
of the IC bus. If bit 19 of MMFFO8 is set to 1,

detection of a start condition generates an inter-
rupt and sets bit 3 of MMFFO8 to 1. If bit 24 of
MMFFO08 is set to 1, VIRGE drives SPCLK low tq

the interrupt and service the 12C bus.

The SPCLK and SPD signals are multiple
the ESYNC and BLANK feature connect j

enabling output on
enabling output ga-a

of four pairs of X
Each side can act\a er an input or output. A
set of schematics showing the use of this part is
available.

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

IfPD26 is strapped low at reset, s{apring of PDzs
selects either E2H (PD25 pulled\higR

(PD25 pulled low) as the I/0,
serial port register MMFF20
to be used for serial com
IC when ViRGE in

not be grei

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 setto 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 overfiow
and command FIFO empty. These interrupts are
enabled and cleared and their status reported via
42E8H.
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Multiple interrupts can be enabied at the same
time in Enhanced mode. The interrupt pin will
remain asserted until all interrupt status bits are
cleared.

&
oA
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Sectioh 13: Basic Software Functio

/<\V

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,0lh H
out dx,al
mov dx,102h
[load CRTCs]
mov dx, 3Céh
mov al,FFh
out dx,al

’
‘
’
’
’
‘
’

\A\1lide DACJmask and release BLANK signal
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13.2 REGISTER ACCESS

13.2.1 Unlocking the S3 Registers

The S3 registers (CR30 and higher plus the Enhanced Commands registers) must be u d b
they can be accessed by the CPU. The code to do this is:

Note: Byte operations are used in the following examples for clarity. Word opera

mov ax, 4838h
out dx,ax

; Write code to CR38 to provide access.to the S3 VGA (CR30-CR3F)

mov dx, 3d4h

mov al,38h ; copy index for CR38 regjfter I
out dx,al ; write index to index "
inc dx ; increment dx to 3D5h address)
mov al, 48h ; copy unlocking code x=don’t care) to al
out dx,al ; write the unlockin§ ol Me/data register
dec dx ; restore the indey ] ¢r Adgkess to dx
; Write code to CR39 to provide accesy t. er Control and System Extension

registers (CR40-CRFF)

dx is already loaded tie previous instruction

~e s s

mov al, 3% fegister into al
out dx,al register
inc dx PSh (data register address)

mov al, 0aSh ing code to al (the code aS5H also unlocks

. N we me ne s

out dx,al
dec dx dVindex register address to dx
Set bit 0 in CR40 eXjb1R access to the Enhanced Commands registers.

dx is already lbaQ i ¥D4h because of previous instruction
index for CR40 register into al

out dx,a rjyte index to index register

inc dx #Alcrement dx to 3D5h (data register address)

in al,dx ; read register data for read/modify/write operation
or al,l ; set bit 0 to 1

out dx,al ; write the unlocking code to the data register

dec dx ; restore the index register address to dx
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13.2.2 Locking the S3 Registers

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 ti§
. bits in the valid code pattern. For example, 00h will always accomplish this.

overwriting of any changes made to bits 7-1 in CR40 since reset.

mov dx,3d4h ; copy index register address into dx

mov al,40h ; copy index for CR40 register into 3

out dx,al ; write index to index register

inc dx ; increment dx to 3D5h (data regighe

in al,dx ; read content of CR40 into al

and al, Ofeh ; clear bit 0 to 0

out dx,al ; write to CR40 to lock the N COpmman¥ls registers
dec dx ; restore the index registep\address to N

The Extended Sequencer registers (SR9-SR1C)
register set to provide a variety of new capabilijies.

Register Bit Controls Ne& o:\

CR33,bit1 . | CR7Aitsre6 W\ dpable write protect setting of CR11, bit 7)
CR33, bit4 RAMBAC segister (1) disable writes)

CR33, bit 6 _ psrem%i\ﬁsters (1 = lock)

CR35, bit4 Vgl ngegisters (1 = lock)

CR35, bit 5 H\znzoﬁal \Mg registers (1 = lock)
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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
H
’

inc dx increment dx to 3D5h (data register addrg
in al,dx read content of CR2E into al
cmp al,31lh : compare chip ID to the desired chip
jne not_ViRGE ; jump to not_ViRGE if device ID fof
. ; ViRGE chip found - continue
not_ViRGE:
‘mov ax,4c00h ; terminate with a return code\Q

13.4 GRAPHICS MODE SETUP

jyed by standard operation. For
ANgfode 100) instead of the standard
¢ this is done.

Some programs may require a graphics mode othe,
example, a DOS game may require a resolution of 640
DOS mode, e.g., mode 03. The following code frgg

mov ax,4f02h ; VESA super VGA pbd
mov bs,100h ; mode 100
int 10h ; call video B

o
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Sectlon 14 VGA Compatibility Supp

AN

This section describes VIRGE support for standard VGA and VESA $pgr VA graphls standards.

14.1 VGA COMPATIBILITY

VIiRGE is compatible with the VGA standard. These modessire not accelersted using the S3D Engine.
However, other design features provide excellent VGA pérfgha

Several of the standard VGA registers have been moghfi € deY in VIRGE. Table 14-1 describes
these changes.

Table 14-1. Standard VGA Registers Modified/6r ExterNled W VJRGE

Register Change to Standar Definitod ¥

CRO Extension bit 8 is by 55»@{ 5fof CR35 controls access to this register. Bit
7 of CR43 doublgé t ar ter si

CR1 Extension br;g(m R%%B(t 5 of CR35 controis access to this register. Bit
7 of CR43 d raxgetRr size.

CR2 Extensuonmn '()f CRSD. Bit 5 of CR35 controls access to this register. Bit
7 of CR43 parameter size.

CR3 The | NheRRnk g pulse defined in this register can be extended by 64
DCLKs via bit 3 of . Bit 5 of CR35 controls access to this register. Blt 7 of
cm oulResthe pgffameter size.

CR4 n\%l:}%s bit 4 of CR5D. Bit 6 of CR35 controls access to this register. Bit

es the parameter size.

CR5 e lenyth\oMhe HSYNC puise defined in this register can be extended by 32

/‘* s yia pit 5 of CRED. Bit 5 of CR35 controls access to this register. Bit 7 of
P > les the parameter size.
CR6 \RXHon to the standard VGA extensions (bit 8 is bit 0 of CR7, bit 9 is bit 5 of
7) bit 10 is bit 0 of CR5E. Bit 4 of CR35 controls access to this register.

CR7 \ \JBlf 4 of CR35 controls access to bits 0, 2, 3, 5 and 7 of this register.

CR9 it 4 of CR35 controls access to bit 5 of this register. '

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

CRE 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 standard 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 register.

CR1M1 Bit 4 of CR35 controls access to bits 3-0 of this register. Bit 6 (3/5 refresh cycles
per line} can be overridden by CR3A_2-0. Setting bit 1 of CR33 to 1 Nes the
write protect effect of bit 7 of this register on bits 1 and 6 of CR7.

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

CR13 Bit 2 of CR43 is the old extension bit (bit 8) of this register. B|k5-4
the new extension bits (bits 9-8) of this register.

CR15 In addition to the standard VGA extensions (bit 8 is a&mﬁ 5 of
CR9), bit 10 is bit 2 of CR5E. Bit 4 of CR35 controls a€ceb\ to ister.

CR16 Bit 4 of CR35 controls access to this register.

CR17 Bit 5 of CR35 controls access to bit 2 of this re stef\ \ \

CR18 In addition to the standard VGA extensions ( s bit\Q}‘ﬁmﬁt 9is bit 6 of

. CR9), bit 10 is bit 6 of CR5E.

AROOQ-AROF Bit 6 of CR33 controls access to these rm\ Vv

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

14.2 VESA SUPER VGA SUPPORT

ViRGE supports the extended (Super) VGA g
$3d Engine except for the planar (4 bits/pj§
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Sectioh 15: Enhanced Programmin

v

Enhanced mode provides a level of performance far beyond what is p#ssj i A architecture.
Hardware BitBLTs (with 256 ROPs), 2D and 3D line drawing, 2D poig - riangle drawing

write directly to memory. (This is also possible in non- anced modeM\ via pagmg ) This section
explains these two methods and provides a set of Enha#fice R pppgramming examples and
explains the basic elements of 3D drawing.

15.1 MEMORY-MAPPED I/0

address and requires protected mode. In/ad¥
big endian addressing. The new methgd cgh g
methods is described below.

15.1.1 Old MMIO

Setting bits 4-3 of CR53 to {0b enabie A\ofd MMIO function. A setting of 11b enables both the old
en the old MMIO is enabled, CR53_5 selects the base
dow at AOOOOH - AFFFFH. CR53_5 =1 places the MMIO window

address. CR53_5 =0 plag€s
ne y leaves AOOOOH - B7FFFH free for VGA memory and other uses.

at B8OOOH - BFFFFH.

In either case, all the YiF{{ hgikds Are accessible via either window at the variable offsets shown in
Table 15-1. For example, n |gurat|on space registers are found starting at AB000OH (or B8OOOH,
depending on th

With old MMID ¢nabled R53_5 =0, image writes are made by accessing any memory location in
the 32-KByte bddress $pdce from AGOOOH to A7FFFH. This allows efficient use of the MOVSW and

not make imageNyri 4 eyond the A7FFFH range. If CR53_5 = 1, image writes cannot be made as the
AOO00H - A7FFFH Pamge is reserved.

When MMIO is enabled (old or new), clearing bit 7 of SR9 to 0 allows both programmed 1/O (IN, OUT)
access and MMIO (MOV) access. Setting this bit to 1 disables programmed I/O 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 at the base address

The new MMIO (only) is enabled by setting bits 4-3 of CR53 to 01b. This is the
configuration, allowing PCl software immediate access to all registers and
address space. The new MMIO is also enabled in conjunction with the olg
4-3 of CR63 are set to 11b. VL-Bus configurations power up with bits 4-3 of KN
both old and new MMIO operation.

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

Q acc¥ss, allowing only

Table 15-1. New MMIO Addresses

Lower 32 MBytes - Little Epfliafl MW

Description ﬂff;é ma\e (Hex)

Linear Addressing (16M)

Image Data Transfer (32K)

PClI Configuration Space Registers

Streams Processor Registers ‘< ( 1ho MO 81FF

Memory Port Controller 1 \\ N 101) 8'200 100 8224

CRT VGA 3B? Registers / N\ \\ Yo #£380- 100 83Bx

CRT VGA 3C? Registers / / A\ N\10483C0-10083Cx

CRT VGA 3D? Registers { ¢/ 7\ oo e300 - 100 83Dx

Subsystem Status Enhanced Redi (&Eﬂﬁ) ‘f1 00 8504

Advanced Function Control Regi er\(MEéﬁ) 100 850C

DMA Controller Registers Z~\ . N\ ) 100 8580 - 100 85FF

Color Pattern'Registers \ o D \V 100 A0OO - 100 A1FF

BitBLT/Rectangle Fill pegT N\~ 100 A400 - 100 ASFF

2D Line Draw Reg%rr\ \ 100 AS00 - 100 ASFF

2D Polygon Fill Reghters N\ \/_ 100 ACOO - 100 ADFF

3D Line Draw Besiafers\. ) 100 BOOO - 100 B1FF

3D Triangle flegisteR\. 100 B400 - 100 BSFF

Local PeripHerdl Bus Ze\iarars 100 FFOO - 100 FF5C
Values in the ggps n the memory ranges shown in Table 15-1 are reserved.

For big endian ad Sing, add 2 to the most significant hex digit shown in Table 15-1, i.e.,
0xx 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 ith 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 engbird.
0 of CR66 is set to 1 to enable Enhanced mode functions and bit 3 of CR31 ig/~%
mode memory mapping.

VIiRGE provides linear addressing of up to 4 MBytes of display me,
than 64 KBytes requires that the CPU be operated in protected mge

is enabled by setting bit 4 of CR58 to 1. The size of the linear 3
The base address for the linear addressing window is set vjely

dow position in CR59-CR5A to

for the window is set to AOO0OH by programming bit? \
R ) specified in bits 5-0 of CR6A is

000AH. If bit 0 of CR31 is set to 1, the memory pagt

space) is usable with VIRGE. The base address is taken

® v position (bits 7-2 of CR59 or the high order 6 bits of the
the PCI Base Address 0). adwnated with the display memory address specified by the
programmer. .

programmer must also enable linear addressing and specify
the window size exacfly 2 or the old linear addressing. Note that since only bits 31-26 are

used to specify the b3s QF00H cannot be specified and the 64K banking scheme possible
with the old finear ad sing ¥arjnot be used with the new linear addressing

When big endje ng is Msed, the required byte swapping for linear addressing is specified by
bits 2-1 of CRY pplieSTo both reads and writes.
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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 ViRGI)N
memory. The time required for any given read or write to complete (latency) varies b
have important implications for the programmer.

completes (or vise versa), there is no guarantee which will complete ARg
prematurely ovenlvrltlng memory data, the programmer must check thaythg

FIFO is empty before issuing the dependent command.

Reads through the LPB and VGA paths bypass the respecyng - Howeyer, they W|I| be held unt|I

the relevant FIFO is empty before completing. For PCl s
g & following a write will yield the
gr, any read with the S3d FIFO

SYSTEM BUS INTERFACE

BIU (BIU, STA

/ RAMDAC REGISTER READ/WRITE

x’ ASS

STREAMS PROCESSOR
REGISTER READ/WRITE
S3D & VGA & STREAMS RAMDAC &
REGS REGS PROCESSOR REGS
I I & REGS
MIU & REGS
PRIMARY/
T SECONDARY
L STREAM
FIFO
VIDEO 24x65
MEMORY ORDERMG

Figure 15-1. Internal Organization
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15.4 S3d ENGINE PROGRAMMING

All Enhanced mode programming should be done using memory-mapped /0.

MMIO Format:
Enable MMIO

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 high o$ l.e.

EAX < x,y
MOV ES:[REGMNEMONIC], EAX
The MMIO scheme is the most efficient and is used where appropyRtg

provided later in this section. All assume that the ES register pointg
used or the base address if the new MMIO is being used.

15.4.1 Notational Conventions

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

ES:IMMXXXX] ¢ BN1 (bh-bl), BN2 (bh-bl)

offset. Thus MMAS04 identifies the registg§:
monic followed by the bit location(s). T}
grammed into bits 26-16.

The complete binary programming\§

777? = appropriate variable
X =0; bitvalue=0
X =1; bitvalue =1
X = §; this bit value

Image transfers (CP

COUNT
IMAGEDATA 4

The COUNT is 1§
ory space at the

gr of CPU writes. IMAGEDATA means the 32K Image Data Transfer mem-
f-mapped location shown in Table 15-1.
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15.4.2 Initial Setup

All examples assume the desired mode is selected.

If bit 1 of the Command Set register is set to 1, all bitmap updates are affected by th {\ngs in the
clipping registers (MMxxDC, MMxxEO).

15.4.3 Autoexecute

When bit 0 of the Command Set register is cleared to 0, the command is e
Set register is written. If this bit is set to 1, the command is not execujé

15.4.4 2D Programming Examples

This section provides programming examples for the fqg
tions:
e  BitBLT

e  Rectangle Fill
e 2D Line Draw

e 2D Polygon Fill g@
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15.4.4.1 BRBLT

The BitBLT function 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.

The Pattern Foreground and Background Color registers define the pjXel A or pattern is
specified in a set of registers starting at offset 100 A100H. The number of {egisters \éqyired depends
on the color depth.

The Destination pixel is always the screen (current bitmap) and idalwa ulti bits/pixel). This

Color Pattern

e  Source = Screen, Color Pixels
e  Source = CPU, Color Pixels
¢  Source = CPU, Mono Pixels

Mono Pattern

e  Source = Screen, Color Pixel
e  Source = CPU, Color Pixelg
e  Source = CPU, Mono Pixels

adping rectangles on the screen , care must be taken so that
¢ it is moved. This issue is explained next, followed by

When the source and destinti
the source data is not pve

corner of the sourde regidngle. 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 SRC_Y
1 X+, Y+ x1 y1
2 X-, Y- x1+W-1 yt + H-1
3 X-, Y+ x1+W-1 y1
4 X+, Y- x1 y1 +H-1

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

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

CASE 1 CASE 2 A
x12x2 x2 2 x1 x12x2
ylt2y2 y2zyl y2 y22y1
x2, y2 x1, y1 4 x1, y1
x1, y1 x2 1, W / x2,y2
D S D S

S D R v / 7 D [ercases

BLT Cases

Figure 15,8, OvexlapRi
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Color Pattern Case 1 (Source = Screen, (;olor 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 example, assume
x1,y1 is the top left corner of the source rectangle in display memory and x2,y2 is the(top\left corner
of the destination rectangle. The rectangles can be overlapping or disjoint. See Table 18-
and destination coordinate parameter values for overlapping cases. The height an
of the rectangle being copied are H and W. The color depth is assumed to be 8 bf

Autoexecute Off:

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

ES:[IMMA13C] < P63 (31-24), P62 (23-16), P61 (15-8), P60 (7-0)
ES:[MMAS504] < W-1 (26-16), H (10-0)

ES:IMMA508] <= SRC_X (26-16), SRC_Y (10-0}
ES:[MMAS0C] < DEST_X (26-16), DEST_Y (10-0)
ES:[MMAS500] <= 0000 0SSS SSSS SSS0 0000 0000 0010

aMd y start coordinates
Rtion x and y start coord.

; 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.
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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 ple, assume
the height and width (in p:xels) of the rectangle bemg copied are H and W. The color d
to be 8 bits/pixel.

Autoexecute Off:

ES:IMMA100] < P3 (31-24), P2 (23-16), P1 (15-8), PO (7-0}

ES:IMMA13C] «= P63 (31-24), P62 (23-16), P61 (15-8), P60 (7-0)
ES:IMMAS504] < W-1 (26-16), H (10-0)

ES:[MMAS0C] < DEST_X (26-16), DEST_Y (10-0)
ES:IMMAS500] < 0000 000S SSSS SSS0 00SS SS00 1010 00S0

COUNT (of image pixel data to transfer) = (See Note
IMAGEDATA < RECT_DATA ; Output data td

" Autoexecute On:
Writing to the Destination XY register (MMAR
Note .

R written to system memory by the application,
k g width, height and color depth. Some or all of this
bitmap can then be blitted to dig .. ry (screen). The method of transfer varies depending on
whether or not the entire bitmap & a a bitmap is transferred.

st be specified by programming bits 11-10 of the Command Set register to

e gine that the data for the next line starts at the next word after the data
ending the p/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 0000H - 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&{traqsferred to

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 regist{
unwanted pixels.

2.  The driver can transfer only the requested pixels, but it must do this offeNi
of each line is not doubleword aligned, the driver must determine t
containing the first data for the first line and the number of double

Set register set to ignore the appropriate number of bytes at thé
must then change the address to the start of the next line ang

¢ process, in-
Qne command is
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Color Pattern Case 3 (Source = CPU, Mopo 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 thespattern color
{potentially) mixed with the screen (destination) color. The 8x8 pixel pattern is progy
color pattern registers. For this example, assume the height and width (in pixels) of the ré
copied are H and W. The screen color depth is assumed to be 8 bits/pixel.

Autoexecute Off:

ES:IMMA100] « P3 (31-24), P2 {(23-16), P1 (15-8), PO (7-0) ; pixelsQ

Eé:IMMA‘lBC] « P63 (31-24), P62 (23-16), P61 (15-8), P60 (7-0)
ES:IMMA504] < W-1 (26-16), H (10-0)
ES:IMMAS50C] < DEST_X (26-16), DEST_Y (10-0)

COUNT (of image pixel data to transfer) = {See Note)
IMAGEDATA < RECT_DATA ; Output d3

Autoexecute On:

Writing to the Destination XY register (MI\
Note

If the source bitmap is provided b To
case also applies to this mono pj Rse bgCause each line is requnred to be word aligned. if the

source bitmap is provided by the § .0
program bits 11-10 of the Co 2 e\xegiNer to 00b to specify byte alignment to the Engine.
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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 pgogrammed in
the mono pattern registers and the pattern color is taken from the pattern foreground
registers. For this example, assume x1,y1 is the top left corner of the source rectang
memory and x2,y2 is the top left corner of the destination rectangle. The rectangleg.can bé
or disjoint. See Table 18-1 for the source and destination coordinate parameter vglues
cases. The height and width (in pixels) of the rectangle being copied are H and
depth is assumed to be 8 bits/pixel.

Autoexecute Off:

ES:IMMACES] <= MONO PATTERN 0
ES:IMMACEC] < MONO PATTERN 0
ES:[IMMACF0] < DATA1 (7-0)
ES:{MMACF4] &= DATA1 (7-0)
ES:IMMAS504] ¢ W-1 (26-16), H (10-0) '
ES:IMMAS508] <= SRC_X (26-16), SRC_Y (10-0) R X and y start coordinates
ES:IMMAS50C) < DEST_X (26-16), DEST_Y (10-0) ) ftion x and y start coord.
ES:IMMAS500] <= 0000 0SSS SSSS SSS0 0000 0001 00 ommand Set register

The following must be specified: Y direction (bit 26), X diN{tig N25), ROP (bits 24-17), clipping
enable (bit 1). Bits 4-2 and the fields programmegAorde bagkgfoyAd and foreground colors will be
_different for other color depths.

Autoexecute On:

Writing to the Destination XY register ( :te the command.

$
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Mono Pattern Case 2 (Source = CPU, Co!or 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 lxel pattern

Autoexecute Off:

ES:IMMACES] < MONO PATTERN 0
ES:IMMACEC] < MONO PATTERN 0
ES:IMMACFO] < DATA1 (7-0)
ES:[MMACF4] < DATA1 (7-0) e
ES:IMMAS04] < W-1 (26-16), H (10-0) gCthpgly vhnd height
ES:IMMAS508] « SRC_X (26-16), SRC_Y (10-0) & Rd Yy start coordinates
ES:IMMAS0C] <= DEST_X (26-16), DEST_Y (10-0) egtinat and y start coord.
ES:IMMA500] « 0000 000S SSSS SSS0 0001 1007 0010 00Sg . i

IMAGEDATA < RECT_DATA ;
Autoexecute On:

Writing to the Destination XY register gcuges the command.

Note

If the CPU obtains the image data OM\R rce bitmap written to system memory by the application
the application passes the o INhis\ AD, its width, height and color depth. Some or all of this
bitmap can then be blitted p dlsp 3 (screen) The method of transfer varies dependmg on
whether or not the entire biti veg partigl bitmap is transferred.

For source bitmaps frg RN, each line is required by specification to be word aligned, i.e.,
data for a new line be§ word after the last word containing valid data for the previous

€ doubleword aligned. Therefore, bits 13-12 of the Command Set
grammed to properly reflect the alignment of the first pixel of the source
g, if the first pixel of the source bitmap starts with the third byte of the first
read, bits 13-12 of the Command Set register must be programmed to
yhe to ignore the first two bytes.

2.  Word alignment must be specified by programming bits 11-10 of the Command Set register to
01b. 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 of the 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) + 311/32.

4. The image transfer area in memory is 32K (offset 100 0000H - 100 7FFFH). The dpfser must moni-
tor the addresses for image writes and reset the address pointer back to the staR b€
writes are made beyond the 32K area. )

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 dg

required to send the
R of the Command

whole line. It must then issue the command to blit this line)
Set register set to ignore the appropriate number of bylg

) data needs to be ignored at
e line length and increment the
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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 thesgattern color

assume the height and width (in pixels) of the rectangle being copied are H and
depth is assumed to be 8 bits/pixel.

Autoexecute Off:

ES:IMMACES] < MONO PATTERN 0
ES:[MMACEC] < MONO PATTERN 0
ES:[MMACFO0] < DATA1 (7-0)

ES:IMMACF4] < DATA1 (7-0)

ES:[IMMAS504] < W-1 (26-16), H (10-0}
ES:[MMAS508] < SRC_X (26-16), SRC_Y (10-0)
ES:IMMAS0C] < DEST_X (26-16), DEST_Y (10-0)
ES:IMMA500] < 0000 000S SSSS SSS0 0000 0001 11109 0'

IMAGEDATA < RECT_DATA ;
Autoexecute On:
Writing to the Destination XY register

Note

case also applies to this mong/Pixeloyse Rdcavse each line is required to be word aligned. If the source
butmap is provided by the d er, e. g 'ont Na¥a the driver should byte align the data and program bits
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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, th€ Mattern value
is forced to a 1 by the hardware, selecting the pattern foreground color. ROPs spe

8 bits/pixel.
Autoexecute Off:

ES:IMMA4F4] <= DATA1 (7-0)

ES:[MMAS504] < W-1 (26-16), H (10-0)

ES:IMMAGS50C] < DEST_X (26-16), DEST_Y (10-0)
ES:IMMAS500] <= 0001 000S SSSS $SS0 0000 0001 0010 00S0
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15.4.4.3 2D 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 spédification will
be ignored. Instead, the pattern value is forced to a 1 by the hardware, selecting the pat{y
color. ROPs specifying only the destination (screen) and optionally a logical operation Ye

. Jh Case 1, the
‘oordinates are
9 e drawn by the
S3d Engine exactly reversed from that requested, so x2,y2 d Ztermine the starting
coordinates. In these and the other two cases, the small arrows o
coordinates used by the S3d Engine. The programmer must gva

as the starting point. \

Another complexity is illustrated by Case 1. If the line j£

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

AX =x2 -x1 or x1-x2
AY=y2-yloryl-y2
The important point is that if x2 - en y2 - y1 must be used for AY and vice versa.

The parameters required are:

X+ CASE 3 X+ CASE 4 X+
11

Y+ Y+ Y+ Y+

Figure 15-3. 2D Line Drawing Casgs
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X DELTA = - (AX << 20)/AY (integer divide)

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

X START = (xsTART << 20) - (X DELTA >> 1) for X MAJOR lines
X START = (xsTART << 20) for Y MAJOR lines

describes how to determine XsTART.

Y START = ysTART

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

Y COUNT = [abs (y2 -y1}1-1

The final parameters to be specified are used primari
a polyline (connected line segments) and specifies “I4
so that the last pixel of one segment is not drawn
The parameters are:

|wA" for one segment. This is done
the first pixel of the next segment.

END1 = x coordinate for the last pixel to be dfawA MA96C_15-0)
ENDO = x coordinate for the first pixel to W e Jine (MMA96C_31-0)
The both cases, the 5 most significant §i si3N\ bits ghd must be 0’s to indicate a positive value.
The complication here is again thgt t d ing drawing direction may not be the same as the
requested direction. In Case 1 ur¥ 1543, th o directions are the same. If "last pixel off" is
specified, then ENDO is programxaed\Xith ¢he x1 (requested starting x) value and END1 with x2 -1 (one
less than the requested ending x XalukXo Stop the line one pixel short). In Case 2, the directions are
X+
0,
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.

engine will use the endpoint parameters to draw the correct line.

The following programming example is for a polyline as shown in Figd
segment goes up to the right with the last pixel not drawn. The second €

with all pixels drawn. This first segment must be drawn first since it hé
as described for Case 1 in Figure 15-3 except the line is X MAJOR,
as described for Case 3. This line is neither X MAJOR or Y MAJOR
be used because it is simpler to calculate X START. Autoexecut
register does not need to be re-programmed.

ES:[MMAGS96C] « ENDO (31-16), END1 (15-0) \ gixel off for END1
ES:IMMAg970] < X DELTA i
ES:IMMAQ74] « X START

ES:[IMMAgQ78] < Y START (10-0)
ES:IMMASZ00] <= 0001 100S SSSS SSS0 0000 0900 0010\
ES:IMMAgZ7C] <= DIR {31), Y COUNT {10-0)

gtarting x coord. for S3d Engine
¢ 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

ES:IMMAQ6C] <= ENDO (31-16), END1 (15,¢
ES:[IMMAQ70] < X DELTA \
ES:[IMMAQ74] « X START

ES:IMMA978] < Y START (10-0)
ES:IMMASZ7C] < DIR (31), Y COU)

D lines while it is at A500 for BitBLTs and rectangle fills.
) are optionally specnf' ed for line draws.
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15.4.4.4 2D Polygon Fill

This command is used to generate a filled polygon. Any number of edges can be drawn, but the shape
must be such that any horizontal line must intersect the polygon edges in no more tifax two places.

NOT D) can be used. In this case, the pixel color will depend only on the curren
destination pixel.

bits 28 and 29 of MMAD7C. Otherwise, the parameters for each li
lines.

AX =x2 - x1orx1-x2
AY =y2-yloryl-y2
The important point is that if x2 - x1 is used for AX, the ed if—or AY and vice versa.

The parameters required are:

X START = (xsTART << 20) - (X DELTA >>
- X START = (xsTART << 20} for Y MAJOBR

These values are programmed in )
draw discussion describes how tgade

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 = [abs (y2 -y1)] -1

segment.

The S3d Engine draws polygons from the bottom up as shown in the example
first iteration, the programmer specifies line parameters for the left and righte
they both be updated. The first iteration also specifies the number of scap
which is on the left edge in this example. This results in the trapezoid sl

The second iteration only specifies the second segment of the left/e
example. Since the right edge does not change slope, it should

updated.

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

ES:IMMADG68] < RIGHT EDGE X DELTA
ES:IMMADG6C] < RIGHT EDGE X START
ES:IMMAD70] <= LEFT EDGE X DELTA
ES:IMMAD74] <= LEFT EDGE X START ; left edge starting x coord.
ES:IMMAD78] <= Y START (10-0) ¢ ; bottommost y value
ES:IMMADO0] < 0010 100S SSSS SSS)/0080 08DQ OM0 P0S1 ; Command Set (autoexecute)

right edge x direction gradient
; right edge starting x coord.
; left edge x direction gradient

ES:IMMAD7C]} < Update Lft (29), Upgate NT (10-0) ; update edge and # of scanlines

; 2nd iteration
ES:IMMAD?70] < LEFT EDGE X Dj} ; left edge x direction gradient
ES:IMMAD74) <= LEFT EDGE X & ; left edge starting x coord.
ES:IMMAD7C] < Update Lft (29), dte Ryt (28), Y COUNT (10-0) ; update edge(s) and # of scanli-
nes

; 3rd iteration
ES:IMMAD70] < LEFT . A ; left edge x direction gradient
ES:IMMAD?74] < LEFFJEDGE N ’ ; left edge starting x coord.
‘ES:IMMADT7C] < Updatg pate Rgt (28), Y COUNT (10-0) ; update edge and # of scanlines
Note that with ayteexeciNg t 0 of the Command Set register set to 1), a trapezoid fill is executed
every time M ed. Also note that the Command Set register has a unique address

for each comg
rectangle fillsg
for polygon fi

4 A904 foy 2D lines. Only.the ROP (bits 24-17) and clipping (bit 1) are optionally specified
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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 deg£riRes the basnc
3D drawing capabilities and the register values required to generate the desired image\Prog
code is quite complex for 3D operations and will be provided by S3 to customers desiNngXo ¢feaye
custom drivers.

15.4.5.1 3D Line Drawing

3D line drawing is very similar to 2D line drawing except:

o There is a third (Z) dimension, with increasing values going g
screen). Like the X value, this is specified in fractional coorgd
integer number of scan lines.) The registers associated wi
3ZStart and are used only when Z-buffering is desired,

as fractional values. The registers associated wity
3dAdY_dRdY (deltas) and 3GS_BS and 3AS_R

{dpéwy ale nmbered by decreasing Y value, i.e., from bottom
to top. The triangle is always rendRNe y to top, starting at the first scan line at or above
the starting (bottom) vertex and\end\)g atthe last scan line at or below the ending (top) vertex. The
location of the 02 side (larggst imeqsiog) determines the horizontal rendering direction. For a
trlangle as shown in Figure 25.6, :
This is specified by settmg ‘

so the 02 snde is on the MgR

§YC to 1. if the triangle in Figure 15.6 is flipped horizontally
g direction must be specified as from right to left. This is

The followinglreqister§ are associated with point A.

Spatial Dime}ﬁio}s’ﬂ;‘int A) Color Dimensions (Point A) Texture Dimensions ( Point A)
TXStart02 =~ ~— TGS_BS DS
TYStart TAS_RS TUS
T2S02 TVS
TWS
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The following registers SO wiph the Y axis and side 02. Note that the Y componerit of side
02 (B in Figure 15.6), #Aways 8termqines the number of scan lines required to render the triangle.
Spatial Dimension‘s (\ axiﬁ \ olor Dimensions (Y axis) Texture Dimensions (Y axis)
TdXdY02 N\_/ /| T1dGdY_dBdY TdDdY
TdzZdYy TdAdY_dRdY TdudY
TY01_Y12 TdvdY
' TdwdY

The TXEnd01 register iassociated 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 (D in Figure 15.6), is always the maximum width of the rendered triangle.

Spatial Dimensions (X axis) Color Dimensions (X axis) Texture Dimensjons (X axis)
TdXdY01 . TdGdX_dBdX TdDdX
TdzZdX TdAdX_dRdX TdUdX
TdvdX
\v4

TdWdX

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

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 fimensions, i.e.,
these values are added to all U and V specifications.

Triangles can be drawn with perspective correction (bits 30-27 of the et register = 0101 or

bit codings when perspective correction is specified than/g it is. . Yhese are explained in the
register descriptions. Using automatic perspective corrg i cause some decrease in

15.4.6 Z-Buffering

2Z-buffering allows the programmer to elimind iny dden lines and surfaces. It is enabled
when bits 25-24 of the Command Set regi Q pd bit¥ 22-20 of the Command Set register are
not 000b. Use of z-buffering requires thg a0k ba\allpcgted in video memory for the z-buffer. The
starting location is specified in the Z_BAS} Qter. Yor £ach graphics pixel, the z-buffer contains a
corresponding 16 bits of depth infoyma [
relational operator used to compa
value, as follow:

e source pixel with its corresponding z-buffer

000 = Z compare never passes
001 = Pass if Zs > Zzb
010 = Pass if Zs = Zzb
011 = Pass if Zs 2 Zzb
100 = Pass if Zs <Zzb
101 = Pass if Zs # Zzb,
110 = Pass if Zs < Zzb
111 = Z compare alwa

The z-buffer comparison occurs before any of the pixel coloring operations described below. [f 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 buffe
frame buffer area (draw buffer) is alternately programmed with z-buffer values and p\
requires that all the primitives (lines and triangles) of the scene be rendered twice, w

to be performed (bit 19 of the Command Set register = 0). When the desting
bit 15 = 1 indicates the word contains a z value and bit 15 = 0 indicates th&\g
value.

With MUX buffering, double buffering should be used so that the z-b,

enabled as explained in the previous section except that bit 23
set to 1 so that the source pixel z value will replace the current z-b

Ay/a final setup step, the
. This sets the z bit of

pass. The S3d Engine interpolates only the z value doyrcd primitive (line or triangle). For
each source pixel, ifthe corresponding destination pixXgl i N
the destination color. For the first primitive to bedrav for e/Scefe, the source pixels (z values) will

i inati iXg plor®)\ be¥auge of the mmahzatlon to colors For

egister are programmed to 10b to specify the
RS ] es the z values for all source prlmutlves If the
destination pixel i :s a color, that¢pi v IS left unchanged. If the destination pixel is az value, the
in
n

source z value is compared with te d§ 2
and that color value replacgsthe destiQrtioN z value. At the end of this pass, all pixels in the buffer

Pixel color ge
these, calcula

¥ enabled for a 3D triangle, two, four or eight texels {texture pixel) from the

€ filtered (interpolated) to generate a texture color to be mixed with the
source color 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 may or 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 ma
is blended with the destination pixel color in video memory. This can produce a trs
effect.

ed)

a\disabl

v

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 sp : PC. The integer
components of the U and V parameters generate the memory aghxgSseg fox eachvtexture element,
which is called a texel. The fractional part of the U and V para Nsed\in the filter stage for
interpolation between texel colors. The texture color format is spegified in t -5 of the Command
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 nibbie)
110 = 8 bits/pixel (palettized)

111 = YU/YV (16 bits/pixel equivalent)

DRAW DRAW TR LE DRAW DRAW
LINE LIT TRIANGLE L UNLIT TRIANGLE GOURAUD TRIANGLE
\V
FILTER E| FILTER
TE
/r\

W N WY L

N

Y

ALPHA
BLEND

:

DRAW
BUFFER

PIXCOLOR

Figure 15-7. Pixel Coloring

PROPRIETARY AND CONFIDENTIAL PRELIMINARY ENHANCED PROGRAMMING 15-27



#’ | | A S3d VIiRGE

83 Incorporated

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 fractionagj 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,as foll

000 = M1TPP (MIP_NEAREST)

001 = M2TPP (LINEAR_MIP_NEAREST)

010 = M4TPP (MIP_LINEAR)

011 = M8TPP (LINEAR_MIP_LINEAR)

100 = 1TPP (NEAREST)

101 = V2TPP (used for YU/YV video format)
110 = 4TPP (LINEAR)

110 = Reserved

If M1TPP or 1TPP is selected, the texel nearest i the ; texture location is chosen to provide

the texture color. For M2TPP, the color is interQola afwaeq fhe nearest texels from 2 mipmap levels
(e.g., texels 1 and 5in Figure 15-8). For M4TF? :
which is used only for YUV data, texels

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
if the 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 bjapded.

15.4.8.2 Generation

ViRGE provides several compact texture storage modes, called Blend4 (high 3
Alpha4/Blend4. Blend4 uses 4 bits to define the color for each texel. These bijg

Blend4 is useful for textures with a narrow range of colors, sucl
interpolation factor between two RGB colors defined in the Color
registers.

Alpha4/Blend4 is useful for textures with a limited range of cgte

sky. In this case, there are a few shades of blue-white, wif{
bluer sky. Alpha blending is explained below.

1TPP filter mode.

15.4.8.3 Lighting

¢pixel color. As seen in Figure 15-7, it is used
e Command Set register. Bits 16-15 of the

Lighting is the blending of the texel co,
only when a lit triangle is specifieg
Command Set register specify the ¥

00 = Complex reflection
01 = Modulate

10 = Decal

11 = Reserved

If the texture map'¥s-s#faller 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 (MMB4FO0) for all pixels beyond the texture.
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15.4.8.4 Fogging

Fogging is enabled via bit 17 of the 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 A2
color specified in MMB(0/4)F4. If the alpha value corresponds to the distance from tha
called depth cueing. If fogging is being done, source alpha cannot be specified for alpha §
bits 19-18 of the Command set register cannot be 11b).

15.4.8.5 Alpha Blending
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15.5 PROGRAMMABLE HARDWARE CURSOR

A programmable cursor is supported which is compatible with the Microsoft Windows (bit 4 of CR65
= 0) and X11 (bit 4 of CR55 = 1) cursor definitions. The cursor size is 64 plxels wide by 8 |xels high,

logic.

AND Bit | XOR Bit | Displayed (Microsoft Windows) | Displayed eﬂu \Y N/
0 0 Cursor Background Color Current el
0 1 Cursor Foreground Color Currer)t/s een\Rix
1 0 Current Screen Pixel
1 1 NOT Current Screen Pixel

CR39 « AOH
CR45_0 <=1
CR45_0 <0
CR39 < 00H

Positioning the Cursor

2047. This enables the full
be displayed at the right,e«

cursor displayfatfhe"top\slgedf the screen, Y is set to 0 and the Y offset register is set to OY (range
: kayks the bottom 64-0Y rows of the cursor image at the currently set X position
and the top edde o€ the kceen. Similarly, a partial cursor can be displayed at the left edge of the screen

columns of the cd age at the currently set X and the left edge of the screen. The following
pseudocode illustrates cursor positioning.

CR39 < AOH ; Unlock System Control registers
CR46_10-8 <= MS 3 bits of X cursor position
CR47_7-0 < LS 8 bits of X cursor position
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CR48_10-8 < MS 3 bits of Y cursor position

CR49_7-0 « LS 8 bits of Y cursor position

CR4E_5-0 < Cursor Offset X position

CR4F_5-0 < Cursor Offset Y position

CR39 <= 00H ) + Lock System Control registers

The cursor position is updated by the hardware once each frame. Therefore, the JprQg rar
ensure that the position is re-programmed no more than once for each vertical

Programming the Cursor Shape

hardware cursor bit pattern is located. For example,N
there are 1024 1K segments. Programming CR4C By
location as the 1022nd (0-based) 1K segmepf.

Note
If the cursor is not 64 bits by 64 bits, the

bits by 64 bits. The padded area shoy
‘1’s and the extra XOR bits by ‘0’s,
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15.6 BUS MASTER DMA

For PCI systems, ViRGE provides bus master DMA capabilities. There are two independent 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 o e datg to
the S3d Engine.

15.6.1 Video/Graphics DMA Transfers

These transfers are enabled by setting MM8580_0 to 1. if MM8580_1 = 1, dajé\

or de-compressed software MPEG data to be written to video memo
the LPB section for the appropriate register settings for each type of tr,
address in system memory for the data to be transferred is prograrg
aligned). The number of doublewords to transfer -1 is program

\ é width in quadwords is
ed in MM8224_ 11-3 The

The DMA wnte and read pointer regiSteys (MMPR84 AN MM8988) are initialized to all 0's. The transfer
i { of data to the buffer. ThlS data is derived from

the transfer should include one o -
written to the buffer, the ne)ts \- 'n the frame buffer is programmed mto the DMA write

VIB9B8\JIK is set to 1 to indicate that the write pointer has been
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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) Description /\.

150 Number of doublewords to transfer \ \ -

29-16 Most significant 14 bits of the ieast significant 16 bits of the offset of w d Negjbte
to be programmed

30 Reserved ' \ [ \\/

31 Data type (0 = register data, 1 = image data) /\. \ \% . 7'

If image data is being transferred (a BitBLT with the CPU as the source
need be programmed.

This capability allows updating of multiple S3d registers in one DR : . &kample, defining
a color pattern with an 8 bits/pixel color depth requires that alKregd N A100H to A13CH be
programmed. Thus, bits 15-0 would be programmed with 16 (decitQal)\The ros? significant 14 bits of

The parameter register address ranges for some of the ande igf "holes" (no register). The
programmer can either send a new header for each co MNRgister sequence or program garbage
in the doublewords corresponding to the holes. For ex# eNs ayingle doubleword gap between
the 3AS_RS parameter register for a 3D line and thd afarp®Rer register. This is probably best

handled by the "garbage" technique. ;
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Section 16: VGA Standard Register Descripti
v

In the following register descriptions, ‘U’ stands for undefined or uplisgd aad ‘R\stayfls for reserved
{write = 0, read = U). A question mark in an address stands for a hgRggecknalNvalu either ‘B’ or 'D’".
If bit 0 of the Miscellaneous Output Register (3C2H, Write) is set 10 1 exs is based at 3DxH for
color emulation. If this bit is reset to 0, the address is based at 3Bx ome emulation.

16.1 GENERAL REGISTERS

This section describes general input status and o

Miscellaneous Output Register (MISC)

Write Only Address;8C

Read Only Addreg£:

Power-On Default: 00H

This register controls miscellane uWsignals. A hardware reset sets all bits to zero.
/N

7 | 6 | 5 | &1 W[ 1] o

\ WL ENB | I0A
\ 0 | RAM | SEL

VSP

afion. Address based at 3Dx

Enable CPU Display Memory Access
2 access of the display memory from the CPU
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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 00b or 01b causes the appropriate values to be prQgra
the DCLK PLL registers if bit 1 of SR15 is setto 1.

Bit4 Reserved =0

Bit5 PGSL -Select High 64K Page
0 = Select the low 64K page of memory
1 = Select the high 64K page of memory

Bit 6 HSP - Select Negative Horizontal Sy;nc Pulse
0 = Select a positive horizontal retrace sync pulse
1 = Select a negative horizontal retrace sync pytee

Bit 7 VSP - Select Negative Vertical Sync Pulse
0 = Select a positive vertical retrace syn
1 = Select a negative vertical retrace s

Feature Control Register (FCR_WT, FCR_AD)

Write Only
Read Only
Power-On Default: 00H

7 6
=0 | =0
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input Status 0 Register (STATUS_0)

Read Only Address: 3C2H
Power-On Default: Undefined

This register indicates the status of the VGA adapter.

7 6 5 4 3 2 1 0

CRT MON
INTPE| =0 =0 |SENS| =0 =0 =0 =0

Bits 3-0 Reserved =0

Bit4 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
0 = Vertical retrace interrupt cleared
1 = Vertical retrace interrupt pending

See Section 12.7 for an explang géneration.

Input Status 1 Register (STATUS_1)

Read Only
Power-On Default: Undefined

This register indicates video n¥video wraparound.
7 6 0
=0 =0 DTM

Bit 1
Bit2 Reserved =1
Bit3 VSY - Vertical Sync Active

0 = 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 of the color plane enable register (AR12) control multi-
plexer for this video output observation.

Bits 7-6 Reserved =0
Video Subsystem Enable Register
Read/Write Address: 3C3H
Power-On Default: 00H

7 6 5 4 3 2 1 0

VGA
R R R R R R R ENB,

Bit0 VGAENB - VGA Enable
0 = VGA display disabled
1= VGA display enabled

&
9
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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 of the sequencer at I/O address 3C4H and then writig\o or reading
from the data register at 3C5H.

Sequencer Index Register (SEQX)

Read/Write Address: 3C4H
Power-On Default: Undefined

This register is loaded with a binary value that indexes the sequencgf rggista gagiwrite data. This

7 6 5 4 | 3 | 2 [ 1]
R R R SEQ ADDRESS

Bits 4-0 SEQ ADDRESS - Sequencer Register |

A binary value indexing the register accessed.

Bits 7-5 Reserved

Sequencer Data Register (SEQ_DATA)

Read/Write Addre
Power-On Default: Undefined
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Reset Register (RST_SYNC) (SR0)

Read/Write Address: 3C5H, Index 00H
Power-On Default: 00H
7 6 5 4 3 2 1 0
SYN. | ASY
=0 =0 =0 =0 =0 =0 RST | RST

Bit 0 ASY RST - Asynchronous Reset

This bit is for VGA software compatibility only. It has
Bit1 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 Address: 3C5H, Inde
Power-On Default: 00H

This register controls the operation mo dowslockAnd/character clock.

7 6 5 4 3 é N1 W o
SCRN | SHF | D, ;/

=0 =0 | OFF 4 1 L

=0 | 8DC

Bit0 8DC -8 Dot
0= Chara

Bit 1

Bit 2

ternal character clock = 1/2 DCLK
=“qgt $h€ internal character clock to the same frequency as DCLK
= Set the internal character clock to 1/2 the frequency of DCLK

Bit4 SHF 4 - Load Serializers Every Fourth Character Clock
0 = Load the serializers every character clock cycle
1 = Load the serializers every fourth character clock cycle
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Bit 7-6 Reserved =0

Bit5 SCRN OFF - Screen Off
0 = Screen is turned on.
1 = Screen is turned off

Enable Write Plane Register (EN_WT_PL) (SR2)

Read/Write

Power-On Default: 00H

This register selects write protection or write permission for CPU w#

Address: 3C5H, Index 02H

7

6

4

3

|

2 | 1| o

=0

=0

=0

EN.WT.PL.

Bits 3-0 EN.WT.PL - Enable Write to a Plane
0 = Disables writing into the correspong

Bits 7-4 Reserved =0
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Character Font Select Register (CH_FONT_SL) (SR3)

Read/Write Address: 3C5H, Index 03H
Power-On Default: 00H
7 6 5 4 3 | 2 1 | o
SLA | sLB SLA SLB
=0 | =0 | 2 2 1 0 1 0

asynchronously during a system reset.

Bits 4, 1-0 SLB - Select Font B

Bits Font Table Location Bz{ \Xf};le Location
4,1,0 440

000 | First 8K of plane 2 egbng/SK of plane 2
001 Third 8K of plane 2 J unﬂ 8K of plane 2
010 | FithsKofplane2 ¢ | 110 N\sifh 8K of plane 2
011 Seventh 8K of plane \1 11 ) E'ighth 8K of plane 2

Bits 5, 3-2 SLA - Select Font A
This value select R
bit 3 of attribute b
select A.

gical 0, according to the same table as the character font

Bits 7-6 Reserved =0
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Memory Mode Control Register (MVEM_MODE) (SR4)

Read/Write Address: 3C5H, Index 04H
Power-On Default: 00H

This register controls CPU memory addressing mode.

7 6 5 4 3 2 1 0

CHN | SEQ | EXT
=0 =0 =0 =0 | 4M |IMODE|MEM | =0

Bit0 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

must be 0 for this bit to be effective.
0 = Enables the odd/even addressing §
Odd addresses access planes 1.3

memory. A logical
select the plane i

A1 A0 | PAM\Selecd
0 0 AN

0 1 /NN DD
1 0 2 \Y
1 N\ s/

Bits 7-4 Reserved
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Unlock Extended Sequencer Register (UNLK_EXSR) (SR8)

Read/Write Address: 3C5H, Index 08H
Power-On Default: 00H
Loading xxxx0110b (e.g., 06H) unlocks accessing of all the S3 extensions (SR9 - SR1C) t ta d
VGA Sequencer register set. (x = don’t care).
7 6 5 4 3 2 1 0
R R R R =0 =1 =1 =0

Extended Sequencer 9 Register (SR9)

Read/Write Address: 3C5H, Index 09H
Power-On Default: 00H

7 6 5 4 3 | 2 1 | A

MMIO-

ONLY| R R R R R R //&(/
V

Bits 6-0 Reserved

Bit7 MMIO-ONLY - Memory-map; I/O\egisterjacess only

0 = When MMIO is enablegibotR\oroyraghnjed I/O and memory-mapped I/O register
accesses are allowe

1 = When MMIO is enajfleg/ opdy muIon/-mapped I/O register accesses are allowed

AN

Extended Sequencer A Register

Read/Write AddresS: 3C ndex 0AH
Power-On Default: 00H

7 6 s ([ AN 2 1 o.

2 | pso | PD- \) ’V
MCLK | SEL R R R R

Bits 4-0 \Regerve
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Bit5 PD-NTRI - PD[63:0] Not Tri-stated
0 = PD[63:0] tri-stated ’
1 = PD[63:0] not tri-stated

The default value of 0 reduces power consumption. The pins are enabl
only as needed. Note that output pads for PD[63:29] also latch the most
state.

Bit 6 P50 SEL Pin 50 Functlon Select

lines.
1 = Pin 50 outputs RAS1 for either fast page or ED@
always (and only) be used for 4-MByte config
feature connector operation cannot be usgdyyi
enabled.

Bit7 2MCLK - 2 MCLK CPU writes to memory
0 = 3 MCLK memory writes
1 =2 MCLK memory writes

s using an MCLK less than 57

Setting this bit to 1 improves perférmansy .
z, bit 7 of SR15 should also be set

MHz. For MCLK frequencies bepveprTsg alN
to 1 if linear addressing is bej

Extended Sequencer B Register (S

Read/Write Ad : 3T5H/IndeXM)BH
Power-On Default: 00H
7 | 6 | 5 | { 1 0

N \a/
v\/ VAFC | DOT=
ALT COLORMOZE "\ R [ vCLkl | vCLki

Bit1 VA LKl - 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 ALT COLOR MODE - Color Mode for feature connector input
0000 = Mode 0: 8-bit color, 1 pixel/NVCLK
0001 = Mode 8: 8-bit color, 2 pixels/VCLK
0011 = Mode 9: 15-bit color, 1 pixel/VCLK
0101 = Mode 10: 16-bit color, 1 pixel/NCLK
0111 = Reserved
1101 = Mode 13: 24-bit color, 1 pixel/NCLK

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 biy/X of €
Clock doubling cannot be used with the Streams Processor§

Extended Sequencer D Register (SRD)

Read/Write Address: 3C5H, Index O0DH

Power-On Default: 00H

This register provides feature connector contro! and alsg/prdNid&iRgepegdent control of the
HSYNC and VSYNC signals, therefore supporting the YES, S Wisplay Power Management Con-

trol) standard.

7 | 6 5 | 4 3 2 | /T NoO
VSY-CTL HSY-CTL R R/ -
1 0 1 0 ‘f @\FE

Bit 0

VSYNC is controlled by ESYNC. In both cases,
e an input and a logic high specifies an output.

ive\hinA51 with a logic 0. This enables the feature connector
W 064-compatible VAFC feature connector is enabled for

Bit 1

Bits 3-2

Bits 54 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=0
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 gowe Xa
generate an MCLK value of 45 MHz. All other MCLK values must {iet\by programming of
SR10 and SR11. Loading of a new value is enabled by either bit {or\Xit 5 8 SNJ5.

7 6 | 5 4 [ 3 ] 2170
R | PLL RVALUE PLL N-DIVIDER VALUE

Bits 4-0 PLL N-DIVIDER VALUE
These bits contain the binary equiv; of thg/inyegef (1-31) divider used to scale the
input to the MCLK PLL. See Sectigh 9 folNa detgfed/kxplanation.

Bits 6-5 PLL R VALUE
These bits contain the bina iva
PLANSea\SE

scale the output of the M

bf the integer (1, 2, 4, 8) range value used to
n 9 for a detailed explanation.

Bit 7 Reserved

MCLK Value High Register ($§11)

Read/Write Addgess: 3CoH¥, Index 11H
Power-On Default: See, tio 4

r §Ns r8gister in conjunction with the power-on default value for SR10
MHZzY All other MCLK values must be specified by programming of
eyv value is enabled by either bit 0 or bit 5 of SR15.

The power-on defaulf v§
generate an MCLK va|ué
SR10 and SR1}LoatyRg
A
7 ellls d\a | 3 [ 2] 1] o0
R N\, JPJL M-DIVIDER VALUE

¥

Bits 6-0 PLL M-DIVIDER VALUE
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.

by either bit 1 or bit 5 of SR15 and by setting bits 3-2 of 3C2H to 11b.

7 6 | 5 a | 3 | 2] 1] 0
R | PLLRVALUE PLLN-DIVIDER VALUE

Bits 4-0 N-DiIVIDER VALUE
These bits contain the binary equivalent of th€ i

Bits 6-5 PLL R VALUE
These bits contain the binary equivale
scale the output of the DCLK PLL. Seg

ger A1, 2, 4, 8) range value used to
gr ayetailed explanation.

Bit 7 Reserved

DCLK Value High Register (SR13)

Read/Write Addreg
Power-On Default: See descriptigfi\de

The power-on default value Qg tht conjuncﬁon with the power-on default value for SR12
generate a DCLK value of 25.175 We. TNA\ d#fault value is automatically placed in this register

PFCLK will automatically be placed in this register. All other
cgramming of SR12 and SR13. Loading of a new value is en-
énd by setting bits 3-2 of 3C2H to 11b.

DCLK values must be
abled by either bit 1

7 e Z5NXW™Js [ 2 [ 1] o
R [ (Y AXMOIVIDER VALUE

Bits 6-0 M 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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CLKSYN Control 1 Register (SR14)

Read/Write Address: 3C5H, Index 14H
Power-On Default: 00H
7 6 5 4 3 2 1 (]
EXT | EXT
DCLK

Bit1

Bit 2

Bit3

Bit4

Bit5

Bit 6

P151 | CLR M EN | MPLL | DPLL
MCLK| SEL | CNT | TEST | CNT PD PD '
Bit0 DPLL PD - Power down DCLK PLL
0 = DCLK PLL powered
1=DCLK PLL powered down

This bit is used for S3 test purposes only.

MPLL PD - Power down MCLK PLL

0 = MCLK PLL powered

1= MCLK PLL powered down

This bit is used for S3 test purposes onl

EN CNT - Enable clock synthesizer co
0 = Clock synthesizer counters disgbled
1 = Clock synthesizer counters epfabjed

This bit is used for S3 test p!
M TEST - MCLK Test
0 = Test DCLK

1 =Test MCLK
This bit is used fo
CLR CNT - Clgé

0 = No effect
1=Clear :

bit to 1 allows pin 151 to act as an MCLK input. This is enabled by setting
g register to 1.

EXT MCLK - External MCLK Select
0 = 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.

Bit7 EXT DCLK - External DCLK Select
0 = 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 PD
DCLK is only used for S3 test purposes.

CLKSYN Control 2 Register {SR15)

Read/Write Address: 3C5H, Index 15H
Power-On Default: 00H

7 6 5 4 3 2 1 0 /
2 CYC [DCLK\| CLK |DCLK/| VCLK [ MCLK | DRFQ | MF
MWR ] INV | LOAD 2 OUT | OUT | EN

Bit0 MFRQEN - Enable new MCLK frequenck lodd
0 = Register bit clear
1 = Load new MCLK frequency

Bit1

Bit2

Bit3 VCLK OUT - VCLK direction determined by EVCLK
0 = Pin 148 outputs the internally generated VCLK regardiess 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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Bit4

Bit5

Bit 6

Bit7

DCLK/2 - Divide DCLK by 2
0 = DCLK unchanged '
1 = Divide DCLK by 2

Either this bit or bit 6 of this register must be set to 1 for clock doubled DAC op-
eration (mode 0001).

CLK LOAD - MCLK, DCLK load
0 = Clock loading is controlied by bits 0 and 1 of this register
1 = Load MCLK and DCLK PLL values immediately

To produce an immediate MCLK and DCLK load, program

1.

DCLK INV - Invert DCLK
0 = DCLK unchanged

1 = Invert DCLK

Either this bit or bit 4 of this register mu otk doubled RAMDAC op-
eration (mode 0001). '

2 CYC MWR - Enable 2 cycle memop
0 = 3 MCLK memory write
1 =2 MCLK memory write

Setting this bit to 1 bypasse
set to 1. This can allow 2
MHz.

CLKSYN Test High Register (SR

Read/Write

Power-On Default: 00H

Ad

This register is reservgd N tiNg of the internal clock synthesizer.

7

h 4

R

R

B ,2%{\\4 3 2 1 0

/

R R R R
N~
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CLKSYN Test Low Register (SR17)

Read Only Address: 3C5H, Index 17H
Power-On Default: 00H

This register is reserved for S3 testing of the internal clock synthesizer.

7 6 5 4 3 2 1 0
R R R R R R R R

RAMDAC/CLKSYN Control Register (SR18)

Read/Write Address: 3C5H, Index 18H
Power-On Default: 00H

7 6 5 4 3 2 1

A
Clkx | LuT | DAC | TST | TST | TST | TST /T&(/
A4

2 WR PD_| BLUE | GRN | RED | RST/]

Bit0 TSTEN - Enable test counter
0 = RAMDAC test counter disa
1 = RAMDAC test counter ep#

Bit 1

Bit 2

a a\data Q
i % 01} S3 test purposes only.

¢ used for S3 test purposes only.

Bit3

Bit4 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.
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Bit5 DAC PD - RAMDAC power-down
0 = RAMDAC powered
1 = RAMDAC powered-down

When the RAMDAC is powered down, the RAMDAC memory retains its
Bit6 LUT WR - LUT write cycle control

0 =2 DCLK LUT write cycle (default)
1 =1 DCLK LUT write cycle

Bit 7 CLKx2 - Enable clock doubled mode
0 = RAMDAC clock doubled mode (0001) disabled
1 = RAMDAC clock doubled mode (0001) enabled

This bit must be set to 1 when mode 0001 is specifigd
Either bit 4 or bit 6 of SR15 must also be setto 1.

Extended Sequencer 1C Register (SR1C)

Read/Write Address: 3C5H, Index 1
Power-On Default: 00H

>

7 6 5 4 3 AN
R R R R R

Bits 1-0 SIGSEL - Signal Sele
(For VL) /\

11 = Pin 151 :
(For PCI)
00 =Pi

gystem powers up with a default value of 00b 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 /O address space. These registers are
accessed by first writing to the index register of the CRT controller and then accessing thé\{ata register.
The index register is located at |/O address 3?74H and the CRT Controller Data register i H. Whjch
address is used (3BX or 3DX) depends on bit 0 of the Miscellaneous Output register at

CRT Controller Index Register (CRTC_ADR) (CRX)

Read/Write Address: 374H
Power-On Defauit: 00H

This register is loaded with a binary value that indexes the CRT cofNyz gter where data is to be
accessed. This value is referred to as the “Index Number” of the e . R00-18). This register
is also used as an index to the S3 VGA registers, the System Control Regid e System Extension
registers.

7 | 6 | 5 | 4] 3] 2171

CRTC ADDRESS

[/
77,

Bits 7-0 CRTC ADDRESS - CRTC Register

A binary value indexing the regit igfto be accessed.

Read/Write
Power-On Default: Undefined

This register is the data po he ORX coxtroller register indexed by the CRT Controlier Address
register.
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Horizontal Total Register (H_TOTAL) (CRO)

Read/Write Address: 3?5H, Index 00H
Power-On Default: Undefined

This register defines the number of character clocks from HSYNC going active to the nexty
active. In other words, it is the total time required for both the displayed and nopPe
of a single scan line. Bit 8 of this value is bit 0 of CR5D.

7!6]5[413|2|1|o
HORIZONTAL TOTAL

Bits 7-0 HORIZONTAL TOTAL.
9-bit Value = (number of character clocks in one sc#
the least significant 8 bits of this value.

Nis register contains

Horizontal Display End Register (H_D_END) (CR1)

Read/Write Address: 3?75H, Index 0%
Power-On Defauit: Undefined

This register defines the number of character gf the active display. Bit 8 of this value

is bit 1 of CR5D.

7 | 6 |
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Start Horizontal Blank Register (S_H_BLNK) (CR2)

Read/Write Address: 375H, Index 02H
Power-On Default: Undefined

This register specifies the value of the character clock counter at which the BLANK sig SS
Bit 8 of this value is bit 2 of CR5D.

7 | 6 | 5 [ a | 3] 2] 1] o
START HORIZONTAL BLANK

Bits 7-0 START HORIZONTAL BLANK
9-bit Value = character clock value at which horizontg
contains the least significant 8 bits of this value.

s This register

End Horizontal Blank Register (E_H_BLNK) (CR3)

Read/Write Address: 375H, Index 03
Power-On Default: Undefined ‘

This register determines the pulse width of the ng/the display enable skew.

™\
7 1 e |51 a3} 28% NN

DSP-SKW W
R 10 END Honuz'os{AL

RMNis sum are programmed into this field. The sixth bit is
5. The seventh bit is programmed into bit 3 of CR5D.

Bits 6-5

01 = One 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)

Read/Write Address: 3?75H, Index 04H
Power-On Default: Undefined

This register is used to adjust the screen center horizontally and to specify the chara siti t
which HSYNC becomes active. Bit 8 of this value is bit 4 of CR5D.

7 | 6 | 5 | 4] 3] 21]17]c0o

START HORIZONTAL SYNC POSITION V

Bits 7-0 START HORIZONTAL SYNC POSITION.

9-bit Value = character clock counter value at which MSYNC Djcombg Active. This reg-
ister contains the least significant 8 bits of this val

End Horizontal Sync Position Register (E_H_SY_P) (CR5)

Read/Write Address: 3?75H, Index 05
Power-On Default: Undefined

This register specifies when the HSYNC signal hécomedpactjfe ad the horizontal skew. The HSYNC
pulse defined by this register can be extende MZL via it 5 of CR5D.

7 6 | 5 4 | 3 | 1 0
EHB | HOR-SKW
b5 1 0 END HORZO P

6-bit Value = 6 leas\si
HSYNC becopftsNiga

Bits 6-5

gy Skew

}he skew of the HSYNC signal. A binary 00 equals no HSYNC delay.
t is necessary to provide an HSYNC signal that takes up the entire
ervg¥ Some internal timings are generated by the falling edge of the
ignal. To guarantee the signals are latched properly, HSYNC is asserted be-

ng of the display enable signal, and then skewed several character clock
¢ pjovide the proper screen centering.
Zerg/character clock skew

01 = One 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: 3?5H, Index 06H
Power-On Default: Undefined

This register specifies the number of scan lines from one VSYNC active to the next VS
The scan line counter resets to 0 at this point. Bit 8 is bit 0 of CR7. Bit 9 is bit 5 of,
of CR5E.

7 | 6 |1 5] a] 3] 2111 o

VERTICAL TOTAL

Bits 7-0 VERTICAL TOTAL
11-bit Value = (number of scan lines from VSYNC

ext VSYNC active) - 2.
This register contains the least significant 8 bits of ¥ y

CRTC Overflow Register (OVFL_REG) (CR7)

Read/Write Address: 3?75H, Index 0
Power-On Default: Undefined

7 6 5 4 3 2 /4 A4

VRS | VDE | vT | Lcm | svB N Vhi)@
9 9 9 8 8 \8

Bit 0 Bit 8 of the VerticajA

Bit 1 Bit 8 of the Vertical'\Qisp\}
Bit2
Bit3
Bit4
Bit5
Bit 6

Bit7
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Preset Row Scan Register (P_R_SCAN) (CR8)

Read/Write Address: 3?5H, Index 08H
Power-On Default: Undefined

This register is used for the pixel scrolling and panning, and text formatting and vertica llin

7 | &6 | s a | 3 21T 17000

BYTE-PAN
=0 1 0 PRE-SET ROW SCAN COUNT

Bits 4-0 PRE-SET ROW SCAN COUNT

display and is used for scrolling.

Bits 6-5 BYTE-PAN
Value = number of bytes to pan. The numbgr\

Bit 7 Reserved =0

. ngimum Scan Line Register (MAX_S_LN) (CRS

Read/Write Address: 375
Power-On Default: Undefined

This register specifies the number o
bit and two overflow bits.
/\

7 6 | 56 | 4 IMNMNAT 1T o

DBL [ LCM | SvB
SCN 9 9 S LINE

acter row and provides one scanning control

Bits 4-0
Bit5

Bit 6

Bit7

0 = 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)

Read/Write Address: 3?5H, Index 0AH
Power-On Default: Undefined

The cursor start register defines the row scan of a character line where the cursor begi

7 6 5 4 [ 3 [ 21T
CSR
=0 | =0 | OFF | CSRCURSOR 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 ¢
erated.

Bit5 CSR OFF
0 = 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: 379N
Power-On Default: Undefined

This register defines the row scan af a €h3 £ gavhere the cursor ends.

7 6 | 5 4« (M NAJ] 1[0

CSR-SKW N
=0 1.0 CURS MAN LINE

Cursor Skew
ontrol the delay skew of the cursor signal. Cursor skew delays the text cur-
felected number of clocks. For example, a skew of 1 moves the cursor
eLharacter position on the screen. '

00 = Zero character clock skew

01 = One character clock skew

10 = Two character clock skew

11 = Three character clock skew

Bit 7 Reserved =0
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Start Address High Register (STA(H)) (CRC)

Read/Write Address: 3?5H, Index OCH
Power-On Default: Undefined

% | 14 | 13 ] 12] 11| w0 9 | 8
DISPLAY START ADDRESS (HIGH)

Start Address Low Register (STA(L)) (CRD)

Read/Write Address: 3?5H, Index 0DH
Power-On Default: Undefined

7 |l 6 | 5 | a3 21 1]
DISPLAY START ADDRESS (LOW) / /)

Start address (low) contains the 8 low order bits of the aNdre;

Cursor Location Address High Register (C!

Read/Write Address:
Power-On Default: Undefined

N
15 | 14 | 13 | 122 |\ Mo/| V] s

CURSOR LOCATIOI\&AD\&\\ES((HI‘GH)

20-bit Value = the cursor igcatio dri the video memory where the text cursor is active. This
register along with bits 3-0\f CRE9 are thy*high order bits of the address.

(A

Cursor Location Ad wﬂ giéter (CLA(L)) (CRF)

Read/Write Address: 3?5H, Index OFH
Power-On Ddfa¥ilt:

7 | eNN/]Ja | 3] 211710

CURGQOR LOCATION ADDRESS (LOW)

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: 3?5H, index 10H
Power-On Default: Undefined
7 | 6 1 5 | 4] 3[21171°0
VERTICAL RETRACE START

Bits 7-0 VERTICAL RETRACE START.
11-bit Value = number of scan lines at which VSYNC becog
low-order 8 bits. Bit 8 is bit 2 of CR7. Bit 9 is bit 7 of CR7

Ese are the

Vertical Retrace End Register (VRE) (CR11)

Read/Write Address: 375H, Index 11H
Power-On Default: OxH

This register controls the vertical interrupt and CR0-7

7 6 5 4 2 |
LOCK | REF | DIS | CLR
RO-7 | 3/5 | VINT | VINT | VERTICAL TQ(CE’QN

Bits 3-0 VERTICAL RETRACE EN
Value = least significa

g¥ired VSYNC pulse width in scan line units to
¢. The 4 least significant bits of this sum are pro-

flop goes to the system interrupt controtier. The CPU has to reset
ing a logical 0 to this bit while in the interrupt process, then set
the flip-flop to catch the next interrupt request. Do not change the

Bit5 Disable Vertical Interrupt
ertical retrace interrupt enabled if CR32_4 = 1
Vertical interrupt disabled. This bit is cleared to 0 by the BIOS during a mode set,

a reset, or power-on

- 00
nn
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Bit 6 REF 3/5 - Refresh Cycle Select
0 = 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 (1

setting:can be overridden via bits 1-0 of CR3A

Bit 7 LOCK RO-7 - Lock Writes to CRT Controller Registers
0 = Writing to all CRT Controller registers enabled

1 = Writing to all bits of the CRT Controller registers CRO-CR7
(LCMB) disabled. This bit is set to 1 by the BIOS during,§

power-on

Vertical Display End Register (VDE) {CR12)

Reéd/Write Address: 3?75H, Index 12H
Power-On Default: Undefined

The vertical display enable end register defines 8 bits gf thé 1\bit 2ddré¥s of the scan line where the
display on the screen ends. Bit 8 and Bit 9 are bits 1 3Ad £ o; Bit\JO is bit 1 of CR5E.

7 | 6 | 5 | 4 | 3 [ 2 | 0
VERTICAL DISPLAYEND /

Bit 7-0 VERTICAL DISPLAY END
11-bit Value = (number of s li
least significant 8 bits g tifs e.

of acjre display) - 1. This register contains the

Offset Register (SCREEN-OFFSET)\(CRN3)

Read/Write Address: 3? ndex 13H
Power-On Default: Und

ica\Nne)vidth of the screen and is sometimes called the screen pitch. The
e display row is larger than the current row by two, four or eight
1 are extension bits 9-8 of this register. If these bits are 00b, bit 2 of
register.

This register specifieg thé |0y
starting memory addtess
times this amoup#s

CR43 is extengfon bi

A
7 1 e\\5 Y14 | 3 ] 2 [ 1] o
\ NogicAL SCREEN WIDTH

f tP

Bits 7-0 LOGICAL SCREEN WIDTH
10-bit Value = quantity that is muitiplied 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 8 bits of this
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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: 375H, Index 14H
Power-On Default: Undefined

This register specifies the horizontal row scan position of underline anga§
modes. :

addressing

7 6 5 4 [ 3 2T 1710
DBWD| CNT '
-0 |MODE| Bya UNDER LINE LOCATION

Bits 4-0 UNDER LINE LOCATION

5-bit Value = (scan line count of a charactg underline occurs) -1

Bit5 CNT BY4 - Select Count by 4 Mode
0 = The memory address counter depeny R17 (count by 2)
1 = The memory address counter j# D g gry four character clocks

Bit6 DBLWD MODE - Select Do
0 = The memory addres:

This register spegef life at which the vertical blanking period begins. Bit 8 is bit 3 of CR7.
Bit 9 is bit 5 of LRI, B

7 | e \l\s a | 3121110
N\

T/VERTICAL BLANK

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)

Read/Write Address: 375H, Index 16H
Power-On Default: Undefined

This register specifies the scan line count value when the vertical blank period ends.

7 | 6 | 5 | a ] 3] 21]11]c0w
END VERTICAL BLANK

Bits 7-0 END VERTICAL BLANK :
Value = least significant 8 bits of the scan line counter #
ing ends. To obtain this value, add the desired widt|
scan lines to [(value in the Start Vertical Blank reg' 4G
least significant bits of this sum are programmed i
mum vertical blanking pulse of 255 scan line <

scan Imes The 8
is allows a maxi-

CRTC Mode Control Register (CRT_MD) (CR17)

Read/Write Address: 375H, Index
Power-On Default: 00H

This register is a multifunction control Q biNg€fining a different specification.
7 | 6 | 5 | a4 | 3 NLY ¢

BYTE | ADW N 4% BK
>\HG CGA
N

RST |MODE| 16K
Bit0 2BK CGA - Select Bank QWloNe for CGA Emulation
RteNDit QN bstituted for memory address bit 13 during active

Bit 1 Bank 4 Mode for HGA Emulation

iy address bit 14 appears on the memory address output bit 14 signal of
controller

The combination of this bit and bit 0 of this register allows compatibility with Hercu-
les HGC graphics memory mapping.

Bit2 VT X2 - Select Vertical Total Double Mode
0 = Horizontal retrace clock selected
1 = Horizontal retrace clock divided by two selected
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Bit3

Bit4

Bit5

Bit6

Bit 7

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 rggolution is
double.

CNT BY2 - Select Word Mode

addressing for the video memory is selected
1 = Memory address counter is clocked by the character cloc

Reserved =0

ADW 16K - Address Wrap .
0 = When word mode is selected by bit 6 of this re@i
13 appears on the memory address output bit
the video memory address wraps around A

address output
1 = Byte address mode

RST - Hardware Reset
0 = Vertical and horizg
1 = Vertical and horj

This bit does not % dther registers or outputs.
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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 Xaluk is effdal
to the content of this register, the memory address counter is cleared to 0. The lines Q

then sequentially addresses the display buffer starting at address 0. Each subse§uen™»Qw ¥ s is
determined by the addition of the Offset (CR13) register content. Bit 8 is bit 4 of R$Bit NS

CR@9. Bit 10 is bit 6 of CR5E.

7 1 6 | 5 [ a ] 3] 21170
LINE COMPARE POSITION

Bit 7-0 LINE COMPARE POSITION
11-bit Value = number of scan lines at which the
screen B. This register contains the least signy

split\gfo screen A and
of this value.

CPU Latch Data Register (GCCL) (CR22)

Read Only Address: 375H, Indg/£ 22|
Power-On Default: Undefined

This register is used to read the CPU latch # 8 s fontroller.

7 1 6 | 5 | a3 VZNNXNIA
GRAPHICS CONTROLLER £PY/LATON N\V
V/

Bits 7-0 GRAPHICS CONTR KR CF
Bits 1-0 of GRA™welg eNaich\humber N (3-0) of the CPU Latch.
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Attribute Index Register (ATC_F/I) (CR24)

Read Only Address: 3?75H, index 24H, 26H
Power-On Default: Undefined

This register is used to read the value of the Attribute Controller Index register and socidted
internal address flip-flop (AFF). It can be read at either index 24H or 26H.

7 6 5 4 | 3] 21 1] o0
AFF | =0 | ENV | ATTRIBUTE CONTROLLER INDEX

Bits 4-0 ATTRIBUTE CONTROLLER INDEX
This value is the Attribute Controller Index Data at I/Q

Bit5 ENV- Enable Video Display
This is the setting of bit 5 of 3COH, indicating vjdgo dig
(1 = enabled).
Bit6 Reserved =0

Bit7 AFF
Inverted Internal Address flip-flop

Q
&
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16.4 GRAPHICS CONTROLLER REGISTERS

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 whij

7 6 5 4 3 | 2 | 1] o0
-0 | =0 | =0 | =0 GR CONT ADDRESS

A binary value indexing the register

Bits 74 ~Reserved =0

Graphics Controller Data Register (GRC/D?}

Read/Write Addresg
Power-On Default: Undefined

This register is the data port for {cs controlier register indexed by the Graphics Controller
Index register.

phics Controller register indexed by the graphics controlier address.
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Set/Reset Data Register (SET/RST_DT) (GRO)

Read/Write Address: 3CFH, Index 00H
Power-On Default: Undefined

This register represents the value written to all 8 bits of the respective memory plane the
executes a memory write in write modes 0 and 3.

7 6 5 4 3 | 2| 1] o0
-0 ] =0]=0]=0 SET/RESET DATA

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 correspg

Bits 7-4 Reserved =0

Enable Set/Reset Data Register (EN_S/R_DT) (GR1)

Read/Write Address: 3CFH, Indg#£ 01
Power-On Default: Undefined

These bits enable the set/reset data, and a /@\ He D.

7 6 | 5 | 4| 3 VYL NI A
=0 | =0 | =0 ] =0 JIND/S
\F

the Set/ReseXData regdter.\NAJOgical 0 disables the set/reset data in a plane, and that
plane is writteN wittethe valyle of CPU write data.

Bits 7-4 Reservdd
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Color Compare Register (COLOR-CMP) (GR2)

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 executh
read, the read data is compared with this value and returns the results. Thig™re €
conjunction with the Color Don’t Care register.

7 6 5 4 3 | 2 {11 o0
=0 | =0 | =0 | =0 | COLOR COMPARE DATA

Bits 3-0 COLOR COMPARE DATA
This value becomes the reference color used to con#p
positions of the read data are compared across founNp
in each bit position for which the colors match.

. Each of the 8-bit
pgical 1 is returned

Bits 7-4 Reserved =0

Read/Write
Power-On Default: Undefined

&hcoded value of the number of positions to right-rotate
pry 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 sbeciﬁed by this register is applied to das em-

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 me
0. This register has no effect on the color cgfy
is ignored. Four memory planes are selegi

Bits 1-0 RD-PL-SL - Read Plane &
The memory plane i
00 =Plane 0
01 =Plane 1
10 = Plane 2
11 =Plane 3

Bits 7-2 Reserved 5
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Graphics Controller Mode Register (GRP_MODE) (GRS5)

Read/Write Address: 3CFH, index 05H
Power-On Default: Undefined
7 6 | 5 4 3 2 1 [ o
SHF-MODE O/E RD WRT-MD
=0 266 O/E MAP [ CMP | =0 1 0

This register controls the mode of the Graphics Controller as follows:

Bit 1-0 WRT-MD - Select Write Mode

These bits select the CPU write mode into video memg
is defined as follows:
00 = Write Mode 0. Each of four video memory plapt with'the CPU data
rotated by the number of counts in the rotate rgiste
enabled for any of four planes, the correspg :

effective
01 = Write Mode 1. Each of four video me
processor latches. These latches arg/loglled ¥\riny, previous CPU read opera-
tions. Raster operation, rotate co € gt gytagenable set/reset data and bit
mask registers are not effective

10 = Write Mode 2. Memory planes 8 bits of the value of CPU

write data bits 0-3, respecti X write data bit 0 is a 1, eight 1's
are written to memory plage 0 AN e CPU data bus is treated as the
color value. The Bit Masi¢ dffektive as the Mask register. A logical 1 in
the Bit Mask register s, mg pixel i in the addressed byte to the

color specified on thg
corresponding pixg byte to the corresponding pixel in the

3 able Set/Reset and Rotate Count registers
are ignored ’

11 = Write Mode 2 pur video memory planes is written with 8 bits of the

ead Compare
ad's data from the video memory pianes. The plane is selected by the

ane Select register. This is called read mode 0

reads the results of the logical comparison between the data in four

emory planes selected by the contents of the Color Don’t Care register

the contents of the Color Compare register. The result is a 1 for a match and

0 for a mismatch on each pixel. This is called read mode 1
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Bit4 O/E MAP - Select Odd/Even Addressing

0 = 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 usefulfor
emulating the CGA compatible mode. The value of this bit should e R
value programmed in bit 2 of the Sequencer Memory Mode registe
bit affects reading of display memory by the CPU

Bit5 SHF-MODE - Select Odd/Even Shift Mode
0 = Normal shift mode

1 = The video shift registers in the graphics section are direg§

data stream with even-numbered bits from both pla

planes and odd-numbered bits from both planes o

Bit 6 SHF-MODE - Select 256 Color Shift Mode
0 = Bit 5 in this register controls operation of the v{
1 = The shift registers are loaded in a manner that 8

Bit7 Reserved =0

Memory Map Mode Control Register (MISC_GM) (GR6)

Read/Write Address: 3CFH, Ingéx 06
Power-On Default: Undefined

This register controls the video memory add in

7 6

=0 =0

ings-vhich memory plane is to be addressed. A0 = 0 selects planes 0
and A0 = 1 selects planes 1 and 3. This mode can be used to doubie the
4s space into video memory
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Bits 3-2 MEM-MAP - Memory Map Mode
These bits control the address 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 = BBOOOH to BFFFFH (32 KBytes)

Bits 7-4 Reserved =0

Color Don‘t Care Register (CMP_DNTC) (GR7?7)

'Read/Write Address: 3CFH, Index 07H
Power-On Default: Undefined

This register is effective in read mode 1, and controls wh hi, coxespoviding bit of the Color
Compare Register is to be ignored or used for color compagfson.

7 5 4 3 | 2 [ 1 [/o/

6
=0 | =0 | =0 | =0 COMPARE PLANEGEW
A4

from the video memory rfogmed]in edd mode 1
1 =The corresponding colgRplaNg\is Osed fgr color comparison with the data in the

Color Compare regiger

Bits 7-4 Reserved =0

Bit Mask Register (BIT_MA: SRE)\

Read/Write . Index 08H

Power-On Default: Ungéfined

Any bit programmed br will cause the corresponding bitin each of four memory planes
to be immune to e. N gatp written into memory in this case is the data which was read in the
previous cycle,/And wadgstoted igf the processor latches. Any bit programmed to 1 allows unimpeded
writes to the cprifspon jiin the plane.

7 | e NS JJa | 3] 211710

N\ /BIT MASK
s

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 oy/dgta registers.

at address 3C1H.

Attribute Controllier Index Register (ATR_AD)

Read/Write Address: 3COH
Power-On Default: Undefined

This register is loaded with a binary index value that deterpgses which attriyute controller register will
be accessed. This value is referred to as the “Index Nurpbey” X t| ister (AR0-14).

7 | 6 | 5 | 4| 3] 2711

ENB
R R PLT ATTRIBUTE ADDRESS

Bits 4-0 ATTRIBUTE ADDRESS
A binary value that pointy
written.

RNrib! ntroller register where data is to be

Bit5

Bits 7-6
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Attribute Controller Data Register (ATR_DATA)

Read/Write Address: R: 3C1H/W: 3COH
Power-On Default: Undefined

This register is the data port for the attribute controller register indexed by the Attrib
Index register.

7 1 6 | 5 | 4] 3 2111 o

ATTRIBUTE DATA

Bits 7-0 ATTRIBUTE DATA

Data to the attribute controller register indexed.by thé R conXgHer address.

Palette Registers (PLT_REG) (AR00-0F)

Read/Write Address: 3C1H/3COH, Inde
Power-On Default: Undefined

7 6 5 | 4 | 3 2
SECONDARY A
=0 | =0 SR SG SB B

Bits 5-0 PALETTE COLOR \Q
The six bit display¢olR\, bits/-0 are output as SR, SG/I, SB/V, R, G and B,
respectively. :

Bits 7-6 Reserved =0
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Attribute Mode Control Register (ATR_MODE) (AR10)

Read/Write Address: 3C1H/3COH, Index 10H
Power-On Default: 00H

The contents of this register controls the attribute mode of the display function.

7 6 5 4 3 2 1 0

SEL | 256 | TOP ENB | ENB [MONO|TX/GR
V64 | CLR | PAN | =0 [BLNK| LGC |ATRB

Bit0 TX/GR - Select Graphics Mode
0 = Selects text attribute control mode
1 = Selects graphics control mode

Bit1 MONO ATRB - Select Monochrome Attributes
0 = Selects color display text attributes 4
1 = Selects monochrome display text attribdtay

Bit2 ENB LGC - Enable Line Graphics
0 = The ninth dot of a text character (i \isthe same as the background
1 = Spegcial line graphics character ¢agde\ )

f line graphics character to be identi-
aphics character codes are COH

S’activated, the most significant color bit (bit 3) for each
us allowing two different colors to be displayed for 16

Bit4

Bit5
bing€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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Bit6 256 CLR - Select 256 Color Mode

0 = 4 bits of video (translated to 6 bits by the palette) are output every internal
dot-clock cycle

1 = Two 4-bit sets of video data are assembled to generate 8-bit video d;

frequency of the internal dot-clock

a at half the

Bit 7 SEL V54 - Select V[5:4]
0 = In VGA, mode, bits 5-4 of video output are generated by the a¥
registers. Bits 7-6 of video output are always generated by bit?

1 = Bits 5-4 of video output are generated by bits 1-0 of AR14,

Border Color Register (BDR_CLR) (AR11)

Read/Write Address: 3C1H/3COH, Index 11H
Power-On Default: 00H

7 | 6 | 5 | a | 3 | 2
BORDER COLOR

Read/Write
Power-On Default: 00H

Nl 2[1]0

Y|SPLAY PLANE ENBL
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Bits 54 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:

D STS MUX STS 1
Bit5 Bit4 Bit5 Bit 4
0 0 Video 2 Video 0
0 1 Video 5 Video 4
1 0 Video 3 Video 1
1 1 Video 7 Video 6

Bits 7-6 Reserved =0

Horizontal Pixel Panning Register (H_PX_PAN) (AR13)

Read/Write Address: 3C1H/3C0H, Index 1
Power-On Defaulit: 00H

This register specifies the number of pixels to shift the disp{ayfia rizyntally to the left. Pixel panning
is available in both text and graphics modes. itis not avjladfe it nced mode memroy mappings
(CR31_3=1).

VY

7 6 5 4 3 | 2 { { [\o
=0 | =0 | =0 | =0 NUMBE o\zAh\s\Hi/F)T

Bits 3-0 NUMBER OF PAN SHI

This register selects tQe of Rixgls to shift the display data horizontally to the
left. In the 9 pixel cter yfxt mode, the output can be shifted a maximum shift of
8 pixels. In the 8 pixgls ragter text mode and all graphics modes, except 256 color
mode, a maxi sNjft pixels is possible. In the 256 color mode, bit 0 of this reg-
ister must be @ resultiryg in\Qgly’4 panning positions per display byte. The panning is
controlled as Tgjlo .
4 Number of pixels shifted in
Bit: 36\ iyel/char. 8 pixel/char. |256 color mode
0000\ 1 0 0
\ 2 1 -
10N 3 2 1
1 o0#i 4 3 -
\ _01do 5 4 2
\ 1 6 5 -
\_01 12 7 6 3
111 8 7 =
1000 0 - =

Bits 7-4 Reserved =0
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Pixel Padding Register (PX_PADD) (AR14)

Read/Write Address: 3C1H/3COH, Index 14H

Power-On Default: 00H

This register specifies the high-order bits of video output when pixel padding is enable isa

in the 256 color mode.

7 6 5 4 3 | 2| 1] o0
PIXEL PADDING
=0 | =0 | =0 | =0 Vi V6 V5 Va

Bits 1-0 PIXEL PADDING V5, V4

Bits 3-2

Bits 7-4 Reserved =0

These bits are enabled with a logical 1 of bit 7 of AR
the V5 and V4 bits from the Palette registers to for:
put.

PIXEL PADDING V7, V6

digital color value output.
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16.6 RAMDAC REGISTERS

All of the RAMDAC registers described in this section are physically located inside VIRGE.

DAC Mask Register (DAC_AD_MK)

Read/Write Address: 3C6H
Power-On Default: Undefined

This register is the pixel read mask register to select pixel video output. Th
at any time.

7 | 6 | 6 | 4] 3] 2] 1]

DAC ADDRESS MASK -

S¢ this register

Bits 7-0 DAC ADDRESS MASK
The contents of this register are bit-wise JO
output (PA[7:0]). This register is initiali FH P the\BIOS during a video mode
set.

DAC Read Index Register (DAC_RD_AD)

Write Only Address: 3
Power-On Default: Undefined

This register contains the pointer
color palette.

7|615I4/{\§§!§‘§>1lo
DAC REXD ADDRESS

e data registers and is used when reading the

x(C data register contaln the correspondmg color value, and the most
, btts contain zeros. The order is red byte first, then green, and finally
dquence 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.

Three bytes are read back from the RAMDAC data register.
The contents of this register auto-increment by one.

o
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5. Go to step 2.

The effects of writing to the RAMDAC data register during a three-byte read cycle or
reading from the RAMDAC data register during a 3-byte write cycle (i.e., interrupting
the sequence) are undefined and may change the look-up table content

DAC Status Register (DAC_STS)

Read Only Address: 3C7H
Power-On Default: Undefined N\
7 6 5 4 3 2 1. ] o

=0 ] =0 | =0 | =0 | =0 | =0 | DACsTS

Bits 1-0 DAC-STS - RAMDAC Cycle Status
The last executing cycle was:
00 = Write Palette cycle
11 = Read Palette cycle

Reads from the RAMDAC Write Index §
address 3C7H do not interfere with raa
time.

RH Br the DAC status register at
s and may take place at any

Bits 7-2 Reserved =0

DAC Write Index Register (DAC_WR_AD

Read/Write Ad « 3C8H
Power-On Default: Undefined

7 16 [ 5 [ 13N NA 1 [ o
SR FESD

DAC WRITE ARDRAES

gnated to form the value placed in the 18-bit data reglster The order is red
en green, and finally blue. Once the third byte has been written, the value
gia register is written to the location pointed to by the color code. The se-

quence of events for a write cycle is:

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. Gotostep 2.

er. The data is transmitted via GD[7:0] to AD[7:0] for a PCI bus configusat
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 of thg
to by the DAC Read Index or the DAC Write Index registey§.

7 ] 6 | 5 ] 4] 3] 2 |

DAC READ/WRITE DATA

\Qcation in the dolor look-up table pointed

Bits 7-0 DAC READ/WRITE DATA
To prevent “snow flicker” opAMN n 3pplication reading data from or writing
data to the DAC Data regisyel i
asserted. This can be acgd
vals, checking bit 3 of
occurring, or by using
quencer (bit5 of S

Ay restricting data transfers to retrace inter-
pgister (3?AH) to determine when retrace is
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Section 17: S3 VGA Register Descriptions

- VIRGE has additional registers to extend the functions beyond VGA. 7
Controlier address space at locations not used by the 1BM® VGA.
protected at power-up by hardware reset. In order to read/write

Device ID High Register (CR2D)

Read Only Address: 375H, |
Power-On Default: 56H

This register should contain the same vafue, e of the PCI Device ID (Index 02H) register.

7 T e 151 s Z7ZPNY o
CHP D HIGASeHY. / VY

Bits 7-0 CHIP ID HIG

Device ID Low Regi CR2%)
Read Only dfess: 3?75H, index 2EH
Power-On Defu@

7 | e\U\s Yloa [ 3 ]2 1] 1o
\ HIP ID LOW (31H)
NS

Bits 7-0 CHIP ID LOW
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Revision Register (CR2F)

Read Only Address: 375H, Index 2FH
Power-On Default: See Description

7 | el s ] als3s] 21110

REVISION LEVEL

Bits 7-0 REVISION LEVEL

Hardwired to 80H for the first version on VIiRGE. This wil/ch#ngd 8r steppings.

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 ID information.

ould then use CR2D, CR2E and

7 1 6] 5 | a 3 | 2 1
"CHIP ID nevusmp(s TU

Read/Write
Power-On Default: 00H

7 6 5 0_
HST | oL CPUA
R [ DFF | 17{ (6 BASE

- Engple Base Address Offset
et bits 3-0 of CR35 and bits 3-2 of CR51 or the new address offset bits
R6A) are disabled
bsq offset bits 3-0 CR35 and bits 3-2 of CR51 or the new address offset bits (5-
R6A) are enabled for specifying the 64K page of display memory. Bits 5-0 of
REA 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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Bit2 VGA 16B - Enable VGA 16-bit Memory Bus Width
0 = 8-bit memory bus operation
1 = Enable 16-bit bus VGA memory read/writes

This is useful in VGA text modes when VGA graphics controller functio e typi-
cally not used.

Bit3 ENH MAP - Use Enhanced Mode Memory Mapping
0 = Force IBM VGA mapping for memory accesses
1 = Force Enhanced Mode mappings

Bits 5~4 OLD-DSAD 17, 16 - Old Display Start Address Bits

Bits 1-0 of the Extended System Control 2 regf
dress and enable access to up to 4 MBytes 4f ¥
I’

becomes the upper 4 bits of the displa
bits 1-0 of CR51 are ignored.

Bit6 HST DFF - Enable High Speed TeyDispl®
0 = Normal font access mode
1 = Enable high speed text dig

Setting this bit to 1 is only /8 LK rates greater than 40 MHz. See bit 5 of

CR3A.

Bit 7 Reserved

Backward Compatibility 1 Bégister{R (CR32) .

Read/Write dras3: , Index 32H
Power-On Default: 00|

7 6 s \[\a | 3Y] 2 1 0
VGA N |
R FXPG/QXENJ R R | R R

Bits 3-0 se

Bit 4 INTEN -interrupt Enable
0 = All interrupt generation disabled
1 = Interrupt generation enabled

Bit5 Reserved
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Bit 6 VGAFXPG - Use Standard VGA Memory Wrapping
0 = Memory accesses extending past a 266K boundary do not wrap
1 = Memory accesses extending past a 266K boundary wrap at the boundary

of CR69 (or bits 5-4 of CR31 and bits 1-0 of CR51), the 256K page ma
256K boundary and accesses past the boundary will not wrap. Thi§ i
this bit is cleared to 0. For standard VGA compatibility when the pag
moved, this bit is set to 1 to cause wrapping at a 256K boundaN.

Bit 7 Reserved

Backward Compatibility 2 Register (BKWD_2) (CR33)

Read/Write Address: 375H, Index 33H
Power-On Default: 00H

7 6 5 4 3 2 1 |/of

LOCK | BDR | LOCK [VCLK= DIS<
R |PLTW{ SEL [DACW| -DCK| R | VDE \

Bit 0 Reserved
Bit 1 DIS VDE - Disable Vertical JRgp! n eglsion Bits Write Protection

0 = VDE protection enabjéd

1 = Disables the write pfo in e bit 7 of CR11 on bits 1 and 6 of CR7
Bit2 Reserved

Bit3 VCLK =-DCK- VCLIN\js rtéd DCLK

0=VCLKisthé € | K (pass-through feature connector clock input enabled)
oris dividled by 2 for 4 pixel modes (see bit 6 of AR10 or bit 4 of CR3A) or |s
the i i her of the first two cases apply)

1 = VCLKis fo toNpverted DCLK

Bit4 Nocl DAC Writes
3 k t9 RAMDAC registers
'esfo RAMDAC registers

Bit5 |BOAR SEK - Blank/Border Select
=BLANK factive time is defined by CR2 and CR3
B is active during entire display inactive period (no border)

Bit6 LOCKPLTW - Lock Palette/Border Color Registers
0 = Unlock Palette/Border Color registers
1 = Lock Palette/Border Color registers

Bit7 Reserved
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Backward Compatibility 3 Register (BKWD_3) (CR34)

Read/Write Address: 3?5H, Index 34H
Power-On Default: 00H
7 6 5 4 3 2 1 0
ENB PCI PCI PCI

R R R SFF R RET | ABT | SNP

Bit 0 PCI SNP - PCI DAC snoop method

0 = Handling of PCl master aborts and retries during DAZ

and 2 of this register
1 = PCl master aborts and retries are not handled d

Bit1 PCI ABT - PCl master aborts during DAC cycles

0 = PCl master aborts handied during DAC cycls
1 = PCl master aborts not handled during DA

Bit2 PCIRET - PClI retries during DAC cycle
0 = PCl retries handled during DAC :

Bit3 Reserved
Bit4 ENB SFF - Enable Sta
0 = Start Display FIFQ
1 = Start Display F)f

Bits 7-5 Reserved
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CRT Register Lock Register (CRTR_LOCK) (CR35)

Read/Write
Power-On Defauit: 00H

Address: 3?5H, Index 35H

7

6

5 | 4 3 | 2| 1] o

R

R

LOCK | LOCK | OLD-CPU-BASE-ADDRESS
HTMG |[VIMG| 17 16 156 14

CR6, CR7 registers are also locked\gy B

Bits 3-0

Bit4

Bit5

of video memory addressing) to bit 14 for display b

OLD-CPU-BASE-ADDRESS

KByte units of display memory. These bits are added

9-18 of the ad-
a value is pro-

Bits 3-2 of the Extended System Control 2 register
dress and enable access to up to 4 MBytes of di

becomes the upper 6 bits of the CPU base ai¥xess«and bits 0-of CR35 and bits 3-2 of
CR51 are ignored.

LOCK VTMG - Lock Vertical Timing Re§
0 = Vertical timing registers are unlogkeN
1 = The following vertical timing #giste

CR6
CRY7 (bits 7,5,3,2,0)
CR8 (bit 5)
CR10

CR11 (bits 3-0)
CR15

CR16

Ok the Vertical Retrace End register (CR11).

LOCKHTMG Loc Horlzon Timing Registers

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: 3?5H, Index 36H
Power-On Default: Depends on Strapping

* Bits 1-0 are read only. The other bits can be written only after 0ASH is written to CR39\

This register samples the reset state from PD bus pins [7:0]. Other configuratid APRINY ¢ are
found in CR37, CR68 and CR6F.
7 | 6| 5 4 3 | 2 1] o
MEM SIZE VBE | MEM MODE SYS BUS

Bits 1-0 SYS BUS - Select System Bus interfaced
00 = Reserved
01 =VL-Bus
10 = PCl 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

Bit4 VBE - Video BIOS Access Endb\e
0 = Disable video BIOS acgfg
1 = Enable video BIOS agCegsé

Bits 7-5 MEM Size - Memoryé
000 = 4 MBytes
100 = 2 MBytes
110 = 1 MByte
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Configuration 2 Register (CONFG_REGZ) (CR37)

Read/Write* Address: 375H, index 37H
Power-On Default: Depends on Strapping

* These bits can be written only after 0ASH is written to CR39.

This register samples the reset state from PD bus pins [15:7]. Other configuratid
found in CR36, CR68 and CR6F.

7 6 5 4 3 2
R R R RS CSs | vBS R EV

-
o

Bit0 EV - Enable VIRGE (VL-Bus only)
0 = Disable VIRGE except for video BIOS accesses
1 = Enable VIRGE

Bit 1 Reserved
Bit2 VBS - Video BIOS Size (VL-Bus only)
0 = 64-KByte video BIOS ROM
1 = 32-KByte video BIOS ROM

Bit3 CS - Clock Select

0 = Use external DCLK on pin £564 erng LK on pin 146 (test purposes only)

Bits 7-5 Reserved
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Register Lock 1 Register (REG_LOCK1) (CR38)

Read/Write Address: 3?5H, Index 38
Power-On Defauit: 00H
Loading 01xx10xx {e.g., 48H} into this register unlocks the S3 VGA register set for rea es.
don’t care)
7 6 5 4 3 2 1 0
= 0 = 1 = 1 = 0

Register Lock 2 Register (REG_LOCK2) (CR39)

Read/Write Address: 3?5H, Index 39
Power-On Default: 00H
Loading 101xxxxx {e.g., AOH) unlocks the system control yS extengion registers for
reading/writing (x = don’t care). Loading A5H allows bity’7-ZoDNCR§, -0 of CR37 and bits 7-0 of
CR68 to be written.
7 6 5 4 3 2 1—\0 /
= 1 = 0 = 1 / ‘

@@
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Miscellaneous 1 Register (MISC_1) (CR3A)

Read/Write
Power-On Default: 00H

Address: 375H, Index 3AH

7

6

5 | 4 | 3 2 1. ] 0

PCIRB
DISA

R

HST | ENH | TOP | ENB REF-CNT
DFW | 256 [ MEM | RFC 1. 0

Bits 1-0

Bit 2

Bit5

Bit6

Bit7

REF-CNT - Alternate Refresh Count Control
00 = Refresh Count 0
01 = Refresh Count 1
10 = Refresh Count 2
11 = Refresh Count 3

If enabled by setting bit 2 of this register to 1, thesg
bit 6 of CR11 and specify the number of refrey

N

ENB RFC - Enable Alternate Refresh Cou
0 = Alternate refresh count control (bits

or64-KByte area of display memory
or 1 respectively.

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: 3?5H, Index 3BH
Power-On Default: 00H

This value must lie in the horizontal blanking period and is typically 5 less than the valud
grammed in CRO. This parameter helps to ensure that adequate time is available A% ng h R
blanking for activities such as RAM refresh that require control of the display mejk d
value is bit 6 of CRSD. This register must be enabled by setting bit 4 of CR34 fo 1.

7 | 6 | 5 | 4| 3] 2] 17]°o0
START DISPLAY FIFO FETCH

Bits 7-0 START DISPLAY FIFO FETCH
9-bit Value = the time in character clocks from the ad
of fetching of FIFO data after the start of horizoftta
the low-order 8 bits of this value.

rt until the restart
register contains

Interlace Retrace Start Register (IL_RTSTART) (CR3

ivg display starting positions when operat-

by¥it & of CR42.

Read/Write Address: 375H, In
Power-On Default: 00H

This value allows determination of the evgh/o
_ing in an interlaced mode. This registerj

7 T e [ 5 [ a [ 3ZZZDNYo

INTERLACE RETRACE £RN\RT YOHATIONV

Bits 7-0 INTERLACE
Value = offse 'nt
_frames.

s of chyFacter clocks for Interlaced mode start/end in even/odd
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Section 18: SYstem Control Register Descyinti
v

System Control registers are configuration registers, mode control pégjstelg, anhalware graphics
cursor control registers. They are positioned in the same indexed pRgj#te A S3 regusters
All of these registers are read/write protected at power-up by ha

‘System Configuration Register (SYS_CNFG)

Read/Write Address: 3?75}, Index
Power-On Default: 30H

7 | 6 | 5 | a | 3/|// DNV o
WDL | RDY &V VT EN
=0 | =0 |oav] et | SR\ R_| ENH

Bits 4 J ealdy Qontrol (VL-Busonly})

i Dfait state delay from SADS asserted to assertion of SRDY. Address
 occurs during the T1 cycle.
1 wait state delay from SADS asserted to assertion of SRDY (Default)
is setting, bit 3 of CR58 determines when the address is latched.

Bit5 Reserved = 1 (Default)

Bits 7-6 Reserved = 00b
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BIOS Flag Register (BIOS_FLAG) {(CR41)

Read/Write Address: 3?75H, Index 41H
Power-On Default: 00H

7 | 6 | 5 | a | 3| 2110

BIOS-FLAG-REGISTER-1 » v
Bits 7-0 BIOS-FLAG-REGISTER-1
Used by the video BIOS.

Mode Control Register (MODE_CTL) (CR42)

Read/Write Address: 3?5H, Index 42H
Power-On Default: 00H

7 6 5 4 3 2 1 1/o/
4

INTL <
R R [MODE| R R R R

Bits 4-0 Reserved

Bit5 INTL MODE - Interlaced Mo§
0 = Noninterlaced
1 = Interlaced
This bit enables thg

Bits 7-6 Reserved
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Extended Mode Register (EXT_MODE) (CR43)

Read/Write Address: 375H, Index 43H
Power-On Default: 00H
7 6 5 4 3 2 1 0
HCTR oLb

X2 R R R R _|Lsws| R R

Bits 1-0 Reserved

Bit2 OLD LSWS - Logical Screen Width Bit 8
This is an extension of the Offset (Screen Width) regjéte
bits 5-4 of the Extended System Control 2 register

disabled if

A Bits 6-3 Reserved
Bit 7 HCTR X2 - Horizontal Counter Double Modg

1 = Enable horizontal counter double A hg RT parameters are doubled)

Hardware Graphics Cursor Mode Register (H

Read/Write Address: 375H, MNex
Power-On Defauit: 00H

7 6 5 4 3/1/2/ N1\ o
HWGC (A N/ [HWGC

R R R 1280 R ENB

Bit0 HWGC ENB \Hardware Gr. cs Cursor Enable
0 = Hard ap urggr disabled in any mode
- 1 = Hargdvare higs cursor enabled in Enhanced mode

Bits 3-1 Reservgd

Bit4 GC 80 rgware Cursor Right Storage
digabled
1 & For € bits/pixel, the last 256 bytes in each 1-KByte line of the hardware cursor start
addfess become the hardware graphics cursor storage area. For 8 bits/pixel, the
572 bytes in each 2-KByte line of the hardware cursor start address become
he pardware graphics cursor storage area. In either case, bits 1-0 of CR4D must
be 11b.

Bits 7-5 Reserved
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Hardware Graphics Cursor Origin-X Registers (HWGC_ ORGX(H)(L)) (CR46, CR47)

Read/Write Address: 375H, Index 46H, 47H
Power-On Default: 0000H

The high order three bits are written into CR46 and the low order byte is written into CNg7.

A
15 |14 |13 1211 [10] 9| 8[7]6 5[ a] 3\ 2NN\

R| R|R]| R | R [HWGCORGXH) HWGC ORG x\ub N

Bits 10-0 HWGC ORG X(H) {L) - X-Coordinate of Cursor Left Side

Bits 15-11 Reserved

Hardware Graphics Cursor Origin-Y Registers (HWGC_ORGY (H)(L)8R4d, CR49)

Read/Write Address: 3?5H, Index 48H
Power-On Default: Undefined
The high order three bits are written into CR48 a low gfrd e is written into CR49.
15 14|13 12| 11]10] 9 [/8/ Ys | al3[ 21110

R{R|IR{R/|R [HwecoRaXHN Y |VY  HWGCORGY(L)

Bits 10-0 HWGC ORG Y (H){L) - 3 Cyfsor Upper Line
The cursor X, Y posif#© D

Bits 15-11 Reserved

Hardware Graphics Cu Cgllor Stack Register { HWGC_FGSTK) (CR4A)

Read/Write
Power-On Default: Upddfine

N
7 | e 8/N&7|/3 | 2 | 1] o
TRE(COLQH YOREGROUND STACK (0-2)

esd 375H, Index 4AH

Bits 7-0 UE CQLOR 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

7 1 6 | 5 | 4 | 3] 21110
TRUE COLOR BACKGROUND STACK (0-2)

Bits 7-0 TRUE COLOR BACKGROUND STACK (0-2)

mon with CR4A) is reset to 0 by reading the Hardware
(CR45). Each write to this register (CR4B) incrementg

Read/Write Address: 375H, Index 4CH, 4
Power-On Default: Undefined

The high order four bits are written into CR4C and t s written into CR4D.

5113 12{11]10]9s | g M al3]l 21110

R|R| R| R HWGC STAHY \\ /  HWGC STA(L)
A4

Bits 11-0 HWGC STA(H)(L) - Hardy/ar¢d \Cs Cuggor Storage Start Address

A\

Hardware Graphics Cursor ; is| rt X-PXL-Position Register (HWGC_DX) (CR4E)

Bits 15-12 Reserved

Read/Write d . 3754, Index 4EH

Power-On Default: Ur@
O\

7 6 s{I\a \VIV] 2 | 1| o
R R HWGC/PAT DISP START X-POS

Bits 5-0 \HWGC RAT DISP START X-POS - HWGC Pattern Display Start-X Pixel Position

' {s valugf is the offset (in pixels) from the left side of the 64x64 cursor pixel pattern
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 Pattern Disp Start Y-PXL-Position Register (HGC_DY) (CR4F)

Read/Write Address: 3?5H, Index 4FH
Power-On Default: Undefined

7 6 5 | 4 | 3] 2117100
R | R HWGC PAT DISP START Y-POS

of the display.

. Bits 7-6 Reserved
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Section 19: System Extension Register Desgxipt

These registers provide extended system and memory control, ext
window control. They are enabled in the same way as the Systery
Lock 2 register (CR39).

syRC corkroi¥nd addressing

In the following register descriptions, ‘R’ stands for reserved (yf Q\eaN = undefined). See Appendix
A for a table listing each of the registers in this section ang¥ :

Extended System Control 2 Register (EX_SCTL_2) (CR51

Read/Write Address: 375H, Ingéx 51H
Power-On Default: 00H

7 6 5 | 4 ' ?\\\1 /o
OG-SCR- .
a | n | NSSRW | Ooge sA\\)?RD/SfE

Bits 1-0

At Address Bits 19-18
dmory Configuration register (CR31) bits 5-4 (Display

Bits 3-2 Base Address Bits 19-18

Bits 5-4 - Logical Screen Width Bits 9-8

Bits 7-6 Reserved

PROPRIETARY AND CONFIDENTIAL PRELIMINARY SYS. EXT. REG. DESCRIPTIONS 19-1



#’ : S3d ViRGE |

83 Incorporated

Extended BIOS Flag 1 Register (EXT_BBFLG1) (CR52)

Read/Write Address: 375H, Index 52H
Power-On Default: 00H

7 | 6 | 5 | 4] 3] 2] 1]

EXT-BIOS-FLAG-REGISTER-1 ‘ V
Bits 7-0 EXT-BIOS-FLAG-REGISTER-1
Reserved for use by the video BIOS. :

Extended Memory Control 1 Register (EX_MCTL_1) (CR53)

Read/Write Address: 3?5H, Index 53H
Power-On Default: See Bit Descripitions

7 6 5 4 | 3 2 | 1)
SWP [MMIO|  MMIO BIG ENDIAN )
R | NBL | WIN | SELECT LIN ADDA

Bit 0 Reserved

00 = No swap (Default)

01 = Swap bytes WIt A e
10 = Swap all bytesA
11 = Reserved

Bits 4-3

Bit5

Bits 4-3 of this register must be programmed to 10b for this bit to be effective.

19-2 SYSTEM EXT. REG. DESCRIPTIONS PRELIMINARY PROPRIETARY AND CONFIDENTIAL



=
#3

S3d VIRGE

83 Incorporated

Bit6 SWP NBL - Swap Nibbles
0 = 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: 3?5H, Index 54H
Power-On Default: 00H
7 6 5 4 3 2 11 0
R R 4 R R R R BIG ENDIAN

Bits 1-0 BIG ENDIAN - Big Endian Data Byte Swap (ng
00 = No swap (Default) \
01 = Swap bytes within each word
10 = Swap all bytes in doublewords (byte
11 = Swap according to BE[3:0] (VL-B¢s) ¢

All other values = no swap
Bits 7-2 Reserved

N\

Extended RAMDAC Control Regi

Read/Write
Power-On Default: 00H

7 6 5

TOFF \,r\:lsi) )R’ ENB
VCLK| R /RN GIR R R

Bits 1-0 \ Rdserv
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Bit2 ENB GIR - Enable General Input Port Read (VL-Bus)
0 = 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£diny General
Input Port data is generated when 3C8H is read. The data is transmitted d
SD[7:0] for VL-Bus configurations. PCI configurations must use theA

Port capability.
Bit3 Reserved

Bit4 MS/X11 - Hardware Cursor MS/X11 Mode
0 = MS-Windows mode (Default)
1 = X11-Windows mode

This bit select the type of decoding hsed 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

0 = Normal operation
1 = VCLK output is tri-stated off

Read/Write
Power-On Default: 00H

7 6 0
R R R
Bit 0 Reserved
Bit1 DISHS
Bit 2

output buffer tri-stated off

Bits 7-3 Reserved
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Linear Address Window Control Register (LAW_CTL) (CR58)

Read/Write Address: 375H, Index 58H
Power-On Default: 00H
7 6 5 4 3 2 1 ] o
RAS ENB | LAT LAW-SIZE

PRE R R LA DEL R 1 0

Bits 1-0 LAW-SIZE - Linear Address Window Siz
00 = 64 KBytes (Default) '
01 =1 MByte
10 = 2 MBytes
11 = 4 MBytes

Bit2 Reserved
Bit 3 LAT DEL - Address Latch Delay Control (V!

0 = Address latching is delayed one cloc
1 = Address latching occurs in the T1 ¢

8 selected by setting bit 4 of

Bit4

dw size is set to 64K via bits 1-0 of this regis-
in CR59-5A.

Bits 6-5

Bit7
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Linear Address Window Position Registers (LAW_POS(X) (CR59-5A)

Read/Write Address: 3?5H, Index 59H-5AH
Power-On Default: 000AH (VL-Bus), 7000H (PCI) <\
15 1413 12 n]w][9 8] 7]e6]s5]a]s]2NNIA
LINEAR-ADDRESS-WINDOW-POSITION (N \VY/
CR59 contains the upper byte (15-8) and CR5A contains the lower byte (70). \hese re specify

the Linear Address Window Position in 32-bit CPU address space. The LinéahRddxe indow resides
on a 64KB, 1TMB, 2MB or 4MB memory boundary (size-aligned bounda#y).Sorke L{Rs Qf this register

(illustrated by “xx..xx" in the following table) are ignored because of the sizezalignyd dary scheme.
LAW Linear Address Windo
Size -_Position Register Bit(s)
64KBi31-25f 24 | 23 | 22 | 21 20 /ro~b\18\ 1 16
IMB[3125] 24 | 23| 22| 21| 2 xx [ Yxx | xx
aMB|3125] 24 | 23 | 22 | 21 | SAx A Nx N\ X xx | xx
amB|3125] 24 | 23| 22 | xx £/ A Y ] W | xx | xx
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General Output Port Register (GOUT_PORT) (CR5C)

Read/Write Address: 375H, Index 5CH
Power-On Default: 00H
7 | 6 | 5 ] 4] 3] 21110
GENERAL OUT PORT
Bits 7-0 GENERAL OUT PORT

This register can be used in a variety of ways. See Sectj

scription.

Extended Horizontal Overflow Register (EXT_H_OVF) (CR5D,

Read/Write Address: 3?5H, Index 5DH
Power-On Default: 00H
7 6 5 4 3 2 1
SFF | EHS | SHS | EHB | SHB
R 8 6 8 7 8 -y
Bit 0 HT 8 - Horizontal Total (CBQ Bi
Bit 1 HDE 8 - Horizontal Disgfa C i
Bit2 SHB 8 - Start Hori al Riani/(C| it 8
Bit3 EHB 7 - End HorizoxtaN}anh\(CR3) Bit 7 ~

Bit4 SHS 8 - Starf\Horizontal S

Bit5 EHS 6-£nd H)XoMal Syhc (CR5) Bit 6

osition (CR4) Bit 8

Bit6 SFF8{S 0 (CR3B) Bit 8
Bit7
PROPRIETARY AND CONFIDENTIAL PRELIMINARY

SYS. EXT. REG. DESCRIPTIONS 19-7
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S3d ViRGE

Extended Vertical Overflow Register (EXT_V_OVF) (CRSE)

Read/Write Address: 375H, index 5EH
Power-On Default: 00H
7 6 5 4 3 2 1 0
LCM VRS SVB | VDE VT
R 10 R 10 R 10 10 10
Bit 0 VT 10 - Vertical Total (CR6) Bit 10
Bit1 VDE 10 - Vertical Display End (CR12) Bit 10
Bit2 SVB 10 - Start Vertical Blank (CR15) Bit 10
Bit 3 Reserved
Bit4 VRS 10 - Vertical Retrace Start (CR10) Bit 19/
Bit5 Reserved
Bit6 LCM 10 - Line Compare Position (CR18
Bit 7 Reserved

Extended Memory Control 4 Register

Read/Write

Power-On Default: 00H

Addregs:

7

6

| s

R

BIG ENDIAN
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Extended Miscellaneous Control Register (EXT-MISC-CTL) (CR65)

Read/Write Address: 3?5H, Index 65H
Power-On Default: 00H
7 6 5 | 4 | 3 2 1 0
DELAY BLANK
R R 2 1 0 R R R

Bits 2-0 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 7-6 Reserved

Read/Write Address:
Power-On Default: 00H

7 6 5
PC! | TOFF ENBL
DE_| PADT

Bit0

Bit 1

Setting this bit has the same effect as setting MM8054_15-14 (Write) to 10b.

Bit 2 Reserved
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Bit3

Bits 54

Bit 6

PCI DISC - PCI Disconnects

0 = No effect ’

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 djsgonnect
cycle

Bit 7 of this register must also be set to 1 to enable this feature.

Reserved

TOFF PADT - Tri-State Off Pixel Address Bus
0 = Normal operation
1 = PA[15:0] are set to tri-state off

PCI DE - PCI bus disconnect enable
0 = PCl bus disconnect disabled
1 = PCl bus disconnect enabled

if AD[1:0] # 00b or if the
bported by ViRGE.

Setting this bit to 1 allows PCI burst cycles tg{pe interr@pted
address during the burst goes outside the Adds R
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Extended Miscellaneous Control 2 Register (EXT-MISC-2)(CR67)

Read/Write Address: 375H, Index 67H
Power-On Default: 00H
7 | 6 | 5 | a 3 | 2 1 0
COLOR MODE STREAMS VCLK
3 2 1 0 MODE R PHS

Bit0 VCLK PHS - VCLK Phase With Respect to DCLK
0 =VCLK is 180° out of phase with DCLK (inverted)
1 = VCLK is in phase with DCLK

Bit 1 Reserved

Bits 3-2 STREAMS MODE
00 = Streams Processor disabled
01 = Secondary stream overlaid on VGA mg
10 = Reserved
11 =Full Streams Processor operation (
supported sources)

Bits 7-4 COLOR MODE - RAMDAC Color M6de
0000 = Mode 0: 8-bit color, 1 pixé
0001 = Mode 8: 8-bit color, 2 gk
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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. CR6
fourth byte. PD[23:16] are sampled on power-on reset and their states are writtgn
register. ASH must be written to CR39 to provide read/write access to this regista

7 6 | 5 | & 3 2 1 0
MEM RAS- | RAS- | CAS | CAS
BUS BIOS AREA PcG | Low | LE | TE

Bit0 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. O
layed by 0 or 2 units. After reset, so
tions by programming MM8204_5.

g edge of CAS/OE can be de-
is delay to any of the four op-

Bit1 CAS LE - CAS, OF Leading Edgg
00 = 0 delay
01 = 1 unit delay
10 = 2 units delay
11 = 3 units delay

% Op reset the leading edge of CAS/OE can be de-
fvare can change this delay to any of the four op-

Bit 2

- &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 64 BIOS AREA

Reserved for use by the video BIOS.

19-12 SYSTEM EXT. REG. DESCRIPTIONS PRELIMINARY PROPRIETARY AND CONFIDENTIAL



#3 $3d ViRGE

83 Incorporated

Bit7 MEM BUS - Memory Bus Size
0 = 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-SCTL-3)(CR69)

Read/Write Address: 3?5H, Index 69H
Power-On Default: 00H

7 6 5 4 3 | 2] 1] 0
R | R R R | DISPLAY-START-ADDRESS

Bits 3-0 DISPLAY-START-ADDRESS

' This field contains the upper 4 bits (19-16) of thg di
dressing of up to 4 MBytes of display memory. N
programmed in this field, bits 5-4 of CR31 3

dress bits) are ignored.

Bits 7-4 Reserved

* Extended System Control 4 Register ([EXT-SQTL¢)(CRSA)

Read/Write
Power-On Default: 00H

T T s [ a T KZP O
R R CPUAMNE-ADDAESS ¥
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Extended BIOS Flag 3 Register (EBIOS-FLG3)(CR6B)

Read/Write Address: 3?75H, Index 6BH
Power-On Default: 00H

7 | 6 [ 5 | a | 3 [ 2] 1] o0
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: 375H, Index 6CH
Power-On Default: 00H

7 | 6 | s ] a3 2]1/fo/

EXT-BIOS-FLAG-REGISTER- / L.
A4

Bits 7-0 EXT-BIOS-FLAG-REGISTER-4

This register is reserved for us y

Extended BIOS Flag 5 Register (CR6D

Read/Write
Power-On Default: 00H

Bits 7-0

Reserved
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Extended BIOS Flag 6 Register (CR6E)

Read/Write Address: 3?5H, Index 6EH
Power-On Default: 00H

This register is reserved for use by the BIOS.

7 | 6 1 5 ] 4] 3] 2] 1] o
RESERVED

Bits 7-0 Reserved

Configuration 4 Register (CR6F)

See Bit Definitions Address: 3?5H, Index 6FH
Power-On Default: Depends on Strapping

This is the fourth byte of power-on strapping bits. PDJ£8:24] Are¥dmMed at reset and the values are
written to bits 4-0 of this register. ASH must be writtéQ t 39/to, ide read/write access to this
register. This register will power up with a value if a 8:24] are not pulled low.

7 6 5 4 | 3 2 /AN
R R R | WEDELAY | 10EMNNO3L [MogEe)

AN

Bit0 MODE - Trio64 Compaphbl S
0 = ViRGE is configugéd %r de
1 = VIiRGE is confi foY Tri664-cwMmpatible mode

This data book only\dessfibes\the functionality of VIRGE when configured for LPB
mode. If Trio tib! e is selected, use the Trio32/Trio64 data book.

Bit1 IOSEL - Sp# rt dpéss Select (read/write)
0 = Seri#l Port rdyistex is accessed at I/O address 000ESH

1 = Serfal f erys accessed at I/O address 000E2H
Bi te} must be cleared to 0 for this bit to have effect.
Bit2 JOENYS Address Type Select (read/write)

0 & Sertfal Rort register is accessed at the I/O port defined in bit 1 of this register or at
its O address (offset FF20H)
N\ Sertal Port register is accessed at its MMIO address only (offset FF20H)

Enabling I/O access allows the serial port to be used for 12C communications when
ViRGE is disabled.
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Bit3 WE Trailing 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_3. On reset the trailing edge of WE.
by 0 or 2 units. After reset, software can change this delay to any ©f tF
by programming MM8204_3.

Bit4 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 reset the leadq d can be delayed
by 0 or 2 units. After reset, software can change<hi 3 f of the four options
by programming MM8204_4.

Bits 7-5 Reserved
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Section 20: S3d Engine Register Descriptiqn

AN

This section describes the S3d Registers for VIRGE. These registers afe yseX to adceldate the display
of 2D and 3D graphics.

In all register bit descriptions, the letter “R” identifies reserved b bit's read value is

The S3d registers are memory-mapped starting at 3
Table 20-1 shows the location of each register orga
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Table 20-1. S3d Register Memory Map

Offset From Base Address (Little Endian Addressing)
100 AOxxH 100 AdxxH 100 ABxxH 100 ACxxH 100 BOxxH__ | A100 BaxxH

XX Pattern Registers | BitBLT/Rect Fill 2D Line 2D Polygon 3D Line Triangle
D4 " SRC_BASE SRC_BASE SRC_BASE Z_BASE
D8 DEST_BASE DEST_BASE DEST_BASE DEST.B
DC CLIP_LR CLIP_LR CLIP_LR CLIP_L
EO CLIP.T B CLP T B CLIP_T.B CLIP_T
E4 DEST_SRC_STR | DEST_SRC_STR | DEST_SRC_STR | DES R
E8 MONO_PAT_0 MONO_PAT_0 TRIQE
EC MONQ_PAT_1 MONO_PAT 1 \_TEX_BASE
FO PAT_BG_CLR PATBG CLR / ¢ N\ \\ ZEX BDR CLR
F4 PAT_FG_CLR | PATFG CLR | PATFG CLR/ | A @G\CL\ FOG_CLR
F8 SRC_BG_CLR ‘ "\ V| COLORO
FC SRC_FG_CLR \ N\ COLOR1
100 Start CMD_SET CMD_SET CMD_SET\_ CMN, SET CMD_SET
104 | (100to 1BC) |RWIDTH_HEIGHT / N TBY
108 RSRC_XY AN N - TBU
10C RDEST_XY / /N \ NN/ TdWdX
110 L/ /\\_ N\ TdWdY
114 </ /N2 TWS
118 N // TdDdX
e ya i\&/ / Tdvax
120 / —/ TdUdX
124 REKGE WM\ V4 TdDdY
128 \AN - TdvdY
12C N\ \/ Tdudy
130 Y /N \\_1/ DS
134 /AN \\ VS
138 (/ /\2 TUS
13C yA\NMY A4 TdGdX_dBdX
140 AN\ EES TdAdX_dRdX
144 A~ NN\ 3dGdY_dBdY | TdGdY_dBdY
148 ( N I\/ 3dAdY_dRdY | TdAdY_dRdY
14C N\ ) 3GS-BS 1GS_BS
150 ,’\\\‘V 3AS_RS TAS_RS
154 N AN TdzdX
158 L N \WN\/ 3dZ TdZdY
15C AN T I 37START 17502
160 i TdXdY12
164 ~ / TXEND12
168 { - PRAX TdXdY01
16C \ ) LXENDO_END1 | PRXSTART | 3XENDO_END1 TXENDO1
170 \ LdX PLdX 3dX TdXdY02
174 N J LXSTART PLXSTART 3XSTART TXSTART02
178 . LYSTART PYSTART 3YSTART TYSTART
17C LYCNT PYCNT 3YCNT TY 01 Y12

20-2 S3D REGISTER DESCRIPTIONS PRELIMINARY PROPRIETARY AND CONFIDENTIAL



#’ S$3d VIRGE

83 Incorporated

20.2 COLOR PATTERN REGISTERS

When the ROP chosen for a BitBLT uses a color pattern, the 8x8 pixel pattern data must be stored in

pattern) by the color depth (bytes/pixel) and dividing by 4 bytes/doubleword (32-bit reg

Table 20-2 Color Pattern Data Storage Requirements

™

Color Depth (Bits/Pixel) | Storage Requirements (Doublewords) Otset RanGeMe

8 16 / D AN0\ 160 A13C

16 32 / Aooxioa\1dp A17C

24 48 / A0 AN0 W0 A1BC

‘v v
The pattern color data is written starting with the upper left pixe N to the end of the line (7,0) and
then proceeding across each line to the last pixel (8,8). Pixel 0,0 is\yritten toN0@ A100H. The data are
stored fully packed.

For 8 bits/pixel, pixel 0,0 is written to the low order byte Me tsyyrifen to byte 1, etc. Pixel 4,0
would then be written to the low order byte of 100 A194HAng@\Q oN, The 8-bit value for each pixel is

an index to the DAC palette registers.

boundaries.
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20.3 2D REGISTERS

This section describes all the registers used with the 2D drawing commands (BitBLT/Rectangle Fill, 2D
Line and 2D Polygon).

Source Base Address Register (SRC_BASE) (MMA4D4, MMA8SD4, MMACDA4)

Read/Write Offset: AAD4H (BitBLT), ABD4H (2D Line), AC 2D &
Power-On Default: Undefined

15J14113|12[11l1o|9]sl11615/4\1:&&/1 0
SOURCE BASE ADDRESS A\ \ o] o
31 | 30 [ 20 |28 [ 27 |26 [ 25 | 24 | 23 [ 22 [@\N 20\ W | 18] 17 | 16
R RIRIR|IR|IR|R|R]RI|R \\\éQURMASEADDREss

Bits 2-0 Reserved =0
Bits 21-3 SOURCE BASE ADDRESS

Value = base address in video me #a for 2D drawing operations
(quadword aligned)

Destination Base Address i SE) (MMA4D8, MMASDS8, MMACDS)

Read/WriteD 4DBH (BitBLT), ABD8H (2D Line), ACD8H (2D Polygon)

Power-On Default: U dfrko\

15 | 14 | NiJlJo | sl 8]l 765 als[2]1]o0
DESTAIATION BASE ADDRESS

31 | 30 ||24 zé“zi'l' 26 | 25 | 24 | 23 | 22 | 21 | 20 | 19 | 18| 17 | 16
R!RI[WNAgJlrIR[RIRIRI[R DESTINATION BASE ADDRESS

Bits 2-0 Reserved =0
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Bits 21-3 DESTINATION BASE ADDRESS

Value = base address in video memory of destination data for 2D drawing operations
(quadword aligned)

This is the 0,0 pixel address in video memory for the screen resolution used
will normally be at the start of video memory.

Bits 31-22 Reserved

Left/Right Clipping Register (CLIP_L_R) (MMA4DC, MMASDC, MMACDC)

Read/Write Offset: AADCH (BitBLT), ASBDCH (2D Lj ACDY¥ 6lygon)
Power-On Default: Undefined

Bit 1 of the Command Set register must be set to 1 for the sgfr g regivfer to have effect.

15 (1413 1211|109 ]| 8s8[7/AN N4/l 3] 2110
R|R|[R]|]RI|R LATNCPING LIMIT
31 | 30 [ 20 |28 | 27 | 26 | 25 | 24 [€34 2/ M P20 | 19| 18 [ 17 ] 16
R{R|R|IR]|HR ,-\\méky\(/oﬁp NG LIMIT

Bits 10-0 LEFT CLIPPING LIMIT
Value = pixel position of bg' drawn on each line. The first pixel is 0.
Bits 15-11 Reserved
Bits 26-16 RIGHT CLIPPING
Value = pixel pesjti e |agt pixel to be drawn on each line. The first pixel is 0.

Bits 31-27 Reserved
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S3d ViRGE

Top/Bottom Clipping Register (CLIP_T_B) (MMA4EO0, MMASEO, MMACEO)

Read/Write
Power-On Default: Undefined

Offset: A4EOH (BitBLT), ASEOH (2D Line), ACEOH (2D Polygon)

Bit 1 of the Command Set register must be set to 1 for the settings in this register to hake e¥ect.

/S

15 |14 | 1312111 10] 9| 8] 765 [ a] 3\] DNN\N[A
RIR|R]IR]|R BOTTOMCLIPPINGLIMT \ © N\
31 | 30 | 20 | 28 | 27 | 26 | 25 | 24 | 23 [ 22 | 21 [ 20 Y N8/ W | 16
R RIRIR]|R TOP CLIPPING AN\ \ \ \
Bits 10-0 BOTTOM CLIPPING LIMIT

Value = line position of the last line to be drawn. Thb
Bits 15-11 Reserved
Bits 26-16 TOP CLIPPING LIMIT

Value = line position of the first line to'R
Bits 31-27 Reserved

Read/Write Offset

Power-On Default: Undefined
1514131211 YNe\Ns|[7]l6|l5{a[3[2]1]o0o0
Rl R R R |[Z N \\ AOURCESTRIDE o[ o] o
31 | 30 | 20 [ 28 | XX |~@a | 281 24 [ 23 | 22 | 21 [ 20 [ 19 | 18 | 17 | 16
R | R 7 DESTINATION STRIDE ol oo
Bits 11-0 SQ

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 000b.
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Bits 31-28 Reserved

Mono Pattern 0 Register (MONO_PAT_0) (MMAJ4ES8, MMACES)

Read/Write Offset: A4E8H (BitBLT), ACE8SH (2D Polygon)
Power-On Default: Undefined

The pattern data in this register is used when bit 8 of the Command Set regyster is\se¢{o | to Bpecify
a mono pattern. The first four lines of the pattern are specified in this regjs§er.

15 14|13 12| 1n[10] 9 [8 7|65 /a2 N1 lo
120 [ 21 [ 122 {123 | 124 [ 125 | 126 | L27 | L10 | L11 | LiZ | a3 \\L1aN LY5 | Lie | L17
31 | 30 [ 290 [ 28 | 27 [ 26 | 25 | 24 [ 23 | 22 [éN] 20N/ Yo [ 18 | 17 | 16
140 | 141 | 142 | La3 | Laa | La5 | La6 | La7 | L30 | 131 | OX%2 N33 \5’) 135 | L36 | L37

Bits 31-0 MONO PATTERN 0

Value = first (low order) 32 bits of a 64/hi

The second (high order) 32 bits argfooRN i Pattern 1 register. These two
registers define an 8x8 mono pagfern, In Rg abovy egister bit table, LXY means bit Y
of line X, with the leftmost bit 4f \pe \Qw)Deing bit 0.

Read/Write Offsgfd\ A4 2 'ACECH (2D Polygon)
Power-On Default: Undefined

The pattern data in this regigtesds 0§ enybit 8 of the Command Set register is set to 1 to specify
a mono pattern. The seconf{ four lin€ ¢ pattern are specified in this register.

g
15 | 14 | 13 N[ 9 [ 8| 7|65 [ al3[2[1]0
Leo | 161 | 162 | te3f| Lsa N\Nes)| Le6 | L67 | Lso | 151 | Ls2 | 153 | Lsa | Lss | Lse | Ls7
31 | 30 [ 29 N 27128 | 25 [ 24 [ 23 | 22 [ 21 [ 20 [ 19 | 18 | 17 | 16
8o | 81 |12 | DR [»ed |/les | es | 87| 70|71 [ 72| 73| L7a |75 | 76 | L77

\/
Bits 310 O BATTERN 1

Vak\ge =8€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 8x8 mono pattern. In the above register bit table, LXY means bitY of
line X, with the leftmost bit of each line (row) being bit 0.
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Mono Pattern Background Color Register (PAT_BG_CLR) (MMA4F0, MMACFO)

Read/Write Offset: A4FOH (BitBLT), ACFOH (2D Polygon)
Power-On Default: Undefined

The pattern color data in this register is used when bit 8 of the Command Set register id
specify a mono pattern and the pattern bit is 0. The color depth specified must m the
lected by bits 4-2 of the Command Set register. ‘

N

4
15L14|13|1;ATIA121|10I9T8 7!s|sj;¢§1n\\(l/x1/|o
31 | 30 | 20 | 28 | 27 [ 26 | 25 | 24 | 23 | 22 | 21 [0 )
R RrR[RrR]IR[R|[R]RI!R

aN
2
A

" Bits7-0 DATA1

Value = DAC CLUT index (8 bits/pixel), lowepR
color index (24 bits/pixel

Bits 15-8 DATA2

Value = Reserved (8 bits/pixel), uppé
index (24 bits/pixel)

Bit 23-16 DATA3
Value = Reserved (8, 15 g d color index (24 bits/pixel)

Bits 31-24 Reserved
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Mono Pattern Foreground Color Register (PAT_FG_CLR) (MMA4F4, MMA8SF4, MMACF4)

Read/Write Offset: A4F4H (BitBLT), A8F4H (2D Line), ACF4H (2D Polygon)
Power-On Default: Undefined

The pattern color data in'this register is used when bit 8 of the Command Set register i3
specify a mono pattern and the pattern bit is 1. It is also the pattern color used f an
line draws and polygon fills, regardless of any pattern specification. The color ddpth s|
match the value selected by bits 4-2 of the Command Set register. b

15 [ 14131211 ]1w0] 9] s 7[6]5|/€3\|\2(]1[0
DATA 2 /opaN \\ )

31 | 30 | 20 | 28 [ 27 | 26 | 25 | 24 | 23 | 22 { 21/ 20\ 19\ W] 17 | 16

R|R|R|IR|]R|R]RIR ™\ VY

Bits 7-0 DATA1

Value = DAC CLUT index (8 bits/pixel), lo
color index (24 bits/pixel

Bits 15-8 DATA 2

Value = Reserved (8 bits/pixel),
index (24 bits/pixel)

Bit 23-16 DATA 3
Value = Reserved (8, 1 QG b), /ed color index (24 bits/pixel)

Bits 31-24 Reserved
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Source Background Color Register (SRC_BG_CLR) (MMA4F8)

Read/Write Offset: A4F8H (BitBLT)
Power-On Default: Undefined

For mono image transfers (bit 6 of the Command Set register set to 1), this is the source
the image bit is 0. It is not used when color compare is enabled (bit 9 of the Com d SewredNs
set to 1). The color depth specified must match the value selected by bits 4-2 of the Co

register. /\ b
15 14 [ 1312 1n[10] 9 [ 8[7[6][s5 ] aMN3\\d 1]o0
DATA 2 /oA \\

31 |30 | 20 [ 28| 27 [ 26 | 25 [ 24 [ 23 | 22 | z1<1’7ggA 19\3}’ 17 | 16
A

R R R R R R R R

Bits 7-0 DATA1

Value = DAC CLUT index (8 bits/pixel), 1o
color index (24 bits/pixel

Bits 15-8 DATA2

Value = Reserved (8 bits/pixel), Hata (15/16 bits/pixel), green color
index (24 bits/pixel)

Bit 23-16 DATA3

Bits 31-24 Reserved %
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Source Foreground Color Register (SRC_FG_CLR) (MMA4FC)

Read/Write Offset: A4FCH (BitBLT)
Power-On Default: Undefined

mand Set register.

15 ]1a]1]12[1n]1w0]e]8[7]e6]sfa\N 3\ W 1]o0
DATA2 A

31 30 [ 29 | 28 | 27 | 26 | 25 | 24 | 23 | 22 [R1 )20\ ™ [ 18 [ 17 | 16

R|R|IR|IR[RIR[RI]R — AT.

Bits 7-0 DATA1

Value = DAC CLUT index (8 bits/pixel),!
color index (24 bits/pixel)

Bits 15-8

Bit 23-16 DATA3

' Value =

This cofor; ed\Pqly yor mono image transfers.

Bits 31-24 Res
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Command Set Register (CMD_SET) (MMAS00, MMA900, MMADO0O)

Read/Write Offset: AS00H (BitBLT), A900H (2D Line), ADOOH (2D Polygon)
Power-On Default: Undefined
1514 13]12]1]10]9 |8l 7 [6ls5 a3z 2NN
R | R FDO ITA TP | MP | iDS | Ms | DE | DEsT Fo#MaR | ¢ Y A€
31 | 30 | 20 | 28| 27 ] 26| 25 | 24 | 23 | 22 | 21 | 20 | 19 ‘rﬁ 16

23D 2D COMMAND YP | XP 256 ROPS

VAJLR

Bit 0 AE - Autoexecute
0 = Execute command when this register is written to

1 = Execute command when the highest address regNg#r il\a dxawin¥ type set is
written to

of a 2D line command is based on writing
lows multiple executions of a given coy
writing the Command Set register.

reglster, etc. This setting al-
ifferent parameters without re-

To turn off autoexecute without g ) 4
bit cleared to 0 and bits 30-27 1b (NOP).

0 = Hardware clipping disz
1 = Hardware clipping ¢

The settings in the
bit is setto 1.

the possible non-drawing of the new pixel.

Bit6 MS - Mono Source {Image Transfers)
0 = Source data is the same pixel depth as the destination data
1 = Source data is mono
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Bit?7

Bit8

Bit9

Bits 11-10

IDS - image Data Source
0 = 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 ofise
100 0000H to 100 7FFFH or the alternate image transfer port range of 108

100 EFFFH. Bit 6 of this register specifies whether mono or color data is be
ferred.

MP - Mono Pattern
0 = Pattern data is the same pixel depth as the destination d
1 = Pattern data is mono

This bit is cleared to 0 for a BitBLT using a ROP with a
tern is found starting at location 100 A100H. For a myg
tion is determined from the Mono Pattern 0 and 1 pé
for a rectangle fill operation.

TP - Transparent

0 = A mono source image transfer uses bo :
and source background (image bit = g cg

1= A mono source image transfer updQ e
foreground color is selected (imageNbi

the mono source ca
text" refers to the
entire rectangulartg

€ pixels forming the text characters and not the
sing the background color for non-text areas.

source data, e.g., text.
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Bits 13-12

Bits 16-14

Bits 24-17

Bit 25

Bits 30-27

Bit 31

FDO - First Doubleword Offset (Image Transfers)

00 = Entire first doubleword 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 transfe

11 = Start with the fourth byte of the first doubleword of an image tran

Reserved

256 ROPS - 256 Raster Operations

Value = b inary key selecting one of 256 three operand rastg
Appendix A.

The full 256 three-operand ROPs are available for BitB
tions. The other 2D operations (Rectangle Fiil, Line [
use the subset of the 256 ROPs that does not have/a &
pattern, the pattern must be mono and the hardwa¥g
pattern foreground color regardless of the valys
registers. [

XP - X Positive (BitBLT)
0 = A BitBLT is performed from right tg

YP - Y Positive (BitBLT)
0 = A BitBLT is performed fro
1= A BitBLT is performed frog&

2D COMMAND
0000 = BitBLT

0001 = Reserved
0010 = Rectangle Fil
0011 = Line Draw
0100 = Reserved
0101 = PolygoaFi
0110 = Reseg
0111 = Rese

he-fefinition for bit 0 of this register.

23D - 2D or 3D Select
0 = A 2D command is being executed
1= A 3D command is being executed
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Rectangle Width/Height Register (RWIDTH_HEIGHT) (MMAS504)

Read/Write Offset: A504H (BitBLT)

Power-On Default: Undefined (\
15 | 14 13[12]1m]10] 9[8[ 7685 4] 3] 2NN\NIA
RIR|R|R]|R RECTANGLEHEIGHT ¢ N. \ Y /
31 | 30 | 20 | 28 [ 27 | 26 | 25 | 24 | 23 | 22 [ 21 | 20 | 19\] g8 16
R|IR|R|RI|R RECTANGLE WIDTH\ N

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
Value = width in pixels of the rectangiéd
A value of 0 equals 1 pixel/line.

Reserved

Read/Write
Power-On Default: Undefined

)
15 | 14 10| N8|l 7]6ls]al3]2]1]o0
R | R N\ SOURCE Y
31 | 30 N26\| 25 | 24 | 23 | 22 [ 21/ 20 [ 19 [ 18] 17 [ 16
R | R \\/ SOURCE X
Bits 100

Bits 15-11 Reserved
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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 XY Register (RDEST_XY) (MMAS0C)

Read/Write Offset: ASOCH (BitBLT)
Power-On Defauit: Undefined . 4
151413 12[1n[10]9 ] 8]7]6]BWNeNPl2]1]0
STIRARONY
31 | 30 | 29 [ 28 | 27 | 26 | 25 | 24 | 23 | el 20) 219 | 18] 17 | 16
PESNNAYONK

Bits 10-0- DESTINATION Y

Value =y coordinate in lines oj/fthe xr I hapd corner of the filled rectangle to be

Bits 15-11 Reserved
Bits 26-16 DESTINATION X

£ of the upper left hand corner of the filled rectangle to
or a BitBLT -

Value = x coordin
be drawn or the dé

Bits 15-11 Reserved

Note: Tl
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Line Draw Endpoints Register (LXENDO_END1) (MMA96C)

Read/Write Offset: A96CH (2D Line)
Power-On Default: Undefined

This register specifies the x coordinates of the first and last pixels drawn for a line, This p
the ability to not draw the last pixel of each line segment when the line is to be extended t:

polyline.
A \D
5 14|13 12 ] 1 1o|9|s|7ls|5[4é\3\[\2}’¥lo
o{o]oflo]o END1 AN
31 | 30 | 29 | 28 | 27 | 26 | 25 | 24 | 23 | 22 | 21 [/20 19\| 17 | 16
ol ololo]o

Bits 150 END1

gr the topmost scanline.

Value = x coordinate (in pixels) of the last pj
st be 0’s to indicate a

The first coordinate value is 0. Bits 15-11 3
positive value.

Bits 31-16 ENDO

Value = x coordinate (in pixels) el to e drawn for the bottommost scan-
line. The first coordinate value, A X sign bits and must be 0’s to indicate
a positive value.

ViRGE line draw always pfogde¥ R ‘'om to top. If the requested line is drawn
BN\Struction, the ENDO coordinate will be the
e and the END1 coordinate will be 1 less (if

x coordinate. If the 0 qORxted ine is drawn downward, the END1 coordinate will be
the same as theLequidsteMxtarhx coordinate and the ENDO coordinate will be 1 more

PROPRIETARY AND CONFIDENTIAL PRELIMINARY S3D REGISTER DESCRIPTIONS 20-17



S3d VIiRGE

#3

83 Incorporated

Line Draw X Delta Register (LdX) (MMA970)

Read/Write Offset: A970H (2D Line)
Power-On Default: Undefined :\

15 [ 141312 1nf10] 9] 8] 7165 ] a3 ] 2NXNIA

XDELTA LOW

X DELTA HIGH

Bits 31-0 X DELTA
Value = - (AX << 20)/AY) with integer division

Line Draw X Start Register (LXSTART) (VMA974)

Read/Write Offset: A974H (2D/Li
Power-On Default: Undefined

15}14|13J12J11I1o|,4€\|y]/6J5]4[3|2I1To
/ /AT LN

31 | 30 | 29 | 28 | 27 | 2¢ | /o5 I\)Lélzz[z1lzo]1sl1sl17l1s
A\ VY LsTAM HIGH

Bits 31-0 X START

&)\ Vg £ (X1 << 20) - (X DELTA >> 1)
R, value = X1 << 20 ’

B, Wie absolute x value increases faster than the absolute y value as
. Jn this case, there may be more than one pixel drawn per scan line.

awmest one pixel will be drawn per scan line. If the requested line is drawn
is the requested starting x coordinate. If the requested line is drawn down-

4 the requested ending x coordinate. X DELTA is the value programmed in

he field format is $11.20, i.e, bit 31 is the sign bit (0 = positive), with 11 in-
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Line Draw Y Start Register (LYSTART) (MMA978)

Read/Write Offset: A978H (2D Line)

Power-On Default: Undefined (\
15 | 1413 [ 12][1n]|1w0] 98] 765 ]a]3] 2NN\
R|R|R[R]R Y START N \V/
31 | 30 {29 | 28 | 27.]| 26 | 25 | 24 | 23 | 22 | 21 | 20 | 19\ % N\ A6
R|R[R[I[RI[R]IR[R|[R[R|[R[R]R AB) R

Bits 10-0 Y START

requested starting and ending y coordinates.

Bits 31-11 Reserved

Line Draw Y Count Register (LYCNT) (MMA97C)

Read/Write Offset: A97CH (2
Power-On Default: Undefined

15 | 14| 13 ] 12| 1 10[/4% \N\N™~[/6 [ s [a [ 3] 2]1]o0
R|RIR|R]|R / / A\ \\ /SCAN LINE COUNT

31 | 30 | 20| 28|27 |2 AaN 2 | 22 | 21 |20 1918 ] 17 ] 16
bRl RIRIR[IRIBRNRLZRIRIRIRIRIR]IR]RI[R

Bits 10-0 SCAN LINE CQUNT Q
Value = [abs ( N
y2 is thq r

Bits 30-11 Rgferve %

d g y coordinate and y1 is the requested starting y coordinate.

Bit 31 DIR - Dragvihg Direction
= Rraw }inp from right to left
1% D lie from left to right
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Polygon Right X Delta Register (PRDX) {(MMADG68)}

ReadMIrite Offset: AD68H (Polygon Fill)
Power-On Default: Undefined (\
1514131211109 7]le6]ls5]a]3] ANNIN
RIGHT EDGE X DELTA LOW /N \V/
31 | 30 | 29 | 28 | 27 | 26 | 25 | 24 | 23 | 22 | 21 | 20 | 19 | 18 N\XK [/ 16

RIGHT EDGE X DELTA HIGH A \V . )

Bits 31-0 RIGHT EDGE X DELTA

Value = - (AX << 20)/AY) with integer division

If the requested line is from coordinates x1,y1 to xAy2\AX i x1and AY isy2 - y1.
b fieh i 1.20, i.e, bit 31 is the
sign blt (0 posntlve), wuth 11 integer posn Bxs and 20 fra \onal positions.

Read/Write Offset: AD6CH (P
Power-On Default: Undefined

/\\

15 | 14 | 13 | 12| 11| 10| NA\N7 /el 5] al3]2]1]0
A Qe START LOW
31|ao|29|zs|z7|a(|/z;’\a\\{3|n|z1lzol19|18|17|16
A\ RA¥HYEDGA START HIGH

al e tone pixel will be drawn per scan line. If the requested line is drawn
41 is the requested starting x coordinate. If the requested line is drawn down-
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Polygon Left X Delta Register (PLDX) (MMAD?70)

Read/Write Offset: AD70H (Polygon Fill)
Power-On Default: Undefined (\
15 [ 14 |13 ] 12 11 ]10] 9] 8] 7]6]5 ] a] 3] 2N\
LEFT EDGE X DELTA LOW
31 | 30 | 29 | 28 | 27 | 26 | 25 | 24 | 23 | 22 | 21 | 20 | 19\|
LEFT EDGE X DELTA HIGH

Bits 31-0 LEFT EDGE X DELTA

Value = - (AX << 20)/AY) with integer division

Polygon Left X Start Register (PLXSTART) (MMAD?74

Read/Write Offset: AD74H (Pdly: Fi
Power-On Default: Undefined

1511ﬂ13|1zl11|1o|ﬁ\IVV6Is|4lslzl1lo
EFf ERGENNSTAAT LOW

31 [ 30 | 29 [ 28 | 27 | 2F |/> N [ 22 |21 | 20|19 ] 18] 17 ] 16
A\ LT ZDGE WSTART HIGH

ind, Vgt (x1 << 20) - (LEFT EDGE X DELTA >> 1)
e, vajue = x1 << 20 ’

e absolute x value increases faster than the absolute y value as
. Jn this case, there may be more than one pixe! drawn per scan line.

Qtest one pixel will be drawn per scan line. If the requested line is drawn
is the requested starting x coordinate. If the requested line is drawn down-

4 the requested ending x coordinate. X DELTA is the value programmed in

he field format is $11.20, i.e, bit 31 is the sign bit (0 = positive), with 11 in-
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Polygon Y Start Register (PYSTART) (MMAD78)

Read/Write Offset: AD78H (Polygon Fill)

Power-On Default: Undefined (\
15 |14 [13 [ 12 [11 [10] 9 [ 8] 765 ] a4]3] 2NN/
R|{R|R|R/|R Y START (N \VY/
31 30 29 28 27 26 25 24 23 22 21 20 19 \ ] 16
R{R[RIRIR]IRIRIR]IRIRIRIRARN) R/| R

Bits 10-0 Y START

Value =Y coordinate (in scan lines) of first scan ling/Ay
ViRGE draws lines from bottom to top. Therefore th
requested starting and ending y coordinates.
once for each polygon.

Bits 31-11 Reserved

Polygon Y Count Register (PYCNT) (MMAD7C)

Read/Write Offset: AD7C
Power-On Default: Undefined

15|14l 3|20/ I PNe N/ 65 al3]2T1]o0
R|R[RI|R { (/ / \._ ) SCAN LINE COUNT

R
31 | 30 | 29 [ 28 | 27 [N 25/ 24 23 [ 22 [ 21 [ 20 J 19 [ 18 [ 17 | 16
R| R JuElure| R IMNNR|R|IR|[R|I[R|R|R|R]|R

plete explanation of how to program the polygon fill registers at each step to form a
complete polygon.

Bits 27-11 Reserved
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Bit28 URE - Update Right Edge
0 = Do not update right edge
1 = Update right edge
Bit29 ULE - Update Left Edge
0 = Do not update left edge
1 = Update left edge

Bits 31-30 Reserved

O
@©®@
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20.4 3D REGISTERS

Z-Buffer Base Address Register (Z_BASE) (MMBO0OD4, MMB4D4)
Read/Write Offset: BOD4H (3D Line), BAD4H (3D Triangle)
Power-On Default: Undefined

15 141312 1n][10] 9 [s8] 765 ] ‘(lV \'5/\{

Z-BUFFER BASE ADDRESS /N \ o o
31 | 30 | 29 | 28 | 27 | 26 | 25 | 24 | 23 [ 22 | 21 /2 I\e\\a) 16
R| R|IR|IR|RIR|R|[R]|R]|R ZRUBEER MSBYADDRESS

Bits 2-0 Reserved =0
Bits 21-3 Z-BUFFER BASE ADDRESS

Value = base address in video memo
to store depth information for each pR

Bits 31-22 Reserved

Read/Write
Power-On Default: Undefined

151413 2T Ls]l7]e6ls]alafali1]o
__DXSTRATIION PASE ADDRESS :

31 | 30 | 29 25 | 24 | 23] 22| 21| 2019 ] 18] 17| 16

R | RI|RI[[r R R R R[R DESTINATION BASE ADDRESS

A4

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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Left/Right Clipping Register (CLIP_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%e eXgct.

N\
15 |14 [ 13 ] 12|11 ]10] 9 | 8| 7|65 | a3\ 2 XA,
R R|R|R/|R LEFT CLIPPING LIMIA N
31 | 30 | 29 [ 28 | 27 | 26 | 25 | 24 | 23 | 22 [ 21 | 204 ™ N8/ ¥ | 16
R|R|[R]R]|R RIGHT CLIPPING/] AN

Bits 10-0 LEFT CLIPPING LIMIT
Value = pixel position of the first pixel to be drawn oy e first pixel is 0.

Bits 15-11 Reserved
Bits 26-16 RIGHT CLIPPING LIMIT
Value = pixel position of the last pixel th beMdr3 ach line. The first pixel is 0.

Bits 31-27 Reserved

Read/Write Offset:
Power-On Default: Undefined

Bit 1 of the Command Set registe e det to 1 for the settings in this register to have effect.

15 |14 13|12 Nq]|ago] oN 8| 7] 6]l [afaf2]1]o
R R|IR|RAN \ BOTTOM CLIPPING LIMIT
31 | 30 [ 29 | 2B /27 N6\ 25 | 24 | 23 | 22 | 21 [ 20 [ 19 [ 18 | 17 | 16
RIR|R| E\ RV TOP CLIPPING LIMIT

Bits 10-0 MEEING LIMIT

Bits 15-11 Ress
Bits 26-16 TOP CLIPPING LIMIT

Value = line position of the first line to be drawn. The first line is 0.
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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 (\
A

15 141312 1n][10] 98l 76l aNs\¥Y W1/ o
R|IR|R]|R SOURCE STRIDE N \ofl o | o
31 | 30 | 20 | 28 | 27 | 26 | 25 | 24 [ 23 | 22 | 21 [/2¢/] Zo \V8\]| 17 | 16
R|R|RI|R DESTINATIONSTRIDE /. '\ \;V 0| o

- Bits 11-0  SOURCE STRIDE (3D Triangie only)

Value = byte offset of vertically adjacent pi ot mipmapped) texture

map. Bits 2-0 must be 000b.
Bits 15-12 Reserved
Bits 27-16 DESTINATION STRIDE

Value = byte offset of vertically/adjé gt the destination data. Bits 2-0 must

be 000b.

Bits 31-28 Reserved

Z Stride Register (Z_STRIDE) ( A B4ES)
Read/Writed el B Line), B4E8BH (3D Triangle)
Power-On Default: Undefirfed .
A
15 | 14| B[ LI ™NMN[O9 8|76 [s5[a]3]2]1]0
RIRrR|RI[R \ ) Z STRIDE ol ol o
31 | 30 | 20 | B8\ 27\ [)2¥ | 25 | 24 | 23 | 22 | 21 [ 20 | 19 [ 18 | 17 | 16
R | R /JR| R|R|R|R|]R|R|R|R|R]R
Bits 11-0 \Z STRI
e = Hyte offset of vertically adjacent pixels for the Z-buffer data . Bits 2-0 must be
000b.

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: B4ECH (3D Triangle)
Power-On Default: Undefined
i ™.
15 [ 14 13]12]11]10] 9|87 ]6]5] 4 \Y 17| o
TEXTURE BASE ADDRESS 6 0
31 | 30 | 20 | 28 | 27 |26 |25 |24 |23 | 22 | 21 [0 \9\\8\ 16
RIR|[R|IRIR]IR|IR|[R|R]|R /?axmneéxsé)éoaess

- Bits2-0 Reserved =0

vsv

e\data (flat or mipmapped). Bits 2-

Bits 21-3 TEXTURE BASE ADDRESS

Value = base address in video memory ¢
0 must be 000b (quadword aligned).

Bits 31-22 Reserved

‘Texture Border Color Register (TEX_BBR ( )
Read/Write Offset\B4 30T le)
Power-On Default: Undefined
This is used as the texel col lixhting\whgn texture wrapping is not enabled (bit 26 of the Com-
mand Set register is clearef to 0) an@ th ure rectangle is too small to complete the fill. Thns
must be in the same for; th ure/olor.
15 | 1432 No) 9 [ s8] 7[e6e]s|als|2]l1]o
Naz) | VY DATA 1
31 | 30 |, J26 | 25 | 24 | 23 [ 22 | 21 [ 20 | 19 [ 18] 17 | 16
R| R I[R/TYRANBA R | R | R DATA3

Bits 7-0 &)

Value = DAC CLUT index (8 bits/pixel), lower byte of color data (15/16 bits/pixel), blue
color index (24 bits/pixel
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Bits 15-8 DATA 2

Value = Reserved (8 bits/pixel), upper byte of color data (15/16 bits/pixel), green color
index (24 bits/pixel)

Bit 23-16 DATA3

Value = Reserved (8, 15 or 16 bits/pixel), red color index (24 bits/pi#

Bits 31-24 Reserved

Fog Color Register (FOG_CLR) {(MMBOF4, MMB4F4)

Read/Write Offset: BOF4H (3D Line), BOF4H (3D
Power-On Default: Undefined

gnd Set register is set to

This is the fog color blended with the pixel color when bit
pha) corresponds to the

1. This operation is also called depth cueing when the fog
distance from the viewer.

1% (141312 11]10] 98 al3]2]1]0o0
DATA 2 / \/ / DATA1

31 | 30 | 20 | 28 | 27 | 26 | 25 | fa /% /21 | 20 [ 19| 18| 17 | 186

RIR|JRIR|IRIRIRARN IV DATA 3

Bits 7-0

Bits 15-8

Bit 23-16 -

Bits 31-24
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Color0 Register (COLORO) (MMB4F8)

Read/Write

Offset: B4F8H (3D Triangle)

Power-On Default: Undefined

When using one of the Blend4 modes for texel storage, this register specifies one of thdcolQr lin#l
used in the interpolation of the texel color during the generate phase of pixel colénqg.

15 1|13 12[1n]lwo]9 8| 7]e6l5] a4 3\D[No
DATA 2 oA \ NV

31 | 30 | 20 [ 28 | 27 | 26 | 25 | 24 | 23 [ 22 | 21 | 19\ \wsl | 17 | 16
R R[R[R[R]IR[RI]R / oatan \\/
_ Bits7-0 DATA1

Value = Lower byte of color data (15/16 bits/p#kei); iy co¥or index (24 bits/pixel
Bits 15-8 DATA 2

Value = Upper byte of color data (15/1¢ color index (24 bits/pixel)
Bit 23-16 DATA 3

Value = Reserved (15/16 bits/p g€x (24 bits/pixel)
Bits 31-24 Reserved
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Color1 Register (COLOR1) (MMBA4FC)

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 thh coNr lipfi
used in the interpolation of the texel color during the generate phase of pixel coj6nQg.

151413 12][1n]1w0] 9|8 7|s|5j47\3\lvv>l\\(o
DATA

DATA 2
31 | 30 | 290 | 28 | 27 [ 26 | 25 | 24 | 23 | 22 | 21 | 1\ \1el | 17 | 16
RIR[R{RIR|[R[R]|R / DéTAZ\\\})

_ Bits7-0 DATA1

Value = Reserved (8 bits/pixel), lower byte of, 16 bits/pixel), blue color

index (24 bits/pixel)
Bits 15-8 DATA 2

Value = Reserved (8 bits/pixel), upper £
index (24 bits/pixel)

The 8 bits/pixel color must be
Bit23-16 DATA3

Value = Reserved (8, 1

Bits 31-24 Reserved ;
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Command Set Register (CMD_SET) (MMB100, MMB500)

Read/Write Offset: B100H (3D Line), BSOOH (3D Triangle)
Power-On Default: Undefined (\
15 [ 14 [ 13121 {109 | 8| 7] 65 ] al N /0

2
TB | TEXFLTR MODE | MIPMAP LEVEL SIZE | TEX CLR FORMAT| DEST FQRNMI [\ 2€
31 [ 30 | 20 [ 28 | 27 | 26 | 25 [ 24 [ 23 [ 22 [ 21 | 20 19\l§7\1\ 16

23D 3D COMMAND TWE | ZB MODE | ZUP ZBCOMP A\ Ak ,\f’ B
Bit0 AE - Autoexecute
0 = Execute command when this register is written t
1 = Execute command when the highest address r riQ a WrawiNg type set is
written to

The highest address register in a drawing ty is hasil seelf in Table 20-1, where
itis the bottom register in each column. FopRample, if thidbit is setto 1, a 3D line is
executed when the 3YCNT (MMB17C) regist: to./Aimilarly, execution of a
3D Triangle command is based on writigfg 14 t! Y12 (MMBS57C) register. This
setting allows multiple executions of #gi opArRany using different parameters
without re-writing the Command Set rqgissér.

To turn off autoexecute without£xegutin®\a ¢ land, write to this register with this
bit cleared to 0 and bits 30-27 grog Qe 17/11b (NOP).

Bit 1 HC - Hardware Clipping Eng
0 = Hardware clipping diga

Bits 4-2

Bits 7-5

™ =4 ts/pixel (Blend4, low nibble)
101 =74 bits/pixel (Blend4, high nibble)
110 = 8 bits/pixel (palettized)

111 = YU/YV (16 bits/pixel equivalent)
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83 Incorporated

Bits 11-8 MIPMAP LEVEL SIZE ‘
Value = s, where 2° is the size of one side of the largest mipmap texture rectangle

For example, a value of 4 specifies the largest mipmap as 2* x 2% = 16 exels. The
largest allowable s value is 9, which specifies a 512 x 512 texel texture.

Bits 14-12 TEX FLTR MODE - Texture Filtering Mode
000 = M1TPP (MIP_NEAREST)
001 = M2TPP (LINEAR_MIP_NEAREST)
010 = M4TPP (MIP_LINEAR)
011 = M8TPP (LINEAR_MIP_LINEAR)
100 = 1TPP (NEAREST)
101 = V2TPP (used for YU/YV video format - bits 7-5 o;
110 = 4TPP (LINEAR)
110 = Reserved

Only modes with no filtering (000b and 100b) ger @bits/pixel palettized
data. In addition, the texture blending mode gust betcal Wpits 16-15 of this register
=10b.) \

Bits 16-15 TB - Texture Blending Mode
00 = Complex Reflection
01 = Modulate
10 = Decal
11 = Reserved

Bit 17 FE - Fog Enable ¢
0 = Fog color blending digAl
1 = Fog color blending ¢

Bits 19-18

Bits 22-20

ass |f Zs +2zb
110 = Pass if Zs < Zzb
111 = z compare always passes
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Bit 23 ZUP - Z Update Enable
0 = 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

Bit26 TWE - Texture Wrap Enable

0 = Texture wrapping disabled
1 = Texture wrapping enabled

If wrapping is disabled, the texture border color (Mp§B4

Bits 30-27 3D COMMAND

0000 = Gouraud Shaded Triangle

0001 = Lit Texture Triangle
0010 = Unlit Texture Triangle
0011 = Reserved

0100 = Reserved

0101 = Lit Texture Triangle with persp

0110 = Unlit Texture Triangle
0111 = Reserved
1000 = 3D Line

1001 = Reserved
1010 = Reserved
1011 = Reserved
1100 = Reserved
1101 = Reserved
1110 = Reserved
1111 = NOP

Bit 31

with pe

nedgAo be specified.
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83 Incorporated

3D Line Draw GB Delta Register (3dGdY_dBdY) (MMB144)

Read/Write Offset: B144H (3D Line)
Power-On Default: Undefined (\
15 (14 [ 13 12 [ 11 [10] 9 [8[7 6|5 |a]3 ] 2YN[A
BLUE DELTA
31 [ 30 | 29 [ 28| 27 | 26 [ 25 | 24 | 23 | 22 | 21 | 20 [ 19\
GREEN DELTA

Bits 15-0 BLUE DELTA
Value = Delta value for the accumulation of the blugy

Bits 31-16 GREEN DELTA

Value = Delta value for the accumulation of #Re green attribde. The format is $8.7.

3D Line Draw AR Delta Register (3dAdY_dRdY) (MMB]48

Read/Write Offset: B148H (3DALin,
Power-On Default: Undefined

Pa\
15 [ 1413121110 A NIN/[Je|s5s]a[s][2]1]cd
/ /X y

" REONDELT
31 [ 30 | 29 | 28 [ 27 | 26/ 5/ \a€ | 22 | 21 [20] 19 [ 18] 17 | 16
A\ V. M PHNFELTA

Bits 15-0 RED DELTA

Value = Dekaalu e Accumulation of the red attribute. The format is $8.7.

Bits 31-16 ALPHA DFLTR
Valee D€ glu¢ for the accumulation of the alpha attribute. The format is S8.7.
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?‘ S3d VIRGE

83 Incorporated

3D Line Draw GB Start Register (3GS_BS) (MMB14C)

Read/Write Offset: B14CH (3D Line)
Power-On Default: Undefined <\

15 | 1413 1211 ] 10] 9] 8] 7]6]5]a]3] 2N%/0)

0 BLUE START (N \ Y

31 3ol29Izs|27]zs[zslz4|23lzzlz1Izol&\lgsiﬁékw
0 GREEN START \ V A

Bits 15-0 BLUE START

N

Value = Starting value for the accumulation of the )¢ e. Thw'format is S8.7,

where S must be 0.

Bits 31-16 GREEN START

Value = Starting value for the accumulatig patfibute. The format is $8.7,

where S must be 0.

3D Line Draw AR Start Register (3AS_RS) (M\B154

Read/Write Offset: B150! LY
Power-On Default: Undefined

151|132 1|10/ ANSNY | 65| a3 ]2]1]0
0 {/ / REDSTART
31 | 30 | 29 [ 28 | 27 YR\ 28/] 24 { 23 [ 22 | 21 | 20 | 19 | 18 | 17 | 16
0 N\ N\ \ ALPHA START

Bits 15-0 RED STAR

Bits 31-16 /
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$3 Incorporated

3D Line Draw Z Delta Register (3dZ) (MMB158)

Read/Write Offset: B158H (3D Line)
Power-On Default: Undefined (\
15 | 14 [ 13 [ 12 [11 ][0 9[8[ 765 a]3] 2NAN]
Z DELTA LOW N \VY/
31l3o|29lzslm]zslzslmlzstszIzol19\lm‘l\g}\'l716
Z DELTA HIGH A \V )

Bits 31-0 Z DELTA

Value = Delta value for the accumulation of the Z a ) is $16.15.

3D Line Draw Z Start Register (3ZSTART) (MMB15C)

Read/Write Offset: B15CH (3D Line)
Power-On Default: Undefined

51131211 ]w]e[s Efd ] a3 210
zMApm O\ /"
31 | 30 | 29 | 28 | 27 | 26 | 25 AN\2a\| 23\] 21 [ 20 |19 [ 18 [ 17 [ 16

0 NASTARTHIGH
\/
Bits 31-0 Z START
Value = Starting r thé accumulation of the Z attribute. The format is $16.15,
where S must be 0. .
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83 Incorporated

3D Line Draw Endpoints Register (3XENDO_END1) (MMB16C)

Read/Write Offset: B16CH (3D Line)
Power-On Default: Undefined

15 |14 [ 13[12]11[10] 98| 7]le6ls5]a]3]2NNIA
o]l ofolo]lo END1 (N \VY/
31 [ 30 | 29 | 28 | 27 | 26 | 25 | 24 | 23 | 22 | 21 | 20 | 19\ g8
o lololo]o ENDO

Bits 15-0 END1

Value = x coordinate (in pixels) of the last pixel to j
The first coordinate value is 0. Bits 15-11 are sign &
positive value. '

he 0’s to indicate a

Bits 31-16 ENDO

Jrawn for the bottommost scan-
Nits and must be 0’s to indicate

Value = x coordinate (in pixels) of the fir
line. The first coordinate value is 0. Bifé
a positive value.

3D Line Draw X Delta Register (3dX) (MM

. Read/Write Offset: B170HYQD
Power-On Defauit: Undefined A
15 1B 2] M][MNVsVri]Ie[s]a]lsz[2]1]o0
\ DELTA LOW
31 | 30 | 29 | 28 | 2~L 28 |\ N24 | 23 | 22 | 21 [ 20 | 19 [ 18 | 17 | 16
C ™ N\\WDELTA HIGH

Bits 31-0 X DEL

Fug for the accumulation of the X attribute. The format is $S11.20.
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83 Incorporated

3D Line Draw X Start Register (3XSTART) (MMB174)

Read/Write Offset: B174H (3D Line)
Power-On Default: Undefined <\
15 14131211098 7]e6]ls5]a]3] 2NN
X START LOW (N \ VY
31 | 30 | 20 | 28 | 27 | 26 | 25 | 24 | 23 | 22 { 21 [ 20 [ 19\ 16
0 X START HIGH \ V AL

Bits 31-0 X START

Value = Starting value for the accumulation of the bixe. Noe fomnat is S11.20,

where S must be 0.

3D Line Draw Y Start Register (3YSTART) (MMB178)
Read/Write Offset: B178H (3D Line)

Power-On Default: Undefined v/>
[
0] 9|8 LN /M a3 2110

15141312 n 5,
RIR|R|RI|R / NS SHART
31 [ 30 | 29 [ 28! 27| 26 | 25 | fa f 25\ 21 | 20 [ 19| 18] 17 ] 16
HRRRRRR/\\B\\R)_LRRRRRRR
Bits 10-0 Y START \/
Value =Y coordinaje first scan line to be drawn
ViRGE draws lines DQttoxp to top. Therefore this value will be the largest of the

requested sta

Bits 31-11 Reserved
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83 Incorporated

3D Line Draw Y Count Register (3YCNT) (MMB17C)

Read/Write Offset: AB1CH (3D Line)
Power-On Default: Undefined <\
15 [14 131211 ]10] 987265 ] a]s]2NANA
R|{R|R]|]R]|R SCANLINECOUNT ¢ N, \ Y
31 [ 30 | 29 | 28 | 27 | 26 | 25 | 24 [ 23 [ 22 [ 21 [ 20 | 19 g‘\d\ 16
pR{ R R{R[R|IRIR[R[I[R|[R[R]|R \ R21 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
0 = Draw line from right to left
1 = Draw line from left to right .

Q)
&
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83 Incorporated

Triangle Base V Register (TBV) (MMB504)

Read/Write Offset: B504H (3D Triangle)
Power-On Default: Undefined <\
15 (141312 1n]1w]9 8765 ] a3 2NNIA
BASE V

31 | 30 | 29 | 28 | 27 | 26 | 25 | 24 | 23 | 22 | 21
R R R R R R R R R

o]
pus]

Bits 19-0 BASEV
Value = Base vertical coordinate value for texels. T

This is the common offset for all V coordinate value

Bits 31-20 Reserved

Triangle Base U Register (TBU) (MMB508)

le

Read/Write Offset: B508H (3DAri
Power-On Default: Undefined

1sl14l13]1Ll11IwTA\I\z/lTsl5I4lslzI1Io
BNEU /

31 | 30 | 20 | 28 | 27 | 2¢/| #5 22 | 21|20 ] 19| 18] 17| 16
RIRIRIRIRIAIMYVYRNYRIR|RI|R BASE U
Bits 19-0 BASE U
Value=B ri .o dinate value for texels. The format is 12.8.
This is gh myR ofsset for all U coordinate values for textures.
Bits 31-20 R
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83 Incorporated

Triangle WX Delta Register (TdWdX) (MMB50C)

Read/Write Offset: BSOCH (3D Triangle)
Power-On Default: Undefined <\
15 | 14131211 [10] 9|8 [7][6]5]a]3] 2R N\NA
WX DELTA LOW (N \VY/
31 | 30 | 20 [ 28 | 27 | 26 | 25 [ 24 [ 23 | 22 | 21 | 20 | 19\ 16
WX DELTA HIGH \ V AL

Bits 31-0 WX DELTA

Value = Delta value for the accumulation of the W ap§b/te ogeMeous coordi-

nate) with respect to X. The format is $12.19.

W is the depth coordinate for 3D texture map:

Triangle WY Delta Register (TdWdY) (MMB510)

Read/Write Offset: B510H (3D Trja
Power-On Default: Undefined

N\
5111210 ] s AN N7 b 5[a]3]2]17]0o

TA
31 |30 [ 29 |28 [ 2726 [/25/10a N3 f 2221201918177 16
/ )\L{é)(IGH

Bits 31-0 WY DELTA

aQelimuliation of the W attribute (homogeneous coordi-
ormat is $12.19. ’ )

Wi is thg d@) dinate for 3D texture maps.
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83 Incorporated

Triangle W Start Register (TWS) (MMB514)

Read/Write Offset: B514H (3D Triangle)
Power-On Default: Undefined (\
15 | 14131211 ]10] 98! 7 65| a3 ] 2NN[A
W START LOW (N \VY/
31 |30 | 20 | 28| 27 ] 26| 25 [ 2a [ 23] 22| 21 [ 20 | 19 16
0 W START HIGH /\ \ A

Bits 31-0 W START

Value = Starting value for the accumulation of the ib\te homogeneous coordi-
nate). The format is $12.19, where S must be 0.

W is the depth coordinate for 3D texture mapy/

Triangle DX Delta Register (TdDdX) (MMB518)

Read/Write Offset: B518H (3D T
Power-On Default: Undefined

AN
151413121110 sANeVN7Y]le¥[ sl a3 2]1]0
X DT

31 [ 30 [ 29 | 28 | 27 | 26 [/2 aN\23/ 22 | 21 [ 20 | 19 | 18] 17 | 16

. { BXPRINiGH
v/ vV

Bits 31-0 DX DELTA

Zd¢umulation of the D attribute with respect to X. The for-
rap bits, 8 integer bits, 19 fractional bits - the wrap bits
edge wrap arounds allowed for the texture.)
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83 incorporated

Triangle VX Deilta Register (TdVdX) (MMB51C)

Read/Write Offset: BS1CH (3D Triangle)
Power-On Default: Undefined (\
15 |14 [13[12 {11 [10] 98|27 {65 ]af3s]|2NNIA
VX DELTA LOW (N \ VY

31 | 30 [ 20 [ 28 | 27 | 26 | 25vIXg;LLAz:IGIsz] 21 | 20 | “A{%],}\@&

Bits 31-0 VX DELTA

Value = Delta value for the accumulation of the V a te\yith\respd¢t to X. The for-
mat is $24.7 if perspective is enabled (3D commarfd =Q101D\or 0] 10b). The format is
$12.8.11 without perspective enabled. This format i3\1 sign bit 12integer bits, 8 filter
bits and 11 fractional bits.

Triangle UX Delta Register (TdUdX) (MMB520)

Read/Write Offset: B520H (3D Ty
Power-On Default: Undefined

N\
15 11312110 sANeN7))e¥] s a3l 2]1]o

1
31 | 30 | 29 | 28 | 27 | 26 /2 x4\1\2342ﬂ21]zol19118117l16

/. { OXPRINVIGH
\Y4 A4

Bits 31-0 UX DELTA

for the Wd¢éumulation of the U attribute with respect to X. The for-
ective j#
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83 Incorporated

Triangle DY Delta Register (TdDdY) (MMB524)
Read/Write Offset: B524H (3D Triangle)

Power-On Default: Undefined <\

5 1a]13]12]n]w0] 9] 8] 7]e6l5]als] 2NNL/S
DY DELTA LOW (N \ VY

31 | 30 | 29 | 28 | 27 | 26 | 25 [ 24 | 23 [ 22 | 21 | 20 | g
DY DELTA HIGH

Bits 31-0 DY DELTA

Value = Delta value for the accumulation of the D a
mat is $4.8.19 (1 sign bit, 4 wrap bits, 8 integer bi

Triangle VY Delta Register (TdVdY) (MMB528)
Read/Write Offset: B528H (D Tangk)
Power-On Default: Undefined /Q

/9

15 [ 14 [ 13 [ 12 ] 11 ] 10 | s\ T /e[5!l al3]l2]1]o
/ / YODELNNOW

31 | 30 | 29 | 28 | 27 | /2a\| 23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
&Y DELTA HIGH

Bits 31-0 VY DELTA
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$3 Incorporated

Triangle UY Deita Register (TdUdY) (MMB52C)

Read/Write Offset: B52CH (3D Triangle)
Power-On Default: Undefined <\

15 | 14 |13 [ 12 |11 [10] 9 [ 8 [ 7 |6 |5 | 4] 3] 2N1AN]

m e alolnlslelslelalsal 1\|\;€M>\V|/
31 30 29 28 27 26 25 ™ [2)4E LTAZ:IGH 22 21 20 19 \ — 16

Bits 31-0 UY DELTA

Value = Delta value for the accumulation of the U ajmigdte respdét to Y. The for-
mat is $24.7 if perspective is enabled (3D commar] =Q101b\or 0 10b). The format is
$12.8.11 without perspective enabled. This format i3 i integer bits, 8 filter
bits and 11 fractional bits.

Triangle D Start Register (TDS) (MMB530)

Read/Write Offset: B530H (3D Trja
Power-On Default: Undefined

O\
15[14[13[12|11J1o|9/T\\L‘}\7)L/)svlsl4l3I2|1Io

31 | 30 | 29 | 28 | 27 | 26 [/~ A4A3/(zzjz1lzo|1911sl17l1s
0 7</J)\2>)KRT

Bits 31-0 D START

Value = Sta
sign bit = 0.4
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83 incorporated

Triangle V Start Register (TVS) (MMB534)

Read/Write Offset: B534H (3D Triangle)
Power-On Default: Undefined <\

15 (14 (13 [ 1211 [10] 9[8[ 765 ] a] 3] 2NNIA
V START LOW (N \ VY

31 [ 30 | 20 | 28 [ 27 [ 26 | 25 | 24 [ 23 [ 22 [ 21 | 20 | 19\ 16
0 V START HIGH \ 5,\>

Bits 31-0 V START

Value = Starting value for the accumulation of the YR\ Che fosfnat is S24.7 if
perspective is enabled (3D command = 0101b or 010N ¢ oat is $12.8.11 with-
out perspective enabled. This format is 1 sign bit, 12 B filter bits and 11
fractional bits. In either case, the sign bit mus?ba-8

The V attribute is the vertical coordinate

Triangle U Start Register (TUS) (MMB538)

Read/Write Offset: B538H ( T an
Power-On Default: Undefined

15|14[13l12—r11|1ol/ 8\\{‘)'/6[ La 3 [27]1]

31 | 30 [ 29 | 28 | 27 | J/24\l/‘23|nlz1!zo] 9| 18|17 ] 16
0 / USTART HIGH

Bits 31-0 U START
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83 Incorporated

Triangle GBX Delta Register (TdGdX_dBdX) (MMB53C)

Read/Write Offset: BS3CH (3D Triangle)

Power-On Defauit: Undefined (\
5141312 1n]10]9 [ 8|7 ]6]5]a] 3] 2NN/
BLUE X DELTA
31 | 30 | 20 | 28 | 27 | 26 | 25 | 24 | 23 | 22 [ 21 | 20 | 19\

GREEN X DELTA

Bits 15-0 BLUE X DELTA

Value = Delta value for the accumulation of the blug
format is S8.7.

Bits 31-16 GREEN X DELTA

Read/Write Offset: B540
Power-On Default: Undefined

15 11312 1n[10fANNY T 6]s[afaf2]1T0
{ {/ FEDXDELTA
31|3olzs|za|27](\2q\|\'zs/|z4723|zz[21Izol19]1tﬂ17|1s

\\ XLPHA X DELTA

Bits 15-0 RED X D

Bits 31-16
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83 Incorporated

Triangle GBY Delta Register (TdGdY_dBdY) (MMB544)

Read/Write Offset: B544H (3D Triangle)
Power-On Default: Undefined (\
w1l 13[12]1n[1w]s sl 765 a]3] 2NANIA
BLUE Y DELTA -\ Y/
31 | 30 | 20 [ 28 | 27 | 26 | 25 [ 24 | 23 | 22 | 21 | 20 | 19\] g8 16_|
GREEN Y DELTA /\

Bits 15-0 BLUE Y DELTA

Value = Delta value for the accumulation of the blugN jth regpect to Y. The

format is S8.7.

Bits 31-16 GREEN Y DELTA

Value = Delta value for the accumulation ¢f t| 2 Jreqrs e with respectto Y. The
format is S8.7.

Triangle ARY Delta Register (TAAdY_dRdY) (

Read/Write Offset: B548H
Power-On Default: Undefined

15L14l13]12{11i1y{i)§3\‘%7/]s_ls]4l3|2]1Lo

DELTA

31|3ol29|28|z7[QNM;Lz;lzzlnlzolwlwl17Ls
W_PHA Y DELTA

Bits 15-0 REDYD

Bits 31-16
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$3 incorporated

Triangle GB Start Register (TGS_BS) (MMB54C)

Read/Write Offset: BS4CH (3D Triangle)

Power-On Default: Undefined <\
15 [ 14 [13]12]1n][10]9 [ 8[7]6]s | a]s3] 2NN
0 BLUE START (N \ VY
31 [ 30 [ 20 [ 28 [ 27 | 26 [ 25 | 24 [ 23 [ 22 [ 21 [ 20 | 19\ 16
0 GREEN START \V A

Bits 15-0 BLUE START

Value = Starting value for the accumulation of the hiNg 4 R. TheMormat is S8.7,
where S must be 0.

Bits 31-16 GREEN START

Value = Starting value for the accumulatio poute. The format is S8.7,

where S must be 0.

Triangle AR Start Register (TAS_RS) (MMB550,

Read/Write Offset: B550H Trig
Power-On Default: Undefined

5141312110/ NRN/1 6] 5] a]l3][2]1]o0
0 { {/ / DDXTART
31 | 30 [ 29 | 28 | 27 [28N\ 25/ 24 23 [ 22 [ 21 [ 20 [ 19 | 18| 17 | 16
0 N\ W\ \ ALPHA START

Bits 15-0 RED STAH

pr the accumulation of the red attribute. The format is $8.7,

Bits 31-16

PROPRIETARY AND CONFIDENTIAL PRELIMINARY S3D REGISTER DESCRIPTIONS 20-49



#3 $3d VIiRGE

83 Incorporated

Triangle ZX Delta Register (TdZdX) (MMB554)

Read/Write Offset: B554H (3D Triangle)
Power-On Default: Undefined (\
1514 1312 1n]1w0]9 ] 8| 7]6]ls5] a]s3] 2NN
ZX DELTA LOW (N \VY/
31 | 30 | 29 | 28 | 27 | 26 [ 25 | 24 | 23 | 22 | 21 | 20 | 19\
ZX DELTA HIGH

Bits 31-0 ZX DELTA

Value = Delta value for the accumulation of the Z ap/Rb#
mat is $16.15.

Triangle ZY Delta Register (Td2dY) (MMB558)

Read/Write Offset: B558H (3D Triang
Power-On Default: Undefined

151413121110 s [ A2 N6 I/ a3 27170
A LYW\
31 {30 | 20 |28 | 27| 26 | 2 N3l k221 ] 20191817 ] 16
DNNA MY
Bits 31-0 ZY DELTA “
Value = Delta value Qe acgumulation of the Z attribute with respect to Y. The for-

mat is $16.15,
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#3 S3d ViRGE‘

83 Incorporated

Triangle Z Start Register (TZS) (MMB55C)

Read/Write Offset: BS5CH (3D Triangle)
Power-On Default: Undefined (\
15 14131211109 [s8]72]e6]s5]a]s] 2NN
Z START LOW (N \ Y
31 | 30 | 20 | 28 [ 27 | 26 | 25 | 24 | 23 | 22 [ 21 | 20 | 19\ g8 16
0 Z START HIGH /N \V A
Bits 31-0 Z START -
Value = Starting value for the accumulation of the biXe. \pe foxfhat is S16.15,

where S must be 0.

The Z attribute is used in conjunction with z-

Triangle XY12 Delta Register (TdXdY12) (MMB560)

Read/Write Offset: B560H (3D Ty
Power-On Default: Undefined

N\
15 (14131211 ]10] sANA8N7Yle"l 5] a3 2]1]0

31l30|29!28‘27[26/192#124‘1-\23}\;2‘21|20[19L18|17L16

12BECNVHIGH
-V A4

Bits 31-0 XY12 DELTA

Value = Deltd\value for the %

12 side. The n\.
See 3

'umulation of the X attribute with respect to Y along the

g ¥ Section 15 for an explanation of this field.
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83 Incorporated

Triangle X12 End Register (TXEND12) (MMB564)

Read/Write Offset: B564H (3D Triangle)
Power-On Default: Undefined <\
15 [ 14|13 [12]|1n]10] 9|87 ]6]ls]a]s3]2YXN\N)
XY12 END LOW N\ Y/
31 [ 30 | 29 | 28 | 27 | 26 | 25 | 24 [ 23 | 22 [ 21 [ 20 [ 19\ 8 ™\[/6
0 XY12 END HIGH \\V A/

Bits 31-0 XY12END

Value = X coordinate for the last pixel drawn for sig e fogmat ¥ $11.20, where

S must be 0.

See 3D Programming in Section 15 for an explanate

Triangle XY01 Delta Register (TAXdY01) (MMB568)

Read/Write Offset: BS68H (3D T
Power-On Default: Undefined

O\

15 141312/ 1n]10] sNsN7))J6e 5l al3]2]1]o0
1 RELTAVOW

31 | 30 | 20 | 28 | 27| 26 V25 [ NeaN\23/f 22 | 21 | 20 | 19 | 18] 17 | 16

/ /o PDDELNMAIGH
A4 A4

Bits 31-0 XY01 DELTA

Value = Deltd ac¥umulation of the X attribute with respect to Y along the

20-52 S3D REGISTER DESCRIPTIONS PRELIMINARY PROPRIETARY AND CONFIDENTIAL



j‘ S3d ViRGE

83 incorporated

Triangle X01 End Register (TXENDO1) (MMBS6C)

Read/Write Offset: BS6CH (3D Triangle)
Power-On Default: Undefined (\
15 (14131211109 8765 ]a]3z]2NN][/0
XY01 END LOW (N N\ VY
31 [ 30 [20 [28 |27 [ 2625 |24 [23] 2221020/ 19\] ga N /16
0 XY01 END HIGH A \V D
Bits 31-0 XYO01END
Value = X coordinate for the last pixel drawn for si . Noe IgrmaN$§ S$11.20, where
S must be 0.
See 3D Programming in Section 15 for an expfamatigh of Yhis fidd.

Triangle XY02 Delta Register (TdXdY02) (MMB570)

Read/Write Offset: B570H (3D Tyt
Power-On Defauit: Undefined /.\
15 14131221 ]10] 9AN8N\ 7Y/]e’]l 5] 4] 3[2]1]o0
ONNELNA OV
31 | 30 | 20 | 28| 27| 26 ¥ 2&\N23/] 22 | 21 | 20 | 19 | 18| 17 | 16
/_/ SORENNHIGH
\Y4 vV

Bits 31-0 XYO02 DELTA

Value = Delf§
02 side. The
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Triangle X Start Register (TXS) (MMB574)

Read/Write Offset: B574H (3D Triangle)
Power-On Default: Undefined <\
% 141312 1n]10]9]8]7]6]5]als]2zRrNA
X START LOW (N \VY/
31 | 30 | 20 [ 28 | 27 | 26 | 25 [ 24 | 23 | 22 | 21 [ 20 ] 19\ 16
0 X START HIGH \ 'V AL
Bits 31-0 X START
Value = Starting value for the accumulation of the at is $11.20,

where S must be 0.

Triangle Y Start Register (TYS) (MMB578)

Read/Write Offset: B578H (3D Triangfe)
Power-On Defauit: Undefined

P\
1514 | 1B ]12][n][1w0] s ] la N 1S [a]3]21T110
y&TART LOYY
31 [ 30 [ 20 | 28 | 27 | 26 [ 25¢] W [\e3 {21/ 20]19]18]17] 1
0 XIVARY H)GH
Bits 31-0 Y START Q
Value = Starting va he\gccumulation of the Y attribute. The format is $11.20,

where S must
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Triangle Y Count Register (TY01_Y12) (MMB57C)

Read/Write

Offset: BS7CH (3D Triangle)
Power-On Default: Undefined

QL

1514 [13][12[1n][10]9]8]7]6]5]4a4]3s]2N%]/0
R|RrR|IR|R]|R SCANLINECOUNT12 ¢ N, \ Y /
31 | 30 | 29 |28 | 27 |26 | 25 | 24 | 23| 22 | 21 | 20 | 19\| g8 16
w|R|R|R]|R SCAN LINE COUNTAN A
Bits 10-0 SCAN LINE COUNT 12
. Value = The number of scan lines required to rendgNgpé % e € triangle.
See 3D Programming in Section 15 for a graphic deé
Bits 15-11 Reserved
Bits 26-16 SCAN LINE COUNT 01
Value = The number of scan lines req
See 3D Programming in Sectio
Bits 30-27 Reserved
Bit 31 L/R - Left/Right Drawing

0 = Render the triangle

1 = Render the trianglt fp

grendered in the direction starting with the triangle side

with the largest Y dom . See 3D Programming in Section 15 for a graphic de-

scription.
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83 Incorporated

Section 21: Streams Processor Register Degsription

/<\V

This section describes the Streams Processor registers.

In all register bit descriptions, the letter “R” identifies reserve{ bitg (a PRseiNed bit's read value is

undefined unless noted, and you may write only zero to a reservey
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Primary Stream Control (MM8180)

Read/Write Address: 8180H
Power-on Default: 00000000H {\

5 [ 4 | 3] 2N N[/
21 | 20 | 19\ a8 16
Py

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

T|Niz|o

Bits 23-0 Reserved

Bits 26-24 PSIDF - Primary Stream Input Data Format

000 = RGB-8 (CLUT)

001 = Reserved

010 = Reserved

011 = KRGB-16 (1.5.5.5)

100 = Reserved

101 = RGB-16 (5.6.5)

110 = RGB-24 (8.8.8)

000 = XRGB-32 (X.8.8.8)

Bit 27 Reserved

Bits 30-28 PSFC - Primary Stream Filter/ANara
000 = Primary stream

001 = Primary stream for2X»
010 = Primary stream, feg AX strftch (interpolation)

Other values reserveg

Bit 31 Reserved
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83 Incorporated

Color/Chroma Key Control {(MM8184)

Read/Write Adds: 8184H
Power-on Default: 00000000H

15 [ 1413121110 9] 8

7165 [a]ls] 2NN

G/U/Cb KEY (LOW)

BAV/CrKEY LOWN. \ Y /

31 | 30 | 20 | 28 | 27 | 26 | 25 | 24

R R R | KC| R RGB CC

23 [ 22 | 21 [ 20 | 19 %8 Iﬂébs
RIY KEANOW VA,

Bits 7-0
Bits 15-8
Bits 23-16
Bits 26-24

001 =.Compare bits 7-6 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 RGH
111 = Compare bits 7-0 of RGR

Bit 27 Reserved

Bit 28 KC - Key Control

0 = Extract key datg

Bits 31-29 Reserved

G/U/Cb key value (lower bound for chroma)
R/Y key value (lower bound for chroma)

RGB CC - RGB Color Comparison Precision
000 = Compare bit 7 of RGB (compare red/f

B/V/Cr key value (lower bound for chroma)

s and blue bit 7's)
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Secondary Stream Control (MM8190)

Read/Write Address: 8190H
Power-on Default: 00000000H

15 |14 [1312[1n]10] 9o 8]7]6s lsl4l3J2‘Lf\Tﬁh
R|R|R/|R DDA HORIZONTAL ACCUMULATO \ Y

31 | 30 | 20 | 28 | 27 | 26 | 25 | 24 | 23 | 22 | 21 | 20 | 19\ 8 16
R SFC SDIF RIRIR[R/A\R NWVIAR/l R

Bits 11-0 DDA Horizontal Accumulator Initial Value

Value = 2 (W0-1) - (W1-1), where WO is the line wid iXgls WeforeMscaling and W1
is the line width in pixels after scaling. This is a sidged\yalu

When this field is programmed, the value doegn effect unitil the next VSYNC.
Bits 23-12 Reserved

Bits 26-24 SDIF - Secondary Stream Input Data F
000 = Reserved
001 = YCbCr-16 (4.2.2), 16-240 inp
010 = YUV-16 (4.2.2), 0-255 inputfan
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

Bit 27
Bits 30-28
ear, 0-2-4-2-0, for X stretch

, bi-linear, for 2X to 4X stretch
, linear, 1-2-2-2-1, for 4X stretch
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83 Incorporated

Chroma Key Upper Bound (MM8194)

Read/Write Address: 8194H
Power-on Default: 00000000H <\
15141312 1n[10]e 8|7 ]6]s5]a]s [z ENZ))
U/Cb KEY (UPPER) V/Cr KEY (UP \ v
31 [ 30 | 20 | 28 | 27 | 26 | 25 | 24 23|22I21lzo|19 \l/16
R|R[R|[R]R|IRIRIR Y KEY ,\]

Bits 7-0 V/Cr 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: 00000000H <\
PA\

5141312 11] 10 N Y/ /e 1] 0

R|{R|R!IR|R / A g HOA1Z ONTAL SCALE FACTOR

31 | 30 |29 | 28|27 [26// A/ WIS 22]21[20]19]18]17] 16
A\

R{R|R|IRI|R \ V /  X/HORIZONTAL SCALE FACTOR

Bits 10-0

Bits 15-11

Bits 26-16

negative.

When this field is programmed, the value does not take effect until the next VSYNC.

Bits 31-27 Reserved
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$3 Incorporated
Blend Control (MM81A0)

Read/Write Address: 81A0H

Power-on Default: 00000000H <\

EREESTANND)
R Ks{ X [ A
21 [ 20 | 19\ & /16

R | RN h’/x_g/n

-~

15 [ 14131211 ][10]9]s
R|R|R KP R|R/|R
31 | 30 | 29 [ 28 [ 27 [ 26 [ 25 | 24 | 23
RIR|R|R| R| COMPMODE | R

2R = o

Bits 1-0 Reserved

Bits 4-2 .Ks

Value = secondary stream blend coefficient
When this field is programmed, the value dgy ¢ until the next VSYNC.
Bits 9-5 Reserved

Bits 12-10 Kp

Bits 23-13 Reserved

Bits 26-24 Compose Mode
000 = Secondary stpeg
001 = Primary streq
010 = Dissolve, [Pp

overiay on secondary stream
(8 - Kp))/8, ignore Ks

Bits 31-27
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Primary Stream Frame Buffer Address 0 (MM81C0)

Read/Write Address: 81COH
Power-on Default: Undefined

If a primary stream is enabled, this register specifies the starting address in the frame b\ffe

AN
15 ] 141312211 [10]9[8]7]6]|5 ] a] 3\ 2 XN
PRIMARY BUFFER ADDRESS 0 \ D WY

A
31 | 30 |20 ] 28 | 27 | 26 | 25 | 24 | 23 | 22 21]20;%;}!\18[?/[16

R|R|R|IR|R|R|{R|R|R/|R]| PR PRER ADDRESS 0

Bits 21-0 Value = Primary stream frame buffer starting addre,
This value must be gquadword aligned.

Bits 31-22 Reserved

Primary Stream Frame Buffer Address 1 (MM81C4)

Read/Write Address: 81C4H
Power-on Default: Undefined

If the primary stream is double buffered, cifies the starting address in the frame buffer

for the second buffer.

A
15 141321 [ IEAMIY [ 6]5[als]|2]1]0
IMARY BUFFZR ADDRESS 1
31 | 30 [ 29 | 28 [ 27 [ 6 \N\25\ 24 | 231 22 | 21 { 20 [ 19 [ 18 | 17 | 16
RIRIRIR|ANRAINDR [ R R PRIMARY BUFFER ADDRESS 1

Bits 31-22
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Primary Stream Stride (MM81C8)

Read/Write Address: 81C8H
Power-on Default: Undefined <\
15 14 |13 [ 12 |11 [10] 9 | 87|65 a3 2NN
RIR|[R]|R PRIMARY STREAMSTRIDE_ ( N\ \ ¥ /
31 | 30 | 29 [ 28 | 27 | 26 | 25 | 24 | 23 | 22 | 21 | 20 | 19\ 48 /16
RIR|{RI|IRIR]IR]IRIAR]IRIRIRI R/ NNIKRI R
Bits 11-0 Primary stream stride
Value = byte offset of vertically adjacent pixels in t m eamMbuffer(s)
If double buffering is used, the stride must be the saxpe Yor bo! ffers.
Bits 31-12 Reserved
Double Buffer/LPB Support (MM81CC)
Read/Write Address: 81CCH
Power-on Default: xxxxxx00H <\
/\)
15 14 13 12 11 10 6 5 4 3 2 I 1 0
RIrRI|IR|[RIRI[R RNNR fLst{ist|us| R sBs | PBs
31 30 29 28 27 2 ,é'i/ 22 21 20 19 18 17 16
RIRIRIRIRIAIMVRVRI|RIRIRIRIR]R]HR
Bit0 PBS - Primary/Streag\Buld{ Splect
0 = Primary fxame buffer st ng address 0 (MM81C0_21-0) used for the primary
streapn

1=Primf
strpa

R} biXfer starting address 1 (MM81C4_21-0) used for the primary
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Bits 2-1

Bit3

Bit 4

Bit6

Bits 31-7

SBS - Secondary Stream Buffer Select

00 = Secondary frame buffer starting address 0 (MM81D0_21-0) used for the
secondary stream

01 = Secondary frame buffer starting address 1 (MM81D4_21-0) used foy,
secondary stream

10 = Secondary frame buffer starting address 0 (MM81D0_21-0) used fo
secondary stream and LPB frame buffer starting address 0 (MMAEFOC_3

address 17MMFF10_21-0) used for the LPB input stream A
applies is determined by LPB starting address register s§
register

secondary stream and LPB frame buffer starting 4
for the LPB input stream OR secondary frame bp§fe
(MM81D4_21-0) used for the secondary strea
address 0 (MMFFOC_21-0) used for the LPB inp
applies is determined by the LPB starting sddge Oister Mlected by bit 4 of this
register

Reserved
LIS - LPB input Buffer Select

0 = LPB frame buffer starting addre
1 = LPB frame buffer starting adg

3) used for the LPB input
-0) used for the LPB input

This bit selects the starting ag} )
the value programmed to tifis'§ Re eqt is determined by the setting of blt 5 of
this register. This bit can Jfe OND e gompletion of writing all the data for a
frame to the frame buffgh vja &

LSL - LPB Input B
0 = The value progfa o bit ¥ of this register takes effect immediately
to bit 4 of this register takes effect at the next end of

frame (com g all the data for a frame into the frame buffer)

otiOn of writing all the data for a frame into the frame buffer)
e setting of bit 4 of this register
gs the setting of bit 4 of this register to toggle
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Secondary Stream Frame Buffer Address 0 (MM81DO0)

Read/Write Address: 81D0H
Power-on Default: Undefined

If a secondary stream is énabled, this register specifies the starting address in the framy bo¥fer

15J14|131712]11]10J9]_8]7|6|5]4]“3<|\2\L\|/0

SECONDARY BUFFER ADDRESS 0 \ D Y

A\
31 | 30 | 20 | 28 | 27 | 26 | 25 | 24 | 23 | 22 | 21 | Y N1/ | 16
RIR|IRIR|[R[R]R]|R]| R]| R secoubs\ BNFAEA\ADDRESS 0

Bits 21-0 Value = Secondary stream frame buffer starting ad
This value must be quadword aligned.

Bits 31-22 Reserved

Secondary Stream Frame Buffer Address 1 (MM81

Read/Write Address: 81D4H
Power-on Default: Undefined

If the secondary stream is double buffer sgecifies the starting address in the frame

buffer for the second buffer.

A

15 14131211 d[{y/ /N7 [6[5[a]3]2]1]0
ONDpRY BUYFER ADDRESS 1

31 | 30 | 29 | 28 | 27 [V 6 \N\25\ 24 [ 23 [ 22 [ 21 [ 20 [ 19 [ 18] 17 [ 16

R R R R | AR\ DR R R | SECONDARY BUFFER ADDRESS 1

Bits 31-22
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Secondary Stream Stride (MM81D8)

Read/Write Address: 81D8H

Power-on Default: Undefined (\
15 | 1413121 [10] 98] 765 a3 ] 2NN\I[/
R|IRI[R]|R SECONDARY STREAM STRIDE ¢ ™\, \ Y /
31 | 30 | 20 | 28 | 27 | 26 | 25 | 24 | 23 | 22 | 21 | 20 | 19\ g‘ 16
RIRIR|IR]IR]IR]IR]{RIR[RI|R & \ R/l R
Bits 11-0 Secondary stream stride

Value = byte offset of vertically adjacent pixels in theg ¥m buffer(s)

If double buffering is used, the stride must be the sa

Bits 31-12 Reserved

Opaque Overlay Control (MM81DC)

Read/Write Address: 81DCH
Power-on Default: Undefined except bits 31-30 agé

When an opaque overlay mode is being d NS of MM81A0 = 000b or 001b), the fields in this
register can be programmed to elimingte tig fedRingd”of fhe pixels for the rectangular area under the
top (opaque) window. This reduces t baQdwjdth requirements. The bottom window should
be full-screen when this feature is g/la of\{NMe fields in this register have an effect unless bit

31 is set to 1. Note that only horigantah\£ogrdin must be specified. The vertical coordinates are
handled automatically by the haldwxe.

15 | 14 | 13 12TMI 8 |76 |5 a[3[2]1]0
R|RI|R \ L START FETCH R| R | R
31 | 30 | 29 le‘zN&Wlnlzslzz!mlzolw 18| 17 | 16
ooc|T1ss| R | £ 7/~ N\ \ PIXEL STOP FETCH R| R|R
Bits 2-0
Bits 12-3

If the primary stream is the background, MM81F0_26-16 define the starting position
for each line in the background window (X0) 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 - X0)
X bytes per pixel/4. If the result is a fraction, it is rounded up the next highest integer.
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This gives the required quadword offset (O) for this field. This value is also used in
the calculation for the field value of bits 28-19 of this register.

If the secondary stream is the background, the value is (X0 - X1) x bytesRer pixel/4.

Bits 18-13 Reserved

Bits 28-19 Pixel Start Fetch

to the Ime position of the resumption of pixel fetchmg fro
ground)} - 1

The value is determined by adding the Pixel Stop Fety
3) to the width in quadwords of the top window (W,
pixels (P) is found in MM81F4_26-16 if the prima
MMB81FC_26-16 if the secondary stream is on top.
pixel/4. If this is a fraction, the result is truncajed
in this field is then [W + O] - 1.

s = P x bytes per
est integer. The value

Bit 29 Reserved

Bit 30 TSS - Top Stream Select
0 = Secondary stream on top
1 = Primary stream on top

Bit 31 OOC - Opaque Overlay Conty
0 = Opaque overlay controld
1 = Opaque overlay contrg

.

K1 Vertical Scale Factor (MM81

Read/Write

b
15 | 14 | 13 Wﬂjsl7lsls[4l3[zl1lo
RIR|IRI|R N K1 VERTICAL SCALE FACTOR

31 | 30 | 29 | b8\| 2A[\W' [ 25 | 24 [ 23 [ 22 | 21 [ 20 [ 19 [ 18 | 17 | 16
R | R | ATV JR{rR|IR|IRI{R|R[R|RIR|RI|R

A

Bits 10-0 \K'\Verti}aljScale Factor

ue = [Meight (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 (MMS81E4)

Read/Write Address: 81E4H
Power-on Default: 00000000H (\

15 | 14] 13 [12] 11 [10] 9 8] 7] 6]5]a]3] 2NN
R|RrR|R|R]|R K2 VERTICAL SCALE FACTOR . \ ¥

31 | 30 | 20 | 28 | 27 | 26 | 25 [ 24 | 23 [ 22 | 21 | 20 | 19 % 16
R{R|{R|IR|IRIRIR[RIR[R]IR[R/AB\ /! R

Bits 10-0 K2 Vertical Scale Factor

Value = 2's complement of [height (in lines) of the iyNia oxpus\winddéw (before scal-
ing)] - [height (in lines) of the final output windowaftd scalkag)

When this field is programmed, the value dogé n elfect uhitil the next VSYNC.

Bits 31-11 Reserved

DDA Vertical Accumulator Initial Value (MMS81E ’
Read/Write Address: 81E8H
Power-on Default: 00000000H ;

15 |14 13| 12[{1n]10][/s/Nes\N7T Ve |5 a]3[2]1]o0o

R|IR!RI|R / / /\N\ODNXFARTICAL ACCUMULATOR
31 | 30 | 29 | 28 | 27 | 26 [ |/2a\ 22 |21 /2 19|18 1716
RIR|IR|IRIRIKAN\NRARIR]|RIR]R|R|R|IR]|HR

Bits 11-0 DDA Vertica ccumulat&l Value

Bits 31-12
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Primary Stream Window Start Coordinates (MM81F0)

Read/Write Address: 81FOH
Power-on Default: Undefined (\

109 sf[7]e[s5]a]s] 2NN

PRIMARY STREAM Y-STARY . \ Y

26 | 25 | 24 | 23 | 22 | 21 | 20 | 19\] g8 16
PRIMARY STREAM X- b §

Bits 10-0 Primary Stream Y-Start

15 | 14 | 13 | 12
R R R R
31 | 30 |29 | 28
R R R R

(N3

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 of the g primary stream window

Bits 31-27 Reserved

Primary Stream Window Size (MM81F4)

Read/Write Address:

Power-on Default: Undefined A
15 B2 nNAIMLsV7r][e6ls | alsz]2]1]0
R|R|R|RI|R A\ ¢ PRIMARY STREAM HEIGHT
31 | 30 [ 29 | 28 | 27 N2a [23 [ 22 [ 21 [ 20 [ 19 [ 1817 [ 16
RIR[R| R |G 'PRIMARY STREAM WIDTH

Bits 10-0 Prima
of lines displayed in the primary stream window
Bits 15-11
Bits 26-16 ream Width

dumber of pixels -1 displayed in each line in the primai'y stream window

Bits 31-27 Reserved
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Secondary Window Start Coordinates {(MM81F8)

Read/Write Address: 81F8H
Power-on Default: Undefined

w514 ] 13]122]1m]10] 98] 765 ] a] 3] 2NN\N[A
RIR[R|IRIR SECONDARY STREAM Y-STAREN. \ V /
31 | 30 | 29 | 28 [ 27 | 26 | 25 | 24 | 23 | 22 | 21 | 20 | 19\| 38 ™NgA /76
R|R|R|R]|R SECONDARY STREAM X.#YART\ V. A A

Bits 10-0 Secondary Stream Y-Start

Value = Screen line number +1 of the first line of thg window

Bits 15-11 Reserved
Bits 26-16 Secondary Stream X-Start
Value = Screen pixel number +1 of the fj ¢ secondary stream window

Bits 31-27 Reserved
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Secondary Window Size (MM81FC)

Read/Write Address: 81FCH
Power-on Default: Undefined A

w5 14]13[12][1[10] 9| 8]7]6]5]a] s3] 2NN
R|R|R|RJ|R SECONDARY STREAMHEIGHE ™. \ ¥
31 | 30 | 20 | 28 | 27 | 26 | 25 | 24 | 23 | 22 | 21 | 20 | 19\ 38 16
RIR|IRI|IRI[R SECONDARY STREAM \V A/

Bits 10-0 Secondary Stream Height
Value = Number of lines displayed in the seconda
Bits 15-11 Reserved
Bits 26-16 Secondary Stream Width
Value = Number of pixels -1 displayed ig he primary stream window

Bits 31-27 Reserved
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Section 22: Memory Port Controlle
Register Descriptions v
This section describes the Memory Port Coﬁtroller {MPC) Registeré fo\VIRGK. se registers are used

to adjust memory control signals and control the video data FIFO

In all register bit descriptions, the letter “R” identifies regp&
undefined unless noted, and you may write only zero to 3

S
@ .@@

hserved bit's read value is
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FIFO Control (MM8200}

Read/Write

Offset:8200H

Power-On Default: Undefined

15 141312 1 ]10] 98 [ 8]7 16543 ]2ziNAS

PS THRESHOLD SS THRESHOLD P/S(BO A\Y v

31

30

29 | 28 | 27 | 26 | 25 | 24 [ 23 | 22 | 21 | 20 [ 19\ a8 16

R

R

R R R R R R R R

Bits 10-6

Bits 16-12

Bits 20-18

Bits 4-0

BitS

Bit 11

Bit 17

00000 = Primary Stream = 24 slots; Secondary strea
01000 = Primary Stream = 16 slots; Secondary strea
01100 = Primary Stream = 12 slots; Secondary stre

word.
Reserved

SS THRESHOLD - Secondary Streé

OLD - DMA Read FIFO Threshold

Q 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 0.

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)

Read/Write Offset: 8204H
Power-On Default: Undefined

Bits 31-7

15 [ 14 | 13 | 12 | 11 | 10 9 8 7 0
R R R R R R R R R R
31 | 30 | 29 | 28 | 27 | 26 | 25 | 24 | 23 16
R R R R R R R R R R
Bit0 Reserved
Bit1 RP - RAS Pre-charge Control
0 = RAS pre-charge specified by CR68_3 (
1 =RAS pre-charge = 1.5 MCLKs
Bit2 RL-RAS Low
0 = RAS low specified by CR68_2 (3
1 =RAS low = 2.5 MCLKs
Bit3 Wl' WE Trailing Edge Dela
Bit 4
Bit5
Bit 6
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Streams Timout Register (MM8208)

Read/Write Offset: 8208H
Power-On Default: Undefined <\
15 |14 1312 11 [10] 98] 7] 6]5] a] 3] 2NN
PS TIMEOUT SSTIMEOUT N\, \ ¥
31 | 30 | 29 | 28 | 27 | 26 | 25 | 24 | 23 | 22 | 21 | 20 | 19\ {8 16
RIRIR|IR|[RIRIRIRIRIRIRIRLG NW¥IAR/IPsT
Bits 7-0 SS TIMEOUT - Secondary Stream Timéout
Value = number of MCLKs that the secondary streay\g/given iRad ad€ess to video
memory before its grant is withdrawn
Bits 15-8 PS TIMEOUT - Primary Stream Timeout
Value = number of MCLKs that the primanpf s ¥ ad access to video mem-

ory before its grant is withdrawn

Bit 16 PST - Primary/Secondary Tiebreaker
0 = Primary wins in case of a tie
1 = Secondary wins in case of a fe

This bit is effective when the
quests for video memory g§

geondary streams have simuitaneous re-

Bits 31-17 Reserved
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Miscellaneous Timout Register (MM820C)

Read/Write Offset: 820CH
Power-On Default: Undefined <\
15[ 14131211098 7]e6]ls]af3z3]2RNN\N)
S3D ENGINE TIMEOUT cruTIMEOT N, \ ¥ /
31 | 30 | 29 | 28| 27 | 26 | 25 | 24 | 23 | 22 [ 21 [ 20 [ 19\ 18 16
EXT TIMEOUT 45O \4

Bits 7-0 CPU TIMEOUT

Value = number of MCLKs that the CPU is given aci Ory before its
grant is withdrawn

Bits 15-8 S3D ENGINE TIMEOUT

Value = number of MCLKSs that the S3D Engd
fore its grant is withdrawn

Bits 23-16 LPB TIMEOUT

Value = number of MCLKSs that t|
its grant is withdrawn

Bits 31-24 EXT TIMEOUT

Value = number of MC émory master is given access to video mem-

ory before its grant is
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DMA Read Base Address Register (MM8220)

Read/Write Offset: 8220H
Power-On Default: Undefined

This register is used when the CPU is doing DMA transfers from video memory as spedifie\by -
ing bit 1 of MMB8580 to 0 (read) and setting bit 0 of MM8480 to 1 (DMA enable). (\

1514 13]12[1]10]9]s8]7]6[s5]aLzs\DI[No
DMA READ BASE ADDRESS N No Y| o
31 | 30 | 29 | 28 | 27 | 26 [ 25 | 24 | 23 | 22 | 21 | 20 N\ao\[ \n8\[ 17 | 16

R|RrR|R|R|RIR|R|R]|R DMXRE@DBE{}WESS

_ Bits 2-0 Reserved =0

N

Bits 22-3 DMA READ BASE ADDRESS

Value = Starting address in video memo QMAed to system memory

(quadword aligned)

Bits 31-23 Reserved

DMA Read Stride/Width Register (MM822.

Read/Write Offset: 8234H
Power-On Default: Undefined

This register is used when the CP)

ing bit 1 of MM8580 to 0 (read) ingbit 0 of MM8480 to 1 {DMA enable).

15 14| B[ 12T N\V8 [ 765 al3[2[1]o0
R| R|RI[ R[N\ %~ . DMAREAD STRIDE ol ol o
31 | 30 {29 | 2 E\é&ﬁ lT2aa]23] 2] 21 ] 2019 18] 17 [ 16
R | RI[R N\ ) DMA READ WIDTH ol ol o

Bits 2-0
Bits 11-3 BALQ STRIDE

R ymber of quadwords to add to the address at the end of a line to generate
the address 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 memeyy] - 1

Bits 31-28 Reserved
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Section 23: DMA Register Descripti
This section describes the Direct Memory Access (DMA) registers fof Vj, reygisters are used
to control the two DMA channels when VIRGE operates as a PCl bty A eo/graphics data

tranfer channel handles:

Compressed video data transfers from system memg

In all register bit descriptions, the e/ "} o6 reserved bits (a reserved bit's read value is
undefined unless noted, and you
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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
o D

15 | 14 [ 13 [ 12|11 ] 10] 9 8| 7|65 ] afl\ s\2ANL] o

STARTING MEMORY ADDRESS / AN\ ([rw/EnB

31 | 30 | 20 | 28 | 27 [ 26 | 25 | 24 | 23 [ 22 [ 21 /2d | Y \y® | 17 | 16
STARTING MEMORY ADDRESS/ A\ \v)"

Bit 0 ENB - Video/Graphics DMA Enable
0 = Video/Graphics DMA disabled
1 = Video/Graphics DMA enabled
This bit is reset to 0 by the DMA contrg pletion of a video/graphics DMA

transfer.

R/W - Video/Graphics DMA ReadpiVrite

Bits 31-2

Value = Starting address when performing a DMA transfer from video mem-
ory to system me
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Video DMA Transfer Length Register (MM8584)

Read/Write Offset: 8584H
Power-On Default: Undefined (\
15!14]13|12'|11|1o|9|al7|s|5l4|3|2 N
DMA TRANSFER LENGTH rRM A
31 [ 30|29 | 28] 27 ] 26 | 25 | 24 2:ilzz|z1|zo|19\l§F NI\ V16
RIR[RIR[R|IRI[RI[R DMA TRANSPER LEN 5\7

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 9|

Read/Write Offset: 8590
. Power-On Default: Undefined

A
15 [ 1413 ] 12] 1 ufe/»\Y 6 | 5| a4al3[2]1]o0
BASE ADDRESS AN\Y /[ VY BS | ENB
31 | 30 [ 20 | 28 [ 227 Ne6\N2:\| 24 [ 23 [ 22 [ 21 [ 20 [ 19 [ 18 [ 17 | 16
\\ BASE ADDRESS
N\

Bit1.

Bits 31-2
Value = Command DMA buffer base address

Bits 15-12 must be 000b for a 64K buffer size (64K aligned).
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Command DMA Wirite Pointer Register (MM8594)

Read/Write Offset: 8594H
Power-On Default: Undefined (\
15 [ 14 |13 [ 12/ 11|10 98] 765 a] 3] 2NN%I|/
WRITE POINTER OSSNV L

31 [ 30 | 20 | 28 | 27 | 26 | 25 | 24 | 23 | 22 | 21 | 20 | 19\ g‘\l /16
R|IRIRI{R|{RIRIRIR]IR!IRIR|RAR\VWY AR |wru

Bits 1-0 Reserved
Bits 15-2 WRITE POINTER

memory buffer

Bit 16 WPU - Write Pointer Updated

Software must set this bit to 1 each tig
troller resets this bit to 0 when it begi

Bits 31-17 Reserved

DMA Read Pointer Register (MM8598)

Read/Write Offset;8598H
Power-On Default: Undefined

15[ 1] 1B3[12]11[0NeN s8] 7]Te6]s[al3]2]1]0
/ NRENDPAINTER R | R

31 | 30 | 29 | 28 [ > |x26 | 29| 24 | 23 | 22 | 21 [ 20 | 19 [ 18 | 17 | 16
~ R R{R[R|[RIR]IR|[R|[R]|R

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 %

R resewled bit’s read value is

This section describes the Local Peripheral Bus (LPB) registers.

In all register bit descriptions, the letter “R” identifies reserved D
undefined unless noted, and you may write only zero to a € d

5
S
&
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LPB Mode Register (MMFF00)

Read/Write Address: FFOOH

Power-on Default: 00000000H

15[ 140131211109l sl 765 a] 3] 2NN/
R | R [tBa][cHs|cvs|tHs|Lvs] R | R [cBS| sF | LR | ¢Pawiods M £
31 | 30 | 29 | 28 | 27 [ 26 | 25 | 24 | 23 | 22 | 21 | 20 | 19\| g8 \\aX /16
crLl R | R I R] R Jic|snolcs | R VFT RAR\ ¥ \j}ﬁss

Bit0 LE - LPB Enable
0 = LPB Disabled
1 =LPB Enabled

atioQs dedgriped in Section 2 to

Enabling the LPB causes the LPB mode pin config
RWicN\LPB Yhode is enabled via

take effect. The exact pin configuration depend
bits 3-1 of this register or which feature consg
the LPB is reset either by a system reset ip\Qit 2 his gégister.

Bits 3-1 LPB MODE
000 = Scenic/MX2 Mode. Pins 203 and

respectively.

001 = Video 16 Mode (PClI only).fi . 904 Act as HS and VS respectively and
pins 201-199, 189-185 act #s Lp 8l. \Re Tio64V+ expects 16-bit Philips digitizer
input.

010 = Video 8 in Mode. Pi N\ 4jto jpct as HS and VS respectively and the
Trio64V+ expects vigéoWata upits (LDI[7:0D).

011 =Video 8 In/Out Mgde g S€ ghables the bi-directional CL-480 interface.

100 = Pass-through Mbdg ' A\ ¥7Om the output FIFO is passed directly to the

decimation ingX € v} pO. This allows decimation of CPU-provided

Bit4

Bit5

24-2
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Bit6

Bits 8-7

Bit9

Bit 10

Bit 11

Bit 12

Bit 13

Bits 15-14

Bits 17-16

Bits 20-18

Bits 22-21

CBS - Color Byte Swap
0 = Incoming video is in Uos, Yo, Uo1, Y1 format (e.g., CL-480), byte swapping enabled
1 =Incoming video is in Yo, Uo1, Y1, Vo1 format (e.g., SAA7110), no byte swapping

Reserved

LVS - LPB Vertical Sync Input Polarity
0 = LPB vertical sync input is active low
1 = LPB vertical sync input is active high

LHS - LPB Horizontal Sync Input Polarity
0 = LPB horizontal sync input is active low
1 =LPB horizontal sync input is active high

CVS - CPU VSYNC (Write Only)

Writing a 1 to this bit causes the Trio64V+ to do wihNg
to do upon receipt of a VSYNC. For example, yalug
only take effect at the next VSYNC.

s it is programmed
in certain registers

CHS - CPU HSYNC (Write Only)

Writing a 1 to this bit causes the Triof
to do upon receipt of an HSYNC.

Reserved

MBS - Maximum LP#
only)

00 = Burst 1 32-bi
01 = Burst 2 33hi

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

Bit 24

Bit 26

Bits 30-27

Bit 31

Reserved

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 (MME]
when the Trio64V+ is configured for compatible mode. The LPB i
LCLK, but this is not available in compatible mode.

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 not,Qcod j RVSYNC active pe-
riod.

ILC - invert LCLK

0 = Use LCLK as received

1 = Invert the LCLK input

Bit 24 of this register must be set to 1 4

Reserved

CFL - CFLEVEL Status (Read O

)
This bit reflects the state of, GFL nput (pin 182} in Video In/Out (CL-480)

mode.

&
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LPB FIFO Status Register (MMFF04)

Read Only
Power-on Default: 00000008H

Address: FFO4H

15 |14 [ 131211 |10]9e 8|76 ]a]sz] 2NN/
R | R |oFaE{oFE|oFF | R | R | R | R | R | R|R (‘ngs\m}(s/
31 | 30 | 29 | 28 | 27 | 26 | 25 [ 24 [ 23| 22 | 21 | 20 19\3 AT
VFIAE[VFIE[VFIF| R | R | R | R | R | R MFOAHVFOE|VFO Y\ \137 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 Fyfl
0 = Output FIFO not fu
1 = Output FIFO full
Bit 12 OFE - LPB Outpu
0 = Output FIFO nd
1 = Output FIpOs
Bit 13
Bits 19-14
Bit 20 2
IFO 0 not full
HIFO 0 full
Bit21 VP B Video FIFO 0 Empty
0 = Video FIFO 0 not empty
1 = Video FIFO 0 empty
Bit22 VFOAE - LPB Video FIFO 0 Almost Empty

0 = Video FIFO 0 has something other than 1 slot filled
1 = Video FIFO 0 has one slot filled
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PRELIMINARY

LPB REGISTER DESCRIPTIONS 24-5



?‘ : S3d VIRGE

83 Incorporated

Bits 28-23 Reserved

Bit29 VF1F - LPB Video FIFO 1 Full
0 = Video FIFO 1 not full
1 = Video FIFO 1 full

Bit 30 VF1E - LPB Video FIFO 1 Empty
0 = Video FIFO 1 not empty
1 = Video FIFO 1 empty

Bit 31 VF1AE - LPB Video FIFO 1 Alimost Empty
0 = 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: FFO8H
Power-on Default: 00000000H

1514|1312 11|10 9[8[/ Ya[3[2[1]0
R!IRIR[IR]I[R]IR]IR]R[X p% R |sps| Er | el | FEI
31 [ 30 | 29 | 28 | 27 [ 26 | 25 A 1201918171
Rl RIR|IRI[IR]R]|R [P R | R [sPM]EFM[ELM|FEM

\) Y
Bit0 FEI - LPB Output FIFO Em@tinteuptefatds

0 = No interrupt
1 = LPB output FIFO ¢

Bit1

Bit2

to this bit clears the interrupt.

Bit3 al Port Start Detect Interrupt Status

1 = Serial port start condition detected

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 154 Reserved

Bit 16 FEM - LPB Output FIFO Empty Interrupt Enable Mask
0 = LPB output FIFO empty interrupt disabled
1 = LPB output FIFO empty interrupt enabled

Bit 17 ELM - End of Line Interrupt Enabie Mask
0 = End of Line interrupt disabled
1 = End of Line interrupt enabled

Bit 18 EFM - End of Frame Interrupt Enable Mask
0 = End of frame interrupt disabled
1 = End of frame interrupt enabled

Bit 19 SPM - Serial Port Start Detect Interrupt Mask
0 = Serial port start detect interrupt disabled
1 = Serial port start detect interrupt enabled

Bits 23-20 Reserved

Bit24 SPW - Serial Port Wait
0 = Release SPCLK (pin 205) to float hig
1 = Drive SPCLK (pin 205) low upon ré gort start condition
Setting this bit to 1 enables serig/p til the Host is ready to process

the data.

Bit 31-25 Reserved ? %
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LPB Frame Buffer Address 0 Register (MMFFOC)

Read/Write Address: FFOCH
Power-on Default: 00000000H (\
15 (14 (1312211 ]10] 9]8]7[6]5]a]3] 2NN/
LPB BUFFER ADDRESS 0 (SN \VY/

31 | 30 [ 290 [ 28 [ 27 | 26 [ 25 [ 24 [ 23 [ 22 | 21 | 20 | 19\] g8 16
R|IR|IR|IR|IRBR|R[R|R|RI|R LPB}O{FEAA%%&

Bits 21-0 LPB Frame Buffer Address 0

ing LPB data to the frame buffer

This value will normally be the same as the sg
The value must start on an 8-byte boundary

Bits 31-22 Reserved

LPB Frame Buffer Address 1 Register (MMFF1

Read/Write Address: FF1
Power-on Default: Undefined

5 1]l B2 n|10f NN/ 6] 5[ a[3]2]1]o0
{ {/BUEPSR ADDRESS 1

31 | 30 | 29 | 28] 27 25/] 24 V23 | 22 | 21 [ 20| 19| 18] 17 | 16

RIRIRIR]IRINWNRN-R|RI|R LPB BUFFER ADDRESS 1

Bits 31-22
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LPB Direct Read/Write Address Register (MMFF14)

Read/Write Address: FF14H
Power-on Default: Undefined <\
15 | 14 [ 13 [ 121 [10] 9| 8] 765 a!l 3| 2NMNI[/0
LPB DIRECT READ/WRITE ADDRESS (N \VY/
31 [ 30 [ 20 [ 28 | 27 [ 26 | 25 | 24 [ 23 | 22 | 21 | 20 | 19\] g8 16
RIR[{RIR|[R|{R|RI|R T LPE/AEADWMTERADPRESS

Bits 20-0 LPB Direct Read/Write Address
Value = address of Scenic/MX2/CL-480 register to g}

Bits 23-21 TT - Transaction Type (Scenic/MX2)
000 = Register write
001 = Register read

110 = Compressed video data write from

generated by hardware when data j#

is value is automatically
e output FIFO.

Bits 31-24 Reserved

LPB Direct Read/Write Data Register (MM

Read/Write Address: EF1
Power-on Default: Undefined

N
s 1] B2 11IAINMFVesVi]e]ls]alala]1]o
R, DIKECT READ/WRITE DATA

\
31T30T29|zs|(zkl); N2a [ 23] 2221120 19 ] 18] 17| 16

TPB DIQWCT READ/WRITE DATA
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