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Bit 6

Bit 7

LOCK PLTW - Lock Palette/Border Color Registers
0 = Unlock Palette/Border Color registers
1 = Lock Palette/Border Color registers

Reserved

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

Bit 1

Bit 2

Bit 3

Bit 4

Bits 7-5

0 = Handling of PCl master aborts and retries during DAC cycles controlled by bits 1
and 2 of this register
1 = PCl master aborts and retries are not handled during DAC cycles

PCl ABT - PCI master aborts dufing DAC cycles

0 = PCl master aborts handled during DAC cycles

1 = PCl master aborts not handled during DAC cycles

Bit 0 of this register must be cleared to 0 for this bit to be effective.
PCI RET - PCl retries during DAC cycles

0 = PCl retries handled during DAC cycles

1 = PCl retries not handled during DAC cycles

Bit 0 of this register must be cleared to 0 for this bit to be effective.
Reserved

ENB SFF - Enable Start Display FIFO Fetch Register

0 = Start Display FIFO Fetch register (CR3B) disabled

1 = Start Display FIFO Fetch register (CR3B) enabled

Reserved
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CRT Register Lock Register (CRTR_LOCK) (CR35)

Read/Write

Address: 3?5H, Index 35H

Power-On Default: 00H

7 6 5 4 3 | 2] 1] o

LOCK | LOCK | OLD-CPU-BASE-ADDRESS
R R |HIMG|VIMG| 17 16 15 14
Bits 3-0 OLD-CPU-BASE-ADDRESS

Bit 4

CPU Base Address bits 17-14. These four bits define the CPU address base in 64
KByte units of display memory. These bits are added with CPU address bit 17 (MSB
of video memory addressing) to bit 14 for display buffer accesses.

Bits 3-2 of the Extended System Control 2 register (CR51) are bits 19-18 of the ad-
dress and enable access to up to 4 MBytes of display memory. If a value is pro-
grammed into bits 5-0 of the Extended System Control 4 register (CR6A), this value
becomes the upper 6 bits of the CPU base address and bits 3-0 of CR35 and bits 3-2 of
CR51 are ignored. The Trio32 only supports 2 MBytes, so the upper bit is not used.

LOCK VTMG - Lock Vertical Timing Registers
0 = Vertical timing registers are unlocked
1 = The following vertical timing registers are locked:

CR6

CR7 (bits 7,5,3,2,0)
CR9 (bit 5)

CR10

CR11 (bits 3-0)
CR15

CR16

CR®6, CR7 registers are also locked by bit 7 of the Vertical Retrace End register (CR11).

Bit5

LOCK HTMG - Lock Horizontal Timing Registers
0 = Horizontal timing registers are unlocked
1 =The following horizontal timing registers are locked:

CRoOO

CR1

CR2

CR3

CR4

CR5

CR17 (bit 2)

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, Indices 36H
Power-On Default: Depends on Strapping

* Bits 1-0 are read only. The other bits can be written only after 0A5H is written to CR39.

This register samples the reset state from PD bus pins {7:0]. Other configuration strapping bits are
found in CR37 and CR68.

PD Bits CR 36 Bits Value { Function
System Bus Select
1-0 1-0 00 Reserved
01 VESA local bus
10 PCl local bus
11 Reserved
Memory Page Mode Select
3-2 3-2 00 Reserved
01 Reserved
10 Extended Data Out (EDO) Mode
11 Fast Page Mode
Enable Video BIOS Ac (VL-Bus)
4 4 0 Disable video BIOS accesses
1 Enable video BIOS accesses
Display Memory Size
7-5 7-5 000 4 MBytes (Trio64 only)
001 Reserved
010 Reserved
011 Reserved
100 2 MBytes
101 Reserved
110 1 MByte

1

0.5 MByte (Trio32 only)
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Configuration 2 Register (CONFG_REG2) (CR37)

Read/Write*

Address: 3?5H, Indices 37H
Power-On Default: Depends on Strapping

* These bits can be written only after 0A5H is written to CR39.

This register samples the reset state from PD bus pins [15:7]. Other configuration strapping bits are

found in CR36 and CR68.

PD Bits CR37 Bits | Value | Function
Enable Trio32/Trio64 (VL-Bus)
8 0 0 Disable Trio32/Trio64 except for video BIOS
accesses
1 Enable Trio32/Trio64
Test Mode
9 1 0 Test mode enabled (all outputs tri-stated)
1 Test mode disabled (normal operation)
Video BIOS ROM Size (VL-Bus)
10 2 0 64-KByte video BIOS ROM
1 32-KByte video BIOS ROM
Clock Select
11 3 0 Use external DCLK on XIN pin and external
MCLK on STRD pin {test purposes only)
1 Use internal DCLK, MCLK
RAMDAC Write Snooping (VL-Bus)
12 4 0 Disable LOCA/SRDY for RAMDAC writes
1 Enable LOCA/SRDY for RAMDAC writes
Monitor Type Identification
15-13 7-5 The S3 BIOS uses these three bits to determine
monitor information.
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Register Lock 1 Register (REG_LOCK1) (CR38)

Read/Write Address: 3?5H, Index 38
Power-On Default: 00H

Loading 01xx10xx (e.g., 48H) into this register unlocks the S3 VGA register set for read/writes. (x =
don’t care)

7 6 5 4 3 2 1 0
:O :1 =1 =O

Register Lock 2 Register (REG_LOCK2) (CR39)

Read/Write Address: 375H, Index 39
Power-On Default: 00H

Loading 101xxxxx (e.g., AOH) unlocks the system control and system extension registers for
reading/writing (x = don't care). Loading A5H allows bits 7-2 of CR36, bits 7-0 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

If enabled by setting bit 2 of this register to 1, these bits override the refresh count in

7 6 5 4 3 2 1 [ o
PCIRB HST | ENH | TOP | ENB REF-CNT
DISA R DFW | 256 | MEM | RFC 1 0
Bits 1-0 REF-CNT - Alternate Refresh Count Control
00 = Refresh Count 0
01 = Refresh Count 1
10 = Refresh Count 2
11 = Refresh Count 3
bit 6 of CR11 and specify the number of refresh cycles per horizontal line.
Bit2 ENB RFC - Enable Alternate Refresh Count Control

Bit 3

Bit 4

Bit5

Bit 6

Bit 7

0 = Alternate refresh count control (bits 1-0) is disabled
1 = Alternate refresh count control (bits 1-0) is enabled

TOP MEM - Enable Top of Memory Access

0 = Top of memory access disabled

1 = Simultaneous VGA text and Enhanced modes are enabled. CPU and CRTC
accesses are then directed to the top 32- or 64-KByte area of display memory
depending on whether address bit 13 is 0 or 1 respectively.

ENH 256 - Enable 8 Bits/Pixel or Greater Color Enhanced Mode

0 = Attribute controller shift registers configured for 4-bit modes

1 = Attribute controller shift register configured for 8-, 16- and 24/32-bit color
Enhanced modes

HST DFW - Enable High Speed Text Font Writing
0 = Disable high speed text font writing
1 = Enable high speed text font writing

Setting this bit to 1 is only required for DCLK rates greater than 40 MHz. See bit 6 of
CR31.

Reserved

PCIRB DISA - PCI Read Bursts Disabled
0 = PCl read burst cycles enabled

1 = PCl read burst cycles disabled

Note: Bit 7 of CR66 must be set to 1 before this bit is set to 1.
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Start Display FIFO Register (DT_EX_POS) (CR3B)

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

This value must lie in the horizontal blanking period and is typically 5 less than the value pro-
grammed in CRO. This parameter helps to ensure that adequate time is available during horizontal
blanking for activities such as RAM refresh that require control of the display memory. Bit 9 of this
value is bit 6 of CR5D. This register must be enabled by setting bit 4 of CR34 to 1.

7 | 6 | 5 | 4] 3] 21110
START DISPLAY FIFO FETCH

Bits 7-0 START DISPLAY FIFO FETCH
9-bit Value = the time in character clocks from the active display start until the restart
of fetching of FIFO data after the start of horizontal blanking. This register contains
the low-order 8 bits of this value.

Interlace Retrace Start Register (IL_RTSTART) (CR3C)

Read/Write Address: 375H, Index 3CH
Power-On Default: 00H

This value allows determination of the even/odd row active display starting positions when operat-
ing in an interlaced mode. This register is enabled by bit 5 of CR42.

7 1 6 | 5 [ a ]3] 21 1] o
INTERLACE RETRACE START POSITION

Bits 7-0 INTERLACE RETRACE START POSITION

Value = offset in terms of character clocks for Interlaced mode start/end in even/odd
frames.
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Section 16: System Control Register Descriptions

System Control registers are configuration registers, mode control registers, and hardware graphics
cursor control registers. They are positioned in the same indexed register space as VGA S3 registers.
All of these registers are read/write protected at power-up by hardware reset. In order to read/write
these registers, the Register Lock 2 register (CR39) must be loaded with a key pattern (see the register
description). The registers will remain unlocked until the key pattern is reset by changing a significant
bit.

Inthe following register descriptions, ‘R’ stands for reserved (write =0, read = undefined). See Appendix
A for a table listing each of the registers in this section and its page number.

System Configuration Register (SYS_CNFG) (CR40)

Read/Write Address: 375H, Index 40H
Power-On Default: 30H

7 6 5 4 3 2 1 0
WDL | RDY EN
=0 =0 | DLAY | CTL R R R ENH

Bit0 EN ENH - Enable Enhanced Register Access
0 = Enhanced register access disabled
1 = Enhanced register (x2E8H) access enabled

Bits 3-1 Reserved

Bits 4 RDY CTL- Ready Control (VL-Bus only)
0 = Minimum 0 wait state delay from SADS asserted to assertion of SRDY. Address
latching occurs during the T1 cycle.
1 = Minimum 1 wait state delay from SADS asserted to assertion of SRDY (Default)
With this 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?5H, Index 41H
Power-On Default: 00H

7 | 6 | 5 | a] 3] 2] 1] o
] BIOS-FLAG-REGISTER-1

Bits 7-0 BIOS-FLAG-REGISTER-1
Used by the video BIOS.

Mode Control Register (MODE_CTL) (CR42)

Read/Write Address: 375H, Index 42H
Power-On Default: 00H
7 6 5 4 3 2 1 0
INTL

R R |MODE| R R R R R

Bits 4-0 Reserved
Bit5 INTL MODE - Interlaced Mode
0 = Noninterlaced
1 = Interlaced

This bit enables the function of CR3C.

Bits 7-6 Reserved

Extended Mode Register (EXT_MODE) (CR43)

Read/Write Address: 3?5H, Index 43H
Power-On Default: 00H

7 6 5 4 3 2 1 0
HCTR OoLD
X2 R R R R LSW8| R R

Bits 1-0 Reserved

Bit2 OLD LSWS8 - Logical Screen Width Bit 8
This is an extension of the Offset (Screen Width) register (CR13). This is disabled if
bits 5-4 of the Extended System Control 2 register (CR51) are not 00b.
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Bits 6-3 Reserved

Bit7 HCTR X2 - Horizontal Counter Double Mode
0 = Disable horizontal counter double mode
1 = Enable horizontal counter double mode (horizontal CRT parameters are doubled)

Hardware Graphics Cursor Mode Register (HGC_MIODE) (CR45)

Read/Write Address: 375H, Index 45H
Power-On Default: 00H

7 6 5 4 3 2 1 0
HWGC HWGC
R R R 1280 R R R ENB

Bit0 HWGC ENB - Hardware Graphics Cursor Enable
0 = Hardware graphics cursor disabled in any mode
1 = Hardware graphics cursor enabled in Enhanced mode

Bits 3-1 Reserved

Bit4 HWGC 1280 - Hardware Cursor Right Storage
0 = Function disabled
1 = For 4 bits/pixel, the last 256 bytes in each 1-KByte line of the hardware cursor start
address become the hardware graphics cursor storage area. For 8 bits/pixel, the
last 512 bytes in each 2-KByte line of the hardware cursor start address become
the hardware graphics cursor storage area. In either case, bits 1-0 of CR4D must
be 11b.

Bits 7-5 Reserved

Hardware Graphics Cursor Origin-X Registers (HWGC_ ORGX(H)(L)) (CR46, CR47)

Read/Write Address: 3?5H, Index 46H, 47H
Power-On Default: 0000H

The high order three bits are written into CR46 and the low order byte is written into CR47.

15141312 1n]10] 98765 al3][2]1]o0
R|R|R| R | R |HWGCORGX(H) HWGC ORG X (L)

Bits 10-0 HWGC ORG X(H) (L) - X-Coordinate of Cursor Left Side

Bits 15-11 Reserved
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Hardware Graphics Cursor Origin-Y Registers (HWGC_ORGY(H)(L)) (CR48, CR49)

Read/Write Address: 3?5H, Index 48H, 49H
Power-On Default: Undefined

The high order three bits are written into CR48 and the low order byte is written into CR49.

1514131211 [1w]e[8][7]6][s5]al3][2]1]o
R|IRI|RI| R | R |HWGCORGY (H) HWGC ORG Y (L)

Bits 10-0 HWGC ORG Y (H)(L) - Y-Coordinate of Cursor Upper Line
The cursor X, Y position is registered upon writing HWGC ORG Y (H).

Bits 15-11 Reserved

Hardware Graphics Cursor Foreground Color Stack Register { HWGC_FGSTK) (CR4A)

Read/Write Address: 3?5H, Index 4AH
Power-On Default: Undefined

7 |l 6] 5] a]l 3] 21110
TRUE COLOR FOREGROUND STACK (0-2)

Bits 7-0 TRUE COLOR 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.

Hardware Graphics Cursor Background Color Stack Register { HWGC_BGSTK) (CR4B)

Read/Write Address: 3?5H, Index 4BH
Power-On Default: Undefined

7 |l 6 ] 5] a3l 211710
TRUE COLOR BACKGROUND STACK (0-2)

Bits 7-0 TRUE COLOR BACKGROUND STACK (0-2)

Three background color registers are stacked at this address. The stack pointer (com-
mon with CR4A) is reset to 0 by reading the Hardware Graphics Cursor Mode register
(CR45). Each write to this register (CR4B) increments the stack pointer by 1, so three
writes provide 24 bits of true color information.
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Hardware Graphics Cursor Storage Start Address Registers (HWGC_STA(H)(L) (CR4C, CR4D)

Read/Write Address: 3?5H, Index 4CH, 4DH
Power-On Default: Undefined

The high order four bits are written into CR4C and the low order byte is written into CR4D.

et

51|13 1211109 ]s]7]e]ls]al3]2]11]o0

R R R R HWGC STA(H) HWGC STAI(L)

Bits 11-0 HWGC STA(H)(L) - Hardware Graphics Cursor Storage Start Address

Bits 15-12 Reserved

Hardware Graphics Cursor Pattern Display Start X-PXL-Position Register (HWGC_DX) (CR4E)

Read/Write Address: 3?5H, Index 4EH
Power-On Default: Undefined
7 6 5 | 4 ] 3] 21 1o
R R HWGC PAT DISP START X-POS

Bits 5~0 HWGC PAT DISP START X-POS - HWGC Pattern Display Start-X Pixel Position
This value is the offset (in pixels) from the left side of the 64x64 cursor pixel pattern
from which the cursor is displayed. This allows a partial cursor to be displayed at the
left border of the display.

Bits 7-6 Reserved

Hardware Graphics Cursor Pattern Disp Start Y-PXL-Position Register (HGC_DY) (CR4F)

Read/Write Address: 375H, Index 4FH
Power-On Default: Undefined
7 6 5 | 4 [ 3] 2] 110
R R HWGC PAT DISP START Y-POS

Bits 5~0 HWGC PAT DISP START Y-POS - HWGC Pattern Display Start-Y Pixel Position

This value is the offset (in pixels) from the top of the 64x64 cursor pixel pattern from
which the cursor is displayed. This allows a partial cursor to be displayed at the top
of the display.
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Bits 7-6 Reserved

16-6 SYSTEM CONTROL REGISTER DESCRIPTIONS



83 Trio32/Trio64 Integrated Graphics Accelerators

83 Incorporated

Section 17: System Extension Register Descriptions

These registers provide extended system and memory control, external sync control and addressing
window control. They are enabled in the same way as the System Control registers via the Register
Lock 2 register (CR39).

Inthe following register descriptions, ‘R’ stands for reserved (write =0, read = undefined). See Appendix
A for a table listing each of the registers in this section and its page number.

Extended System Cont 1 Register (EX_SCTL_1) (CR50)

Read/Write Address: 3?5H, Index 50H
Power-On Default: 00H

7 | s 5 4 3 2 1 0
GE-SCRW | PXL-LNGH ENB GESW
1 0 10 R |BREQ| R 2

Bit 0 Extension bit 2 of the screen width definition. See bits 7-6 below.
Bit1 Reserved
Bit2 ENB BREQ - Enable BREQ Function

0 = BREQ, BGNT functions disabled
1 = BREQ, BGNT functions enabled

Bit3 Reserved

Bits 5~4 PXL-LNGH - Pixel Length Select
00 = 1 byte (Default). This corresponds to a pixel length of 4 or 8 bits/pixel in bit 7 of
the Subsystem Status register (42E8H)
01 = 2 bytes. 16 bits/pixel
10 = Reserved
11 = 4 bytes. 32 bits/pixel

These bits select the pixel length for Enhanced mode command execution through
the Graphics Engine.

SYSTEM EXTENSION REGISTER DESCRIPTIONS 17-1



S3 Trio32/Trio64 Integrated Graphics Accelerators

$3 Incorporated

Bits 7-6

GE-SCR-W - Graphics Engine Command Screen Pixel Width
Bit 0 of this register is the most significant bit of this definition.
000 = 1024 (or 2048 if bit 1 of CR31 =1) (Default)

001 =640

010 = 800 (or 1600x1200x4 if bit 2 of 4AE8H = 1)

011 =1280

100 = 1152

101 = Reserved

110 = 1600

111 = Reserved

Extended System Control 2 Register (EX_SCTL_2) (CR51)

Read/Write Address: 375H, Index 51H
Power-On Default: 00H
7 6 5 4 3 2 1 0
LOG-SCR-W | OLD-CBAD OLD-DSAD
R R 9 8 19 18 19 18

Bits 1-0 OLD-DSAD - Old Display Start Address Bits 19-18
These are extension bits of Memory Configuration register (CR31) bits 5-4 (Display
Start Base Address). If the upper 4 display start address bits are programmed into
bits 3-0 of CR69, these bits and bits 5-4 of CR31 are ignored. The Trio32 only supports
2 MBytes of memory, so the upper bit is not used.

Bits 3-2 OLD-CBAD - Old CPU Base Address Bits 19-18
These are extension bits of CRT Register Lock register (CR35) bits 3-0 (CPU Base Ad-
dress). They becomes bits 19-18 of the CPU base address, enabling access to up to 4
MBytes of display memory. If the upper 6 CPU base address bits are programmed
into bits 5-0 of CR6A, these bits and bits 3-0 of CR35 are ignored. The Trio32 only sup-
ports 2 MBytes of memory, so the upper bit is not used.

Bits 5-4 LOG-SCR-W - Logical Screen Width Bits 9-8
These are two extension bits of the Offset register (CR13). If the value of these bits is
not 00b, bit 2 of the Extended Mode register (CR43) is disabled.

Bits 7-6 Reserved
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Extended BIOS Flag 1 Register (EXT_BBFLG1) (CR52)

Read/Write Address: 3?5H, Index 52H
Power-On Default: 00H
7 | 6 | 5 | a ] 3] 21110
EXT-BIOS-FLAG-REGISTER-1
Bits 7-0 EXT-BIOS-FLAG-REGISTER-1

See the S3 video BIOS documentation for the coding of this register. Note that this
coding is different from that used with previous S3 accelerators.

Extended Memory Control 1 Register (EX_MCTL_1) (CR53)

Read/Write

Address: 3?5H, Index 53H

Power-On Default: 00H

7 6 5 4 3 2 1 0
SWP ENB ENB
R NBL R |[MMIO| R R R WPB

Bit0 ENB WPB - Enable Write Per Bit
0 = Disable write per bit for all memory banks
1 = Enable write per bit for all memory banks

Bits 3-1

Bit 4

Bit5

Bit 6

Bit7

Reserved

ENB MMIO - Enable MMIO Access

0 = Disable (Default)

1 = Enable Memory-Mapped I/O

Refer to the MMIO explanation in Section 13 for more information.

Reserved

SWP NBL - Swap Nibbles
0 = No nibble swap

1 = Swap nibbles in each byte of a linear memory address read or write operation

Reserved
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Extended Memory Control 2 Register (EX_MCTL_2) (CR54)

Read/Write Address: 3?5H, Index 54H
Power-On Default: 00H
7 | 6 | 5 ] a] 3] 2] 1] o
M PARAMETER R R R

Bits 2-0 Reserved

Bits 7-3 M PARAMETER

5-bit Value = (number of 8-byte memory access cycles available for purposes other
than filling the display FIFO) -1. This parameter should be maximized within the con-
straint that a display FIFO underrun is not allowed. See Section 7.4, Display Memory
Access Control, for more information.

¥

Extended RAMDAC Control Register (EX_DAC_CT) (CR55)

Read/Write

Address: 3?5H, Index 55H

Power-On Default: 00H

7 6

5 4 3 2 1 0

TOFF
Velk | R

MS R ENB
R X1 GIR R R

Bits 1-0

Bit 2

Bit3

Bit 4

Bits 6-5

Reserved

ENB GIR - Enable General Input Port Read
0 = RAMDAC reads enabled
1 = General Input Port read enabled

When this bit is set to 1, the STRD strobe for reading General Input Port data is gener-
ated when 3C8H is read. The data is transmitted via GD[7:0] to AD[7:0] for PCI configu-
rations and directly to SD[7:0] for VL-Bus configurations.

Reserved

MS/X11 - Hardware Cursor MS/X11 Mode
0 = MS-Windows mode (Default)
1 = X11-Windows mode

This bit select the type of decoding used for the 64x64x2 storage array of the hard-
ware graphics cursor. See the Programming the Hardware Cursor section for a de-
scription of the decoding.

Reserved
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Bit 7 TOFF VCLK - Tri-State Off VCLK Output
0 = Normal operation
1 = VCLK output is tri-stated off

External Sync Control 1 Register (EX_SYNC_1) (CR56)

Read/Write Address: 3?5H, Index 56H
Power-On Default: 00H

7 6 5 4 3 2 1 0

PRST | ESYN | DIS DIS | RMT
R R R |ODDF| RN | VSYN|HSYN| ON

Bit0 RMT ON - Remote Mode Operation
0 = Remote Mode operation off
1 = Remote Mode operation on. The VSYNC pin becomes the input for genlocking.

Bit1 DIS HSYN - Tri-state off HSYNC
0 = HSYNC output buffer tri-stated on
1 = HSYNC output buffer tri-stated off

Bit2 DIS VSYN - Tri-state off VSYNC
0 = VSYNC output buffer tri-stated on
1 = VSYNC output buffer tri-stated off

Bit3 ESYN R/V - External Sync Vertical Counter Reset Select
0 = Horizontal/Vertical counter reset sync (Default)
1 = Vertical counter-only reset sync with genlocking

If bit 0 (Remote Mode) is set to 1, the falling edge of the VSYNC input signal resets
the vertical counter (every other frame in the interlaced mode) or both the horizontal
and vertical counters.

Bit4 PRST ODDF - Preset Frame Select (-EVEN/ODD)
0 = Start with the Even Frame after a V-counter reset (Default)
1 = Start with the Odd Frame after a V-counter reset
This bit is effective only when bit 3 = 1 with remote mode on (bit 0 = 1).

Bits 7-5 Reserved
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External Sync Control 2 Register (EX_SYNC_2) (CR57)

Read/Write

Address: 3?5H, Index 57H

Power-On Default: 00H

7 |l 6 | 5 [ a | 3] 21]1]0o
VSYN-RESET-ADJUST
Bits 7-0 VSYN-RESET-ADJUST

This specifies the vertical delay line number of the V-counter reset from the falling
edge of VSYNC. The set value must be not equal zero in Remote mode (bit 0 of CR56
set to 1).

Linear Address Window Control Register (LAW_CTL) (CR58)

Read/Write

Address: 3?5H, Index 58H

Power-On Default: 00H

7 6 5 4 3 2 1 0
RAS ENB | LAT LAW-SIZE
PRE R R LA DEL R 1 0
Bits 1-0 LAW-SIZE - Linear Address Window Size
00 = 64 KBytes (Default)
01 =1 MByte
10 = 2 MBytes
11 = 4 MBytes (Trio64 only - not a valid setting for the Trio32)
Bit2 Reserved
Bit 3 LAT DEL - Address Latch Delay Control (VL-Bus only)

Bit4

Bits 6-5

0 = Address latching is delayed one clock (T2 cycle)
1 = Address latching occurs in the T1 cycle

This bit is effective only when one decode wait state is selected by setting bit 4 of
CR40to 1.

ENB LA - Enable Linear Addressing
0 = Disable linear addressing {Default)
1 = Enable linear addressing

Enabling linear addressing disables access to the AOOOH-AFFFH region unless bank-
ing is enabled via bit 0 of CR31, the window size is set to 64K via bits 1-0 of this regis-
ter and AOOOH is specified as the base in CR59-5A.

Reserved
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Bit7 RAS PRE - RAS Pre-charge Time Adjust
0 = RAS pre-charge (high) time is defined by bit 3 of CR68
1 = RAS pre-charge (high) time is decreased by 0.5 MCLKSs over that specified by bit 3
of CR68 and the corresponding RAS low time (bit 2 of CR68) is increased by 0.5
MCLKs. This leaves the total cycle time unchanged.

Linear Address Window Position Registers (LAW_POS(X) (CR59-5A)

Read/Write Address: 3?5H, Index 59H-5AH
Power-On Default: 0000H

15 1|13 12][1n]1w]e sl 7]e]s]afa3]2]1]o
LINEAR-ADDRESS-WINDOW-POSITION

CR59 contains the upper byte (15-8) and CR5A contains the lower byte (7-0). These registers specify
the Linear Address Window Position in 32-bit CPU address space. The Linear Address Window resides
on a 64KB, 1TMB, 2MB or 4MB (Trio64 only) memory boundary (size-aligned boundary). Some LSBs of
this register (illustrated by “xx..xx” in the following table) are ignored because of the size-aligned
boundary scheme.

LAW Linear Address Window
Size Position Register Bit(s)

64KB|31-256| 24 | 23 22 21 20 19 18 17 | 16
1MB |31-25] 24 23 22 21 20 XX XX XX XX
2MB |31-25]| 24 23 22 21 XX XX XX XX XX
4MB |31-25] 24 23 22 XX XX XX XX XX XX

Bits 15-0 LINEAR-ADDRESS-WINDOW-POSITION - LA Window Position Bits 31-16
16-bit Value = the linear address window position in 32-bit CPU address space.

Bits 31-23 are common with bits 31-23 of the base address programmed into the PCI
Base Address 0 register at address 10H-12H. Writes to these bits in either register will
also be written to the other. In general, the bits should be programmed via the PCI
configuration register. Writes to CR59 and CR5A should be read-modify- writes that
do not change bits 31-23.

If a 64K window is specified and bit 0 of CR31 is set to 1, bits 5-0 of CR6A specify the
64K page of display memory to be accessed through a 64K window located at the ad-
dress specified in these registers.
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General Output Port Register (GOUT_PORT) (CR5C)

Read/Write

Address: 375H, Index 5CH

Power-On Default: 00H

7 | 6 | 5 | a3 ] 2]1]co
GENERAL-OUT-PORT
Bits 7-0 GENERAL-OUT-PORT

These bits are user definable. For a PCl configuration, they are driven onto GD[7:0]
when written. For a VL-Bus configuration, they are driven onto SD[15:8] when writ-
ten. Writing to this register automatically generates the external buffer strobe STWR.

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 0
BGT | SFF | EHS | SHS | EHB | SHB | HDE HT
8 8 +32 8 +64 8 8 8
Bit 0 HT 8 - Horizontal Total (CRO) Bit 8

Bit 1
Bit 2

Bit 3

Bit4

Bit5

Bit 6

Bit 7

HDE 8 - Horizontal Display End (CR1) Bit 8
SHB 8 - Start Horizontal Blank (CR2) Bit 8
EHB+64 - End Horizontal Blank (CR3) + 64

0 = BLANK pulse unaffected
1 = BLANK pulse extended by 64 DCLKs

SHS 8 - Start Horizontal Sync Position (CR4) Bit 8
EHS+32 - End Horizontal Sync (CR5) + 32

0 = HSYNC pulse unaffected

1 =HSYNC pulse extended by 32 DCLKs

SFF 8 - Start FIFO Fetch (CR3B) Bit 8

BGT 8 - Bus-Grant Terminate Position (CR5F) Bit 8
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Extended Vertical Overflow Register (EXT_V_OVF) (CR5E)

Read/Write Address: 375H, Index 5EH
Power-On Default: 00H
7 6 5 4 2 1 0
LCM VRS SVB | VDE VT
R 10 R 10 10 10 10
Bit 0 VT 10 - Vertical Total (CR6) Bit 10
Bit 1 VDE 10 - Vertical Display End (CR12) Bit 10
Bit2 SVB 10 - Start Vertical Blank (CR15) Bit 10
Bit3 Reserved
Bit4 VRS 10 - Vertical Retrace Start (CR10) Bit 10
Bit5 Reserved
Bit6 LCM 10 - Line Compare Position (CR18) Bit 10
Bit 7 Reserved

Extended Memory Control 3 Register (EXT-MCTL-3) (CR60)

Read/Write

Address: 3?5H, Index 60H

Power-On Default: 00H

7 | 6

[ 5 [ 4 [ 3 [ 2 |

1 [ o

N(DISP-FETCH-PAGE)

Bits 7-0 N(DISP-FETCH-PAGE) - N Parameter

Value = (number of 4-byte (Trio32 or 1 MByte Trio64 configuration) or 8-byte (2 or 4
MBytes of memory for the Trio64) units written to the display FIFO before memory ac-
cess is allowed to other requestors) -1. See Section 7.4, Display Memory Access Con-
trol, for more information.
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External Sync Control 3 Register (EX-SYNC-3) (CR63)

Read/Write Address: 3?5H, Index 63H
Power-On Default: 00H
7 [ 6 | 5 | 4 3 [ 2] 1] o
CHAR-CLK-RST-DELAY HSYNC-RESET-ADJST

Bits 3-0 HSYNC-RESET-ADJST - HSYNC Reset Adjust
This value specifies the number of character clocks the HSYNC reset in the slave is de-
layed from the falling edge of the VSYNC input from the master during genlocking.
Remote mode (bit 0 of CR56 set to 1) must be enabled for this field to take effect.

Bits 7-4 CHAR-CLK-RST-DELAY - Character clock reset delay
This specifies the number of DCLKs to delay the resetting of the character clock at the
end of the scan line. This is used to sync the master and slave character clocks during
genlocking. Remote mode (bit 0 of CR56 set to 1) must be enabled for this field to
take effect.

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
DLY BLANK | ENB
R R R 1 0 3C3 R R

Bits 1-0 Reserved

Bit2 ENB 3C3 - Enable 3C3H for Video Subsystem Setup
0 = 46E8H is the address for video subsystem setup
1 =3C3H is the address for video subsystem setup

This bit allows the CPU to initialize a second video card.

Bits 4-3 DLK BLANK - Delay BLANK by DCLK (Trio32 only)
00 = No delay of BLANK
01 = Delay BLANK for 1 DCLK
10 = Delay BLANK for 2 DCLKs (required for color mode 12)
11 = Delay BLANK for 3 DCLKs

Bits 7-5 Reserved
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Extended Miscellaneous Control 1 Register (EXT-MISC-1) (CR66)

Read/Write Address: 3?5H, Index 66H
Power-On Default: 00H

7 6 5 4 3 2 1 0

PCl | TOFF
DE |PADT| R R R R R R

Bits 5-0 Reserved

Bit 6 TOFF PADT - Tri-State Off Pixel Address Bus
0 = Normal operation
1 = PA[15:0] are set to tri-state off

Bit 7 PCI DE - PCI bus disconnect enable
0 = PCI bus disconnect disabled
1 = PCl bus disconnect enabled

Setting this bit to 1 allows PCI burst cycles to be interrupted if AD[1:0] # 00b or if the
address during the burst goes outside the address ranges supported by the
Trio32/Trio64.

Extended Miscellaneous Control 2 Register (EXT-MISC-2)(CR67)

Read/Write Address: 3?5H, Index 67H
Power-On Default: 00H
7 1 6 ] 5 ] a 3 2 1 0
COLOR MODE VCLK
3 2 1 0 R R 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

Bits 3-1 Reserved
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Bits 7-4

COLOR MODE - RAMDAC Color Mode

0000 = Mode 0: 8-bit color, 1 pixel/VCLK

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/VCLK

0111 = Mode 12: 640x480x24-bit color (packed), 1 pixel/3 DCLKs (Trio32 only)
1101 = Mode 13: 24-bit color, 1 pixel/VCLK

All other mode values are reserved.

Configuration 3 Register (CNFG-REG-3) (CR68)

Read/Write

Address: 3?5H, Index 68H

Power-On Default: Depends on Strapping

This is the third byte (along with CR36 and CR37) of the power-on strapping bits. PD[23:16] are sampled
on power-on reset and their states are written to bits 7-0 of this register. AGH must be written to CR39
to provide read/write access to this register.

7 6 | 5 | 4 3 2 1 | o
upP MON-INF RAS - | RAS - | CAS/OE STR

ADD 3 2 1 PCG | LOW | WE DELAY
Bits 1-0 CAS,OE Stretch Time, WE delay

00 = approximately 6.5 ns stretch (nominal), 2 units WE delay
01 = approximately 5 ns stretch (nominal), 1 unit WE delay
10 = approximately 3.5 ns stretch (nominal), no WE delay

11 = no stretch or delay

This parameter adjusts the timing for the rising edges of the CAS and OE signals and
both falling and rising edges of WE. This allows stretching of the signal active time
for CAS and OE and delaying the entire WE signal to allow more time for valid pixel
data to be available. The delay time shown above is an approximation. It is affected
by both process and signal loading and must be measured for each design.

Bit2 RAS-LOW - RAS Low Timing Select

0 = 4.5 MCLKs
1=3.5 MCLKs

This parameter specifies the length of the RAS active time for a single row/column ac-
cess. RAS may be held low longer to accommodate additional page mode accesses
to the same row.

Bit 3 RAS-PCG - RAS Precharge Timing Select

0 =3.5 MCLKs
1=2.5 MCLKs

When RAS goes high to end a memory cycle, this parameter specifies the minimum
period it must be held high before beginning another memory access cycle.
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Bits 6-4 MON-INF - Monitor Information
The S3 BIOS uses these bits for monitor information.

Bit 7 UP ADD - Upper Address Decode/Memory Data Bus Size
0 = All 32 bits of the system address bus are decoded (VL-Bus); Trio64 memory data
bus is 32 bits.
1 = SAUP input is decode of upper address lines (VL-Bus); Trio64 memory data bus is
32 bits (1 MByte of memory) or 64 bits (2 of more MBytes of memory).

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] o
R R R R | DISPLAY-START-ADDRESS

Bits 3-0 DISPLAY-START-ADDRESS
This field contains the upper 4 bits (19-16) of the display start address, allowing ad-
dressing of up to 4 MBytes of display memory. When a non-zero value is
programmed in this field, bits 5-4 of CR31 and 1-0 of CR51 (the old display start ad-
dress bits) are ignored. The Trio32 only supports 2 MBytes of memory, so the upper
bit is not used.

Bits 7-4 Reserved

Extended System Control 4 Register (EXT-SCTL-4)(CR6A)

Read/Write Address: 375H, Index 6AH
Power-On Default: 00H
7 6 5 | 4 | 3 2] 170
R R CPU-BASE-ADDRESS

Bits 5-0 CPU-BASE-ADDRESS
This field contains the upper 6 bits (19-14) of the CPU base address, allowing access-
ing of up to 4 MBytes of display memory via 64K pages. When a non-zero value is
programmed in this field, bits 3-0 of CR35 and 3-2 of CR51 (the old CPU base address
bits) are ignored. Bit 0 of CR31 must be set to 1 to enable this field. If linear address-
ing is enabled and a 64 KByte window is specified, these bits specify the 64K page to
be accessed at the base address specified in CR59 and CR5A. Otherwise, the base ad-
dress is normally at AOOOH. The Trio32 only supports 2 MBytes of memory, so the up-
per bit must always be 0.

Bits 7-6 Reserved

SYSTEM EXTENSION REGISTER DESCRIPTIONS 17-13



ﬁ S3 Trio32/Trio64 Integrated Graphics Accelerators

S$3 Incorporated

Extended BIOS Flag 3 Register (EBIOS-FLG3)(CR6B)

Read/Write Address: 3?5H, Index 6BH
Power-On Default: 00H

7 |l 6 | 5 | a ]l 3] 21110
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: 3?5H, Index 6CH
Power-On Defauit: 00H

7 | 6 | 5 | a 3] 21110
EXT-BIOS-FLAG-REGISTER-4

Bits 7-0 EXT-BIOS-FLAG-REGISTER-4
This register is reserved for use by the S3 BIOS.
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Section 18: Enhanced Commands Register Descriptions

These registers support the Vision864 Enhanced drawing commands. Access to these registers is
enabled via bit 0 of the System Configuration register (CR40).

In the following register descriptions, ‘R’ stands for reserved (write =0, read = undefined). See Appendix
A for a table listing each of the registers in this section and its page number.

Subsystem Status Register (SUBSYS_STAT)

Read Only Address: 42E8H
Power-On Default: 0000H

This read-only register provides information on interrupt status, monitor 1.D. and the number of bits
per pixel. See the Subsystem Control (42E8H, Write Only) register for details on enabling and clearing
interrupts.

15 14 | 13 12 n 10 9 8 7 6 5 4 3 2 1 0

PXL FIFO|FIFO| GE | VSY
R R R R R R R R |LNG| R R R |EMP| OVF | BSY | INT

Bit 0 VSY INT - Vertical Sync Interrupt Status
0 = No interrupt
1 = Interrupt generated if enabled

Bit1 GE BSY - Graphics Engine Busy Interrupt Status
0 = No interrupt
1 = Interrupt generated if enabled

Bit2 FIFO OVF - Command FIFO Overflow Interrupt Status
0 = No interrupt
1 = Interrupt generated if enabled

Bit3 FIFO EMP - Command FIFO Empty Interrupt Status
0 = No interrupt
1 = Interrupt generated if enabled

Bits 6-4 Reserved
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Bit7

Bits 15-8

PXL LNG - Pixel Length (# of bit planes)
0 = 4-bit
1 =8-bit

This reflects the number of bit planes when bits 5-4 of the Extended System Control 1
register (CR50) are 00b.

Reserved

Subsystem Control Register (SUBSYS_CNTL)

Write Only

Address: 42E8H

Power-On Default: 0000H

This register allows each of several interrupt sources to be enabled or disabled. Interrupt status (Subsystem
Status (42E8H, Read Only) can be cleared. This register also controls the software reset of the graphics engine.

151413122 1n]1w0] 9 [8|7]6][s5]| a3 |2]1]0
GE-RST FIFO-ENB | GE | VSY FIFO | FIFO | GEB | VSY
1 0 R R |EMP OVF | BSY|ENB| R R R R | CLE | CLO | CLR | CLR

Bit 0 VSY CLR - Clear Vertical Sync Interrupt Status
0 = No change
1 = Clear

Bit 1 GEB CLR - Clear Graphics Engine Busy Interrupt Status
0 = No change
1 = Clear

Bit2 FIFO CLO - Clear Command FIFO Overflow Interrupt Status
0 = No change
1= Clear

Bit 3 FIFO CLE - Clear Command FIFO Empty Interrupt Status
0 = No change
1 = Clear

Bits 7-4 Reserved

Bit 8 VSY ENB - Vertical Sync Interrupt Enable
0 = Disable
1 =Enable

Bit9 GE BSY- Graphics Engine Busy Interrupt Enable

0 = Disable
1 =Enable
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Bit 10 FIFO-ENB OVF - Command FIFO Overflow Interrupt Enable
0 = Disable
1 =Enable

Bit 11 FIFO-ENB EMP - Command FIFO Empty Interrupt Enable
0 = Disable
1 =Enable

Bits 13-12 Reserved

Bits 15-14 GE-RST - Graphics Engine Software Reset
00 = No change
01 = Graphics Engine enabled
10 = Reset
11 = Reserved

Advanced Function Control Register (ADVFUNC_CNTL)

Read/Write Address: 4AE8H
Power-On Default: 0000H

This register enables or disables the enhanced display functions.

15 | 14 | 13 | 12 | 11 10 9 8 7 6 5 4 3 2 0
ENH ENB
R R R R R R R R R R [MIO| LA R | PL EHFC

Bit0 ENB EHFC - Enable Enhanced Functions
0 = Enable VGA and VESA planar (4 bits/pixel) modes
1 = Enable all other modes (Enhanced and VESA non-planar)

Bit 1 Reserved
Bit2 ENH PL - Enhanced modes pixel length

0 = 8 or more bits/pixel enhanced modes
1 = 4 bits/pixel enhanced modes

Bits 5-4 of CR50 are used to differentiate between 8-, 16- and 32-bit pixel lengths.

Bit 3 Reserved

Bit4 LA - Enable Linear Addressing
0 = Disable linear addressing
1 = Enable linear addressing

This bit is ORed with bit 4 of CR58 and is equivalent to it.
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Bit5 MIO - Enable Memory Mapped |/O (MMIO)
0 = Disable MMIO
1 =Enable MMIO
This bit is ORed with bit 4 of CR53 and is equivalent to it.

Bits 15-6 Reserved

Current Y-Position Register (CUR_Y)

Read/Write Address: 82E8H
Power-On Default: Undefined

For line draws (solid, textured, short stroke or polyline), rectangle draws and image transfers, writing
to this register defines the vertical screen coordinate at which the first pixel will be drawn. For polygons
ortrapezoids, thisis the starting pixel vertical position for the first of two edges to be drawn. For BitBLTs,
this is the vertical coordinate for the upper left hand corner of the destination. For PatBLTs, this is the
vertical coordinate of the upper lefthand corner of the off-screen pattern. Reading this register produces
the current vertical drawing coordinate.

514131211 ]1w]e]s]7]e6e]ls5]a]lsz]2]1]o0
R|R|R]|R CURRENT Y-POSITION

Bits 11-0 CURRENT Y-POSITION

Bits 15-12 Reserved

Current Y-Position 2 Register (CUR_Y2) (Trio64 Only)

Read/Write Address: 82EAH
Power-On Default: Undefined

For polygons or trapezoids, this is the starting pixel vertical position for the second of two edges to be
drawn. Reading this register produces the current vertical drawing coordinate for the second edge
being drawn.

5|1l B[220l s s8] 765 ]al3z]2]1]o0
R|IR|IRI|R CURRENT Y-POSITION 2

Bits 11-0 CURRENT Y-POSITION 2

Bits 15-12 Reserved
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Current X-Position Register (CUR_X)

Read/Write Address: 86E8H
Power-On Default: Undefined

For line draws {solid, textured, short stroke or polyline), rectangle draws and image transfers, writing
to this register defines the horizontal screen coordinate at which the first pixel will be drawn. For
polygons or trapezoids, this is the starting pixel horizontal position for the first of two edges to be
drawn. For BitBLTs, this is the horizontal coordinate for the upper left hand corner of the destination.
For PatBLTs, this is the horizontal coordinate of the upper left hand corner of the off-screen pattern.
Reading this register produces the current horizontal drawing coordinate.

15[ 1a]13[12][11]10]eo]s8]7]6][s]als][2]1]o0
R|R|RJ|R CURRENT X-POSITION

Bits 11-0 CURRENT X-POSITION

Bits 15-12 Reserved

Current X-Position 2 Register (CUR_X2) (Trio64 Only)

Read/Write Address: 86EAH
Power-On Default: Undefined

For polygons or trapezoids, this is the starting pixel horizontal position for the second of two edges to
be drawn. Reading this register produces the current horizontal drawing coordinate for the second
edge being drawn.

15 1413121110876l ]als]2]1]o0
R|R|R]|R CURRENT X-POSITION 2

Bits 11-0 CURRENT X-POSITION 2

Bits 15-12 Reserved
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Destination Y-Position/Axial Step Constant Register (DESTY_AXSTP)

Read/Write Address: 8AE8H
Power-On Default: Undefined

For BitBLTs and PatBLTs, this register defines the vertical position for the top of the destination
rectangle. For solid and textured line draws, this is axial step constant used in the definition of the line.
For polylines, this is the ending vertical position for each line segment. For polygons and 4-point
trapezoids, this is the ending vertical position for the first of two edges to be drawn. For Bresenham
parameter trapezoids, this is the axial step constant for the first of two edges to be drawn.

15 |14 13]12][1n]1w]e[s8]7]e[s]als3]2]1]o
R|R|R|R DESTINATION Y-POSITION

Bits 11-0 DESTINATION Y-POSITION

Bits 15-12 Reserved

15 14| 13l12]nn]1w]o]ls]7]e6][s]alsz]2[1]o
R | R LINE PARAMETER AXIAL STEP CONSTANT

Axial Step Constant = 2 * (min(|dx|,|dy|)) In other words, when drawing a line from point A to point B,
determine the change in the X coordinate from A to B and the change in the Y coordinate from A to B.
Take the smaller of the two changes and multiply its absolute value by 2.

Bits 13-0 LINE PARAMETER AXIAL STEP CONSTANT

Bits 15-14 Reserved

Y-Coordinate 2/Axial Step Constant 2 Register (Y2_AXSTP2) (Trio64 Only)Y coordinate 2

Read/Write Address: BAEAH
Power-On Default: Undefined

For polygons and 4-point trapezoids, this is the ending vertical position for the second of two edges
to be drawn. For Bresenham parameter trapezoids, this is the axial step constant for the second of two
edges to be drawn.

15141312 1n][1w]o[s8]7]6]s5]als[2]1]o
R|RI|RI|R Y-COORDINATE 2

Bits 11-0 Y-COORDINATE 2

Bits 15-12 Reserved

18-6 ENHANCED COMMANDS REGISTER DESCRIPTIONS



ﬁ S3 Trio32/Trio64 Integrated Graphics Accelerators

S3 Incorporated

51413121 ][1w]eo[s8]7]e]s]al3][2]17]o
R | R LINE PARAMETER AXIAL STEP CONSTANT 2

Axial Step Constant = 2 * (min(|dx|,|dy|)) In other words, when drawing a line from point A to point B,
determine the change in the X coordinate from A to B and the change in the Y coordinate from A to B.
Take the smaller of the two changes and multiply its absolute value by 2.

Bits 13-0 LINE PARAMETER AXIAL STEP CONSTANT 2

Bits 15-14 Reserved

Destination X-Position/Diagonal Step Constant Register (DESTX_DIASTP)

Read/Write Address: 8EE8H
Power-On Default: Undefined

For BitBLTs and PatBLTs, this register defines the horizontal position for the left side of the destination
rectangle. For solid and textured line draws, this is diagonal step constant used in the definition of the
line. For polylines, this is the ending horizontal position for each line segment. For polygons and 4-point
trapezoids, this is the ending horizontal position for the first of two edges to be drawn. For Bresenham
parameter trapezoids, this is the diagonal step constant for the first of two edges to be drawn.

15 [ 14 [ 1312 11]10] 9| 8|76 |5 ]a]3][2]1]o0

R R R R DESTINATION X-POSITION

Bits 11-0 DESTINATION X-POSITION

Bits 15-12 Reserved

1514131211 ]10] 98] 7]l6]ls5]al3z]2]1]o
R | R LINE PARAMETER DIAGONAL STEP CONSTANT

Diagonal Step Constant = 2 * [min(|dx]|,|dy|) - max(|dx],|dy|)]. See the Destination Y-Position/Axial Step
Constant (8AE8H) register for an explanation of the terms used in this equation.

Bits 13-0 LINE PARAMETER DIAGONAL STEP CONSTANT

Bits 15-14 Reserved
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X-Coordinate 2 Register (X2) (Trio64 Only)X coordinate 2

Read/Write Address: 8EEAH
Power-On Default: Undefined

For polygons and 4-point trapezoids, this is the ending horizontal position for the second of two edges
to be drawn. For Bresenham parameter trapezoids, this is the diagonal step constant for the second of
two edges to be drawn.

15 14131211 ]1w] e8] 7]6[s5]als3]2]1]o
R|IR|RI|R X-COORDINATE 2

Bits 11-0 X-COORDINATE 2

Bits 15-12 Reserved

Line Error Term Register (ERR_TERM)

Read/Write Address: 92E8H
Power-On Default: Undefined

This register specifies the initial error term for solid and textured line draws. For Bresenham parameter
trapezoids, this is the error term for the first of two edges to be drawn.

1514|1312 nn]1w]e]s]7]le6]ls5]lals3]2]1]o
R | R LINE PARAMETER/ERROR TERM

Error Term = 2 * min(|dx|,|dy|) - max(|dx],|dy| - 1 if the starting X < the ending X
Error Term = 2 * min(|dx]|,|/dy|) - max(|dx|,|dy]| if the starting X > the ending X

See the Destination Y-Position/Axial Step Constant (BAE8H) register for an explanation of the terms
used in these equations.

Bits 13-0 LINE PARAMETER/ERROR TERM

Bits 15-14 Reserved
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Line Error Term 2 Register (ERR_TERMZ2) (Trio64 Only)

Read/Write Address: 92EAH
Power-On Default: Undefined

For Bresenham parameter trapezoids, this is the error term for the second of two edges to be drawn.

1514131211098l 7]els5]af3z]2]1]o
R | R ERROR TERM 2

Error Term =2 * min(|dx],|dy]) - max(]dx],|dy| - 1 if the starting X < the ending X
Error Term =2 * min(|dx|,[dy|} - max(]dx],|dy| if the starting X > the ending X

See the Destination Y-Position/Axial Step Constant (8AE8H) register for an explanation of the terms
used in these equations.

Bits 13-0 ERROR TERM 2

Bits 15-14 Reserved

Major Axis Pixel Count Register (VIAJ_AXIS_PCNT)

Read/Write Address: 96E8H
Power-On Default: Undefined

This register specifies the length (in pixels) of the major (longest) axis for solid and textured lines and
the width for rectangles, image transfers, BitBLTs and PatBLTs. For Bresenham parameter trapezoids,
this is the major axis length for the first of two edges to be drawn.

15 1413121108765 ]alz]2]1]o0
R|R|R|R RECTANGLE WIDTH/LINE PARAMETER MAX

Bits 11-0 RECTANGLE WIDTH/LINE PARAMETER MAX
The value is the number of pixels along the major axis - 1.

Bits 15-12 Reserved
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Major Axis Pixel Count 2 Register (MAJ_AXIS_PCNT2) (Trio64 Only)
Read/Write

Address: 96EAH

Power-On Default: Undefined

For Bresenham parameter trapezoids, this is the major axis length for the second of two edges to be

drawn.
1514|1312 1n]w]elsl7]le6ls]alsz]l2]1]o0
R R[R]|R LINE PARAMETER MAX 2

Bits 11-0 LINE PARAMETER MAX 2
The value is the number of pixels along the major axis - 1.

Bits 15-12 Reserved

Graphics Processor Status Register (GP_STAT)

Read Only
Power-On Default: Undefined

Address: 9AESH

15 [ 14|13 12]11]10] 9] s

7]le|s]af3]2]1]odo

FIFO-STATUS (Trio64) HDW
11 12 13 AE |BSY| R

9

10

1

2

3

FIFO-STATUS
4 5

6 7 8

Bits 7-0 FIFO-STATUS

In the following table for the Trio32, the leftmost column represents the value of FIFO
status bit 1 (register bit 7). Each column to the right represents the value of the next
higher FIFO status bit. A value of 0 read from any particular status bit position guaran-
tees at least as many open FIFO slots as the number of that status bit. For example, if
a 0 is read from status bit 6 (register bit 2), there are at least 6 open FIFO slots. See

Bits 15-11 for a table for the Trio64.

00000000 = 8 FIFO slots available
00000001 = 7 FIFO slots available
00000011 = 6 FIFO slots available
00000111 = 5 FIFO slots available
00001111 = 4 FIFO slots available
00011111 = 3 FIFO slots available
00111111 = 2 FIFO slots available
01111111 = 1 FIFO slots available
11111111 = 0 FIFO slots available

Bit 8 Reserved
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Bit9 HDW BSY - Hardware (Graphics Engine) Busy
0 = not busy
1 = busy - graphics command is executing

Bit 10 AE - All FIFO Slots Empty
0 = At least one FIFO slot is occupied
1 = All FIFO slots empty

Bits 15-11 FIFO-STATUS
These are the upper 5 bits of the FIFO status for the Trio64. See bits 7-0 for the inter-
pretation. The following table applies only to the Trio64.

0000000000000 = 13 FIFO slots available
0000000000001 = 12 FIFO slots available
0000000000011 = 11 FIFO slots available
0000000000111 = 10 FIFO slots available
0000000001111 =9 FIFO slots available
0000000011111 = 8 FIFO slots available
0000000111111 =7 FIFO slots available
0000001111111 = 6 FIFO slots available
0000011111111 = 5 FIFO slots available
0000111111111 = 4 FIFO slots available
0001111111111 = 3 FIFO slots available
0011111111111 = 2 FIFO slots available
0111111111111 = 1 FIFO slots available
1111111111111 = 0 FIFO slots available

Drawing Command Register (CMD)

Write Only Address: 9AE8H
Power-On Default: Undefined

This register specifies the drawing command and a number of associated control parameters.

15 141312 1n[1w0] e8| 76|55 als]2]1]o0

CMD-TYPE BYTE |CMD| BUS SIZE |WAIT DRWG-DIR.  PRAW DIR |LAST| PX
2 1 0 |SWP| 3 1 0 |YES| 2 1 0 |YES|TYP|POF| MD | =1

Bit 0 This bit must always be programmed to 1.

Bit1 PX MD - Select Across the Plane Pixel Mode
0 = Single pixel transferred at a time
1 = Multiple pixels transferred at a time (across the plane mode)

Bit2 LAST POF - Last Pixel Off
0 = Last pixel of line or vector draw will be drawn
1 = Last pixel of line or vector draw will not be drawn
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Bit 3

Bit 4

Bits 7-5

Bit 8

Bits 10-9

Bit 11

Bit 12

DIR TYP - Select Radial Direction Type
0 = x-y (axial)
1 = Radial

DRAW YES - Draw Pixel
0 = Move the current position only - don’t draw
1 = Draw pixel(s)

DRWG-DIR - Select Drawing Direction

In the following table, radial drawing angle is measured counterclockwise from the X
axis. For axial line draws, the line is drawn from left to right or a +X and from right to
left for a -X, down for a +Y and up for a -Y. X or Y maj specifies the longest axis.

7-5 Radial (bit3=1) | x-y (Axial -bit3 =
0)
000 0° =Y, X maj,—X
001 45° =Y, X maj,+X
010 90° -Y,Y maj,—X
011 135° =Y,Y maj,+X
100 180° +Y.X maj,—X
101 225° +Y,X maj,+X
110 270° +Y,Y maj,—X
111 315° +Y,Y maj,+X

WAIT YES - Wait for CPU Data
0 = Use Graphics Engine-based data
1 = Wait for data to be transferred to or from the CPU through the E2E8H port

BUS SIZE - Select image write (E2E8H, E2EAH) bus transfer width

00 = 8 bits

01 = 16 bits :

10 = 32 bits. All doubleword bits beyond the image rectangle width are discarded.
Each line starts with a fresh doubleword. The current drawing position ends up
one pixel below the lower left hand corner of the image rectangle.

11 = 32 bits. (Trio32 8, 16 and 32 bits/pixel modes only) This setting applies only to
image transfers across the plane (each bit transferred is converted to a pixel).
Only bits from the end of the line width to the next byte boundary are discarded.
Data for the next line begins with the next byte. The current drawing position
ends up one pixel to the right of the top right corner of the image rectangle.

This parameter applies only to writing data through the Pixel Data Transfer (E2E8H,
E2EAH) registers (programmed I/O or memory-mapped I/O).

CMD 3 - Bit 3 of the command type. See Bits 15-13.
BYTE SWP - Enable Byte Swap

0 = High byte first, low byte second
1 = Low byte first, high byte second
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Bits 15-13 CMD-TYPE - Select Command Type
Note: Bit 3 of the command type (the left or most significant) is bit 11 of this register.

0000 = NOP. This is used to set up short stroke vector drawing without writing a pixel.

0001 = Draw Line. If bit 3 of this register is cleared to 0, the axial step constant,
diagonal step constant and error term are used to draw the line. If bit 3 is set to
1, the line will be drawn at the angle specified by bits 7-5 and with a length in
pixels as specified by the Major Axis Pixel Count (96E8H) register.

0010 = Rectangle Fill. The position, width and height of a rectangle are defined. The
rectangle is filled with a solid color.

0011 = Polygon Fill Solid. (Trio64 only) The starting and ending coordinates for 2
lines of an n-sided polygon (n = 3 or more) are defined. Only the ending
coordinates are required for subsequent commands required to complete the
polygon. The polygon is filled with a single color.

0100 = 4-point Trapezoid Fill Solid. (Trio64 only) This is a special case of the polygon
fill solid command, with the top and bottom edges required to be horizontal.

0101 = Bresenham Parameter Trapezoidal Fill Solid. (Trio64 only) The starting
positions and Bresenham parameters (axial and diagonal step constants and
error terms) are defined for two lines that form the sides of a trapezoid. The top
and bottom lines must be horizontal. The trapezoid is filled with a single color.

0110 = BitBLT. A rectangle of defined location, width and height is moved to another
defined location in display memory.

0111 = PatBLT. An 8x8 pixel patterned rectangle of defined location is transferred
repeatedly to a destination rectangle of defined location, width and height. The
pattern copy is always aligned to an 8 pixel boundary and transfers continue
until the pattern is tiled into the entire destination rectangle. The starting X
coordinate of the source pattern rectangle should always be on an 8 pixel
boundary.

1001 = Polyline/2-Point Line. (Trio64 only) The starting and ending coordinates for a
line segment are defined. For subsequent polyline {(connected) segments, only
the ending point need be programmed. If only a single segment is drawn, this is
called a 2-point line operation.

1101 = Bresenham Parameter Trapezoidal Fill Pattern. (Trio64 only) Same as the
Bresenham Parameter Trapezoidal Fill Solid except that the trapezoid is filled

with an 8x8 pixel pattern whose location is specified in the the Pattern Y (EAE8H)
and Pattern X (EAEAH) registers.

1100 = 4-point Trapezoidal Fill Pattern. {Trio64 only) Same as the 4-point Trapezoidal
Fill Solid except that the trapezoid is filled with an 8x8 pixel pattern whose
location is specified in the the Pattern Y (EAE8H) and Pattern X (EAEAH) registers.

1011 = Polygon Fill Pattern. (Trio64 only) Same as the Polygon Fill Solid except that
the polygon is filled with an 8x8 pixel pattern whose location is specified in the
the Pattern Y (EAE8H) and Pattern X (EAEAH) registers.
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Drawing Command 2 Register (CMD2) (Trio64 Only)

Write Only
Power-On Default: Undefined

For Bresenham parameter trapezoid fills, this register defines the drawing direction for the second

Address: 9AEAH

edge to be drawn. The drawing direction for the first edge is specified in bits 7-5 of 9AE8H t

15141312/ 11]10] 9] 8]l 7|65 a]l3]2]n1
DRWG-DIR 2.
RIR|R|/R|R|R|R]IR|]2 1 olRrR|RI|RI|RHR

Bits 4-0 Reserved

Bits 7-5 DRWG-DIR 2 - Select Drawing Direction 2

In the following table, the line is drawn from left to right or a +X and from right to left
for a -X, down for a +Y and up for a -Y. X or Y maj specifies the longest axis. Axial

drawing is specified in bit 3 of 9AE8H.

7-5 x-y (Axial - bit 3 = 0)
000 =Y, X maj,—X
001 =Y X maj,+X
010 =Y,Y maj,—X
011 =Y,Y maj,+X
100 +Y,X maj,—X
101 +Y,X maj,+X
110 +Y,Y maj,-X
111 +Y,Y maj,+X

Bits 15-8 Reserved
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Short Stroke Vector Transfer Register (SHORT_STROKE)

Write Only

Address: 9EE8H

Power-On Default: Undefined

This register defines two short stroke vectors. These are drawn one at a time based on the setting of
the BYTE SWAP bit (bit 12) in the Command (SAE8H) register.

1514131211109 s8] 7]e6]s5]al3]2]1]o0
DRWG-DIR  |DRW PIXEL-LENGTH DRWG-DIR.  |DRW PIXEL-LENGTH
2 1 o lmv]| 3 2 1 ol2 1 olm|3 2 1 o0

Bits 3-0 PIXEL-LENGTH
Value = # pixels - 1

Bit 4

DRW -MV - Draw Pixel

0 = Move current position only - don’t draw
1 = Draw pixel

Bits 7-5
000 = 0°
001 =45°
010 =90°
011 =135°
100 = 180°
101 = 225°
110 = 270°
110 = 315°

DRWG-DIR.- Select Drawing Direction (measured counterclockwise from the X axis)

Bits 15-8 These bits duplicate bits 7-0 to define the second short stroke vector.
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Background Color Register (BKGD_COLOR)

Read/Write Address: A2E8H
Power-On Default: Undefined

See the Enhanced Mode Bitmap Accessing Through the Graphics Engine section in the Functional
Description for a detailed explanation of how and when this color value is used when writing a pixel
to display memory.

15 1] 13]12][1n]1w] e8]l 7]6[s5]alsz]l2]1]o
BACKGROUND COLOR

31 [ 30 | 20 | 28| 27| 26 [ 25 [ 24 [ 23 [ 22 | 21 [ 20 [ 19 | 18 [ 17 [ 16
BACKGROUND COLOR

Bits 31-0 BACKGROUND COLOR
If bit 9 of BEE8_EH is set to 1 for programmed 1/O (not MMIO), this becomes a 32-bit
register. If bit 9 of BEES_EH is cleared to 0, this is two 16-bit registers. In 32 bpp mode
with 16-bit registers, the upper and lower doublewords are read or written sequen-
tially, depending on the state of the RSF flag (bit 4 of BEE8H, Index EH). If RSF = 0, the
lower 16 bits are accessed. If RSF = 1, the upper 16 bits are accessed. The RSF flag
toggles automatically when a doubleword is read or written.

Foreground Color Register (FRGD_COLOR)

Read/Write Address: AGESH
Power-On Default: Undefined

See the Enhanced Mode Bitmap Accessing Through the Graphics Engine section in the Functional
Description for a detailed explanation of how and when this color value is used when writing a pixel
to display memory.

15 1] B3]l12]nn]w]9s]s8]7]e6els]als]lz2]1]o0
FOREGROUND COLOR

31 [ 30 | 29 [ 28 [ 27 [ 26 [ 25 [ 24 [ 23 [ 22 [ 21 [ 20 [ 19 ] 18] 17 [ 16
FOREGROUND COLOR

Bits 31-0 FOREGROUND COLOR
If bit 9 of BEE8_EH is set to 1 for programmed I/O (not MMIO), this becomes a 32-bit
register. If bit 9 of BEE8_EH is cleared to 0, this is two 16-bit registers. In 32 bpp mode
with 16-bit registers, the upper and lower doublewords are read or written sequen-
tially, depending on the state of the RSF flag (bit 4 of BEE8H, Index EH). If RSF = 0, the
lower 16 bits are accessed. If RSF = 1, the upper 16 bits are accessed. The RSF flag
toggles automatically when a doubleword is read or written.
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Bitplane Write Mask Register (WRT_MASK)

Read/Write

Address: AAESH

Power-On Default: Undefined

15141312110l o] s8]7]6]ls5]al3][2]1]o0

BIT-PLANE WRITE MASK

31 [ 30 [ 20 [ 28 | 27 [ 26 | 25 [ 24 [ 23 [ 22 | 21 [ 20 | 19 | 18 [ 17 | 16
BIT-PLANE WRITE MASK
Bits 31-0 BIT-PLANE WRITE MASK

If biti =0, bitplane i is not updated
If biti =1, bitplane i is updated

Bits 31-0 control planes 31-0 respectively. If bit 9 of BEES_EH is set to 1 for pro-
grammed I/O (not MMIO), this becomes a 32-bit register. If bit 9 of BEE8_EH is cleared
to 0, this is two 16-bit registers. In 32 bpp mode with 16-bit registers, the upper and
lower doublewords are read or written sequentially, depending on the state of the
RSF flag (bit 4 of BEE8H, Index EH). If RSF = 0, the lower 16 bits are accessed. If RSF =
1, the upper 16 bits are accessed. The RSF flag toggles automatically when a double-
word is read or written.

Bitplane Read Mask Register (RD_MASK)

Read/Write

Address: AEESH

Power-On Default: Undefined

s 1] B3]12]1M][1w]eo]s]7]6]s]als3]2]1]o0
BIT-PLANE READ MASK
31 [ 30 [ 20 [ 28 | 27 [ 26 [ 25 [ 24 [ 23 [ 22 [ 21 [ 20 [ 19 [ 18] 17 ] 16
BIT-PLANE READ MASK
Bits 31-0 BIT-PLANE READ MASK

If bit i = 0, bitplane i is not used as a data source
If biti = 1, bitplane i is used as a data source

Bit-plane read mask for BitBLT and image transfer functions. Bits 31-0 control planes
31-0 respectively. If bit 9 of BEES_EH is set to 1 for programmed 1/O (not MMIO), this
becomes a 32-bit register. If bit 9 of BEE8_EH is cleared to 0, this is two 16-bit regis-
ters. In 32 bpp mode with 16-bit registers, the upper and lower doublewords are read
or written sequentially, depending on the state of the RSF flag (bit 4 of BEE8H, Index
EH). If RSF = 0, the lower 16 bits are accessed. If RSF = 1, the upper 16 bits are ac-
cessed. The RSF flag toggles automatically when a doubleword is read or written.

ENHANCED COMMANDS REGISTER DESCRIPTIONS 18-17



S3 Trio32/Trio64 Integrated Graphics Accelerators

$3 Incorporated

Color Compare Register (COLOR_CMP)

Read/Write Address: B2ESH
Power-On Default: Undefined

This register contains the color value that is compared against the current bitmap color if the color
compare option is turned on by setting bit 8 of the Pixel Control (BEE8H, Index OEH) to 1. Bit 7 of the
Pixel Control register determines whether a match or a non-match results in a pixel update.

151431211 ]1w] e8] 765 [al3]2]1]o
COMPARISON COLOR WITH SOURCE

31 [ 30 [ 20 [ 28 [ 27 [ 26 [ 25 [ 24 [ 23 [ 22 [ 21 [ 20 [ 19 [ 18] 17 [ 16
COMPARISON COLOR WITH SOURCE

Bits 31-0 COMPARISON COLOR WITH SOURCE
If bit 9 of BEE8_EH is set to 1 for programmed I/O (not MMIO), this becomes a 32-bit
register. If bit 9 of BEES_EH is cleared to 0, this is two 16-bit registers. In 32 bpp mode
with 16-bit registers, the upper and lower doublewords are read or written sequen-
tially, depending on the state of the RSF flag (bit 4 of BEE8H, Index EH). If RSF = 0, the
lower 16 bits are accessed. If RSF = 1, the upper 16 bits are accessed. The RSF flag
toggles automatically when a doubleword is read or written.

Background and Foreground Mix Registers (BKGD_MIX, FRGD_MIX)

Read/Write Address: B6E8H (Background), BAESH (Foreground)
Power-On Default: Undefined

See the Enhanced Mode Bitmap Accessing Through the Graphics Engine section in the Functional
Description for a detailed explanation of how and when these registers are used when writing a pixel
to display memory.

1514312111087 ]6ls5[al3]l2]1]o

CLR-SRC MIX-TYPE
R R R R R R R R R 1 0 R 3 2 1 0

Bits 3-0 MIX-TYPE - Select Mix Type
In the general case, a new color is defined. A logical operation such as'AND or OR is
then performed between it and the current bitmap color. If the bitplane to be written
is enabled, the result of this logical “mix” is written to the bitmap as the new pixel
color. The following table shows the mix types available (! = logical NOT).
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0000 lcurrent 1000 Icurrent OR !new
0001 logical zero 1001 current OR !new
0010 logical one 1010 Icurrent OR new
0011 leave current as is 1011 current OR new
0100 Inew 1100 current AND new
0101 current XOR new 1101 Icurrent AND new
0110 l{current XOR new) 1110 current AND Inew
0111 new 1111 Icurrent AND Inew

Bit4 Reserved

Bits 6-5 CLR-SRC - Select Color Source
00 = Background color (the register is the color source)
01 = Foreground color (the register is the color source)
10 = CPU data (the CPU is the color source)
11 = Display memory (the display memory is the color source)

Bits 15-7 Reserved

Read Register Data Register (RD_REG_DT)

Read Only Address: BEESH
Power-On Default: Undefined

A read of this register produces a read of the register specified by bits 2-0 of the Read Register Select
(BEE8H, Index OFH) register. Each read of BEE8H causes the read index (bits 2-0 of BEE8H, Index OFH)
to increment by one. Registers BEE8H, Indices OH to 0EH, 9AE8H, 42E8H and 46E8H can thus be rapidly
read by successive reads from BEE8H.

Note: Writes to the BEE8H registers (except the read index register, Index OFH) are pipelined. Therefore,
to correctly read back a write to one of these registers, issue a NOP drawing command (a write to
9AES8H with bits 15-13 programmed to 000b) immediately after the BEEBH register write. Next, write
the desired register index to BEE8H, Index OFH and read the data from BEE8H.

The BEES8H registers are written directly by writing to BEE8H with the appropriate register index in bits
15-12.

s 141312110 ] 9] s[7][e6ls5]al3]2]1]o0
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Minor Axis Pixel Count Register (MIN_AXIS_PCNT)

Write Only Address: BEE8H, Index OH
Power-On Default: Undefined

This register specifies the height for rectangles, image transfers, BitBLTs and PatBLTs.

15 141312 11]10] 98]l 7]6]ls[alaz]l2]1]o
ol o] o] o RECTANGLE HEIGHT

Bits 11-0 RECTANGLE HEIGHT
Value = (number of pixels in the height of the rectangle) - 1

Bits 15-12 INDEX = 0H

Top Scissors (SCISSORS_T)

Write Only Address: BEE8H, Index 1H
Power-On Default: Undefined

This register specifies the top of the clipping rectangle. It is the lowest Y value that will be drawn.

15143121110 e8] 7]e6e]ls]a[3]2]1]o
ol ol o] CLIPPING TOP LIMIT

Bits 11-0 CLIPPING TOP LIMIT

Bits 15-12 [INDEX = 1H

Left Scissors (SCISSORS_L)

Write Only Address: BEE8H, Index 2H
Power-On Default: Undefined

This register specifies the left side of the clipping rectangle. It is the lowest X value that will be drawn.

15 11312110l es]s]7]6]5]a]3]2]1]o0
olol 1o CLIPPING LEFT LIMIT

Bits 11-0 CLIPPING LEFT LIMIT

Bits 15-12 INDEX =2H
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Bottom Scissors (SCISSORS_B)

Write Only Address: BEE8H, Index 3H
Power-On Default: Undefined

This register specifies the bottom of the clipping rectangle. It is the highest Y value that will be drawn.

151413121 ]1w0]9s[s8]l7]e6]ls]alz]2]1]o

0 0 1 1 CLIPPING BOTTOM LIMIT

Bits 11-0 CLIPPING BOTTOM LIMIT

Bits 15-12 INDEX =3H

Right Scissors (SCISSORS_R)

Write Only Address: BEE8H, Index 4H
Power-On Default: Undefined

This register specifies the right side of the clipping rectangle. Itis the highest X value that will be drawn.

15 1 [13]12]1n]1w]e]s]l7]e6ls]alz]2]1]o0
ol 1 lolo CLIPPING RIGHT LIMIT

Bits 11-0 CLIPPING RIGHT LIMIT

Bits 15-12 [INDEX =4H

Pixel Control Register (PIX_CNTL)

Write Only Address: BEE8H, Index 0AH
Power-On Default: Undefined

See Bitmap Access Through the Graphics Engine in the Enhanced Mode Programming section for an
explanation of how and when bits 7-6 of this register are used when writing a pixel to display memory.

15 | 14 | 13 | 12 | 11 10 9 8 7 6 5 4 3 2 1 0

DT-EX-SRC
1 0 1 0 R R R R 1.0 R R R R R R

Bits 5-0 Reserved
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Bits 7-6 DT-EX-SRC - Select Mix Register
00 = Foreground Mix register is always selected
01 = Reserved
10 = CPU data determines Mix register selected
11 = Display memory current value determines Mix register selected

Bits 11-8 Reserved

Bits 15-12 INDEX = 0AH

Multifunction Control Miscellaneous 2 Register (MULT_MISC2)

Write Only Address: BEE8H, Index 0DH
Power-On Default: DOOOH

15141312 11m]10]e]sl7]le6]ls5]alz]2]1]o0
1| =1 =0]=1]=0]=0]-0]=0] =0 SRC-BASE -0 | DST=BASE

Bits 2-0 DST-BASE - Destination Base Address
000 = First destination memory address is in the 1st MByte of display memory
001 = First destination memory address is in the 2nd MByte of display memory
010 = First destination memory address is in the 3rd MByte of display memory
011 = First destination memory address is in the 4th MByte of display memory

This field supersedes bits 1-0 of BEE8H, Index E if any of these 3 bits are setto 1. The
3- and 4-MByte settings apply only to the Trio64.

Bit 3 Reserved
Bits 6-4 SRC-BASE - Source Base Address
000 = First source memory address is in the 1st MByte of display memory
001 = First source memory address is in the 2nd MByte of display memory
010 = First source memory address is in the 3rd MByte of display memory
011 = First source memory address is in the 4th MByte of display memory

This field supersedes bits 3-2 of BEE8H, Index E if any of these three bits are set to 1.
The 3- and 4-MByte settings apply only to the Trio64.

Bits 11-7 Reserved

Bits 15-12 INDEX = 0DH
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Multifunction Control Miscellaneous Register (MULT_MISC)

Write Only

Power-On Default: EOOOH

Address: BEE8H, index OEH

15

14

B[12{n|w]s[s8s]7]e]s]als]2]1]o

1

1

CMR| ENB | SRC | SLW| EXT | RSF | SRC-BA DEST-BA
1 0 R R | 32B |CMP| NE | RM | CLIP 21 20 21 20

Bits 1-0

Bits 3-2

Bit 4

Bit5

Bit 6

Bit 7

DEST-BA 21 20 - Destination Base Address Bits 21-20

00 = First destination memory address is in the 1st MByte of display memory

01 = First destination memory address is in the 2nd MByte of display memory
10 = First destination memory address is in the 3rd MByte of display memory
11 = First destination memory address is in the 4th MByte of display memory

This field is superseded by bits 2-0 of BEE8H, Index D if any of the BEE8H Index D bits
is set to 1. The 3- and 4-MByte settings apply only to the Trio64.

SRC-BA 21 20 - Source Base Address Bits 21-20

00 = First source memory address is in the 1st MByte of display memory
01 = First source memory address is in the 2nd MByte of display memory
10 = First source memory address is in the 3rd MByte of display memory
11 = First source memory address is in the 4th MByte of display memory

This field is superseded by bits 6-4 of BEE8H Index D if any of the BEE8H Index D bits
is set to 1. The 3- and 4-MByte settings apply only to the Trio64.

RSF - Select Upper Word in 32 Bits/Pixel Mode
0 = Selects lower 16 bits for accesses to 32-bit registers in 32 bpp mode
1 = Selects upper 16 bits for accesses to 32-bit registers in 32 bpp mode

EXT CLIP - Enable External Clipping
0 = Only pixels inside the clipping rectangle are drawn
1 = Only pixels outside the clipping rectangle are drawn

SLW RMW - Select Slow Read/Modify/Write Cycle
0 = Fast Read/Modify/Write Cycle
1 = Slow Read/Modify/Write Cycle

When the Graphics Engines does a raster operation involving current screen data, it
must do a read/modify/write cycle. For a fast cycle, the read, modify and write each
take one MCLK. For a slow cycle, a wait state is inserted so that the entire process re-
quires 4 MCLKs.

SRC NE - Don't Update Bitmap if Source Not Equal to Color Compare Color

0 = Don't update current bitmap if the Color Compare (B2E8) register value is equal to
the color value of the source bitmap

1 = Don’t update current bitmap if the Color Compare (B2E8) register value is not
equal to the color value of the source bitmap

This bit is only active if bit 8 of this register is set to 1.
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Bit8 ENB CMP - Enable Color Compare
0 = Disable color comparison
1 = Enable color comparison

Bit9 CMR 32B - Select 32-Bit Command Registers
0 = Command registers (A2E8H, AGE8H, AAE8H, AEE8H, B2E8H) are 16-bit
1 = Command registers (A2E8H, AGE8H, AAE8H, AEE8H, B2E8H) are 32-bit. Byte and
word accesses cannot be made.

This bit applies to programmed I/O accesses only and is a don't care for MMIO ac-
cesses.

Bits 11-10 Reserved =0

Bits 15-12 INDEX = OEH

Read Register Select Register (READ_SEL)

Write Only Address: BEE8H, Index OFH
Power-On Default: Undefined

15 14131211 ][1w]o]s] 765 al3]2]1]o0
1 1 a1 T RrRIRIR]IRIRIRIRIR READ-REG-SEL

Bits 2-0 READ-REG-SEL - Read Register Select

When BEE8H is read, the value returned is determined by this read register index
according to the following:

0000 = BEE8H, Index OH

0001 = BEE8H, Index 1H

0010 = BEE8H, Index 2H

0011 = BEE8H, Index 3H

0100 = BEE8H, Index 4H

0101 = BEE8H, Index 0AH

0110 = BEE8H, Index OEH

0111 = 9AE8H (Bits 15-13 of the read data are forced to 0)
1000 = 42E8H (Bits 15-12 of the read data are forced to 0)
1001 = 46E8H

1010 = BEE8H, Index ODH

The read register index increments by one with each reading of BEESH.
Bits 11-4 Reserved

Bits 15-12 INDEX = OFH
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Pixel Data Transfer Register (PIX_TRANS)

Write Only Address: E2E8H
Power-On Default: Undefined

All data from the CPU to the Graphics Engine must pass through this register.

1514131211 ]1w] e8] 7]e6[s[al3]2]1]0
IMAGE WRITE DATA

Bits 15-0 IMAGE WRITE DATA

Pixel Data Transfer - Extension Register (PIX_TRANS_EXT)

Write Only Address: E2EAH
Power-On Default: Undefined

This register is an extension of E2E8H for 32-bit operations.

1513121 1w]a]sl7]e6]s]al3]l2]1]o0
IMAGE WRITE DATA

Bits 15-0 IMAGE WRITE DATA

Pattern Y (PAT_Y) (Trio64 Only)

Read/Write Address: EAESH
Power-On Default: Undefined

This register defines the vertical coordinate top edge of an 8x8 pixel pattern programmed into
off-screen memory. This is used with the Bresenham parameter trapezoidal fill pattern, trapezoidal
4-point trapezoid fill pattern and the polygon fill pattern command types.

15 14131211 ]1w]9s[s]7]e]ls]a[s]2]1]o
RIR|R|R PATTERN Y

Bits 11-0 PATTERNY

Bits 15-12 Reserved
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Pattern X (PAT_X) (Trio64 Only)

Read/Write Address: EAEAH
Power-On Default: Undefined

This register defines the horizontal coordinate of the left side of an 8x8 pixel pattern programmed into
off-screen memory. This is used with the Bresenham parameter trapezoidal fill pattern, trapezoidal
4-point trapezoid fill pattern and the polygon fill pattern command types.

15| 1413121110l e8] 7]e]s5]alsz]l2]1]o
R|R|R|R PATTERN X

Bits 11-0 PATTERN X

Bits 15-12 Reserved
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Section 19: PCI Register Descriptions

The PCI specification defines a configuration register space. These registers allow device relocation,
device independent system address map construction and automatic configurations. The Trio32/Trio64
provides a subset of these registers, which are described below.

The configuration register space occupies 256 bytes. When a configuration read or write command is
issued, the ADI[7:0] lines contain the address of the register in this space to be accessed. The
Trio32/Trio64 supports or returns 0 for the first 64 bytes of this space.

In the following register descriptions, ‘R’ stands for reserved (write = 0, read = undefined). See Appendix
A for a table listing each of the registers in this section and its page number.

Vendor ID

Read Only Address: 00H
Power-On Default: 5333H

This read-only register identifies the device manufacturer.

151413122 11]10] s s]7]6ls5]alsz3]2]1]o0
Vendor ID

Bits 15-0 Vendor ID
This is hardwired to 5333H to identify S3 Incorporated.
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Device ID

Read Only Address: 02H
Power-On Default: 8811H

This read-only register contains the same value for either a Trio32 or Trio64. This allows the same BIOS to be
used with either chip. The type of chip used is determined from the CR2E register.

151413 12][11]1w] o8l 765 a]l3]2]1]o0
Device ID

Bits 15-0 Device ID

Command

Read/Write Address: 04H
Power-On Default: 0000H

This register controls which types of PCl cycles the Trio32/Trio64 can generate and respond to.

15 | 14 | 13 | 12 | 11 10 9 8 7 6 5 4 3 2 1 0

DAC MEM| 1/0
R R R R R R R R R R |SNP| R R R

Bit 0 1/O - Enable Response to I/O Accesses
0 = Response to I/O space accesses is disabled
1 = Response to I/O space accesses enabled

Bit1 MEM - Enable Response to Memory Accesses
0 = Response to memory space accesses is disabled
1 = Response to memory space accesses enabled

Bits 4-2 Reserved

Bit5 DAC SNP - RAMDAC Register Access Snooping
0 = Trio32/Trio64 claims and responds to all RAMDAC register access cycles
1 =Trio32/Trio64 performs RAMDAC register writes but does not claim the PCl cycle.
RAMDAC register read accesses are performed by the Trio32/Trio64.

Bits 15-6 Reserved
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Status

Read/Write

Power-On Default: 0200H

Address: 06H

15141312 1n]10]o]s]7]els5]alz]2]1]o
R R R R R DEVSEL Reserved
Bits 8-0 Reserved
Bits 10-9 DEVSEL - Device Select Timing
01 = Medium DEVSEL timing. (hardwired)
Bits 15-11 Reserved
Class Code
Read Only Address: 08H

Power-On Default: 30000H

This register is hardwired to 3000000H to specify that the Trio32/Trio64 are VGA-compatible display
controllers.

15 1] 13]12]1n]1w]e s8] 7]l6]s5]alz]l2]1]o0

PROGRAMMING INTERFACE

REVISION ID

31 [ 30 | 20 | 28 | 27 [ 26| 25 [ 24 | 23 [ 22 [ 21 [ 20| 19| 18] 17| 16

BASE CLASS CODE

SUB-CLASS
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Base Address 0

Read/Write Address: 12H (high) 10H (low)
Power-On Default: 0000 0000H

This is a 32-bit register in PCI configuration space that provides for address relocation. The
Trio32/Trio64 maps the upper 9 bits of the register to the Linear Address Window Position registers
CR59-CR5A. Bit 23 maps to bit 7 of CR5A and bits [31:24] map to bits 7-0 of CR59. Consequently, these
bits map to system address bits [31:23].

15 | 14 | 13 | 12 | 11 10 9 8 7 6 5 4 3 2 1 0

R R R R R R R R R R R R |PREF MSI
=0 | TYPE=00 | =

31 | 30 | 20 | 28 | 27 [ 26 | 25 | 24 [ 23| 22 [ 21 [ 20 | 19 [ 18] 17 [ 16
BASE ADDRESS 0 RIR|R|RIR|R]|R

Bit0 MSI - Memory Space Indicator
0 = Base registers map into memory space (hardwired)

Bits 2-1 TYPE - Type of Address Relocation
00 = Locate anywhere in 32-bit address space (hardwired)

Bit 3 PREF - Prefetchable
0 = Does not meet the prefetchable requirements (hardwired)

Bits 22-4 Reserved
Bits 31-23 BASE ADDRESS 0

See the description for the Linear Address Window Position registers (CR59, CR5A).
Writes to CR59 and CR5A will also update this field.
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BIOS ROM Base Address

Read/Write Address: 32H (high) 30H (low)
Power-On Default: 000C 0000H

This is a 32-bit register in PCl configuration space that provides for video BIOS ROM address relocation.

15 | 14 | 13 | 12 | 1 10 9 8 7 6 5 4 3 2 1 0
R R R R R R R R R R R R R R R | ADE

31 [ 30 | 20 [ 28 [ 27 [ 26 [ 25 [ 24 [ 23| 22 [ 21 [ 2019 ][ 18] 17 ] 18
BIOS ROM BASE ADDRESS

Bit 0 ADE - Address Decode Enable
0 = Accesses to the BIOS ROM address space defined in this register are disabled
1 = Accesses to the BIOS ROM address space defined in this register are enabled

Bits 15-1 Reserved

Bits 31-16 BIOS ROM BASE ADDRESS
These are the upper 16 bits of the BIOS ROM address.

Interrupt Line

Read/Write Address: 3CH
Power-On Default: 00H

This register contains interrupt line routing information written by the POST program during power-on
initialization.

7 | 6 | 5 | 4] 3] 21 1] o0
INTERRUPT LINE

Bits 7-0 INTERRUPT LINE
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Interrupt Pin

Read Only Address: 3DH
Power-On Default: 01H

This register is hardwired to a value of 1 to specify that INTA is the interrupt pin used.

7 | 6 | 5 | a |l 3] 21110
INTERRUPT PIN

Bits 7-0 INTERRUPT PIN
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Appendix A: Register Reference

This Appendix contains tables listing all the registers in each of categories corresponding to Sections
14-19 of this data book.

VGA

S3VGA

System Control

System Extension
Enhanced Commands
PCI Configuration Space

Within each table, registers are listed in order of increasing addresses/indices. Name, address, register
bit descriptions with read/write status and the page number of the detailed register description are
provided for each register. All addresses and indices are hexadecimal values.
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A.1 VGA REGISTERS

? = B for monochrome, D for color.

Table A-1. VGA Registers

Add Index Register Name Description
ress | Bit(s) Bit Description Page
General or External Registers
3C2 Miscellaneous Output 14-1
0 W Color emulation. Address based at 3Dx
1 W Enable CPU access of video memory
3-2 W Video DCLK select
4 W Reserved
5 W Select the high 64K page of memory
6 W Make HSYNC an active low signal
7 W Make VSYNC an active low signal
3CC Miscellaneous Output 14-1
0 R Color emulation. Address based at 3Dx
1 R Enhable CPU access of video memory
3-2 R Video DCLK select.
4 R Reserved
5 R Select the high 64K page of memory
6 R Make HSYNC an active low signal
7 R Make VSYNC an active low signal
3?A Feature Control 14-2
2-0 W Reserved
3 W VSYNC is ORed with the internal display enable signal
7-4 W Reserved
3CA Feature Control 14-2
2-0 R Reserved
3 R VSYNC is ORed with the internal display enable signal
7-4 R Reserved
3C2 Input Status 0 14-3
3-0 R Reserved
4 R The internal SENSE signal is a logical 1
6-5 R Reserved
7 R Vertical retrace interrupt to the CPU is pending
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Table A-1. VGA Registers (continued)

Add | Index Register Name Description
ress | Bit(s) | R/W Bit Description Page
3?A Input Status 1 14-3
0 R The display in not in active display mode
1 R Reserved
2 R Reserved =1
3 R Vertical retrace period is active
5-4 R Feedback of two color outputs for test purposes
7-6 R Reserved
Sequencer Registers
3C4 Sequencer Index 14-4
4-0 R/W Index to the sequencer register to be accessed
7-5 R/W Reserved
3C5 Sequencer Data _ 14-5
7-0 R/W Data to or from the sequencer register accessed
3C5 00 Reset (SR0) 14-5
0 R/W Asynchronous reset (not functional for the Trio32/Trio64)
1 R/W Synchronous reset (not functional for the Trio32/Trio64)
7-2 R/W Reserved
3C5 01 Clocking Mode (SR1) 14-6
0 R/W Character clocks are 8 dots wide
1 R/W Reserved
2 R/W Load the video serializers every second character clock
3 RW The internal character clock is 1/2 the DCLK frequency
4 R/W Load the video serializers every fourth character clock
5 R/W Screen is turned off
3C5 02 Enable Write Plane (SR2) 14-6
3-0 R/W Enables a CPU write to the corresponding color plane
7-4 R/W Reserved
3C5 03 Character Font Select (SR3) 14-7
4,10 | RW Select Font B
5,3-2 R/W Select Font A
7-6 RW Reserved
3C5 04 Memory Mode Control (SR4) 14-8
0 R/W Reserved
1 R/W Memory access to 256K allowed (required for VGA)
2 R/W Sequential addressing for CPU video memory accesses
3 R/W Module 4 addressing for CUP video memory accesses
74 R/W Reserved
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Table A-1. VGA Registers (continued)

Add | Index Register Name Description
ress | Bit(s) | R/W Bit Description Page
3C5 08 Unlock Extended Sequencer (SR8) 14-9
70 R/W Load xxxx0110b to unlock SR9-SR18
3C5 09 R/W | Extended Sequencer Register 9 14-9
6-0 R/W Reserved
7 R/W Memory-mapped I/0 only (no PIO)
3C5 0A External Bus Request Control (SRA) 14-9
40 R/W P value
5 R/W PDI[63:0] not tri-stated (PD[31:0] for Trio32)
6 R/W Pin 50 is RAS1 if CR36_2 is 1 (EDO memory) (Trio64 only)
7 R/W 2 MCLK memory writes
3C5 0B Miscellaneous Extended Sequencer (SRB) 14-10
0 R/W Use VCLKI for internal dot clock functions (test only)
1 R/W Pixel data from VAFC latched by VCLKI
3-2 R/W Reserved
7-4 R/W Specify color mode for feature connector input
3C5 oD Extended Sequencer (SRD) 14-11
0 R/W Enable feature connector operation
3-1 R/W Reserved
5-4 R/W HSYNC control for Green PC requirements
7-6 R/W VSYNC control for Green PC requirements
3C5 10 MCLK Value Low (SR10) 14-12
4-0 R/W MCLK N-divider value
6-6 R/W MCLK R value
7 R/W Reserved
3C5 11 . MCLK Value High (SR11) 14-12
6-0 R/W MCLK M-divider value
7 R/W Reserved
3C5 12 DCLK Value Low (SR12) 14-13
40 R/W DCLK N-divider value
6-5 R/W DCLK R value
7 R/W Reserved
3C5 13 DCLK Value High (SR13) 14-13
6-0 R/W DCLK M-divider value
7 R/W Reserved
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Table A-1. VGA Registers (continued)

Add | Index Register Name Description
ress | Bit(s) | R/W Bit Description Page
3C5 14 CLKSYN Control 1 (SR14) 14-14
0 R/W DCLK PLL powered down (test only)
1 R/W MCLK PLL powered down (test only)
3 R/W Test MCLK (test only)
4 R/W Clear clock synthesizer counters (test only)
5 R/W Pin 146 tri-stated
6 R/W MCLK is input on pin 146 (test only)
R/W DCLK is input on pin 156 (test only)
3C5 15 CLKSYN Control 2 (SR15) 14-15
0 R/W Load new MCLK frequency
1 R/W Load new DCLK freguency
2 R/W MCLK output on pin 147 (test only)
3 R/W VCLK direction determined by EVCLK
4 R/W Divide DCLK by 2
5 R/W Load MCLK and DCLK PLL values immediately
6 R/W Invert DCLK
7 R/W Enable 2 MCLK memory writes
3C5 16 CLKSYN Test High (SR16) 14-16
70 R/W Reserved
3C5 17 CLKSYN Test High (SR17) 14-17
7-0 R/W Reserved
3C5 18 RAMDAC/CLKSYN Control (SR18) 14-17
0 R/W RAMDAC test counter enabled (test only)
1 R/W Reset RAMDAC test counter
2 R/W Place red data on internal data bus (test only)
3 R/W Place green data on internal data bus (test only)
4 R/W Place blue data on internal data bus (test only)
5 R/W Power-down RAMDAC
6 R/W Select 1 cycle LUT write
7 R/W RAMDAC clock doubled mode enabled
CRT Controller Registers
374 CRT Controller Index 14-19
7-0 R/W Index to the CRTC register to be accessed
375 CRT Controller Data 14-19
7-0 R/W Data to or from the CRTC register accessed
3?5 00 Horizontal Total (CRO) 14-20
7-0 R/W Number of characters in a line -5
3?5 01 Horizontal Display End (CR1) 14-20
7-0 RW One less than the total number of displayed characters
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Table A-1. VGA Registers (continued)

Add | Index Register Name Description
ress | Bit(s) | R/W Bit Description Page
3?5 02 Start Horizontal Blank (CR2) 14-21
7-0 R/W Character count where horizontal blanking starts
3?5 03 End Horizontal Blank (CR3) 14-21
4-0 R/W End position of horizontal blanking
6-5 R/W Display enable skew in character clocks
7 R/W Reserved
3?5 04 Start Horizontal Sync Position (CR4) 14-22
7-0 R/W Character count where HSYNC goes active
3?5 05 End Horizontal Sync Position (CR5) 14-22
4-0 R/W Position where HSYNC goes inactive
6-5 R/W Horizontal retrace end delay in character clocks
7 R/W End horizontal blanking bit 5
3?5 06 Vertical Total (CR6) . . 14-23
7-0 R/W Number of lines - 2
375 07 CRTC Overflow (CR7) 14-23
0 R/W Vertical total bit 8
1 R/W Vertical display end bit 8
2 R/W Vertical retrace start bit 8
3 R/W Start vertical blank bit 8
4 R/W Line compare bit 8
5 R/W Vertical total bit 9
6 R/W Vertical display end bit 9
7 R/W Vertical retrace start bit 9
3?5 08 Preset Row Scan (CR8) 14-24
4-0 R/W Line where first character row begins
6-5 R/W Number of bytes to pan horizontally
7 R/W Reserved
375 09 Maximum Scan Line (CR9) 14-24
4-0 R/W Character height in scan lines -1
5 R/W Start vertical blank bit 9
6 R/W Line compare bit 9
7 R/W Double scanning (repeat each line) enabled
375 0A Cursor Start Scan Line (CRA) 14-25
4-0 R/W Cursor starting line within the character cell
5 R/W Turns off the cursor
7-6 R/W Reserved
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Table A-1. VGA Registers (continued)

Add | Index Register Name Description
ress | Bit(s) | R/W Bit Description Page
3?5 0B Cursor End Scan Line (CRB 14-25
4-0 R/W Cursor ending line within the character cell
6-5 R/W Cursor skew to right in characters
7 R/W Reserved
375 ocC Start Address High (CRC) 14-26
7-0 R/W Bits 15-8 of the display start address
3?5 oD Start Address Low (CRD) 14-26
7-0 R/W Bits 7-0 of the display start address
375 OE Cursor Location Address High (& Hardware Cursor 14-26
Foreground Color in Enhanced Mode) (CRE)
7-0 R/W Bits 15-8 of the cursor location start address
3?5 OF Cursor Location Address Low (& Hardware Cursor 14-26
Background Color in Enhanced Mode) (CRF)
70 R/W Bits 7-0 of the cursor location start address
375 10 Vertical Retrace Start (CR10 14-27
7-0 R/W Vertical retrace start in scan lines
3?5 11 Vertical Retrace End (CR11) 14-27
3-0 R/W Vertical retrace end in scan lines
4 R/W Clear the vertical retrace interrupt flip-flop
5 R/W Disable vertical interrupts
6 R/W Five RAM refresh cycles per horizontal line
7 R/W Lock writes to CRO-CR7
3?75 12 Vertical Display End (CR12) 14-28
7-0 R/W Number of scan lines of active video
375 13 Offset (CR13) 14-28
7-0 R/W Memory start address jump from one scan line to the next
375 14 Underline Location (CR14) 14-29
4-0 R/W Horizontal scan line where underline occurs
5 R/W Memory address counter increment is 4 character clocks
6 R/W Memory accessed as doublewords
7 R/W Reserved
3?5 15 Start Vertical Blank (CR15) 14-29
7-0 R/W Horizontal scan line where vertical blanking starts
3?5 16 End Vertical Blank (CR16 14-30
70 R/W Horizontal scan line where vertical blanking ends
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Table A-1. VGA Registers (continued)

Add | Index Register Name Description
ress | Bit(s) | R/W Bit Description Page
3?5 17 CRTC Mode Control (CR17) 14-30
0 R/W Enable bank 2 mode for CGA emulation
1 R/W Enable bank 4 mode for CGA emulation
2 R/W Use horizontal retrace clock divided by 2
3 R/W Enable count by 2 mode
4 R/W Reserved
5 R/W Enable CGA mode address wrap
6 R/W Use byte address mode
7 R/W Horizontal and vertical retrace signals enabled
375 18 Line Compare (CR18) 14-32
7-0 R/W Line at which memory address counter cleared to 0
375 22 CPU Latch Data (CR22) 14-32
7-0 R Value in the CPU latch in the graphics controller
3?5 | 24,26 Attribute Controller Flag/Index 14-33
5-0 R Value of the attribute controller index data at 3COH
6 R Reserved
7 R State of inverted internal address flip-flop
Graphics Controller Registers
3CE Graphics Controller Index 14-34
3-0 RW Index to the graphics controller register to be accessed
7-4 R/W Reserved
3CF Graphics Controller Data 14-34
7-0 R/W Data to or from the graphics controller register accessed
3CF 00 Set/Reset (GR0) 14-35
3-0 R/W Color value for CPU memory writes
7-4 R/W Reserved
3CF 01 Enable Set/Reset (GR1) 14-35
3-0 R/W Enable planes for writing GRO data
74 R/W Reserved
3CF 02 Color Compare (GR2) 14-36
3-0 R/W Reference color for color compare operations
7-4 R/W Reserved
3CF 03 Raster Operation/Rotate Counter (GR3) 14-36
2-0 R/W Number of right rotate positions for a CPU memory write
4-3 R/W Select raster operation (logical function)
7-5 R/W Reserved
3CF 04 Read Plane Select (GR4) 14-37
1-0 R/W Select planes for reading
7-2 R/W Reserved
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Table A-1. VGA Registers (continued)

Add | Index Register Name Description
ress | Bit(s) | R/W Bit Description Page
3CF 05 Graphics Controller Mode (GR5) 14-38
1-0 R/W Select write mode
2 R/W Reserved
3 R/W Enable read compare operation
4 R/W Select odd/even addressing
5 R/W Select odd/even shift mode
6 R/W Select 256 color shift mode
7 R/W Reserved
3CF 06 Memory Map Mode Control (GR6) 14-39
0 R/W Select graphics mode memory addressing
1 R/W Chain odd/even planes
3-2 R/W Select memory mapping
74 R/W Reserved
3CF 07 Color Don’t Care (GR7) 14-40
3-0 R/W Select color plane used for color comparison
74 R/W Reserved
3CF 08 Bit Mask (GR8) 14-40
7-0 R/W Each bit is a mask for the corresponding memory plane bit
Attribute Registers
3Co Attribute Controller Index 14-41
4-0 R/W Index to the attribute controller register to be accessed
5 R/W Enable video display
7-6 R/W Reserved
3c1/0 Attribute Controller Data 14-42
7-0 R/W Data to or from the attribute controller register accessed
3C1/0 | 00-OF Palette Register (ARO-ARF) 14-42
5-0 R/W Color value
7-6 R/W Reserved
3C1/0 10 Attribute Mode Control (AR10 14-43
0 R/W Select graphics mode
1 R/W Select monochrome display
2 R/W Enable line graphics characters
3 R/W Enable blinking
4 R/W Reserved
5 R/W Enable top panning
6 R/W Select 256 color mode
7 RW Bits 5-4 of video output come from AR14_1-0
3C1/0 1 Border Color (AR11) 14-44
70 R/W Border color value
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Table A-1. VGA Registers (continued)

Add | Index Register Name Description
ress | Bit(s) | R/W Bit Description Page
3C1/0 12 Color Plane Enable (AR12) 14-44
3-0 R/W Display plane enable
5-4 R/W Select inputs to bits 5-4 of 37AH
7-6 R/W Reserved
3C1/0 13 Horizontal Pixel Panning (AR13) 14-45
3-0 R/W Number of pixels to shift the display to the left
74 R/W Reserved
3C1/0| 14 Pixel Padding (AR14) 14-46
1-0 R/W Bits 54 of the video output if AR10_7 =1
3-2 R/W Bits 7-6 of the video output
7-4 R/W Reserved
Setup Registers
102 Setup Option Select 14-47
0 R/W Chip responds tc commands, addresses and data
7-1 R/W Reserved
46E8 Video Subsystem Enable 14-48
2-0 W Reserved
3 W Enable video 1/O and memory address decoding
4 W Put chip in setup mode
7-6 W Reserved
RAMDAC Registers
3C6 DAC Mask 14-49
7-0 R/W Pixel read mask
3C7 DAC Read Index 14-49
70 W Index to palette register to be read
3C7 DAC Status 14-50
1-0 R Shows whether previous DAC cycle was a read or write
7-2 R Reserved
3C8 - DAC Write Index 14-50
7-0 R/W Index to palette register to be written or General Input Port
read data
3C9 DAC Data 14-51
7-0 R/W Data from register pointed to by DAC Read or Write Index
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A.2 S3 VGA REGISTERS

The Trio32/Trio64 has additional registers described in Table A-2 that are located in CRT Controller
address space at locations not used by IBM. All of these registers are read/write protected at power-up
by hardware reset. In order to read/write these registers, the Register Lock 1 register (CR38) must be
loaded with a binary unlock key pattern (see the register description). The registers will remain unlocked
until the key pattern is reset. ? = B for monochrome, D for color.

Table A-2. S3 VGA Registers

Add Index Register Name Description
ress Bit(s) | R/W Bit Description Page
375 2D Device ID High (CR2D) 15-1
7-0 R High byte of device ID (88H)
3?5 2E Device ID Low (CR2E) 15-1
7-0 R Low byte of device ID (10H-Trio32, 11H-Trio64))
3?5 2F Revision (CR2F) 15-2
7-0 R Revision level
375 30 Chip ID/Rev (CR30) 15-2
30 R Chip Identification - EH identifies Trio32/Trio64
7-4 R Chip revision status (stepping) - See CR2F
3?5 31 Memory Configuration (CR31) 15-2
0 R/W Enable base address offset (CR6A_6-0)
1 R/W Enable two-page screen image
2 R/W Enable VGA 16-Bit Memory Bus Width
3 R/W Use Enhanced mode memory mapping
5-4 R/W Old display start address bits 17-16 (see CR69_3-0)
6 R/W Enable high speed text display font fetch mode
7 R/W Reserved
375 32 Backward Compatibility 1 (CR32) 15-3
3-0 R/W Reserved
4 R/W Enable interrupt generation
5 R/W Reserved
6 R/W Use standard VGA memory wrapping at 256K boundary
7 R/W Reserved
3?5 33 Backward Compatibility 2 (CR33) 15-4
0 R/W Reserved
1 R/W Disable write protection provided by CR11_7 on CR7_1,6
2 R/W Reserved
3 R/W VCLK is internal DCLK
4 R/W Disable writes to RAMDAC registers (3C6H-3C9H)
5 R/W BLANK signal active during entire non-active video period
6 R/W Disable writes to Palette/Overscan registers (ARO-ARF)
7 R/W Reserved
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Table A-2. S3 VGA Registers (continued)

Add | Index Register Name Description
ress | Bit(s) | R/W Bit Description Page
3?5 34 Backward Compatibility 3 (CR34) 15-5
0 RW PCI DAC snoop method select
1 R/W Disable PCI master abort handling during DAC snoop
2 R/W Disable PCI retry handling during DAC snoop
3 R/W Reserved
4 R/W Enable Display Start FIFO Fetch register (CR3B)
7-5 R/W Reserved
3?5 35 CRT Register Lock (CR35) 15-6
3-0 R/W Old CPU base address (see CR6A_6-0)
4 R/W Lock Vertical Timing registers
5 R/W Lock Horizontal Timing registers
7-6 R/W Reserved
3?5 36 Configuration 1 (CR36) 15-7
1-0 R Select System bus (PCl or VL-Bus)
3-2 R/W Select Memory page mode (fast page or EDO)
4 R/W Enable BIOS ROM accesses (VL-Bus)
7-5 R/W Define display memory size
3?5 37 Configuration 2 (CR37) 15-7
0 R/W Enable Trio32/64 operation (VL-Bus)
1 R/W Disable test mode (outputs tri-stated)
2 R/W Select 32K or 64K BIOS ROM size (VL-Bus)
3 R/W Use internal MCLK, DCLK
4 R/W Define RAMDAC write snooping (VL-Bus)
7-5 R/W Specify monitor information
3?5 38 Register Lock 1 (CR38) 15-9
7-0 R/W Unlock S3 VGA registers (CR30-CR3C)
3?5 39 Register Lock 2 (CR39) 15-9
7-0 R/W Unlock System Control, System Extension and Strapping
registers (CR40-CR4F, CR50-CR6D)
375 3A Miscellaneous 1 (CR3A) 15-10
1-0 R/W Select alternate refresh count per horizontal line
2 R/W Enable alternate refresh count (CR3A_1-0)
3 R/W Enable simultaneous VGA text and Enhanced modes
4 R/W Enable 8-, 16- or 24/32-bit color Enhanced modes
5 R/W Enable high speed text font writing
6 R/W Reserved
7 R/W Disable PCl bus read burst cycles
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Table A-2. S3 VGA Registers (continued)

Add | Index Register Name Description

ress | Bit{s) | R/W Bit Description Page

3?5 3B Start Display FIFO Fetch (CR3B) 15-11
70 R/W Specify start of display FIFO fetches for screen refreshing

375 3C Interlace Retrace Start (CR3C) 15-11
7-0 R/W Specify interlaced mode retrace start position

A.3 SYSTEM CONTROL REGISTERS

System Control registers are configuration registers, mode control registers, and hardware graphics
cursor control registers. They are positioned in the same indexed register space as VGA S3 registers.
All of these registers are read/write protected at power-up by hardware reset. In order to read/write
these registers, the Register Lock 2 register (CR39) must be loaded with a binary unlock key pattern
(see the register description). The registers will remain unlocked until the key pattern is reset. ? = B for
monochrome, D for color.

The following table summarizes the System Control registers.

Table A-3. System Control Registers

Add | Index Register Name Description
ress Bit(s) R/W Bit Description Page
3?5 40 System Configuration (CR40) 16-1

0 R/W Enable Enhanced mode register access

3-1 R/W Reserved

4 R/W Ready (Wait State) Control (VL-Bus)
5 R/W Reserved = 1
76 R/W Reserved

3?5 41 BIOS Flag (CR41) 16-2
7-0 RW Used by the video BIOS
3?5 42 Mode Control (CR42) 16-2
4-0 R/W Reserved
5 R/W Select Interlaced mode

6 R/W Reserved
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Table A-3. System Control Registers (continued)

Add | Index Register Name Description
ress | Bit(s) | R/IW Bit Description Page
375 43 Extended Mode (CR43) 16-2

1-0 R/W Reserved
2 R/W Old logical screen width bit 8
6-3 R/W Reserved
7 R/W Enable horizontal counter double mode
3?75 45 Hardware Graphics Cursor Mode (CR45) 16-3
0 R/W Enable hardware graphics cursor
3-1 R/W Reserved

4 R/W Set up space at right of bit map for hardware cursor
7-5 R/W Reserved
3?5 | 46-47 Hardware Graphics Cursor Origin-X (CR46-CR47) 16-3

10-0 R/W X-coordinate of the hardware cursor left side
15-11 R/W Reserved

375 | 4849 Hardware Graphics Cursor Origin-Y (CR48-CR49) 16-4
10-0 R/W Y-coordinate of the hardware cursor upper line
15-11 R/W Reserved

3?5 4A Hardware Graphics Cursor Foreground Stack (CR4A) 16-4
7-0 R/W Hardware cursor foreground color (3 registers)

3?5 4B Hardware Graphics Cursor Background Stack (CR4B) 16-4
70 R/W Hardware cursor background color (3 registers)

3?5 | 4C-4D Hardware Graphics Cursor Start Address (CR4C-CR4D) 16-5

12-0 RW Hardware cursor start address
15-13 | RW Reserved

375 4E Hardware Graphics Cursor Pattern Display Start X-Pixel 16-5
Position (CR4E)

5-0 R/W Hardware cursor display start x-coordinate
7-6 R/W Reserved

375 4F Hardware Graphics Cursor Pattern Display Start Y-Pixel 16-5
Position (CR4F)

5-0 R/W Hardware cursor display start y-coordinate
7-6 R/W Reserved
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A.4 SYSTEM EXTENSION REGISTERS

These registers provide extended system and memory control, external sync control and addressing
window control. They are enabled in the same way as the System Control registers via the Register
Lock 2 register (CR39). ? = B for monochrome, D for color.

Table A-4. System Extension Registers

Add Index Register Name Description
dress | Bit(s) | R/W Bit Description Page
375 50 Extended System Cont 1 (CR50) 17-1

0 R/W Most significant bit of screen width definition {(see bits 7-6)
1 R/W Reserved
2 R/W Enable shared frame buffer memory bus arbitration
3 R/W Reserved
5-4 R/W Pixel length select
7-6 R/W With bit 0, screen width definition
3?5 51 Extended System Cont 2 (CR51) 17-2
1-0 R/W Old display start address bits 19-18
3-2 R/W Old CPU base address bits 19-18
5-4 R/W Logical screen width bits 9-8
7-6 R/W Reserved
3?5 52 Extended BIOS Flag 1 (CR52) 17-3
7-0 R/W Used by the video BIOS
375 53 Extended Memory Cont 1 (CR53) 17-3
0 R/W Enable write per bit
3-1 R/W Reserved
4 R/W Enable memory-mapped I/O access
5 R/W Reserved
6 R/W Enable nibble swap
7 R/W Reserved
375 54 Extended Memory Cont 2 (CR54) 17-4
2-0 R/W Reserved
7-3 R/W Specify M parameter for display FIFO control
3?5 55 Extended DAC Control (CR55) 17-4
1-0 R/W Reserved
2 RW Enable General Input Port read
3 R/W Reserved
4 R/W Enable X-11 windows hardware cursor mode
6-5 R/W Reserved
7 R/W VCLK output pin is tri-stated
3?5 56 External Sync Cont 1 (CR56) 17-5
0 R/W Enable remote mode operation (genlocking)
1 R/W HSYNC output buffer tri-stated
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Table A-4. System Extension Registers (continued)

Add | Index Register Name Description
ress | Bit(s) | R/IW Bit Description Page
3?5 56 External Sync Cont 1 (CR56) 17-5
2 R/W VSYNC output buffer tri-stated
3 R/W Select vertical counter-only reset sync with genlocking
4 R/W Select odd frame after a vertical counter reset
7-5 R/W Reserved
3?5 57 External Sync Cont 2 (CR57) 17-6
70 R/W Vertical reset adjustment from VSYNC falling (genlocking)
3?5 58 Linear Address Window Control (CR58) 17-6

1-0 R/W Linear addressing window size
2 R/W Reserved
3 RW Address latch timing control (VL-Bus)
4 R/W Enable linear addressing
6-5 R/W Reserved
7 R/W RAS precharge time increased

3?5 | 59-56A Linear Address Window Position (CR59-5A) 17-7
15-0 R/W Linear addressing window position bits 31-16
3?5 5C General Out Port (CR5C) 17-8
7-0 R/W General Output Port
3?5 5D Extended Horizontal Overflow (CR5D) 17-8
0 R/W Horizontal total bit 8 (CRO)
1 R/W Horizontal display end bit 8 (CR1)
2 R/W Start horizontal blank bit 8 (CR2)
3 R/W BLANK pulse extended by 64 DCLKs
4 R/W Start horizontal sync position bit 8 (CR4)
5 R/W HSYNC pulse extended by 32 DCLKs
6 R/W Start FIFO Fetch bit 8 (CR3B)
7 R/W Bus grant terminate position bit 8 (CR5F)
375 5E Extended Vertical Overflow (CR5E) 17-9
0 R/W Vertical total bit 10 (CR6)
1 R/W Vertical display end bit 10 (CR12)
2 R/W Start vertical blank bit 10 (CR15)
3 RW Reserved
4 RW Vertical retrace start bit 10 (CR10)
5 R/W Reserved
6 R/W Line compare position bit 10 (CR18)
7 R/W Reserved
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Table A-4. System Extension Registers (continued)

Add | Index Register Name Description
ress | Bit(s) | R/W Bit Description Page
3?5 60 Extended Memory Control 3 (CR60) 17-9

70 R/W Specify N parameter for display FIFO control
3?5 63 External Sync Delay Adjust High (CR63) 17-10

3-0 R/W HSYNC reset adjustment (genlocking)
74 R/W Character clock reset delay (genlocking)
3?5 65 Extended Miscellaneous Control (CR65) 17-10
1-0 R/W Reserved

2 R/W Enable 3C3H port for video subsystem setup
7-56 R/W Delay BLANK by DCLK (Trio32 only)
7-3 R/W Reserved
3?5 66 Extended Miscellaneous Control 1 (CR66) 17-11
5-0 R/W Reserved

6 R/W PA[15:0] are tri-stated off

7 R/W Enable PCI bus disconnect
375 67 Extended Miscellaneous Control 2 (CR67) 17-11

0 R/W VCLK is in phase with DCLK
3-1 R/W Reserved
7-4 R/W Select RAMDAC color mode
375 68 Configuration 3 (CR68) 17-12

0 R/W CAS, WE and OE stretch time selection

1 R/W Reserved

2 R/W RAS low timing select

3 R/W RAS precharge timing select
6-4 R/W Monitor information

7 R/W SAUP decode used. Trio64 memory data bus is 32 bits
3?5 69 Extended System Control 3 (CR69) 17-13
4-0 R/W Display start address bits 19-16
7-5 R/W Reserved
3?5 6A Extended System Control 4 (CR6A) 17-13
5-0 R/W CPU base address bits 19-14
7-6 R/W Reserved

375 6B Extended BIOS Flag 3 (CR6B) 17-14
70 R/W Used by the video BIOS
3?5 6C Extended BIOS Flag 4 (CR6C) 17-14

70 R/W Used by the video BIOS
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A.5 ENHANCED COMMANDS REGISTERS

This section lists the registers which support the Trio32/Trio64 enhanced drawing functions. All of these
registers are byte or word-addressed and are enabled only if bit 0 of the System Configuration register
(CR40) is set to 1.

Table A-5. Enhanced Commands Registers

Add | Index Register Name Description
ress | Bit(s) | R/W Bit Description Page

42E8 Subsystem Status 18-1
Vertical sync interrupt status

Graphics Engine busy interrupt status
Command FIFO overflow interrupt status
Command FIFO empty interrupt status
Reserved

4 or 8 bit planes

Reserved

42E8 Subsystem Control 18-2
Clear vertical sync interrupt status

Clear Graphics Engine busy interrupt status
Clear Command FIFO overflow interrupt status
Clear Command FIFO empty interrupt status
Reserved

Vertical sync interrupt enabled

Graphics Engine busy interrupt enabled
Command FIFO overflow interrupt enabled
Command FIFO empty interrupt enabled

13-12 Reserved

15-14 Graphics Engine software reset selection
4AE8 Advanced Function Control 18-3
R/W Enable Enhanced mode functions
R/W Reserved

R/W Specify 4 bits/pixel Enhanced mode
Reserved

R/W Enable linear addressing

R/W Enable memory-mapped 1/O
Reserved

82E8 Current Y-Position 18-4
11-0 R/W Pixel vertical screen coordinate
15-12 | RW Reserved

82EA Current Y-Position 2 (Trio64 only) 18-4
11-0 | RW Second pixel vertical screen coordinate
15-12 | R/W Reserved
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Table A-5. Enhanced Commands Registers (continued)

Add | Index Register Name Description
ress | Bitls) | R/W Bit Description Page
86E8 Current X-Position 18-5
11-0 R/W Pixel horizontal screen coordinate
15-12 | RW Reserved
86EA Current X-Position 2 (Trio64 only) 18-5
11-0 R/W Second pixel horizontal screen coordinate
15-12 | RW Reserved
8AES Destination Y Position/Axial Step Constant 18-6
11-0/ R/W Specifies ending vertical coordinate or axial step constant for a
13-0 number of drawing commands
15-12 | RW Reserved (Bits 15-14 for step constant)
8AEA Y Coordinate 2/Axial Step Constant 2 (Trio64 only) 18-6
11-0/ R/W Second specification of ending vertical coordinate or axial step
13-0 constant for a number of drawing commands :
15-12 | RW Reserved (Bits 15-14 for step constant)
8EE8 Destination X Position/Diagonal Step Constant 18-7
11-0/ | RW Specifies ending horizontal coordinate or diagonal step
13-0 constant for a number of drawing commands
15-12 R/W Reserved (Bits 15-14 for step constant)
8EEA X Coordinate 2 (Trio64 Only) 18-8
11-0 R/W Additional X coordinate for multipoint drawing commands
15-12 | RW Reserved (Bits 15-14 for step constant)
92E8 Line Error Term 18-8
13-0 R/W Error term for line draws
15-14 | RW Reserved
92EA Line Error Term 2 (Trio64 only) 18-9
13-0 R/W Error term for Bresenham parameter trapezoid fills
15-14 | RW Reserved
96E8 Major Axis Pixel Count 18-9
11-0 R/W Length of the longest axis (pixels - 1)
15-12 | RW Reserved
96EA Major Axis Pixel Count 2 (Trio64 only) 18-10
11-0 RW Additional long axis specification for some drawing commands
15-12 | RW Reserved
9AES Graphics Processor Status 18-10
70 R Low 8 bits of field showing FIFO slots available (see bits 15-11)
8 R Reserved
9 R Graphics Engine busy
10 R All FIFO slots empty
15-11 R High 5 bits of FIFO status (see bits 7-0)
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Table A-5. Enhanced Commands Registers (continued)

Add | Index Register Name Description
ress | Bit(s) | R/W Bit Description Page
9AES8 Drawing Command 18-11
0 W Must be programmed to 1
1 W Select across the plane pixel mode
2 W Last pixel will not be drawn
3 W Select radial drawing direction
4 W Draw pixels
7-5 W Select drawing direction
8 W Wait for CPU data
10-9 W Select system bus size
11 W Reserved
12 W Enable byte swap
15-13 W Select command type
9AEA Drawing Command 2 (Trio64 only) 18-14
4-0 W Reserved
7-5 W Drawing direction for Bresenham parameter trapezoid fills
15-8 W Reserved
9EES8 Short Stroke Vector Transfer 18-15
3-0 W Length of vector 1 (pixels - 1)
4 W Draw pixels
7-5 W Select drawing direction
15-8 W Duplicate of bits 7-0 to define second short stroke vector
A2E8 Background Color 18-16
31-0 R/W Background color value
AGES8 Foreground Color ’ 18-16
31-0 R/W Foreground Color value
AAES8 Bitplane Write Mask 18-17
31-0 R/W Each bit enables updating of corresponding bit plane
AEES8 Bitplane Read Mask 18-17
31-0 R/W Each bit enables reading of corresponding bit plane
B2E8 Color Compare 18-18
31-0 R/W Color value to be compared with current bitmap color
B6ES Background Mix 18-18
3-0 w Select mix type
4 W Reserved
6-5 W Select color source
15-7 W Reserved
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Table A-5. Enhanced Commands Registers (continued)

Add | Index Register Name Description
ress | Bit(s) | R/W Bit Description Page
BAES8 Foreground Mix 18-18
3-0 W Select mix type
4 W Reserved
6-5 W Select color source
15-7 W Reserved
BEES Read Register Data 18-19
15-0 R Data from register selected by bits 2-0 of BEE8H_E
BEES8 0 Minor Axis Pixel Count 18-20
11-0 Rectangle height (pixels - 1)
15-12 Reserved
BEE8 1 Top Scissors 18-20
11-0 Top side of the clipping rectangle
15-12 Reserved
BEES8 2 Left Scissors 18-20
11-0 W Left side of the clipping rectangle
15-12 W Reserved
BEES8 3 Bottom Scissors 18-21
11-0 W Bottom side of the clipping rectangle
15-12 W Reserved
BEES 4 Right Scissors 18-21
11-0 W Right side of the clipping rectangle
15-12 W Reserved
BEES A Pixel Control 18-21
5-0 W Reserved
7-6 W Select mix register
11-8 W Reserved
15-12 W 0AH (index)
BEES8 D Multifunction Control Miscellaneous 2 18-22
2-0 W Destination base address location in memory
3 W Reserved
6-4 W Source base address location in memory
11-7 W Reserved
15-12 w ODH (index)
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Table A-5. Enhanced Commands Registers (continued)

Add | Index Register Name Description
ress | Bit(s) | R/W Bit Description Page
BEES8 E Multifunction Control Miscellaneous 18-23
1-0 W Destination base address bits 21-20
3-2 W Source base address bits 21-20
4 W Select upper word for 32-bit register accesses
5 W Only pixels outside the clipping rectangle are drawn
6 W Select slow read/modify/write cycle
7 W Don't update bitmap if source is not equal to color compare
color
8 W Enable color comparison
9 W Select 32-bit command registers
11-10 W Reserved
15-12 w OEH (index)
BEES F Read Register Select 18-24
2-0 W Select register to be read
11-4 W Reserved
15-12 w OFH (index)
E2E8 Pixel Data Transfer ’ 18-11
15-0 W Data transfer register (CPU to Graphic Engine) - low word
E2EA Pixel Data Transfer-Extension 18-25
15-0 W Data transfer register (CPU to Graphic Engine) - high word
EAES8 Pattern Y (Trio64 only) 18-25
11-0 RW | Vertical pattern for pattern fills
1512 | R/W Reserved
EAEA Pattern X (Trio64 only) 18-26
11-0 R/W Horizontal pattern for pattern fills
15-2 R/W Reserved
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A.6 PClI CONFIGURATION SPACE REGISTERS

When a PCl configuration read or write command is issued, AD[7:0] contain the address of the register
in the configuration space to be accessed.

Table A-6. PCI Configuration Space Registers

Add | Index Register Name Description
dress | Bit(s) | R/W Bit Description Page
00 Vendor ID 19-1
15-0 R Hardwired to 5333H
02 Device ID 19-2
15-0 R Hardwired to 8811H
04 Command 19-2
0 R/W Response to 1/O space accesses enabled
1 R/W Response to memory space accesses enabled

4-2 R/W Reserved
5 R/W Enable DAC snooping
156 | RW Reserved
06 Status 19-3
8-0 R/W Reserved
10-9 R/W Hardwired to select medium device select timing
15-11 | RW Reserved

08 Class Code 19-3
31-0 R Hardwired to indicate VGA-compatible display controller
10 Base Address 0 19-4
0 R/W Hardwired to indicate base registers map into memory space
2-1 R/W Hardwired to allow mapping anywhere in 32-bit address space
3 R/W Hardwired to indicate does not meet prefetchable requirements

22-4 | RW Reserved
3123 | RW Base address 0
30 BIOS Base Address 19-5

0 RW Enable access to BIOS ROM address space

15-1 R/W Reserved

31-16 | RW Upper 16 bits of BIOS ROM address

3C Interrupt Line 19-55
7-0 RW Interrupt line routing information
3D Interrupt Pin 19-6

7-0 R Hardwired to specify use of INTA
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Index

2 point line drawing  13-23 clock generator

32 bits/pixel operation  18-23 DC specifications  4-1

32-bit PD bus operation  5-3, 7-1 frequency synthesis  9-1
new DCLK PLL load  14-15

A new MCLK and DCLK PLL load  14-16
new MCLK PLL load  14-15

address latch delay  17-6 color compare  13-2, 13-7, 18-18, 18-23

axial step constant  13-9 VGA  14-36, 14-40

axial step constant 18-6
axial step constant2  18-6

color depth (bpp)  17-1, 18-2 - 18-3
color mode select  14-11
configuration space  6-1
B configuration strapping  15-7
atreset 5-1,5-3
unlocking access to registers  15-9
CPU base address

background color  18-16
background/foreground mix  13-2, 13-4,

13-9 - 13-14, 13-16 - 13-22, 18-18 enable  15-2
BGNT 79 specify  17-13
BIOS current X position  18-4 - 18-5

See video BIOS
BitBLT across the plane  13-18
BitBLT through the plane  13-17
bits/pixel

See color depth
BLANK

direction control  3-10
blank/border select  15-4
BREQ 7-9,17-1
byte mode addressing  14-31
byte swap  18-12

C

CAS
stretch time  7-5, 17-12
character clock
dot clocks per 14-6
chipID 11-4,15-1-15-2
chip wakeup  11-1
clipping 13-7, 18-20 - 18-21, 18-23

current X position2  18-5
current Y position  18-4

cursor

end 14-25

location address 14-26
start 14-25

cursor location address  14-26
D

DCLK

control  9-3

halving  14-6, 14-16
invert  14-16
inverted  15-4

loading new frequency  9-2, 14-15 - 14-16

programming  9-2, 14-13
destination base address  18-22
destination X position  18-7
destination Y position 18-6
DEVSEL timing  6-1
diagonal step constant  13-9, 18-7
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diagonal step constant2  18-8
display active status 14-3
display FIFO fetch

enable  15-5

specify start position  15-11
display memory

2 MCLK writes  14-10, 14-16

access control  7-8

bus width select  17-13

chip count limitation ~ 7-1

configurations  7-1

functional timing  7-5-7-6
refresh  7-3

refresh cycle control  7-3, 14-28
size specification ~ 5-1, 15-7

display pitch  14-28

display start address  17-13
doubleword mode addressing
15-3

drawing command 2 18-14
drawing commands  13-9 - 13-22, 18-11
drawing direction  18-12

14-28 - 14-29,

E

EDO memory  7-1-7-2,15-7
2 MByte limit  7-3

enable

Enhanced mode  18-3
feature connector  14-11
genlocking  17-5
hardware graphics cursor  16-3
linear addressing  17-6, 18-3
memory mapped /O 17-3, 18-4
shared frame buffer function  17-1
Trio32/Trio64  14-47 - 14-48, 15-8
write per bit  17-3

end horizontal blank  14-21

end horizontal sync position  14-22

end vertical blank  14-30

ENFEAT  14-11

Enhanced mode
axial step constant 18-6
axial step constant2  18-6
background color  18-16
background/foreground mix  18-18
clipping  18-20 - 18-21, 18-23
color compare  18-18, 18-23
color depth  17-1,18-2-18-3
command types  18-13
current X position  18-5
current X position2  18-5
currentY position  18-4

destination base address  18-22
destination X position  18-7
destination Y position 18-6
diagonal step constant  18-7
diagonal step constant2  18-8
drawing command 2 18-14
drawing commands  18-11
enable  13-1, 18-3

enable 8 bpp or greater  15-10
foreground color  18-16

line errorterm  18-8

line errorterm2  18-9

major axis pixel count  18-9
major axis pixel count2  18-10
memory mapping  15-3

minor axis pixel count  18-20
pattern X  18-26

patternY  18-25
programming  13-6

read mask  18-17

screen width ~ 17-2

select mix register  18-22
setup 11-6

short stroke vector  18-15
source base address  18-22
write mask  18-17

X coordinate 2 18-8

Y coordinate 2  18-6

ESYNC 10-7,14-11
EVCLK  10-10, 14-11, 14-15
EVIDEO 10-7

extended data out (EDO) memory  7-1, 15-7

F
fast page mode memory  7-1-7-2, 14-10, 15-
7
feature connector
ACtiming 4-6
display memory considerations  7-1
enable  3-10, 10-7, 14-11
interfaces  10-7
pass-through  10-7
VAFC  10-7
FIFO status  18-10 - 18-11
font selection  14-7
foreground color  18-16
frame buffer
See also display memory
shared 7-9

I-2 INDEX
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G

General Data bus
BIOS ROM interface  10-2
general input port  14-50
description  10-4
enable 10-4, 17-4
functional timing  10-4
general output port  17-8
description  10-4
genlocking
character clock reset delay  17-10
enable 17-5
functional description  10-10
H/V counter resets  17-6, 17-10
Graphics Engine
accessing bitmap through ~ 13-2, 13-4
busy status  18-11

enable 18-3
software reset  18-3
green PC

HSYNC/VSYNC control  10-4, 14-11
H

hardware graphics cursor
background color  16-4
enable  16-3
foreground color  16-4
pattern display x origin  16-56
pattern display y origin  16-5
programming  13-31-13-32
setup 11-8
storage start address  16-5
Windows/X-Windows modes  13-31, 17-4
x origin  16-3
y origin  16-4
high speed text display  15-3
high speed text font writing  15-10
horizontal blank
end 14-21
start  14-21
horizontal display end  14-20
horizontal sync
control for power management  14-11
polarity  14-2
horizontal sync position

end 14-22
start  14-22
horizontal total 14-20
HSYNC

direction 10-7
direction control  3-10

ID, chip  15-1-15-2
image transfer across the plane  13-15
image transfer through the plane  13-13
initialization  5-1
interlaced operation  15-11, 16-2
interrupt
enable  10-12, 15-4
FIFO empty interrupt enable  18-3
FIFO empty interrupt status  18-1
FIFO overflow interrupt enable  18-3
FIFO overflow interrupt status ~ 18-1
generation 10-11
generation explained  10-12
Graphics Engine busy interrupt status ~ 18-1
Graphics Engine interrupt enable  18-2
vertical retrace interrupt clear  14-27
vertical retrace interrupt enable  14-27,
18-1 - 18-2
vertical retrace interrupt status ~ 14-3

L

line compare  14-32

line errorterm  13-9, 18-8

line errorterm2 189

linear addressing
enable  13-1,17-6, 18-3
explained  13-1
window position  6-5, 17-7, 19-4
window size  17-6

locking register access
See unlocking

LUT write cycle control ~ 14-18

M

M parameter 7-8-7-9, 17-4

See also PLL m parameter
major axis pixel count  18-9
major axis pixel count2  18-10
maximum scan line  14-24
MCLK

external output  14-15

loading new frequency  9-3, 14-15 - 14-16

programming  9-3, 14-12
mechanical dimensions  2-1
memory

See also display memory
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memory mapped |/O

described 13-4

enable 17-3, 18-4

MMIO only select  14-9

packed registers  13-5
memory mapping

Enhanced/VGA modes  15-3
minor axis pixel count  18-20
MMIO

See memory mapped 1/O
monitor identification  15-8
monitor information  5-1

N
N parameter 7-8-7-9, 17-9

See also PLL n parameter
nibble swap  17-3

o
OE
control 3-9,7-2
stretch time  7-5, 17-12
offset  14-28
P

P parameter  7-9 - 7-10, 14-9
packed registers for MMIO  13-5
palette registers  14-42
lock access 15-5
panning  14-24, 14-43, 14-45
parity  6-1
pass-through feature connector  10-7
PatBLT
See pattern fill
pattern fill  18-13
pattern fill across the plane  13-21
pattern fill through the plane  13-20
pattern X  18-26
patternY  18-25
PCl Bus
BIOS ROM access enable  19-5
BIOS ROM base address  19-5
configuration  6-1
configuration space  6-1
cycles  6-1
device I.D.  6-1
DEVSEL timing  6-1
disable read bursts  15-10
disconnection  6-1
enable disconnect  17-11

enable I/O accesses  19-2
enable memory accesses  19-2
interface  6-1
linear addressing base address  19-4
master abort handling during DAC cycles
8-4, 15-5
parity  6-1
retry handling during DAC cycles  8-4, 15-5
vendor I.D.  6-1
pin 50 function select  14-10
pin descriptions  3-6 - 3-12
pin list
alphabetical  3-13-3-15
numerical  3-16 - 3-20
pinout
PClBus 34
Trio32 PCl bus  3-2
Trio32 VL-Bus  3-3
Trio64 PClbus 3-4
Trio64 VL-Bus  3-5
pitch  14-28
PLL M parameter  9-1, 14-12 - 14-13
PLL N parameter  9-1, 14-12 - 14-13
PLL R parameter  9-1, 14-12 - 14-13
polygon fill pattern ~ 13-26
polygon fill solid  13-24
polyline  13-23
power management
HSYNC control  10-4, 14-11
VSYNC control  10-4, 14-12
programming  13-6
programming examples
2-pointline  13-23
4-point trapezoid fill pattern ~ 13-28
4-point trapezoid fill solid  13-27
BitBLT across the plane  13-18
BitBLT through the plane  13-17
Bresenham parameter trapezoid fill pattern
13-30
Bresenham parameter trapezoid fill solid
13-29
hardware cursor  13-31
image transfer across the plane  13-15
image transfer through the plane  13-13
pattern fill across the plane  13-21
pattern fill through the plane  13-20
polygon fill pattern  13-26
polygon fill solid  13-24
polyline  13-23
rectangle fill solid  13-12
short stroke vectors  13-22
solid line 139
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textured line  13-10 setup
protected mode  13-1 enable 3C3H  17-10
Enhanced mode 11-6
Q hardware graphics cursor  11-8
Trio32/Trio64  14-48
quadword mode addressing  14-28 VGA modes 114
shared frame buffer  7-9
R enable 171
short stroke vector  13-22, 18-15
R parameter solid line drawing  13-9
See PLL R parameter source base address  18-22
RAMDAC SRDY
AC specifications  4-2 delay assertion 16-1
access  14-49 - 14-51 generation  6-6
accessing 8-4 start address  14-26
bus snooping  8-4 start horizontal blank  14-21
clock doubled operation  8-2, 14-18 start horizontal sync position  14-22
color mode select  17-12 start vertical blank  14-29
color modes  8-1-8-2 stepping information ~ 15-1-15-2
DC characteristics ~ 4-1 strapping, configuration  5-1
DC specifications  4-1 STWR
disable LOCA/SRDY  15-8 function select  14-15
lock writes  15-4 operation  10-4
LUT write cycle control ~ 14-18 super VGA support  12-2
PCl bus snooping  15-5
power down  14-18 T
sense generation  8-4
RAS testload, AC 4-2
low time select  7-5, 17-12 test mode  5-1, 15-8
precharge time select 7-5 textured line drawing  13-10
RAS1 function  3-9,7-3 trapezoid 4-point fill pattern  13-28
RDYIN 6-6-6-8 trapezoid 4-point fill solid  13-27
read mask 13-4, 18-17 trapezoid Bresenham parameter fill pattern
read/modify/write  18-23 13-30
real mode  13-1 trapezoid Bresenham parameter fill solid
rectangle fill solid drawing  13-12 13-29
refresh, DRAM  7-3, 7-8, 14-28, 15-10 tri-state off
remote mode HSYNC 175
See genlocking PA[15:0] 17-11
reset PDlines 149
Graphics Engine  18-3 VCLK 17-5
system  5-1 VSYNC 175
resolutions supported  1-3 Trio32
revision status  15-1 - 15-2 PCl bus pinout  3-2
row scan count  14-24 VL-Bus pinout  3-3
Trio64
S PCl bus pinout  3-4
VL-Bus pinout  3-5
SAUP  3-6,5-3,6-5, 17-13 two page screen  15-2

screen off  14-6
screen width  17-2
SENSE
status of internal signal  14-3
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U RDYIN input  6-6
SRDY generation  6-6

underline location  14-29 write latching delay  6-6
unlocking VLKLI  14-10

configuration strapping registers  15-9 VSYNC

Enhanced registers  16-1 direction  10-7

extended sequencer registers  14-9 direction control  3-10

pseudocode for  11-2

S3 VGA registers 159 w

system control/extension registers  15-9
wait state control  16-1

\" wakeup  11-1
WE
VAFC feature connector  10-7 delay time  7-5, 17-12
VCLK word mode addressing  14-28, 14-31
direction  10-10, 14-15 write mask  13-2, 13-7, 18-17
inversion of DCLK  15-4 write per bit  17-3
phase with respect to DCLK  17-11
VCLKI  3-10, 14-10 X
vertical blank
end 14-30 X-Windows  13-31, 17-4
start  14-29

vertical display end  14-28
vertical retrace :
enable interrupt  14-27
end 14-27
start  14-27
vertical sync
active status  14-3
control for power management  14-12
polarity  14-2
vertical total  14-23
VGA compatibility  12-1, 14-1
VGA graphics mode select  14-43
VGA memory bus width  15-3
VGA memory mapping  15-3-15-4
VGAsetup 114
video BIOS
access enable (PCl)  10-1, 19-5
base address (PCl)  10-2, 19-5
enable access  10-1, 15-7
read functional timing  10-2
ROM interface  10-1
size selection  10-2, 15-8
video display enable  14-41

VL-Bus
address latch delay  6-7 - 6-8, 17-6
cycles 6-6

delay assertion of SRDY  6-6, 6-8, 16-1
disable LOCA/SRDY  15-8

enable video BIOS access 15-7
interface  6-5

RDYIN 6-7-6-8
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