










































































































































































































































































































































































































































Trio64V+ Integrated Graphics/Video Accelerator 

S3 Incorporated 

Bit 2 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. 

Bit 3 Reserved 

Bit 4 MS/X11 - Hardware Cursor MS/X11 Mode 
o = MS-Windows mode (Default) 
1 = X11-Windows mode 

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

Bits 6-5 Reserved 

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

External Sync Control 1 Register (EX_SVNC_1) (CR56) 

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

7 

R 

6 5 4 3 2 1 

DIS DIS 
R R R R VSYN HSYN 

Bit 0 Reserved 

Bit 1 DIS HSYN - Tri-state off HSYNC 
o = HSYNC output buffer tri-stated on 
1 = HSYNC output buffer tri-stated off 

Bit 2 DIS VSYN - Tri-state off VSYNC 
o = VSYNC output buffer tri-stated on 
1 = VSYNC output buffer tri-stated off 

Bits 7-3 Reserved 

0 

R 
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S3 Incorporated 

Linear Address Window Control Register (LAW_CTL) (CR58) 

Read/Write Address: 3?SH, Index 58H 
Power-On Default: See the bit descriptions. 

7 6 5 4 3 2 1 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 

The 64K window is not available if new MMIO is enabled (CRS3_3 = 1). 

Bit 2 Reserved 

Bit 3 LAT DEL - Address Latch Delay Control (VL-Bus only) 
o = Address latching is delayed one clock (T2 cycle) (Default) 
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 
CR40 to 1. 

Bit 4 ENB LA - Enable Linear Addressing 
o = Disable linear addressing (Default for VL-Bus) 
1 = Enable linear addressing (Default for PCI Bus) 

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 CRS9-SA. 

Bits 6-5 Reserved 

Bit 7 RAS PRE - RAS Pre-charge Time Adjust 
o = RAS pre-charge (high) time is defined by CR68_3 or MM81 EC_16 (Default) 
1 = RAS pre-charge (high) time is decreased by O.S MCLKs over that specified by 

CR68_3 and the corresponding RAS low time (CR68_2) is increased by O.S 
MCLKs. This leaves the total cycle time unchanged. 
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Linear Address Window Position Registers (LAW_POS(X) (CR59-5A) 

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

LlNEAR-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, 1 MB, 2MB or 4MB memory boundary (size-aligned boundary). Some LSBs of this register 
(illustrated by "xx .. xx" in the following table) are ignored because ofthe size-aligned boundary scheme. 

LAW Linear Address Window 
Size Position Register Bit(s) 

64KB 31-25 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 LlNEAR-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. 

If new MMIO is enabled (CR53_3 = 1), the address is taken from bits 31-26 (CR59_7-2) 
or the high order 6 bits of the PCI Base Address 0 register. This is concatenated with 
the display memory address specified by the programmer. 
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General Output Port Register (GOUT_PORT) (CR5C) 

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

7 6 543 2 o 
GENERAL-aUT-PORT 

Bits 7-0 GENERAL-aUT-PORT 

This register can be used in a variety of ways. See Section 12-4 for a complete de­
scription. 

Extended Horizontal Overflow Register (EXT _H_OVF) (CR5D) 

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

7 6 5 4 3 2 1 0 
SFF EHS SHS EHB SHB HDE HT 

R 8 6 8 7 8 8 8 

Bit 0 HT 8 - Horizontal Total (CRO) Bit 8 

Bit 1 HOE 8 - Horizontal Display End (CR1) Bit 8 

Bit 2 SHB 8 - Start Horizontal Blank (CR2) Bit 8 

Bit 3 EHB 7 - End Horizontal Blank (CR3) Bit 7 

Bit 4 SHS 8 - Start Horizontal Sync Position (CR4) Bit 8 

Bit 5 EHS 6 - End Horizontal Sync (CR5) Bit 6 

Bit 6 SFF 8 - Start FIFO Fetch (CR3B) Bit 8 

Bit 7 Reserved 
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Extended Vertical Overflow Register (EXT_V_OVF) (CR5E) 

Read/Write Address: 3?5H, Index 5EH 
Power-On Default: OOH 

7 6 5 4 3 2 1 0 
LCM VRS SVB VDE VT 

R 10 R 10 R 10 10 10 

Bit 0 VT 10 - Vertical Total (CR6) Bit 10 

Bit 1 VDE 10 - Vertical Display End (CR12) Bit 10 

Bit 2 SVB 10 - Start Vertical Blank (CR15) Bit 10 

Bit 3 Reserved 

Bit 4 VRS 10 - Vertical Retrace Start (CR10) Bit 10 

Bit 5 Reserved 

Bit 6 LCM 10 - Line Compare Position (CR18) Bit 10 

Bit 7 Reserved 

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

Read/Write) Address: 3?5H, Index 60H 
Power-On Default: OOH 

7 6 543 2 o 
N(DISP-FETCH-PAGE) 

Bits 7-0 N(DISP-FETCH-PAGE) - N Parameter 
Value = Number of MCLKs allocated to Streams Processor FIFO filling before control 
of the memory bus is relinquished. See Section 7.5 for more information. 
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S3 Incorporated 

Extended Memory Control 4 Register (EXT-MCTL-4) (CR61) 

Read/Write Address: 3?5H, Index 61H 
Power-On Default: OOH 

7 
R 

6 5 4 3 2 1 o 
BIG ENDIAN R R R R R 

Bits 4-0 Reserved 

Bits 6-5 BIG ENDIAN - Big Endian Data Bye Swap (image writes only) 
00 = No swap (Default) 
01 = Swap bytes within each word 
10 = Swap all bytes in doublewords (bytes reversed) 
11 = Reserved 

Bit 7 Reserved 

Extended Miscellaneous Control Register (EXT-MISC-CTL) (CR65) 

Read/Write Address: 3?5H, Index 65H 
Power-On Default: OOH 

I : I : I : I D~Y BL4~K I : I R I : I 

Bits 2-0 Reserved 

Bits 4-3 DLK BLANK - Delay BLANK by DCLK 
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: OOH 

7 
PCI 
DE 

6 5 4 3 2 1 0 

TOFF PCI SW EN 
PADT R R DIS R RST ENH 

Bit 0 EN ENH - Enable Enhanced Functions ° = Disable enhanced functions 
1 = Enable enhanced functions 

This bit is a duplicate of 4AE8_0. Writing to this location also update the bit value at 
the other location. 

Bit 1 SW RST - Software Reset ° = No function 
1 = Software reset of the Graphics Engine 

Setting this bit has the same function as setting 42E8H (writeL 15-14 to 10b. 

Bit 2 Reserved 

Bit 3 PCI DIS - PCI Disconnect 
0= No effect 
1 = An attempt to write data with the Command FIFO or LPB output FIFO full or to 

read data with the Command FIFO not empty generates a PCI bus disconnect 
cycle 

Bit 7 of this register must also be set to 1 to enable this feature. 

Bits 5-4 Reserved 

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

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

Setting this bit to 1 allows PCI burst cycles to be interrupted if AD[1 :0) ;c OOb or if the 
address during the burst goes outside the address ranges supported by the Tri064V+. 
See also bit 3 of this register. 

SYSTEM EXTENSION REGISTER DESCRIPTIONS 19-11 



Trio64V+ Integrated Graphics/Video Accelerator 

S3 Incorporated 

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

ReadNVrite Address: 3?5H, Index 67H 
Power-On Default: OOH 

7 

3 

I 6 I 5 I 4 3 2 1 0 

COLOR MODE VCLK 
2 1 0 R R R PHS 

Bit 0 VCLK PHS - VCLK Phase With Respect to DCLK 
0= VCLK is 1800 out of phase with DCLK (inverted) 
1 = VCLK is in phase with DCLK 

Bit 1 Reserved 

Bits 3-2 STREAMS MODE 
00 = Streams Processor disabled 
01 = Secondary stream overlaid on VGA mode background 
10 = Reserved 
11 = Full Streams Processor operation (primary and secondary streams from all 

supported sources) 

Bits 7-4 COLOR MODE - RAMDAC Color Mode 
0000 = Mode 0: 8-bit color, 1 pixelNCLK 
0001 = Mode 8: 8-bit color, 2 pixelsNCLK 
0011 = Mode 9: 15-bit color, 1 pixelNCLK 
0101 = Mode 10: 16-bit color, 1 pixelNCLK 
0111 = Mode 12: 640x480x24-bit color (packed), 1 pixel/3 DCLKs 
1101 = Mode 13: 24-bit color, 1 pixelNCLK 

All other mode values are reserved. 
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Configuration 3 Register (CNFG-REG-3) (CRGS) 

Read/Write Address: 375H, Index 68H 
Power-On Default: Depends on Strapping 

This is one of the power-on strapping bits (along with CR36, CR37 and CR6F). PD[23:16] are sampled 
on power-on reset and their states are written to bits 7-0 of this register. A5H must be written to CR39 
to provide read/write access to this register. 

7 6 I 5 I 4 3 2 1 I a 
BIOS RAS - RAS-

MDB 3 2 1 PCG LOW CAS/OE STR 

Bits 1-0 CAS,OE Stretch Time 
00 = approximately 6.5 ns stretch (nominal) 
01 = approximately 5 ns stretch (nominal) 
10 = approximately 3.5 ns stretch (nominal) 
11 = no stretch 

This parameter adjusts the timing for the rising edges of the CAS and OE signals. 
This allows stretching of the signal active time for CAS and OE 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. 

Bit 2 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. 

Bits 6-4 BIOS - Reserved for use by the video BIOS. 

Bit 7 MOB - Memory Data Bus Size 
a = Memory data bus is 32 bits 
1 = Memory data bus is 32 bits (1 MByte of memory) or 64 bits (2 or 4 MBytes of 

memory) 
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Extended System Control 3 Register (EXT-SCTL-3)(CR69) 

ReadIWrite Address: 3?5H, Index 69H 
Power-On Default: OOH 

7 

R 
6 5 4 3 2 1 o 
R R R DISPLA Y-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. 

Bits 7-4 Reserved 

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

ReadIWrite Address: 3?5H, Index 6AH 
Power-On Default: OOH 

7 

R 
6 5 432 1 o 
R CPU-BASE-ADDRESS 

Bits 5-Q 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. 

Bits 7-6 Reserved 
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Extended BIOS Flag 3 Register (EBIOS·FLG3)(CR6B) 

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

7 6 5 4 3 2 o 
EXT-BIOS-FLAG-REGISTER-3 

Bits 7-0 EXT-BIOS-FLAG-REGISTER-3 
This register is reserved for use by the S3 BIOS. 

Extended BIOS Flag 4 Register (EBIOS-FLG4)(CR6C) 

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

7 6 543 2 o 
EXT-BIOS-FLAG-REGISTER-4 

Bits 7-0 EXT-BIOS-FLAG-REGISTER-4 
This register is reserved for use by the S3 BIOS. 

Extended BIOS Flag 5 Register (CR60) 

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

This register is reserved for use by the BIOS. 

7 6 5 4 3 2 o 
RESERVED 

Bits 7-0 Reserved 
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Extended BIOS Flag 6 Register (CR6E) 

ReadIWrite Address: 3?5H, Index 6EH 
Power-On Default: OOH 

This register is reserved for use by the BIOS. 

7 6 5 4 3 2 o 
RESERVED 

Bits 7-0 Reserved 

Configuration 4 Register (CR6F) 

See description Address: 3?5H, Index 6FH 
Power-On Default: Depends on Strapping 

This is the fourth byte of power-on strapping bits. PD[28:24] are sampled at reset and the values are 
written to bits 4-0 of this register. A5H must be written to CR39 to provide read/write access to this 
register. This register will power up with a value of 1FH if any of PD[28:24] are not pulled low. 

7 

R 
6 5 
R R 

Bit 0 MODE - Tri064 Compatible Mode Select 
o = The Tri064V+ is configured for LPB mode 
1 = The Tri064V+ is configured for Tri064-compatible mode 

Bit 1 10SEL - Serial Port I/O Address Select (read/write) 
o = MMFF20 is accessed at I/O address 000E8H 
1 = MMFF20 is accessed at I/O address 000E2H 

Bit 2 of this register must be cleared to 0 for this bit to have effect. 

Bit 2 10EN - Serial Port Address Type Select (read/write) 
0= MMFF20 is accessed at the I/O port defined in bit 1 of this register or at its MMIO 

address 
1 = MMFF20 is accessed at its MMIO address only (no I/O) 

Enabling I/O access allows the serial port to be used for 12C communications when 
the Tri064V+ is disabled. 
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Bits 4-3 WE Delay (read/write) 
00 = 3 units delay 
01 = 2 units delay 
10 = 1 unit delay 
11 = 0 units delay 

Trio64V+ Integrated Graphics/Video Accelerator 

Both the rising and falling edges of WE are delayed by the amount specified in these 
bits. 

Bits 7-5 Reserved 
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Section 20: Enhanced Commands Register Descriptions 

These registers support the Enhanced mode 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 (SUBSVS_STAT) 

Read Only Address: 42E8H 
Power-On Default: OOOOH 

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

15 

R 

14 13 12 11 10 9 8 7 

PXL 
R R R R R R R LNG 

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

6 

R 

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

5 

R 

Bit 2 FIFO OVF - Command FIFO Overflow Interrupt Status 
0= No interrupt 
1 = Interrupt generated if enabled 

Bit 3 FIFO EMP - Command FIFO Empty Interrupt Status 
o = No interrupt 
1 = Interrupt generated if enabled 

Bits 4-6 Reserved 

4 3 2 1 0 

FIFO FIFO GE VSY 
R EMP OVF BSY INT 
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Bit 7 PXL LNG - Pixel Length (# of bit planes) 
0= 4-bit 
1 = 8-bit 

This reflects the number of bit planes when CRSO_S-4 = OOb. 

Bits 15-8 Reserved 

Subsystem Control Register (SUBSYS_CNTL) 

Write Only Address: 42E8H 
Power-On Default: OOOOH 

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. 

15 I 14 13 12 11 I 10 9 8 7 6 5 4 

GE-RST FIFO-ENB GE VSY 
1 0 R R EMP OVF BSY ENB R R 

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

R 

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

R 

Bit 2 FIFO CLO - Clear Command FIFO Overflow Interrupt Status 
0= No change 
1 = Clear 

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

Bits 7-4 Reserved 

Bit 8 VSY ENB - Vertical Sync Interrupt Enable 
0= Disable 
, = Enable if CR323 = 1 

Bit 9 GE BSY- Graphics Engine Busy Interrupt Enable 
0= Disable 
1 = Enable if CR323 = 1 

Bit 10 FIFO-ENB OVF - Command FIFO Overflow Interrupt Enable 
0= Disable 
1 = Enable if CR32_ 4 = 1 
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Bit 11 FIFO-ENB EMP - Command FIFO Empty Interrupt Enable 
0= Disable 
1 = Enable if CR32_ 4 = 1 

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: OOOOH 

This register enables or disables the Enhanced display functions. 

15 14 13 12 11 10 9 8 7 6 

R R R R R R R R R R 

Bit 0 ENB EHFC - Enable Enhanced Functions 

5 

R 

0= Enable VGA and VESA planar (4 bits/pixel) modes 

4 

LA 

1 = Enable all other modes (Enhanced and VESA non-planar) 

Bit 1 Reserved 

Bit 2 ENH PL - Enhanced mode pixel length 
o = 4 bits/pixel enhanced mode 
1 = 8 or more bits/pixel enhanced mode 

3 2 

ENH 
R PL 

CR50_5-4 are used to differentiate between 8-,16- and 32-bit pixel lengths. 

Bit 3 Reserved 

Bit 4 LA - Enable Linear Addressing 
o = Disable linear addressing 
1 = Enable linear addressing 

This bit is ORed with bit 4 of CR58 and is equivalent to it. 

Bits 15-5 Reserved 

1 0 
ENS 

R EHFC 
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Current V-Position Register (CUR_V) 

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 BitBl Ts, 
this is the vertical coordinate for the upper left hand corner of the destination. For PatBl Ts, this is the 
vertical coordinate ofthe upper left hand corner of the off-screen pattern. Reading this register produces 
the current vertical drawing coordinate. 

Bits 11-0 CURRENT V-POSITION 

Bits 15-12 Reserved 

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 
BitBl Ts, this is the horizontal coordinate for the upper left hand corner of the destination. For PatBl Ts, 
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. 

Bits 11-0 CURRENT X-POSITION 

Bits 15-12 Reserved 

20-4 ENHANCED COMMANDS REGISTER DESCRIPTIONS 



Trio64V+ Integrated Graphics/Video Accelerator 

S3 Incorporated 

Destination V -Position/ Axial Step Constant Register (DESTV _AXSTP) 

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

For BitBLTs and PatBL Ts, 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. 

Bits 11-0 DESTINATION V-POSITION 

Bits 15-12 Reserved 

Axial Step Constant = 2 * (minqdxl,ldyP) 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 V 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 

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

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

For BitBL Ts and PatBL Ts, 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. 

Bits 11-0 DESTINATION X-POSITION 

Bits 15-12 Reserved 
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Diagonal Step Constant = 2 * [min(ldxl,ldyi)- max(ldxl,ldYi)I. 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 

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. 

Error Term = 2 * min(ldxl,ldyi)- max(ldxl,ldyl- 1 if the starting X < the ending X 
Error Term = 2 * min(ldxl,ldyi)- max(ldxl,ldYI 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 LINE PARAMETER/ERROR TERM 

Bits 15-14 Reserved 

Major Axis Pixel Count Register (MAJ_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, BitBL Ts and PatBL Ts. 

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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Graphics Processor Status Register (GP _STAT) 

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

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

FIFO-STATUS HDW FIFO-STATUS 
9 10 11 12 13 AE BSY R 1 2 3 4 5 6 7 8 

Bits 7-0 FIFO-STATUS 

In the following table, 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 guarantees 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. Bits 15-11 pro­
vide the upper 5 FIFO status bits. 

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 

Bit 8 Reserved 

Bit 9 HDW BSY - Hardware (Graphics Engine) Busy 
0= not busy 
1 = busy - graphics command is executing 

Bit 10 AE - All FIFO Slots Empty 
o = 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. See bits 7-0 for the interpretation. 
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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 I 14 I 13 12 11 10 J 9 8 7 I 6 J 5 

2 
CMD-TYPE BYTE BUS SIZE WAIT DRWG-DIR. 

1 a SWP R 1 a YES 2 

Bit 0 This bit must always be programmed to 1. 

Bit 1 PX MD - Select Across the Plane Pixel Mode 
o = Single pixel transferred at a time 

1 a 

4 3 

DRA\/\ DIR 
YES TYP 

1 = Multiple pixels transferred at a time (across the plane mode) 

Bit 2 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 

Bit 3 DIR TYP - Select Radial Direction Type 
o = x-y (axial) 
1 = Radial 

Bit 4 DRAW YES - Draw Pixel 
0= Move the current position only - don't draw 
1 = Draw pixel(s) 

Bits 7-5 DRWG-DIR - Select Drawing Direction 

2 1 

LAST PX 
POF MD 

0 

= 1 

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 -Yo X or Y maj specifies the longest axis. 

7-5 Radial (bit 3 = 1) x-v (Axial - bit 3 = 
0) 

000 00 -Y,X maj,-X 

001 450 -Y,X maj,+X 

010 900 -Y,Y maj,-X 

all 1350 -Y,Y maj,+X 

100 1800 +Y,Xmaj,-X 

101 2250 +Y,Xmaj,+X 

110 2700 +Y,Y maj,-X 

111 3150 +Y,Ymaj,+X 

Bit 8 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 
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Bits 10-9 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. This setting applies only to image transfers across the plane {each bit 
transferred is converted to a pixel}. Only bits from the end ofthe 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). 

Bit 11 Reserved 

Bit 12 BYTE SWP - Enable Byte Swap 
0= High byte first, low byte second 
1 = low byte first, high byte second 

Bits 15-13 CMD-TYPE - Select Command Type 

000 = NOP. This is used to set up short stroke vector drawing without writing a pixel. 
001 = 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 (96EBH) register. 

010 = Rectangle Fill. The position, width and height of a rectangle are defined. The 
rectangle is filled with a solid color if it not used for an image transfer. 

110 = BitBl T. A rectangle of defined location, width and height is moved to another 
defined location in display memory. 

111 = PatBl T. 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. 
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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 (9AE8H) register. 

15 I 14 I 13 12 11 I 10 I 9 I 8 7 I 6 I 5 

2 
DRWG-DIR DRW PIXEL-LENGTH DRWG-DIR. 

1 0 -MV 3 

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

2 

Bit 4 DRW -MV - Draw Pixel 

1 0 2 

o = Move current position only - don't draw 
1 = Draw pixel 

1 0 

4 3 I 2 I 1 I 0 
DRW PIXEL-LENGTH 
-MV 3 2 1 0 

Bits 7-5 DRWG-DIR.- Select Drawing Direction (measured counterclockwise from the X axis) 
000 = 00 

001 = 450 

010 = 900 

011=1350 

100 = 1800 

101 =225 0 

110 =2700 

110=3150 

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

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

BACKGROUND COLOR 

31 I 30 I 29 I 28l 27 I 26 I 25 I 24 l 23 I 22 J 21 I 20 I 19 I 181 17 I 16 

BACKGROUND COLOR 

Bits 31-0 BACKGROUND 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 EHI. 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_COLORI 

Read/Write Address: A6E8H 
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. 

151 14 1 13 1 12 1 11 I 10 I 9 I 8 I 71 6 I 5 141 3 I 2 I 1 I 0 
FOREGROUND COLOR 

31 1~1~1~lnl~I~I~I~lnl 21 I 20 I 19 I 18 I 17 I 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: AAE8H 
Power-On Default: Undefined 

15 I 14 I 13 I 12 I 11 I 10 I 9 I 8 I 7 I 6 I 5 I 4 I 3 I 2 I 1 I 0 
BIT-PLANE WRITE MASK 

31 I 30 I 29 I 28 I 27 I 26 I 25 I 24 I 23 I 22 I 21 I 20 I 19 I 18 I 17 I 16 
BIT-PLANE WRITE MASK 

Bits 31-0 BIT-PLANE WRITE MASK 
If bit i = 0, bitplane i is not updated 
If bit i = 1, bitplane i is updated 

Bits 31-0 control planes 31-0 respectively. If bit 9 of BEEB_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: AEE8H 
Power-On Default: Undefined 

15 I 14 I 13 I 12 I 11 I 10 I 9 I 8 I 7 I 6 I 5 I 4 I 3 I 2 I 1 I 
BIT-PLANE READ MASK 

31 I 30 I 29 I 28 I 27 I 26 I 25 I 24 I 23 I 22 I 21 I 20 I 19 I 18 1 17 1 
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 bit i = 1, bitplane i is used as a data source 

0 

16 

Bit-plane read mask for BitBLT and image transfer functions. Bits 31-0 control planes 
31-0 respectively. 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 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. 
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Color Compare Register (COLOR_CMP) 

Read/Write Address: B2E8H 
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. 

15 1 14 1 13 1 12 1 11 1 10 1 9 1 8 1 7 1 6 1 5 1 4 1 3 1 2 1 1 1 0 
COMPARISON COLOR WITH SOURCE 

311 30 I 29 J 28 1 27 1 26 1 25 1 24 1 23 1 22 1 21 1 20 1 19 1 18 1 17 1 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 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. 

Background and Foreground Mix Registers (BKGD_MIX, FRGD_MIX) 

Read/Write Address: B6E8H (Background), BAE8H (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. 

15 

R 

14 13 12 11 10 9 8 7 615 4 3 1 2 1 11 0 
CLR-SRC MIX-TYPE 

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 (I = logical NOT). 
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0000 !current 1000 
0001 logical zero 1001 
0010 logical one 1010 
0011 leave current as is 1011 
0100 !new 1100 
0101 current XOR new 1101 
0110 !(current XOR new) 1110 
0111 new 1111 

Bit 4 Reserved 

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

!current OR !new 

current OR !new 
!current OR new 

current OR new 

current AND new 
!current AND new 

current AND !new 
!current AND !new 

11 = Display memory (the display memory is the color source) 

Bits 15-7 Reserved 

Read Register Data Register (RD_REG_DTl 

Read Only Address: BEE8H 
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 OEH, 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 
9AE8H with bits 15-13 programmed to OOOb) immediately after the BEE8H register write. Next, write 
the desired register index to BEE8H, Index OFH and read the data from BEE8H. 

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

115 I 14 I 13 I 12 I 11 I 10 I 9 I 8 I 7 I 6 I 5 I 4 I 3 I 2 I 1 I 0 
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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, BitBL Ts and PatBL Ts. 

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

Bits 15-12 INDEX = OH 

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. 

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. 

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. 

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. It is the highest X value that will be drawn. 

Bits 11-0 CLIPPING RIGHT LIMIT 

Bits 15-12 INDEX = 4H 

Pixel Control Register (PIX_CNTL) 

Write Only Address: BEE8H, Index OAH 
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 ofthis register are used when writing a pixel to display memory. 

15 14 13 12 11 10 9 8 7 I 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 

20-16 ENHANCED COMMANDS REGISTER DESCRIPTIONS 



Trio64V+ Integrated Graphics/Video Accelerator 

53 Incorporated 

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 = OAH 

Multifunction Control Miscellaneous 2 Register (MULLMISC2) 

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

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 set to 1. 

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. 

Bits 11-7 Reserved 

Bits 15-12 INDEX = ODH 

ENHANCED COMMANDS REGISTER DESCRIPTIONS 20-17 



Trio64V+ Integrated Graphics/Video Accelerator 

S3 Incorporated 

Multifunction Control Miscellaneous Register (MUL T _MISC) 

Write Only Address: BEE8H, Index OEH 
Power-On Default: EOOOH 

15 

1 

14 13 12 11 10 9 8 7 6 5 4 312 11 0 
1C CMR ENB SRC EXT RSF SRC-BA DEST-BA 

1 1 0 R EDO 32B CMP NE R CLIP 21 20 21 20 

Bits 1-0 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. 

Bits 3-2 SRC-BA 2120 - 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. 

Bit 4 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 

Bit 5 EXT CLIP - Enable External Clipping 
o = Only pixels inside the clipping rectangle are drawn 
1 = Only pixels outside the clipping rectangle are drawn 

Bit 6 Reserved 

Bit 7 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. 

Bit 8 ENB CMP - Enable Color Compare 
o = Disable color comparison 
1 = Enable color comparison 
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Bit 9 CMR 32B - Select 32-Bit Command Registers 
0= Command registers (A2E8H, A6E8H, AAE8H, AEE8H, B2E8H) are 16-bit 
1 = Command registers (A2E8H, A6E8H, 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. 

Bit 10 1C EDO - Disable 1-cycle EDO Operation 
0= Allow 1-cycle EDO operation 
1 = Disable 1-cycle EDO operation 

Bit 11 Reserved = 0 

Bits 15-12 INDEX = OEH 

Read Register Select Register (READ_SELl 

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

Bits 3-0 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 OAH 
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 BEE8H. 

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. 

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. 

Bits 15-0 IMAGE WRITE DATA 

20-20 ENHANCED COMMANDS REGISTER DESCRIPTIONS 



Trio64V+ Integrated Graphics/Video Accelerator 

53 Incorporated 

Section 21: Streams Processor Register Descriptions 

Streams Processor registers can only be accessed via memory-mapped I/O. The register identifier 
MMxxxx means that the register is memory mapped at offset xxxx from the base address. 

Primary Stream Control (MM8180) 

Read/Write Address: 8180H 
Power-on Default: OOOOOOOOH 

15 14 13 12 11 10 9 8 7 

R R R R R R R R R 

31 30 29 28 27 26 25 24 23 

R PSFC R PSIDF R 

Bits 23-0 Reserved 

Bits 26-24 PSIDF - Primary Stream Input Data Format 
000 = RGB-8 (CLUT) 
001 = Reserved 
010 = Reserved 
011 = KRGB-16 (1.5.5.5) 
100 = Reserved 
101 = RGB-16 (5.6.5) 
110 = Reserved 
000 = XRGB-32 (X.8.8.8) 

Bit 27 Reserved 

Bits 30-28 PSFC - Primary Stream Filter Characteristics 
000 = Primary stream 

6 

R 

22 

R 

001 = Primary stream for 2X stretch (replication) 

5 4 

R R 
21 20 

R R 

010 = Primary stream, bi-linear for 2X stretch (interpolation) 
Other values reserved 

Bit 31 Reserved 

3 2 1 0 

R R R R 
19 18 17 16 

R R R R 
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Color/Chroma Key Control (MM8184) 

Read/Write Adds: 8184H 
Power-on Default: OOOOOOOOH 

15 I 14 I 13 I 12 I 11 I 10 I 9 I 8 7 I 6 I 5 I 4 I 3 121 1 I 
G/U/Cb KEY (LOW) BN/Cr KEY (LOW) 

31 I 30 I 29 I 28 1 271 26 J 25 I 24 23 I 22 I 21 I 20 J 19 I 18 I 17 I 
R I R I R I KC I R I RGB CC R/Y KEY (LOW) 

Bits 7-0 BN/Cr key value (lower bound for chroma) 

Bits 15-8 G/U/Cb key value (lower bound for chroma) 

Bits 23-16 R/Y key value (lower bound for chroma) 

Bits 26-24 RGB CC - RGB Color Comparison Precision 
000 = Compare bit 7 of RGB (compare red bit 7's, green bit 7's and blue bit 7's) 
001 = Compare bits 7-6 of RGB 
010 = Compare bits 7-5 of RGB 
011 = Compare bits 7-4 of RGB 
100 = Compare bits 7-3 of RGB 
101 = Compare bits 7-2 of RGB 
110 = Compare bits 7-1 of RGB 
111 = Compare bits 7-0 of RGB 

Bit 27 Reserved 

Bit 28 KC - Key Controll 
0= Extract key data from input stream key bit (if present). (KRGB-16, 1.5.5.5 only) 

0 

16 

If the K bit is 0, the pixel from the other stream is used (transparent). If the K bit is 
1, the key bit streams pixel is used (opaque) 

1 = Enable color or chroma keying for all modes other than KRGB-16 

Bits 31-29 Reserved 
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Secondary Stream Control (MM8190) 

Read/Write Address: S190H 
Power-on Default: OOOOOOOOH 

15 14 13 12 11 I 10 I 9 I 8 I 7 I 6 I 5 I 4 I 3 I 2 I 1 I 0 
R R R R DDA HORIZONTAL ACCUMULATOR 

31 30 29 28 27 I 26 I 25 I 24 I 23 I 22 I 21 I 20 I 19 I 18 I 17 I 16 

R SFC I SDIF I R I R I R I R I R I R I R I R 

Bits 11-0 DDA Horizontal Accumulator Initial Value 

Value = 2 (WO-1) - (W1-1), where WO is the line width in pixels before scaling and W1 
is the line width in pixels after scaling. This is a signed value. 

When this field is programmed, the value does not take effect until the next VSYNC. 

Bits 23-12 Reserved 

Bits 26-24 SDIF - Secondary Stream Input Data Format 
000 = Reserved 
001 = YCbCr-16 (4.2.2). 16-240 input range 
010 = YUV-16 (4.2.2), 0-255 input range 
011 = KRGB-16 (1.5.5.5) 
100 = YUV (2.1.1) 
101 = RGB-16 (5.6.5) 
110 = Reserved 
111 = XRGB-32 (X.S.S.S 

When this field is programmed, the value does not take effect until the next VSYNC. 

Bit 27 Reserved 

Bits 30-28 SFC - Secondary Stream Filter Characteristics 
000 = Secondary stream 
001 = Secondary stream, linear, 0-2-4-2-0, for X stretch 
010 = Secondary stream, bi-linear, for 2X to 4X stretch 
011 = Secondary stream, linear, 1-2-2-2-1, for 4X stretch 
Other values reserved 

When this field is programmed, the value does not take effect until the next VSYNC. 

Bit 31 Reserved 
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Chroma Key Upper Bound (MM8194) 

Read/Write Address: 8194H 
Power-on Default: OOOOOOOOH 

15 I 14 I 13 I 12 I 11 I 10 I 9 I 8 7 161 5 I 4 I 3 I 2 I 1 I 
U/Cb KEY (UPPER) V/Cr KEY (UPPER) 

31 I 30 I 29 I 28 I 27 I 26 I 25 I 24 23 I 22 I 21 I 20 I 19 I 18 I 17 I 
R I R I R I R I R I R I R I R Y KEY (UPPER) 

Bits 7-0 V/Cr key value (upper bound) 

Bits 15-8 U/Cb key value (upper bound) 

Bits 23-16 Y key value (upper bound) 

Bits 31-24 Reserved 

Secondary Stream Stretch/Filter Constants (MM8198) 

Read/Write Address: 8198H 
Power-on Default: OOOOOOOOH 

15 14 13 12 11 10 I 9 I 8 I 7 I 6 I 5 I 4 I 3 I 2 I 1 I 
R R R R R K2 HORIZONTAL SCALE FACTOR 

31 30 29 28 27 26 I 25 I 24 I 23 I 22 I 21 I 20 I 19 I 18 I 17 I 
R R R R R K1 HORIZONTAL SCALE FACTOR 

Bits 10-0 K1 Horizontal Scale Factor 

Value = WO-1, where WO is the width in pixels of the initial output window (before 
scaling) 

0 

16 

0 

16 

When this field is programmed, the value does not take effect until the next VSYNC. 

Bits 15-11 Reserved 

Bits 26-16 K2 Horizontal Scale Factor 

Value = WO-W1, where WO is the initial (unsealed) window width in pixels and W1 is 
the final output window width in pixels. This is a signed value and will always be 
negative. 

When this field is programmed, the value does not take effect until the next VSYNC. 

Bits 31-27 Reserved 
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Blend Control (MM81AOI 

Read/Write Address: 81AOH 
Power-on Default: OOOOOOOOH 

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

R R R KP R R R R R KS R R 

31 30 29 28 I 27 I 26 25 24 23 22 21 20 I 19 I 18 17 16 

R R R R I R I COMP MODE R R R R I R I R R R 

Bits 1-0 Reserved 

Bits 4-2 Ks 

Value = secondary stream blend coefficient 

When this field is programmed, the value does not take effect until the next VSYNC. 

Bits 9-5 Reserved 

Bits 12-10 Kp 

Value = primary stream blend coefficient 

When this field is programmed, the value does not take effect until the next VSYNC. 

Bits 23-13 Reserved 

Bits 26-24 Compose Mode 
000 = Secondary stream opaque overlay on primary stream 
001 = Primary stream opaque overlay on secondary stream 
010 = Dissolve, [Pp x Kp + Ps x (8 - Kpl]/8, ignore Ks 
011 = Fade, [Pp x Kp + Ps x Ks]/8, where Kp + Ks must be ::; 8 
100 = Reserved 
101 = Color key on primary stream (secondary stream overlay on primary stream) 
110 = Color or chroma key on secondary stream (primary stream overlay on 

secondary stream) 
111 = Reserved 

When this field is programmed, the value does not take effect until the next VSYNC. 

Bits 31-27 Reserved 
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Primary Stream Frame Buffer Address 0 (MM81CO) 

Read/Write Address: 81COH 
Power-on Default: Undefined 

If a primary stream is enabled, this register specifies the starting address in the frame buffer. 

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

PRIMARY BUFFER ADDRESS 0 

31 I 30 I 29 I 28 I 27 I 26 I 25 I 24 I 23 I 22 I 21 I 20 I 19 I 18 I 17 I 16 

RIRIRIRIRIRIRIRIRIRI PRIMARY BUFFER ADDRESS 0 

Bits 21-0 Value = Primary stream frame buffer starting address 0 

This value must be quadword aligned. 

Bits 31-22 Reserved 

Primary Stream Frame Buffer Address 1 (MM81C4) 

Read/Write Address: 81C4H 
Power-on Default: Undefined 

If the primary stream is double buffered, this register specifies the starting address in the frame buffer 
for the second buffer. 

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

PRIMARY BUFFER ADDRESS 1 

31 I 30 I 29 I 28 I 27 I 26 I 25 I 24 I 23 I 22 I 21 I 20 I 19 I 18 I 17 I 16 

RIRIRIRIRIRIRIRIRIRI PRIMARY BUFFER ADDRESS 1 

Bits 21-0 Value = Primary stream frame buffer starting address 1 

This value must be quadword aligned. 

Bits 31-22 Reserved 
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Primary Stream Stride (MM81CB) 

Read/Write Address: 81C8H 
Power-on Default: Undefined 

15 14 13 12 11 I 10 I 9 I 8 I 7 I 6 I 5 I 4 I 3 I 2 I 1 I 
R R R R PRIMARY STREAM STRIDE 

31 30 29 28 27 I 26 I 25 I 24 I 23 I 22 I 21 I 20 I 19 I 18 I 17 I 
R R R R R I R I R I R I R I R I R I R I R I R I R I 

Bits 11-0 Primary stream stride 

Value = byte offset of vertically adjacent pixels in the primary stream buffer(s) 

If double buffering is used, the stride must be the same for both buffers. 

Bits 31-12 Reserved 

Double Buffer/LPB Support (MM81CC) 

Read/Write Address: 81CCH 
Power-on Default: xxxxxxOOH 

15 

R 

31 

R 

14 13 12 11 10 9 8 7 6 5 4 3 2 I 1 

R R R R R R R R LST LSL LIS R SBS 

30 29 28 27 26 25 24 23 22 21 20 19 18 I 17 
R R R R R R R R R R R R R I R 

Bit 0 PBS - Primary Stream Buffer Select 
0= Primary frame buffer starting address 0 (MM81CO_21-0) used for the primary 

stream 
1 = Primary frame buffer starting address 1 (MM81C4_21-0) used for the primary 

stream 

0 

16 

R 

0 

PBS 

16 
R 
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Bits 2-1 SBS - Secondary Stream Buffer Select 
00 = Secondary frame buffer starting address 0 (MM81 DO_21-0) used for the 

secondary stream 
01 = Secondary frame buffer starting address 1 (MM81 D4_21-0) used for the 

secondary stream 
10 = Secondary frame buffer starting address 0 (MM81 DO_21-0) used for the 

secondary stream and LPB frame buffer starting address 0 (MMFFOC_21-0) used 
for the LPB input stream OR secondary frame buffer starting address 1 
(MM81 D4_21-0) used for the secondary stream and LPB frame buffer starting 
address 1 (MMFF10_21-0) used for the LPB input stream. Which alternative 
applies is determined by LPB starting address register selected by bit 4 of this 
register 

11 = Secondary frame buffer starting address 0 (MM81 DO_21-0) used for the 
secondary stream and LPB frame buffer starting address 1 (MMFF10_21-0) used 
for the LPB input stream OR secondary frame buffer starting address 1 
(MM81 D4_21-0) used for the secondary stream and LPB frame buffer starting 
address 0 (MMFFOC_21-0) used for the LPB input stream. Which alternative 
applies is determined by the LPB starting address register selected by bit 4 of this 
register 

Bit 3 Reserved 

Bit 4 LIS - LPB Input Buffer Select 
0= LPB frame buffer starting address 0 (MMFFOC_21-0) used for the LPB input 
1 = LPB frame buffer starting address 1 (MMFF10_21-0) used for the LPB input 

This bit selects the starting address for writing LPB data into the frame buffer. When 
the value programmed to this bit takes effect is determined by the setting of bit 5 of 
this register. This bit can be toggled at the completion of writing all the data for a 
frame to the frame buffer via bit 6 of this register 

Bit 5 LSL - LPB Input Buffer Select Loading 
0= The value programmed into bit 4 of this register takes effect immediately 
1 = The value programmed into bit 4 of this register takes effect at the next end of 

frame (completion of writing all the data for a frame into the frame buffer) 

Bit 6 LST - LPB Input Buffer Select Toggle 
o = End of frame (completion of writing all the data for a frame into the frame buffer) 

has no effect on the setting of bit 4 of this register 
1 = End offrame causes the setting of bit 4 of this register to toggle 

Bits 31-7 Reserved 
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Secondary Stream Frame Buffer Address 0 (MM81 DO) 

Read/Write Address: 81DOH 
Power-on Default: Undefined 

If a secondary stream is enabled, this register specifies the starting address in the frame buffer 

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

SECONDARY BUFFER ADDRESS 0 

31 I 30 I 29 I 28 I 27 I 26 I 25 I 24 I 23 I 22 I 21 I 20 I 19 I 18 I 17 I 16 

R I R I R I R I R I R I R I R I R I R I SECONDARY BUFFER ADDRESS 0 

Bits 21-0 Value = Secondary stream frame buffer starting address 0 

This value must be quadword aligned. 

Bits 31-22 Reserved 

Secondary Stream Frame Buffer Address 1 (MM81 04) 

Read/Write Address: 81 D4H 
Power-on Default: Undefined 

If the secondary stream is double buffered, this register specifies the starting address in the frame 
buffer for the second buffer. 

15 I 14 I 13 I 12 1 11 1 10 l 9 I 8 l 7 I 6 I 5 I 4 I 3 I 2 I 1 I 0 
SECONDARY BUFFER ADDRESS 1 

31 I 30 I 29 I 28 I 27 I 26 I 25 I 24 I 23 I 22 I 21 I 20 I 19 I 18 I 17 I 16 

R I R I R I R I R I R I R I R I R I R I SECONDARY BUFFER ADDRESS 1 

Bits 21-0 Value = Secondary stream frame buffer starting address 1 

This value must be quadword aligned. 

Bits 31-22 Reserved 
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Secondary Stream Stride (MM81D8) 

Read/Write Address: 81D8H 
Power-on Default: Undefined 

15 14 13 12 11 L 10 I 9 -' 8 I 7 I 6 I 5 L 4 1 3 I 2 I 1 I 0 
R R R R SECONDARY STREAM STRIDE 

31 30 29 28 27 I 26 I 25 I 24 I 23 I 22 I 21 I 20 I 19 I 18 I 17 I 16 
R R R R R I R I R I ·R I R I R 1 R 1 R 1 R I R.I R I R 

Bits 11-0 Secondary stream stride 

Value = byte offset of vertically adjacent pixels in the secondary stream buffer(s) 

If double buffering is used, the stride must be the same for both buffers. 

Bits 31-12 Reserved 

Opaque Overlay Control (MM81 DC) 

Read/Write Address: 81DCH 
Power-on Default: Undefined except bits 31-30 are OOb. 

When an opaque overlay mode is being used (bits 26-24 of MM81AO = OOOb or 001b), the fields in this 
register can be programmed to eliminate the fetching of the pixels for the rectangular area under the 
top (opaque) window. This reduces the memory bandwidth requirements. The bottom window should 
be full-screen when this feature is enabled. None of the fields in this register have an effect unless bit 
31 is set to 1. Note that only horizontal coordinates must be specified. The vertical coordinates are 
handled automatically by the hardware. 

15 14 13 12 I 11 I 10 I 9 I 8 I 7 I 6 I 5 I 4 I 3 2 1 0 
R R R PIXEL STOP FETCH R R R 

31 30 29 28 I 27 I 26 I 25 I 24 I 23 I 22 I 21 I 20 -' 19 18 17 16 

OOC TSS R PIXEL RESUME FETCH R R R 

Bits 2-0 Reserved 
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Bits 12-3 Pixel Stop Fetch 

Value = [Offset in quadwords from the background starting pixel horizontal position 
to the first pixel of the line not to be fetched from memory (hidden background)) + 1 
quadword 

If the primary stream is the background, MM81 FO_26-16 define the starting position 
for each line in the background window (XO) and MM81F8_26-16 define the first pixel 
position for each line in the top window (X1). The latter is the first background pixel 
that does not need to be fetched. The value programmed in this field is then [(X1 -
XO) x bytes per pixel/8) +1. Ifthe result is a fraction, it is rounded up the next highest 
integer. This gives the required quadword offset (0) for this field. This value is also 
used in the calculation for the field value of bits 28-19 of this register. 

If the secondary stream is the background, the value is [(XO - X1) x bytes per pixel/8) 
+ 1. 

Bits 18·13 Reserved 

Bits 28-19 Pixel Resume Fetch 

Value = {Offset in quadwords from the background starting pixel horizontal position 
to the line position of the resumption of pixel fetching from memory (Le., visible back­
ground)} - 1 quadword 

The value is determined by adding the Pixel Stop Fetch field value (0) above (bits 12-
3) to the width in quadwords of the top window (W). The width of the top window in 
pixels (P) is found in MM81 F4_26-16 if the primary stream is on top and in 
MM81 FC_26-16 if the secondary stream is on top. W in quadwords = P x bytes per 
pixel/8. If this is a fraction, the result is truncated to the next lowest integer. The value 
in this field is then [W + 0)- 1. 

Bit 29 Reserved 

Bit 30 TSS - Top Stream Select 
o = Secondary stream on top 
1 = Primary stream on top 

Bit 31 OOC - Opaque Overlay Control Enable 
o = Opaque overlay control disabled 
1 = Opaque overlay control enabled 

STREAMS PROCESSOR REGISTER DESCRIPTIONS 21-11 



Trio64V+ Integrated Graphics/Video Accelerator 

S3 Incorporated 

K1 Vertical Scale Factor (MM81 EO) 

ReadIWrite Address: 81EOH 
Power-on Default: OOOOOOOOH 

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

R R R R R K1 VERTICAL SCALE FACTOR 

31 30 29 28 27 26 I 25 I 24 I 23 I 22 I 21 I 20 I 19 I 18 I 17 I 16 
R R R R R R I R I R I R I R I R I R I R I R I R I R 

Bits 10-0 K1 Vertical Scale Factor 

Value = [height (in lines) of the initial output window (before scaling))- 1 

When this field is progiammed, the value does not take effect until the next VSYNC. 

Bits 31-11 Reserved 

K2 Vertical Scale Factor (MM81E4) 

ReadIWrite Address: 81E4H 
Power-on Default: OOOOOOOOH 

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

R R R R R K2 VERTICAL SCALE FACTOR 

31 30 29 28 27 26 I 25 I 24 I 23 I 22 I 21 I 20 I 19 I 18 I 17 I 16 

R R R R R R I R I R I R I R I R I R I RJ RJ R l R 

Bits 10-0 K2 Vertical Scale Factor 

Value = 2's complement of [height (in lines) of the initial output window (before scal­
ing))- [height (in lines) of the final output window (after scaling)) 

When this field is programmed, the value does not take effect until the next VSYNC. 

Bits 31-11 Reserved 
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DDA Vertical Accumulator Initial Value (MM81E8) 

Read/Write Address: 81E8H 
Power-on Default: OOOOOOOOH 

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

R R R R DDA VERTICAL ACCUMULATOR 

31 30 29 28 27 I 26 I 25 I 24 I 23 I 22 I 21 I 20 I 19 I 18 I 17 I 16 

R R R R R I R I R I R I R I R I R I R I R I R I R I R 

Bits 11-0 DDA Vertical Accumulator Initial Value 

Value = 2's complement of [height (in lines) of the output window after scaling] - 1 

When this field is programmed, the value does not take effect until the next VSYNC. 

Bits 31-12 Reserved 

Streams FIFO and RAS Controls (MM81EC) 

Read/Write Address: 81ECH 
Power-on Default: 00003000H 

15 
RL 

31 

R 

14 I 13 I 12 I 11 I 10 9 I 8 I 7 I 6 I 5 4 I 3 121 1 I 0 

PFIFO THRESHOLD SFIFO THRESHOLD FIFO ALLOCATION 

30 I 29 I 28 I 27 I 26 25 I 24 I 23 I 22 I 21 20 I 19 I 18 I 17 I 16 

R I R I R I R I R R I R I R I R I R R I R I EWS I R I RP 

Bits 4-0 Streams FIFO Allocation 
00000 = Primary Stream = 24 slots, Secondary Stream = 0 slots 
01000 = Primary Stream = 16 slots, Secondary Stream = 8 slots 
01100 = Primary Stream = 12 slots, Secondary Stream =12 slots 
10000 = Primary Stream = 8 slots, Secondary Stream = 16 slots 
11000 = Primary Stream = 0 slots, Secondary Stream = 24 slots 

All other values are reserved and must not be programmed. Each slot holds one 
quadword. 

Bits 9-5 Secondary FIFO Threshold 

Value = Number of secondary FIFO slots 

When the secondary FIFO empties down to this value, an internal signal is generated 
requesting re-filling of the secondary FIFO. This value must be less than or equal to 
the secondary stream FIFO size specified in bits 4-0. . 
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Bits 14-10 Primary FIFO Threshold 

Value = Number of primary FIFO slots 

When the primary FIFO empties down to this value, an internal signal is generated re­
questing re-filling of the primary FIFO. This value must be less than or equal to the 
primary stream FIFO size specified in bits 4-0. 

Bit 15 RL - RAS Low Time Control 
o = RAS low time specified by CR68_2 (3.5 or 4.5 MCLKs) 
1 = RAS low time = 2.5 MCLKs 

Bit 16 RP - RAS Pre-Charge Control 
o = RAS pre-charge specified by CR68_3 (2.5 or 3.5 MCLKs) 
1 = RAS pre-charge = 1.5 MCLKs 

Bit 17 Reserved 

Bit 18 EWS - EDO Memory Wait State Control (LPB Memory Cycles Only) 
o = Standard 2-cycle memory operation 
1 = 1-cycle EDO memory operation (requires EDO memory capable of this) 

This bit is only valid for 64-bit PD bus operation (2 or 4 MBytes of memory). It should 
not be set for 32-bit (1 MByte) configurations. 

Bits 31-19 Reserved 

Primary Stream Window Start Coordinates (MM81FO) 

Read/Write Address: 81FOH 
Power-on Default: Undefined 

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

R R R R R PRIMARY STREAM Y-START 

31 30 29 28 27 26 I 25 1 24 I 23 I 22 I 21 I 20 I 19 I 18 I 17 I 16 

R R R R R PRIMARY STREAM X-START 

Bits 10-0 Primary Stream Y-Start 

Value = Screen line number +1 of the first line of the primary stream window 

Bits 15-11 Reserved 

Bits 26-16 Primary Stream X-Start 

Value = Screen pixel number + 1 of the first pixel of the primary stream window 

Bits 31-27 Reserved 
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Primary Stream Window Size (MM81 F4) 

Read/Write Address: 81F4H 
Power-on Default: Undefined 

15 14 13 12 11 10 I 9 I 8 I 7 I 6 I 5 I 4 I 3 I 2 I 1 I 0 
R R R R R PRIMARY STREAM HEIGHT 

31 30 29 28 27 26 I 25 I 24 I 23 I 22 I 21 I 20 I 19 I 18 I 17 I 16 
R R R R R PRIMARY STREAM WIDTH 

Bits 10-0 Primary Stream Height 

Value = Number of lines displayed in the primary stream window 

Bits 15-11 Reserved 

Bits 26-16 Primary Stream Width 

Value = Number of pixels -1 displayed in each line in the primary stream window 

Bits 31-27 Reserved 

Secondary Window Start Coordinates (MM81F8) 

Read/Write Address: 81 F8H 
Power-on Default: Undefined 

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

R R R R R SECONDARY STREAM Y-START 

31 30 29 28 27 26 I 25 I 24 I 23 I 22 I 21 I 20 I 19 I 18 I 17 I 16 
R R R R R SECONDARY STREAM X-START 

Bits 10-0 Secondary Stream V-Start 

Value = Screen line number + 1 of the first line of the secondary stream window 

Bits 15-11 Reserved 

Bits 26-16 Secondary Stream X-Start 

Value = Screen pixel number +1 ofthe first pixel of the secondary stream window 

Bits 31-27 Reserved 
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Secondary Window Size (MM81FC) 

Read/Write Address: 81FCH 
Power-on Default: Undefined 

15 14 13 12 11 10 I 9 I 8 I 7 I 6 I 5 I 4 I 3 I 2 I 1 I 0 
R R R R R SECONDARY STREAM HEIGHT 

31 30 29 28 27 26 I 25 I 24 I 23 I 22 I 21 I 20 I 19 I 18 I 17 I 16 

R R R R R SECONDARY STREAM WIDTH 

Bits 10-0 Secondary Stream Height 

Value = Number of lines displayed in the secondary stream window 

Bits 15-11 Reserved 

Bits 26-16 Secondary Stream Width 

Value = Number of pixels -1 displayed in each line in the primary stream window 

Bits 31-27 Reserved 
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Section 22: LPB Register Descriptions 

LPB registers can only be accessed via memory-mapped I/O. The register identifier MMxxxx means 
that the register is memory mapped at offset xxxx from the base address. 

LPB Mode (MMFFOO) 

ReadlWrite Address: FFOOH 
Power-on Default: OOOOOOOOH 

15 
R 

31 

CFL 

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

R LBA CHS CVS LHS LVS R R CBS SF LR LPB MODE LE 

30 29 28 27 26 25 24 23 22 21 20 19 J 18 I 17 16 

R R R R ILC SNO CS R VFT R R I R I MBS 

Bit 0 LE - LPB Enable 
o = LPB Disabled 
1 = LPB Enabled 

Enabling the LPB causes the LPB mode pin configurations described in Section 2 to 
take effect. The exact pin configuration depends on which LPB mode is enabled via 
bits 3-1 of this register or which feature connector option is selected. Once enabled, 
the LPB is reset either by a system reset or via bit 4 of this register. 

Bits 3-1 LPB MODE 
000 = Scenic/MX2 Mode. Pins 203 and 204 act as VREQ/VRDY and CREO/CRDY 

respectively. 
001 = Video 16 Mode (PCI only). Pins 203 and 204 act as HS and VS respectively and 

pins 201-199,189-185 act as LD[15:8]. The Tri064V+ expects 16-bit Philips digitizer 
input. 

010 = Video 8 In Mode. Pins 203 and 204 to act as HS and VS respectively and the 
Tri064V+ expects video data in 8-bit units (LD[7:01l. 

011 = Video 8 In/Out Mode. This setting enables the bi-directional CL-480 interface. 
100 = Pass-through Mode. 32-bit data from the output FIFO is passed directly to the 

decimation input to the video FIFO. This allows decimation of CPU-provided 
data. 

All other values are reserved. 
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Bit 4 LR- LPB Reset 
0= No effect 
1 = Reset LPB 

This bit should be set and then reset before switching between LPB modes. 

Bit 5 SF - Skip Frames 
o = Write all received frames to memory 
1 = Write every other received frame to memory (1, 3, etc.) 

Bit 6 CBS - Color Byte Swap 
0= Incoming video is in U01, Yo, U01, Y1 format (e.g., CL-480), byte swap enabled 
1 = Incoming video is in Yo, U01, Y1, V01 format (e.g., SAA7110), no byte swap 

Bits 8-7 Reserved 

Bit 9 LVS - LPB Vertical Sync Input Polarity 
0= LPB vertical sync input is active low 
1 = LPB vertical sync input is active high 

Bit 10 LHS - LPB Horizontal Sync Input Polarity 
0= LPB horizontal sync input is active low 
1 = LPB horizontal sync input is active high 

Bit 11 CVS - CPU VSYNC (Write Only) 

Writing a 1 to this bit causes the Trio64V+ to do whatever functions it is programmed 
to do upon receipt of a VSYNC. For example, values programmed in certain registers 
only take effect at the next VSYNC. 

Bit 12 CHS - CPU HSYNC (Write Only) 

Writing a 1 to this bit causes the Trio64V+ to do whatever functions it is programmed 
to do upon receipt of an HSYNC. 

Bit 13 LBA - Load Base Address (Write Only) 

Writing a 1 to this bit immediately loads the base address currently being pointed to. 

Bits 15-14 Reserved 

Bits 17-16 MBS - Maximum LPB to Scenic/MX2 Compressed Data Burst Size (Scenic/MX2 mode 
only) 
00 = Burst 1 32-bit word 
01 = Burst 2 32-bit words 
10 = Burst 3 32-bit words 
11 = Burst all 32-bit words (until empty) 

With a setting of 11 b, software must ensure that no more than eight 32-bit words are 
burst to the Scenic/MX2 in a single burst. For example, if the FIFO is full (8 entries), 
no more entries should be written until the burst is complete. 

Bits 20-18 Reserved 
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Bits 22-21 VFT - Video FIFO Threshold 
00 = 1 FIFO slot 
01 = 2 FIFO slots 
10 = 4 FIFO slots 
11 = 6 FIFO slots 

When this many slots are filled in the video FIFO, a request is generated to the mem­
ory manager to begin emptying the FIFO. This is used to maximize the efficiency of 
the memory interface. 

Bit 23 Reserved 

Bit 24 CS - LPB Clock Source 
0= LPB clock driven by SCLK (pin 194) 
1 = LPB clock driven by LCLK (pin 148) 

This bit allows for the LPB to be used in pass-through mode (MMFFOO_3-1 = 100b) 
when the Tri064V+ is configured for compatible mode. The LPB is normally driven by 
LCLK, but this is not available in compatible mode. 

Bit 25 SNO - Sync Non-Overlap 
0= No effect 
1 = Don't add stride after first HSYNC 

This bit must be set when the first HSYNC does not occur within the VSYNC active pe­
riod. 

Bit 26 ILC - Invert LCLK 
o = Use LCLK as received 
1 = Invert the LCLK input 

Bit 24 of this register must be set to 1 for this bit to be effective. 

Bits 30-27 Reserved 

Bit 31 CFL - CFLEVEL Status (Read Only) 

This bit reflects the state of the CFLEVEL input (pin 182) in Video In/Out (CL-480) 
mode. 
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LPB FIFO Status (MMFF04) 

Read Only Address: FF04H 
Power-on Default: 00000008H 

15 14 13 12 11 10 
R R OFAE OFE OFF R 

31 30 29 28 27 26 
VF1AE VF1E VF1F R R R 

Bits 3-0 LPB Output FIFO Status 
0000 = 0 FIFO slots free 
0001 = 1 FIFO slot free 
0010 = 2 FIFO slots free 
0011 = 3 FIFO slots free 
0100 = 4 FIFO slots free 
0101 = 5 FIFO slots free 
0110 = 6 FIFO slots free 
0111 = 7 FIFO slots free 
1000 = 8 FIFO slots free 

Each slot contains 4 bytes 

Bits 10-4 Reserved 

Bit 11 OFF - LPB Output FIFO Full 
o = Output FIFO not full 
1 = Output FIFO full 

9 
R 
25 
R 

Bit 12 OFE - LPB Output FIFO Empty 
o = Output FIFO not empty 
1 = Output FIFO empty 

8 
R 

24 
R 

Bit 13 OFAE - LPB Output FIFO Almost Empty 

7 6 5 
R R R 

23 22 21 
R ~FOAE VFOE 

o = Output FIFO has something other than 1 slot filled 
1 = Output FIFO has one slot filled 

Bits 19-14 Reserved 

Bit 20 VFOF - LPB Video FIFO 0 Full 
0= Video FIFO 0 not full 
1 = Video FIFO 0 full 

Bit 21 VFOE - LPB Video FIFO 0 Empty 
o = Video FIFO 0 not empty 
1 = Video FIFO 0 empty 

Bit 22 VFOAE - LPB Video FIFO 0 Almost Empty 
0= Video FIFO 0 has something other than 1 slot filled 
1 = Video FIFO 0 has one slot filled 

22-4 LPB REGISTER DESCRIPTIONS 
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Bits 28-23 Reserved 

Bit 29 VF1F - LPB Video FIFO 1 Full 
o = Video FIFO 1 not full 
1 = Video FIFO 1 full 

Bit 30 VF1E - LPB Video FIFO 1 Empty 
o = Video FIFO 1 not empty 
1 = Video FIFO 1 empty 

Bit 31 VF1AE - LPB Video FIFO 1 Almost Empty 
0= Video FIFO 1 has something other than 1 slot filled 
1 = Video FIFO 1 has one slot filled 

LPB Interrupt Flags (MMFF08) 

ReadNVrite Address: FF08H 
Power-on Default: OOOOOOOOH 

15 14 13 12 11 10 9 8 7 6 

R R R R R R R R R R 

31 30 29 28 27 26 25 24 23 22 

R R R R R R R SPW R 

Bit 0 FEI - LPB Output FIFO Empty Interrupt Status 
o = No interrupt 
1 = LPB output FIFO empty 

Writing a 1 to this bit clears the interrupt. 

Bit 1 ELI - End of Line Interrupt Status 
o = No interrupt 

R 

5 
R 

21 

R 

4 
R 

20 
R 

1 = The Tri064V+ has received an HSYNC input on pin 202 

Writing a 1 to this bit clears the interrupt. 

Bit 2 EFI - End of Frame Interrupt Status 
o = No interrupt 
1 = The Tri064V+ has received a VSYNC input on pin 203 

Writing a 1 to this bit clears the interrupt. 

Bit 3 SPS - Serial Port Start Detect Interrupt Status 
o - No interrupt 
1 = The Tri064V+ has detected a serial port start condition 

3 2 1 0 
SPS EFI ELI FEI 

19 18 17 16 

SPM EFM ELM FEM 

A serial port start condition occurs when SPD (pin 206) is driven low by another de­
vice while SPCLK (pin 205) is not being driven low. Writing a 1 to this bit clears the in­
terrupt. 
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Bits 15-4 Reserved 

Bit 16 FEM - LPB Output FIFO Empty Interrupt Enable Mask 
o = LPB output FIFO empty interrupt disabled 
1 = LPB output FIFO empty interrupt enabled 

Bit 17 ELM - End of Line Interrupt Enable Mask 
o = End of Line interrupt disabled 
1 = End of Line interrupt enabled 

Bit 18 EFM - End of Frame Interrupt Enable Mask 
o = End of frame interrupt disabled 
1 = End of frame interrupt enabled 

Bit 19 SPM - Serial Port Start Detect Interrupt Mask 
o = Serial port start detect interrupt disabled 
1 = Serial port start detect interrupt enabled 

Bits 23-20 Reserved 

Bit 24 SPW - Serial Port Wait 
0= Release SPCLK (pin 205) to float high 
1 = Drive SPCLK (pin 205) low upon receipt of a serial port start condition 

Setting this bit to 1 enables serial port wait states until the Host is ready to process 
the data. 

Bit 31-25 Reserved 
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LPB Frame Buffer Address 0 (MMFFOC) 

Read/Write Address: FFOCH 
Power-on Default: OOOOOOOOH 

15 I 14 I 131 12 1 11 1 10 1 9 1 8 1 7 1 6 1 5 1 4 1 3 1 2 1 1 1 0 
LPB BUFFER ADDRESS 0 

31 1 30 1 29 1 28 1 27 1 26 J 25 I 24 I 23 1 22 1 21 1 20 1 19.1 18 1 17 1 16 

RIRIRIRIRIRIRIRIRIRI LPB BUFFER ADDRESS 0 

Bits 21-0 LPB Frame Buffer Address 0 

Value = starting address 0 (offset in bytes from the start of the frame buffer) for writ­
ing LPB data to the frame buffer 

This value will normally be the same as the secondary stream frame buffer address o. 
The value must start on an 8-byte boundary. 

Bits 31-22 Reserved 

LPB Frame Buffer Address 1 (MMFF10) 

Read/Write Address: FF10H 
Power-on Default: Undefined 

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

31 I 30 I 29 1 28 1 27 1 26 1 25 1 24 1 23 1 22 1 21 1 20 1 19 1 18 1 17 1 16 
R 1 R 1 R 1 R 1 R 1 R 1 R 1 R 1 R 1 R 1 LPB BUFFER ADDRESS 1 

Bits 21-0 LPB Frame Buffer Address 1 

Value = starting address 1 (offset in bytes from the start of the frame buffer) for writ­
ing LPB data to the frame buffer 

This value will normally be the same as the secondary stream frame buffer address 1. 
Both address 0 and address 1 are defined when double buffering is used. The value 
must start on an 8-byte boundary. 

Bits 31-22 Reserved 
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LPB Direct Read/Write Address (MMFF14) 

Read/Write Address: FF14H 
Power-on Default: Undefined 

15 I 14 I 13 I 12 I 11 I 10 I 9 I 8 I 7 I 6 I 5 I 4 I 3 I 2 I 1 I 0 
LPB DIRECT READ/WRITE ADDRESS 

31 I 30 I 29 I 28 I 27 I 26 I 25 I 24 I 23 I 22 I 21 I 20 I 19 I 18 I 17 I 16 

R I R I R I R I R I R I R I R I n I LPB READ/WRITE ADDRESS 

Bits 20-0 LPB Direct Read/Write Address 

Value = address of Scenic/MX2/CL-480 register to read/write 

Bits 23·21 n -Transaction Type (Scenic/MX2) 
000 = Register write 
001 = Register read 
110 = Compressed video data write from the output FIFO. This value is automatically 

generated by hardware when data is written to the output FIFO. 

Bits 31-24 Reserved 

LPB Direct Read/Write Data (MMFF18) 

Read/Write Address: FF18H 
Power-on Default: Undefined 

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

LPB DIRECT READ/WRITE DATA 

31 I 30 I 29 I 28 I 27 I 26 I 25 I 24 I 23 I 22 I 21 I 20 I 19 I 18 I 17 I 16 

LPB DIRECT READ/WRITE DATA 

Bits 31-0 LPB Direct Read/Write Data 

A write to this register triggers a read/write sequence based on the address informa­
tion in MMFF14_23-0. 
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LPB General Purpose Input/Output Port (MMFF1C) 

Read/Write - see bit definitions 
Power-on Default: Undefined 

Address: FF1CH 

This register is available only for PCI bus configurations. 

15 

R 

31 

R 

14 13 12 11 10 9 8 7 I 6 I 5 I 4 3 I 2 I 1 I 0 
R R R R R R R LPB GIP LPB GOP 

30 29 28 27 26 25 24 23 I 22 I 21 I 20 19 I 18 I 17 I 16 

R R R R R R R R I R I RI R R I R I R J R 

Bits 3-0 LPB General Purpose Output Data Port 

These bits are driven onto the LPB LD[3:0] lines whenever a write is performed to 
CR5C. STWR is asserted (low) at this time for use as an enable strobe for latching the 
data into an external buffer. 

Bits 7-4 LPB General Purpose Input Data Port (Read only) 

Whenever a write is performed to CR5C, STWR is asserted (low). This strobe can be 
used to enable a register to drive data onto any or all of the LD[7:4] lines. This data is 
then latched into these bits. 

Bits 31-8 Reserved 

Serial Port (MMFF20) 

Read/Write Address: FF20H 
Power-on Default: OOOOOOOOH 

This register can also be accessed at I/O ports E2H or E8H. See the Serial Communications Port de­
scription in Section 4. 

15 

R 

31 
R 

14 13 12 11 10 9 

R R B4M B3M B2M B1M 

30 29 28 27 26 
R R R R R 

Bit 0 SCW - Serial Clock Write 
0= Pin 205 is driven low 
1 = Pin 205 is tri-stated 

25 
R 

8 
BOM 

24 
R 

7 6 5 4 3 2 1 0 

R R R SPE SDR SCR SDW SCW 

23 22 21 20 19 18 17 16 

R R R R R R R R 

Pin 205 carries the DDC/12C clock, depending on the operational mode. When pin 205 
is tri-stated, other devices may drive this line. The actual state of the pin is read via 
bit 2 of this register. 
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Bit 1 SOW - Serial Data Write 
o = Pin 206 is driven low 
1 = Pin 206 is tri-stated 

Pin 206 carries the DDC/12C data, depending on the operational mode. When pin 206 
is tri-stated, other devices may drive this line. The actual state of the pin is read via 
bit 3 of this register. 

Bit 2 SCR - Serial Clock Read (Read Only) 
o = Pin 205 is low 
1 = Pin 205 is tri-stated (no device is driving this line) 

Bit 3 SDR - Serial Data Read (Read Only) 
o = Pin 206 is low 
1 = Pin 206 is tri-stated (no device is driving this line) 

Bit 4 SPE - Serial Port Enable 
0= Use of bits 1-0 of this register disabled 
1 = Use of bits 1-0 of this register enabled 

Bits 5-7 Reserved 

Bit 8 BOM - Bit 0 Mirror (Read Only) 
0= Pin 205 is driven low 
1 = Pin 205 is tri-stated 

Bit 9 B 1 M - Bit 1 Mirror (Read Only) 
0= Pin 206 is driven low 
1 = Pin 206 is tri-stated 

Bit 10 B2M - Bit 2 Mirror (Read Only) 
o = Pin 205 is low 
1 = Pin 205 is tri-stated (no device is driving this line) 

Bit 11 B3M -Bit 3 Mirror (Read Only) 
0= Pin 206 is low 
1 = Pin 206 is tri-stated (no device is driving this line) 
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Bit 12 B4M - Bit 4 Mirror (Read Only) 
o = Use of bits 1-0 of this register disabled 
1 = Use of bits 1-0 of this register enabled 

This bit mirrors bit 4 and allows reading of this data on byte lane 2 at I/O address E2H. 

Bits 31-13 Reserved 

LPB Video Input Window Size (MMFF24) 

ReadIWrite Address: FF24H 
Power-on Default: Undefined 

This register applies only to Video 8 In or Video 16 mode 

15 14 13 12 11 I 10 I 9 I 8 I 7 I 6 I 5 I 4 I 3 I 2 I 1 I 
R 

31 
R 

R R R VIDEO INPUT LINE WIDTH 

30 29 28 27 I 26 I 25 I 24 I 23 I 22 I 21 I 201 19 1 18 I 17 1 
R R R R I R I R I VIDEO INPUT WINDOW HEIGHT 

Bits 11-0 Video Input Line Width 

Value = [# pixels x 2) - 2 for Video 8 mode 
Value = # pixels -2 for Video 16 mode 

0 

16 

This is the width of the displayed line after the offset specified in MMFF28_11-0. Be­
fore the 2 is subtracted, the number of pixels must be a multiple of 4. For example, in 
Video 16 mode, if the line width is 637 pixels, this must be rounded up to 640. The 
programmed value is then 640 - 2 = 638. 

Bits 15-12 Reserved 

Bits 24-16 Video Input Window Height 

Value = [height in lines of each video input frame) - 1 

This is the number of displayed lines - 1 after the offset specified in MMFF28_24_16. 

Bits 31-25 Reserved 
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LPB Video Data Offsets (MMFF28) 

Read/Write Address: FF28H 
Power-on Default: Undefined 

This register applies only to Video 8 In or Video 16 mode 

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

R R R R HORIZONTAL VIDEO DATA OFFSET 

31 30 29 28 27 I 26 I 25 I 24 I 23 I 22 I 21 I 20 I 19 I 18 I 17 I 16 

R R R R R 1 R I R I VERTICAL VIDEO DATA OFFSET 

Bits 11-0 Horizontal Video Data Offset 

Value = [number of LCLKs between HSYNC and the start of valid pixel datal - 2 

Bits 15·12 Reserved 

Bits 24·16 Vertical Video Data Offset 

Value = number of HSYNCs between VSYNC and the first valid data line 

Bits 31·25 Reserved 

LPB Horizontal Decimation Control (MMFF2C) 

Read/Write Address: FF2CH 
Power-on Default: Undefined 

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

VIDEO DATA BYTE MASK 

31 I 30 I 29 I 28 I 27 I 26 I 25 I 24 I 23 I 22 I 21 I 20 I 19 I 18 I 17 I 16 

VIDEO DATA BYTE MASK 

Bits 31·0 Video Data Byte Mask 

Each 32 bytes of video data input is compared with this mask. If a bit in this mask is 1, 
the corresponding byte is discarded. If a bit is a 0, the corresponding byte is passed 
to the video memory. In Video 16 mode, each bit masks 2 bytes. In pass-through 
mode, each bit masks 4 bytes. Normally, decimation starts with bit 0 after an HSYNC. 
If a horizontal video data offset is specified in MMFF28_11-0 (video 8 or 16 modes 
only), decimation aligns with the start of data after the offset. 
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LPB Vertical Decimation Control (MMFF30) 

Read/Write Address: FF30H 
Power-on Default: OOOOOOOOH 

15 , 14 , 13 , 12 I 11 I 10 I 9 I 8 I 7 1 6 1 5 -' 4 , 3 , 2 , 1 I 0 
VIDEO DATA LINE MASK 

31 , 30 , 29 , 28 , 27 , 26 , 25 , 24 , 23 , 22 , 21 , 20 , 19 , 18 , 17 , 16 

VIDEO DATA LINE MASK 

Bits 31-0 Video Data Line Mask 

Each 32 lines of video data input is compared with this mask. If a bit in the mask is 0, 
the corresponding line is discarded. If a bit is a 1, the corresponding line is passed to 
the video memory. If a vertical video data offset is specified in MMFF28_24-16 (video 
8 or 16 modes only), decimation does not align with the starting line after the offset 
and instead starts from VSYNC. 

LPB Line Stride (MMFF34) 

Read/Write Address: FF34H 
Power-on Default: OOOOOOOOH 

15 14 13 12 11 , 10 , 9 , 8 , 7 , 6 , 5 , 4 , 3 , 2 , 1 , 0 
R R R R LINE STRIDE 

31 30 29 28 27 , 26' 25 I 24 I 23 , 22 I 21 J 20 I 19 I 18 I 17 1 16 
R R R R R , , R , R , R , R , R , R , R , R , R , R 

Bits 11-0 Line Stride 

Value = byte offset of vertically adjacent pixels 

This offset is added to the line starting address each HSYNC to get the new line start­
ing address. Each line must begin on an 8-byte boundary. 

Bits 31-12 Reserved 
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LPB Output FIFO (MMFF40) 

Read/Write Address: FF40H, FF44H ... ,FF5CH 
Power-on Default: OOOOOOOOH 

Writes to any of the addresses in this 8 doubleword address range will be transferred to the LPB input 
FIFO. This allows efficient use of the MOVSD assembly language instruction. Accesses must be to 
doubleword addresses. 

15 I 14 I 13 I 12 I 11 I 10 L 9 J 8 I 7 I 6 I 5 j 4 I 3 I 2 1 1 I 0 
OUTPUT FIFO DATA 

31 I 30 I 29 I 28 I 27 I 26 I 25 I 24 I 23 I 22 I 21 I 20 I 19 I 18 I 17 I 16 
OUTPUT FIFO DATA 

Bits 31-0 Output FIFO Data 

Note: Software must never transfer more compressed data than there is room for in 
the output FIFO. This information is read from MMFF04_3-0. 
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Section 23: 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 Tri064V+ 
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 AD[7:0] lines contain the address of the register in this space to be accessed. The Tri064V+ 
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 10 

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

This read-only register identifies the device manufacturer. 

115 I 14 I 13 12 11 10 5 4 3 2 o 
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: 8811 H 

This read-only register contains the same value for all Trio family products. The Trio64V+ is identified by a 
value of 4xH in CR2F and the PCI revision 10 field, where "x" will vary by revision. 

15 14 13 12 11 10 5 4 3 2 
Device ID 

Bits 15-0 Device ID 

value = 8811 H (hardwired) 

Command 

ReadIWrite Address: 04H 
Power-On Default: OOOOH 

This register controls which types of PCI cycles the Trio64V+ can generate and respond to. 

15 

R 

14 13 12 11 10 9 8 7 6 

R R R R R R R R R 

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

Bit 1 MEM - Enable Response to Memory Accesses 

5 

DAC 
SNP 

o = Response to memory space accesses is disabled 
1 = Response to memory space accesses enabled 

Bits 4-2 Reserved 

Bit 5 DAC SNP - RAMDAC Register Access Snooping 

4 3 2 

R R R 

o = Trio64V+ claims and responds to all RAMDAC register access cycles 

1 

MEM 

1 = Trio64V+ performs RAMDAC register writes but does not claim the PCI cycle. 
RAMDAC register read accesses are performed by the Trio64V+. 

Bits 15-6 Reserved 
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Status 

Read/Write Address: 06H 
Power-On Default: 0200H 

Bits 8-0 Reserved 

Bits 10-9 DEVSEL - Device Select Timing 

value = 01 (medium DEVSEL timing) (hardwired) 

Bits 15-11 Reserved 

Class Code 

Read Only Address: 08H 
Power-On Default: 30000H 

This register is hardwired to 300004xH. The 3 specifies that the Tri064V+ is a VGA-compatible display 
controller. The "x" in the revision ID will change with each revision. 

15 1 14 J 13 J 12 1 11 1 10 J 9 .1 8 7l 6 l 5 I 4 I 3 1 2 1 1 1 0 

PROGRAMMING INTERFACE REVISION ID 

31 1 30 1 29 1 28 1 27 1 26 1 25 1 24 23 1 22 1 21 1 20 1 19 1 18 1 17 1 16 

BASE CLASS CODE SUB-CLASS 
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Base Address 0 

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

This is a 32-bit register in PCI configuration space that provides for address relocation. The Tri064V+ 
maps the upper 6 bits of the register to the Linear Address Window Position register CR59_7-2. 
Consequently, these bits map to system address bits [31:26]. 

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

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

Bit 0 MSI - Memory Space Indicator 

value = 0 (base registers map into memory space) (hardwired) 

Bits 2-1 TYPE - Type of Address Relocation 

value = 00 (locate anywhere in 32-bit address space) (hardwired) 

Bit 3 PREF - Prefetchable 

value = 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 will also update this field. 
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BIOS ROM Base Address 

Read/Write Address: 32H (high) 30H (low) 
Power-On Default: OOOC OOOOH 

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

Bit 0 ADE - Address Decode Enable 
o = 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: OOH 

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

7 6 543 2 o 
INTERRUPT LINE 

Bits 7-0 INTERRUPT LINE 
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Interrupt Pin 

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

This register specifies that INTA is the interrupt pin used. 

7 6 543 2 1 o 
INTERRUPT PIN 

Bits 7-0 INTERRUPT PIN 

value = 01H (hardwired) 
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Appendix A: Register Reference 

This Appendix contains tables listing all the registers in each of categories corresponding to Sections 
16-23 of this data book. 

• VGA 

• S3VGA 

• System Control 

• System Extension 

• Enhanced Commands 

• Streams Processor 

• LPB 

• 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 Re isters 

3C2 Miscellaneous Output 16-1 

0 W Color emulation. Address based at 3Dx 

1 W Enable CPU access of video memory 

3-2 W Video DCLK select. Enable DCLK PLL loading 

4 W Reserved 

5 W Select the hiqh 64K paqe of memory 

6 W Make HSYNC an active low signal 

7 W Make VSYNC an active low signal 

3CC Miscellaneous Output 16-1 

0 R Color emulation. Address based at 3Dx 

1 R Enable CPU access of video memory 

3-2 R Video DCLK select. Enable DCLK PLL loading 

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 

37A Feature Control 16-2 

2-0 W Reserved 

3 W VSYNC is ORed with the internal display enable signal 

7-4 W Reserved 

3CA Feature Control 16-2 

2-0 R Reserved 

3 R VSYNC is ORed with the internal displayenable Signal 

7-4 R Reserved 

3C2 Input Status 0 16-3 

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 PaJle 
37A Input Status 1 16-3 

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 outQuts for test purposes 

7-6 R Reserved 

3C3 Video Subsystem Enable 16-4 

0 Enable VGA display 

7-1 RNV Reserved 

Sequencer Registers 

3C4 Sequencer Index 16-5 

4-0 RNV Index to the sequencer reqister to be accessed 

7-5 RNV Reserved 

3C5 Sequencer Data 16-5 

7-0 RNV Data to or from the sequencer register accessed 

3C5 00 Reset (SRO) 16-6 

0 RNV Asynchronous reset (not functional for the Tri064V+) 

1 RNV Synchronous reset (not functional for the Tri064V+) 

7-2 RNV Reserved 

3C5 01 Clocking Mode (SR1) 16-6 

0 RNV Character clocks are 8 dots wide 

1 RNV Reserved 

2 RNV Load the video serializers eveJY second character clock 

3 RNV The internal character clock is 1/2 the DCLK frequency_ 

4 RNV Load the video serializers every fourth character clock 

5 RNV Screen is turned off 

3C5 02 Enable Write Plane (SR2) 16-7 

3-0 RNV Enables a CPU write to the correspondinq color plane 

7-4 RNV Reserved 

3C5 03 Character Font Select (SR3) 16-8 

4, 1-0 RNV Select Font B 

5,3-2 RNV Select Font A 

7-6 RNV Reserved 

3C5 04 Memory Mode Control (SR4) 16-9 

0 RNV Reserved 

1 RNV Memory access to 256K allowed (required for VGA) 

2 RNV Sequential addressing for CPU video memory accesses 
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Table A-1. VGA Registers (continued) 

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

3 R/W Modulo 4 addressing for CPU video memory accesses 

7-4 R/W Reserved 

3C5 08 Unlock Extended Sequencer (SR8) 16-10 
7-0 R/W Load xxxxOll Ob to unlock SR9-SRl C 

3C5 09 R/W Extended Sequencer 9 16-10 

6-0 R/W Reserved 

7 R/W Memory-mapped I/O only (no PIO) 

3C5 OA Extended Sequencer A (SRA) 16-10 

4-0 R/W Reserved 

5 R/W PD[63:0] not tri-stated 

6 R/W Pin 50 is RASl 

7 R/W 2 MCLK memory writes 

3C5 OB Extended Sequencer B (SRB) 16-11 

0 R/W Use VCLKI for internal dot clock functions (test only) 

1 R/W Pixel data from VAFC latched by VCLKI 

2 R/W Reserved 

3 R/W Enable 24 bits/pixel 

7-4 R/W Specify color mode for feature connector input 

3C5 00 Extended Sequencer 0 (SRD) 16-12 

0 R/W Enable feature connector operation 

1 R/W Select LPB feature connector 

3-2 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) 16-13 

4-0 R/W MCLK N-divider value 

6-5 R/W MCLK R value 

7 R/W Reserved 

3C5 11 MCLK Value High (SR11) 16-14 

6-0 R/W MCLK M-divider value 

7 R/W Reserved 

3C5 12 DCLK Value Low (SR12) 16-14 

4-0 R/W DCLK N-divider value 

6-5 R/W DCLK R value 

7 R/W Reserved 

3C5 13 DCLK Value High (SR13) 16-15 

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 CLKSVN Control 1 (SR14) 16-15 
0 RNV DCLK PLL powered down (test only) 

1 RNV MCLK PLL powered down (test only) 

3 RNV Test MCLK (test only) 

4 RNV Clear clock synthesizer counters (test only) 

5 RNV Pi n 146 tri-stated 

6 RNV MCLK is input on pin 146 (test only) 

7 RNV DCLK is input on pin 156 (test only) 

3C5 15 CLKSVN Control 2 (SR15) 16-17 

0 RNV Load new MCLK frequency 

1 RNV Load new DCLK frequency 

2 RNV MCLK output on pin 147 (test only) 

3 RNV VCLK direction determined by EVCLK 

4 RNV Divide DCLK by 2 

5 RNV Load MCLK and DCLK PLL values immediately 

6 RNV Invert DCLK 

7 RNV Enable 2 MCLK memory writes 

3C5 16 CLKSVN Test High (SR16) 16-18 

7-0 RNV Reserved 

3C5 17 CLKSVN Test High (SR17) 16-18 

7-0 RNV Reserved 

3C5 18 RAMDAC/CLKSVN Control (SR18) 16-19 

0 RNV RAMDAC test counter enabled (test only) 

1 RNV Reset RAMDAC test counter 

2 RNV Place red data on intemal data bus (test only) 

3 RNV Place green data on internal data bus (test only) 

4 RNV Place blue data on internal data bus (test only) 

5 RNV Power-down RAMDAC 

6 RNV Select 1 cycle LUT write 

7 RNV RAMDAC clock doubled mode enabled 

3C5 1C Extended Sequencer 1C (SR1C) 16-20 

1-0 RNV Select functions for pins 151 and 190 

1 RNV Reserved 
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Table A-1. VGA Registers (continued) 

Add Index Register Name Description 
reS5 Bit(s) R/W Bit Description Page 

CRT Controller Registers 

374 CRT Controller Index 16-21 

7-0 RM/ Index to the CRTC register to be accessed 

375 CRT Controller Data 16-21 

7-0 RM/ Data to or from the CRTC reqister accessed 

375 00 Horizontal Total (CRO) 16-22 

7-0 RM/ Number of characters in a line -5 

375 01 Horizontal Display End (CR1) 16-22 

7-0 RM/ One less than the total number of displayed characters 

375 02 Start Horizontal Blank (CR2) 16-23 

7-0 RM/ Character count where horizontal blanking starts 

375 03 End Horizontal Blank (CR3) 16-23 

4-0 RM/ End position of horizontal blanking 

6-5 RM/ Display enable skew in character clocks 

7 RM/ Reserved 

375 04 Start Horizontal Sync Position (CR4) 16-24 

7-0 RM/ Character count where HSYNC qoes active 

375 05 End Horizontal Sync Position (CR5) 16-24 

4-0 RM/ Position where HSYNC goes inactive 

6-5 RM/ Horizontal retrace end delay in character clocks 

7 RM/ End horizontal blankinq bit 5 

375 06 Vertical Total (CR6) 16-25 

7-0 RM/ Number of lines - 2 

375 07 CRTC Overflow (CR7) 16-25 

0 RM/ Vertical total bit 8 

1 RM/ Vertical display end bit 8 

2 RM/ Vertical retrace start bit 8 

3 RM/ Start vertical blank bit 8 

4 RM/ Line compare bit 8 

5 RM/ Vertical total bit 9 

6 RM/ Vertical display end bit 9 

7 RM/ Vertical retrace start bit 9 

375 08 Preset Row Scan (CR8) 16-26 

4-0 RM/ Line where first character row begins 

6-5 RM/ Number of bytes to pan horizontally 

7 RM/ Reserved 
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Table A-1. VGA Registers (continued) 

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

375 09 Maximum Scan Line (CR9) 16-26 

4-0 RNV Character height in scan lines -1 

5 RNV Start vertical blank bit 9 

6 RNV Line compare bit 9 

7 RNV Double scanning (repeat each line) enabled 

375 OA Cursor Start Scan Line (CRA) 16-27 

4-0 RNV Cursor startina line within the character cell 

5 RNV Turns off the cursor 

7-6 RNV Reserved 

375 OB Cursor End Scan Line (CRB) 16-27 

4-0 RNV Cursor ending line within the character cell 

6-5 RNV Cursor skew to right in characters 

7 RNV Reserved 

375 OC Start Address High (CRC) 16-28 

7-0 RNV Bits 15-8 of the display start address 

375 00 Start Address Low (CRD) 16-28 

7-0 RNV Bits 7-0 of the display start address 

375 OE Cursor Location Address High (& Hardware Cursor 16-28 
Foreground Color in Enhanced Mode) (CRE) 

7-0 RNV Bits 1 5-8 of the cursor location start address 

375 OF Cursor Location Address Low (& Hardware Cursor 16-28 
Background Color in Enhanced Mode) (CRF) 

7-0 RNV Bits 7-0 of the cursor location start address 

375 10 Vertical Retrace Start (CR10 16-29 

7-0 RNV Vertical retrace start in scan lines 

375 11 Vertical Retrace End (CR11) 16-29 

3-0 RNV Vertical retrace end in scan lines 

4 RNV Clear the vertical retrace interrupt flip-flop 

5 RNV Disable vertical interrupts 

6 RNV Five RAM refresh cycles per horizontal line 

7 RNV Lock writes to CRO-CR7 

375 12 Vertical Display End (CR12) 16-30 

7-0 RNV Number of scan lines of active video 

375 13 Offset (CR13) 16-30 

7-0 RNV Memory start address jump from one scan line to the next 
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Table A·1. VGA Registers (continued) 

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

375 14 Underline Location (CR14) 16·31 

4-0 RNI/ Horizontal scan line where underline occurs 

5 RNI/ Memory address counter increment is 4 character clocks 

6 RNI/ Memory accessed as doublewords 

7 RNI/ Reserved 

375 15 Start Vertical Blank (CR15) 16·31 

7-0 RNI/ Horizontal scan line where vertical blanking starts 

375 16 End Vertical Blank (CR16) 16·32 

7-0 RNI/ Horizontal scan line where vertical blankinq ends 

375 17 CRTC Mode Control (CR17) 16·32 

0 RNI/ Enable bank 2 mode for CGA emulation 

1 RNI/ Enable bank 4 mode for CGA emulation 

2 RNI/ Use horizontal retrace ciock divided by 2 

3 RNI/ Enable count by 2 mode 

4 RNI/ Reserved 

5 RNI/ Enable CGA mode address wrap 

6 RNI/ Use byte address mode 

7 RNI/ Horizontal and vertical retrace signals enabled 

375 18 Line Compare (CR18) 16·34 

7-0 RNI/ Line at which memory address counter cleared to 0 

375 22 CPU Latch Data (CR22) 16·34 

7-0 R Value in the CPU latch in the graphics controller 

375 24,26 Attribute Controller Flag/Index 16·35 

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 16-36 

3-0 RNI/ Index to the qraphics controller reqister to be accessed 

7-4 RNI/ Reserved 

3CF Graphics Controller Data 16-36 

7-0 RNI/ Data to or from the _graphics controller reqister accessed 

3CF 00 Set/Reset (GRO) 16·37 

3-0 RNI/ Color value for CPU memory writes 

7-4 RNI/ Reserved 

3CF 01 Enable Set/Reset (GR1) 16-37 

3-0 RNI/ Enable planes for writinq GRO data 

7-4 RNI/ Reserved 
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Table A-1. VGA Registers (continued) 

Add Index Register Name Description 
re5S Bit(s) R/W Bit Description Page 

3CF 02 Color Compare (GR2) 16-38 
3-0 R/VV Reference color for color compare operations 

7-4 R/VV Reserved 

3CF 03 Raster Operation/Rotate Counter (GR3) 16-38 

2-0 R/VV Number of right rotate positions for a CPU memory write 

4-3 R/VV Select raster operation (logical function) 

7-5 R/VV Reserved 

3CF 04 Read Plane Select (GR4) 16-39 

1-0 R/VV Select planes for reading 

7-2 R/VV Reserved 

3CF 05 Graphics Controller Mode (GR5) 16-40 

1-0 R/VV Select write mode 

2 R/VV Reserved 

3 R/VV Enable read compare operation 

4 R/VV Select odd/even addressing 

5 R/VV Select odd/even shift mode 

6 R/VV Select 256 color shift mode 

7 R/VV Reserved 

3CF 06 Memory Map Mode Control (GR6) 16-41 

0 R/VV Select graphics mode memory addressing 

1 R/VV Chain odd/even planes 

3-2 R/VV Select memory mapping 

7-4 R/VV Reserved 

3CF 07 Color Don't Care (GR7) 16-42 

3-0 R/VV Select color plane used for color comparison 

7-4 R/VV Reserved 

3CF 08 Bit Mask (GR8) 16-42 

7-0 R/VV Each bit is a mask for the corresponding memory plane bit 

Attribute Registers 

3CO Attribute Controller Index 16-43 

4-0 R/VV Index to the attribute controller register to be accessed 

5 R/VV Enable video display 

7-6 R/VV Reserved 

3C1/0 Attribute Controller Data 16-44 

7-0 R/VV Data to or from the attribute controller register accessed 

3C1/0 OO-OF Palette Register (ARO-ARF) 16-44 

5-0 R/VV Color value 

7-6 R/VV Reserved 
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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 10 Attribute Mode Control (AR10 16-45 

0 RNV Select graphics mode 

1 RNV Select monochrome display 

2 RNV Enable line graphics characters 

3 RNV Enable blinking 

4 RNV Reserved 

5 RNV Enable top panning 

6 RNV Select 256 color mode 

7 RNV Bits 5-4 of video output come from AR 14 1-0 

3C1/0 11 Border Color (AR11) 16-46 

7-0 RNV Border color value 

3C1/0 12 Color Plane Enable (AR12) 16-46 

3-0 RNV Display plane enable 

5-4 RNV Select inputs to bits 5-4 of 3?AH 

7-6 RNV Reserved 

3C1/0 13 Horizontal Pixel Panning (AR13) 16-47 

3-0 RNV Number of pixels to shift the display to the left 

7-4 RNV Reserved 

3C1/0 14 Pixel Padding (AR14) 16-48 

1-0 RNV Bits 5-4 of the video output if AR 10 7 = 1 

3-2 RNV Bits 7-6 of the video output 

7-4 RNV Reserved 

RAMDAC Registers 

3C6 DAC Mask 16-49 

7-0 RNV Pixel read mask 

3C7 DAC Read Index 16-49 

7-0 W Index to j)alette register to be read 

3C7 DACStatus 16-50 

1-0 R Shows whether previous DAC cycle was a read or write 

7-2 R Reserved 

3C8 - DAC Write Index 16-50 

7-0 RNV Index to palette register to be written or General Input Port 
read data 

3C9 DAC Data 16-51 

7-0 RNV Data from register pointed to by DAC Read or Write Index 
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A.2 S3 VGA REGISTERS 

The Tri064V+ 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 (CR3S) 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. 53 VGA Registers 

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

375 2D Device ID High (CR2D) 17-1 

7-0 R HiQh byte of device ID (88H) 

375 2E Device ID Low (CR2E) 17-2 

7-0 R Low byte of device ID (11 H) 

375 2F Revision (CR2F) 17-2 
7-0 R 4x 

375 30 Chip ID/Rev (CR30) 17-2 

3-0 R Chip Identification - EH 

7-4 R Chip revision status (stepping) - See CR2F 

375 31 Memory Configuration (CR31) 17-3 

0 RNV Enable base address offset (CR6A 6-0) 

1 RNV Enable two-paQe screen imaQe 

2 RNV Enable VGA 16-Bit Memory Bus Width 

3 RNV Use Enhanced mode memory mapping 

5-4 RNV Old display start address bits 17-16 (see CR69 3-0) 

6 RNV Enable high speed text display font fetch mode 

7 RNV Reserved 

375 32 Backward Compatibility 1 (CR32) 17-4 

3-0 RNV Reserved 

4 RNV Enable interrufJt generation 

5 RNV Reserved 

6 RNV Use standard VGA memory wrapping at 256K boundary 

7 RNV Reserved 

375 33 Backward Compatibility 2 (CR33) 17-5 

0 RNV Reserved 

1 RNV Disable write protection provided by CR11 7 on CR7 1,6 

2 RNV Reserved 

3 RNV VCLK is inverted DCLK 

4 RNV Disable writes to RAMDAC registers (3C6H-3C9H) 

5 RNV BLANK signal active during entire non-active video period 

6 RNV Disable writes to Palette/Overscan registers (ARO-ARF) 

7 RNV Reserved 
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Table A-2. 83 VGA Registers (continued) 

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

375 34 Backward Compatibility 3 (CR34) 17-6 

0 RNJ PCI DAC snoop method select 

1 RNJ Disable PCI master abort handlinQ durinQ DAC snoop 

2 RNJ Disable PCI retry handlinq durinq DAC snoop 

3 RNJ Reserved 

4 RNJ Enable Display Start FIFO Fetch register (CR3B) 

7-5 RNJ Reserved 

375 35 CRT Register Lock (CR35) 17-7 

3-0 RNJ Old CPU base address (see CR6A 6-0) 

4 RNJ Lock Vertical TiminQ reQisters 

5 RNJ Lock Horizontal TiminQ reQisters 

7-6 RNJ Reserved 

375 36 Configuration 1 (CR36) 17-8 

1-0 R Select System bus (PCI or VL-Bus) 

3-2 RNJ Select Memory page mode (fast page, EDO or 1-cycle EDO) 

4 RNJ Enable BIOS ROM accesses (VL-Bus) 

7-5 RNJ Define display memory size 

375 37 Configuration 2 (CR37) 17-8 

0 RNJ Enable Trio32/64 operation (VL-Bus) 

1 RNJ Reserved 

2 RNJ Select 32K or 64K BIOS ROM size (VL-Bus) 

3 RNJ Use intemal MCLK, DCLK 

4 RNJ Define RAMDAC write snooping (VL-Bus) 

7-5 RNJ Reserved 

375 38 Register Lock 1 (CR38) 17-10 

7-0 RNJ Unlock S3 VGA reQisters (CR30-CR3C) 

375 39 Register Lock 2 (CR39) 17-10 

7-0 RNJ Unlock System Control, System Extension and Strapping 
reqisters (CR40-CR4F, CR50-CR6D) 

375 3A Miscellaneous 1 (CR3A) 17-10 

1-0 RNJ Select alternate refresh count per horizontal line 

2 RNJ Enable alternate refresh count (CR3A 1-0) 

3 RNJ Enable simultaneous VGA text and Enhanced modes 

4 RNJ Enable 8-, 16- or 24/32-bit color Enhanced modes 

5 RNJ Enable hiQh speed text font writing 

6 RNJ Reserved 

7 RNJ Disable PCI 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 
375 3B Start Display FIFO Fetch (CR3B) 17-11 

7-0 RMJ Specify_start of display FIFO fetches for screen refreshing 
375 3C Interlace Retrace Start (CR3C) 17-12 

7-0 RMJ 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. 7 = 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 

375 40 System Configuration (CR40) 18-1 

0 RMJ Enable Enhanced mode register access 
3-1 RMJ Reserved 

4 RMJ Ready (Wait State) Control (VL-Bus) 

5 RMJ Reserved = 1 
7-6 RMJ Reserved 

375 41 BIOS Flag (CR41) 18-2 
7-0 RMJ Used by the video BIOS 

375 42 Mode Control (CR42) 18-2 
4-0 RMJ Reserved 

5 RMJ Select Interlaced mode 
6 RMJ Reserved 
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Table A-3. System Control Registers (continued) 

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

375 43 Extended Mode (CR43) 18-2 

1-0 RNI/ Reserved 

2 RNI/ Old logical screen width bit 8 

6-3 RNI/ Reserved 

7 RNI/ Enable horizontal counter double mode 

375 45 Hardware Graphics Cursor Mode (CR45) 18-3 

0 RNI/ Enable hardware graphics cursor 

3-1 RNI/ Reserved 

4 RNI/ Set up space at right of bit map for hardware cursor 

7-5 RNI/ Reserved 

375 46-47 Hardware Graphics Cursor Origin-X (CR46-CR47) 18-3 

10-0 RNI/ X-coordinate of the hardware cursor left side 

15-11 RNI/ Reserved 

375 48-49 Hardware Graphics Cursor Origin-V (CR48-CR49) 18-4 

10-0 RNI/ V-coordinate of the hardware cursor upper line 

15-11 RNI/ Reserved 

375 4A Hardware Graphics Cursor Foreground Stack (CR4A) 18-4 

7-0 RNI/ Hardware cursor foreqround color (3 reqisters) 

375 4B Hardware Graphics Cursor Background Stack (CR4B) 18-4 

7-0 RNI/ Hardware cursor background color (3 registers) 

375 4C-4D Hardware Graphics Cursor Start Address (CR4C-CR4D) 18-5 

12-0 RNI/ Hardware cursor start address 

15-13 RNI/ Reserved 

375 4E Hardware Graphics Cursor Pattern Display Start X-Pixel 18-5 
Position (CR4E) 

5-0 RNI/ Hardware cursor display start x-coordinate 

7-6 RNI/ Reserved 

375 4F Hardware Graphics Cursor Pattern Display Start V-Pixel 18-5 
Position (CR4F) 

5-0 RNI/ Hardware cursor display start y-coordinate 

7-6 RNI/ Reserved 

A-14 REGISTER REFERENCE 



Trio64V+ Integrated Graphics/Video Accelerator 

S3 Incorporated 

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) 19-1 

0 R[W Most significant bit of screen width definition (see bits 7-6) 

3-1 R[W Reserved 

5-4 R[W Pixel length select 

7-6 R[W With bit 0, screen width definition 

375 51 Extended System Cont 2 (CR51) 19-2 

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 

375 52 Extended BIOS Flag 1 (CR52) 19-3 

7-0 R[W Used by the video BIOS 

375 53 Extended Memol}' Cont 1 (CR53) 19-3 

0 R[W Reserved 

2-1 R[W Big endian byte swap select for linear addressing 

4-3 R[W Memory-mapped I/O type select 

5 R[W MMIO window select (A8000H or B8000H) 

6 R[W Enable nibble swa~ 

7 R[W Reserved 

375 54 Extended Memory Cont 2 (CR54) 19-4 

1-0 R[W Big endian byte swap select (not linear addressing or image 
transfers) 

2,7-3 R[W Specify M parameter for display FIFO control 

375 55 Extended DAC Control (CR55) 19-4 

1-0 R[W Reserved 

2 R[W 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 

375 56 External Sync Cont 1 (CR56) 19-5 

0 R[W Reserved 

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/W Bit Description Page 

375 56 External Sync Cont 1 (CR56) 19-5 

2 RNI/ VSYNC output buffer tri-stated 

7-3 RNI/ Reserved 

375 58 Linear Address Window Control (CR58) 19-6 

1-0 RNI/ Linear addressing window size 

2 RNI/ Reserved 

3 RNI/ Address latch timinq control (VL-Bus) 

4 RNI/ Enable linear addressinq 

6-5 RNI/ Reserved 

7 RNI/ RAS timing adjustment 

375 59-5A Linear Address Window Position (CR59-5A) 19-7 

15-0 RNI/ Linear addressing window position bits 31-16 

375 5C General Out Port (CR5C) 19-8 

7-0 RNI/ General Output Port 

375 5D Extended Horizontal Overflow (CR5D) 19-8 

0 RNI/ Horizontal total bit 8 (CRO) 

1 RNI/ Horizontal display end bit 8 (CR 1) 

2 RNI/ Start horizontal blank bit 8 (CR2) 

3 RNI/ End horizontal blank bit 7 (CR3, CR5) 

4 RNI/ Start horizontal sync position bit 8 (CR4) 

5 RNI/ End horizontal sync position bit 6 (CR5) 

6 RNI/ Start FIFO Fetch bit 8 (CR3B) 

7 RNI/ Reserved 

375 5E Extended Vertical Overflow (CR5E) 19-9 

0 RNI/ Vertical total bit 10 (CR6) 

1 RNI/ Vertical display end bit 10 (CR12) 

2 RNI/ Start vertical blank bit 10 (CR 1 5) 

3 RNI/ Reserved 

4 RNI/ Vertical retrace start bit 10 (CR1 0) 

5 RNI/ Reserved 

6 RNI/ Line compare position bit 10 (CR 18) 

7 RNI/ 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 

375 60 Extended Memory Control 3 (CR60) 19-9 
7-0 RNI/ Specify N parameter for display FIFO control 

375 61 Extended Memory Control 4 (CR61) 19-10 

4-0 RNI/ Reserved 

6-5 RNI/ Big endian byte swap select for image writes 

7 RNI/ Reserved 

375 65 Extended Miscellaneous Control (CR65) 19-10 

2-0 RNI/ Reserved 

4-3 RNI/ Delay BLANK by DCLK 

7-5 RNI/ Reserved 

375 66 Extended Miscellaneous Control 1 (CR66) 19-11 

0 RNI/ Enable enhanced functions 

1 RNI/ Software reset of the Graphics Engine 

2 RNI/ Reserved 

3 RNI/ PCI disconnect on write with FIFO full or read with FIFO empty 

5-4 RNI/ Reserved 

6 RNI/ PAl 15:0J are tri-stated off 

7 RNI/ Enable PCI bus disconnect 

375 67 Extended Miscellaneous Control 2 (CR67) 19-12 

0 RNI/ VCLK is in phase with DCLK 

1 RNI/ Reserved 

3-2 RNI/ Streams Processor mode select 

7-4 RNI/ Select RAMDAC color mode 

375 68 Configuration 3 (CR68) 19-13 

0 RNI/ CAS, OE stretch time selection 

1 RNI/ Reserved 

2 RNI/ RAS low timinq select 

3 RNI/ RAS precharqe timinq select 

6-4 RNI/ Video BIOS area 

7 RNI/ Memory data bus size select 

375 69 Extended System Control 3 (CR69) 19-14 

4-0 RNI/ Display start address bits 19-16 

7-5 RNI/ Reserved 

375 6A Extended System Control 4 (CR6A) 19-14 

5-0 RNI/ CPU base address bits 19-14 

7-6 RNI/ 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 

375 6B Extended BIOS Flag 3 (CR6B) 19·15 
7-0 RMJ Used by the video BIOS 

375 6C Extended BIOS Flag 4 (CR6C) 19·15 

7-0 RMJ Used by the video BIOS 

375 60 Extended BIOS Flag 5 (CR6D) 19·15 
7-0 RMJ Used by the video BIOS 

375 6E Extended BIOS Flag 6 (CR6E) 19·16 

7-0 RMJ Used by the video BIOS 

375 6F Configuration 4 (CRF) 19·16 

0 RMJ Select LPB vs Trio64-compatible mode 

1 RMJ Select I/O address for MMFF20 

2 RMJ Disable effect of bit 1 of this register 

4-3 RMJ WE delay 

7-5 RMJ Reserved 
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A.5 ENHANCED COMMANDS REGISTERS 

This section lists the registers which support the Tri064V+ enhanced drawing functions. All of these 
registers are enabled only if bit 0 of the System Configuration register (CR40) is set to 1. 

Table A-S. Enhanced Commands Registers 

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

42E8 Subsystem Status 20-1 

0 R Vertical sync interrupt status 

1 R Graphics Engine busy interrupt status 

2 R Command FIFO overflow interrupt status 

3 R Command FIFO empty interrupt status 

6-4 R Reserved 

7 R 4 or 8 bit planes 

15-8 R Reserved 

42E8 Subsystem Control 20-2 

0 W Clear vertical sync interrupt status 

1 W Clear Graphics Engine busy interrupt status 

2 W Clear Command FIFO overflow interrupt status 

3 W Clear Command FIFO empty interrupt status 

7-4 W Reserved 

8 W Vertical sync interrupt enabled 

9 W Graphics Engine busy interrupt enabled 

10 W Command FIFO overflow interrupt enabled 

11 W Command FIFO empty interrupt enabled 

13-12 W Reserved 

15-14 W Graphics EnQine software reset selection 

4AE8 Advanced Function Control 20-3 

0 R/W Enable Enhanced mode functions 

1 R/W Reserved 

2 R/W Specify 4 bits/pixel Enhanced mode 

3 R/W Reserved 

4 R/W Enable linear addressing 

15-5 R/W Reserved 

82Es Current V-Position 20-4 

11-0 R/W Pixel vertical screen coordinate 

15-12 R/W Reserved 

sGE8 Current X-Position 20-4 

11-0 R/W Pixel horizontal screen coordinate 

15-12 R/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 

8AE8 Destination V Position/Axial Step Constant 20-5 

11-0/ RNJ Specifies ending vertical coordinate or axial step constant for a 
13-0 number of drawinq commands 

15-12 RNJ Reserved (Bits 15-14 for step constant) 

8EE8 Destination X Position/Diagonal Step Constant 20-5 

11-0/ RNJ Specifies ending horizontal coordinate or diagonal step 
13-0 constant for a number of drawing commands 

15-12 RNJ Reserved (Bits 15-14 for step constant) 

92E8 Line Error Term 20-6 

13-0 RNJ Error term for line draws 

15-14 RNJ Reserved 

96E8 Major Axis Pixel Count 20-6 

11-0 RNJ Lenqth of the lonqest axis (pixels - 1) 

15-12 RNJ Reserved 

9AE8 Graphics Processor Status 20-7 

7-0 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 Hiqh 5 bits of FIFO status (see bits 7-0) 

9AE8 Drawing Command 20-8 

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 
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Table A-5. Enhanced Commands Registers (continued) 

Add Index Register Name Description 
ress Bit(s) R/W Bit Description Page 
gEES Short Stroke Vector Transfer 20-10 

3-0 W Lenath of vector 1 (pixels - 1) 

4 W Draw oixels 

7-5 W Select drawinq direction 

15-8 W Duolicate of bits 7-0 to define second short stroke vector 

A2ES Background Color 20-11 

31-0 R/W Backaround color value 

A6ES Foreground Color 20-11 

31-0 R/W Forearound Color value 

AAES Bitplane Write Mask 20-12 

31-0 R/W Each bit enables uodatina of corresoondina bit olane 

AEES BitDlane Read Mask 20-12 

31-0 R/W Each bit enables readinq of correspondinq bit plane 

B2ES Color Compare 20-13 

31-0 R/W Color value to be comoared with current bitmap color 

B6ES Background Mix 20-13 

3-0 W Select mix tvoe 

4 W Reserved 

6-5 W Select color source 

15-7 W Reserved 

BAES Foreground Mix 20-13 

3-0 W Select mix type 

4 W Reserved 

6-5 W Select color source 

15-7 W Reserved 

BEES Read Register Data 20-14 

15-0 R Data from reqister selected by bits 2-0 of BEE8H E 

BEES 0 Minor Axis Pixel Count 20-15 

11-0 W Rectanqle heiqht (oixels - 1) 

15-12 W Reserved 

BEES 1 Top Scissors 20-15 

11-0 W Too side of the cliooina rectanale 

15-12 W Reserved 

BEES 2 Left Scissors 20-15 

11-0 W Left side of the cliooina rectanale 

15-12 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 

BEES 3 Bottom Scissors 20-16 
11-0 W Bottom side of the clipping rectangle 

15-12 W Reserved 

BEES 4 Right Scissors 20-16 
11-0 W Right side of the clippinq rectanqle 

15-12 W Reserved 

BEES A Pixel Control 20-16 
5-0 W Reserved 

7-6 W Select mix register 

11-8 W Reserved 

15-12 W OAH (index) 

BEES D Multifunction Control Miscellaneous 2 20-17 

2-0 W Destination base address location in memorv 

3 W Reserved 

6-4 W Source base address location in memory 

11-7 W Reserved 

15-12 W ODH (index) 

BEES E Multifunction Control Miscellaneous 20-1S 

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 Reserved 

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 20-19 

2-0 W Select register to be read 

11-4 W Reserved 

15-12 W OFH (index) 

E2ES Pixel Data Transfer 20-20 

15-0 W Data transfer register (CPU to Graphics Engine) - low word 

E2EA Pixel Data Transfer-Extension 20-20 

15-0 W Data transfer register (CPU to Graphics Engine) - high word 
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A.6 STREAMS PROCESSOR REGISTERS 

Table A-S. Streams Processor Registers 

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

8180 Primary Stream Control 21-1 

23-0 RNJ Reserved 

26-24 RNJ Primary stream input data format 

27 RNJ Reserved 

30-28 RNJ Primary stream filter characteristics 

31 RNJ Reserved 

8184 Color/Chroma Key Control 21-2 

7-0 RNJ BN/Cr key value (lower bound for chroma) 

15-8 RNJ G/U/Cb ke~ value (lower bound for chroma) 

23-16 RNJ R/Y kE3~ value (lower bound for chroma) 

26-24 RNJ RGB color com~arisOnfJrecision 

27 RNJ Reserved 

28 RNJ Color key control (full compare or bit 16 of 1.5.5.5) 

31-29 RNJ Reserved 

8190 Secondary Stream Control 21·3 

11-0 RNJ DDA horizontal accumulator initial value 

23-12 RNJ Reserved 

26-24 RNJ Secondary stream input data format 

27 RNJ Reserved 

30-28 RNJ Secondary stream filter characteristics 

31 RNJ Reserved 

8194 Chroma Key Upper Bound 21-4 

7-0 RNJ V/Cr key value (upper bound) 

15-8 RNJ U/Cb keyvalue (upper bound) 

23-16 RNJ Y key value (upper bound) 

31-24 RNJ Reserved 

8198 Secondary Stream Stretch/Filter Constants 21-4 

10-0 RNJ K1 horizontal scale factor 

15-11 RNJ Reserved 

26-16 RNJ K2 horizontal scale factor 

31-27 RNJ Reserved 
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Table A-S. Streams Processor Registers (continued) 

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

81AO Blend Control 21-5 
1-0 RMJ Reserved 

4-2 RMJ Secondary stream blend coefficient 

9-5 RMJ Reserved 

12-10 RMJ Primary stream blend coefficient 

23-13 RMJ Reserved 

26-24 RMJ Compose mode 

31-27 RMJ Reserved 

81CO Primary Stream Frame Buffer Address 0 21-S 

21-0 RMJ Primary stream frame buffer starting address 0 

31-22 RMJ Reserved 

81C4 Primary Stream Frame Buffer Address 1 21-S 

21-0 RMJ Primary stream frame buffer startinq address 1 

31-22 RMJ Reserved 

81C8 Primary Stream Stride 21-7 

11-0 RMJ Primary stream stride 

31-12 RMJ Reserved 

81CC Double Buffer/LPB Support 21-7 

0 RMJ Select primary frame buffer address 1 

2-1 RMJ Select secondary frame buffer address 

3 RMJ Reserved 

4 RMJ Select LPB frame buffer start address 1 

5 RMJ LPB input buffer select loading at end of frame 

6 R//w Selected LPB input buffer toggles at end of frame 

31-7 RMJ Reserved 

8100 Secondary Stream Frame Buffer Address 0 21-9 

21-0 RMJ Secondary stream frame buffer starting address 0 

31-22 RMJ Reserved 

8104 SecondaryStream Frame Buffer Address 1 21-9 

21-0 RMJ Secondary stream frame buffer starting address 1 

31-22 RMJ Reserved 

8108 Secondary Stream Stride 21-10 

11-0 RMJ Secondary stream stride 

31-12 RMJ Reserved 
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Table A-s. Streams Processor Registers (continued) 

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

81DC Blend Control 21-10 

2-0 RNJ Reserved 

12-3 RNJ Pixel stop fetch position 

18-13 RNJ Reserved 

28-19 RNJ Pixel start fetch position 

29 RNJ Reserved 

30 RNJ Primary stream on top 

31 RNJ Enable opaque overlay control 

81EO K1 Vertical Scale Factor 21-12 

10-0 RNJ K 1 vertical scale factor 

31-11 RNJ Reserved 

81E4 K2 Vertical Scale Factor 21-12 

10-0 RNJ K2 vertical scale factor 

31-11 RNJ Reserved 

81E8 DDA Vertical Accumulator Initial Value 21-13 

11-0 RNJ DDA vertical accumulator initial value 

31-12 RNJ Reserved 

81EC Streams FIFO and RAS Controls 21-13 

4-0 RNJ Streams FIFO allocation 

9-5 RNJ Secondary FIFO threshold 

14-10 RNJ Primary FIFO threshold 

15 RNJ RAS low time control 

16 RNJ RAS precharqe control 

17 RNJ Reserved 

18 RNJ Enable 1-cycle EDO o~eration for LPB memory cycles 

31-19 RNJ Reserved 

81FO Primary Stream Window Start Coordinates 21-14 

10-0 RNJ Primary stream Y start 

15-11 RNJ Reserved 

26-16 RNJ Primary stream X start 

31-27 RNJ Reserved 

81F4 Primary Stream Window Size 21-15 

10-0 RNJ Primary stream heiqht 

15-11 RNJ Reserved 

26-16 RNJ Primary stream width 

31-27 RNJ Reserved 
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Table A-6. Streams Processor Registers (continued) 

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

81F8 Secondary Stream Window Start Coordinates 21-15 

10-0 RM/ Secondary stream Y start 

15-11 RM/ Reserved 

26-16 RM/ Secondary stream X start 

31-27 RM/ Reserved 

81FC Secondary Stream Window Size 21-16 

10-0 RM/ Secondary stream height 

15-11 RM/ Reserved 

26-16 RM/ Secondary stream width 

31-27 RM/ Reserved 
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A.7 LPB REGISTERS 

Table A-7. LPB Registers 

Add Index Register Name Description 
dress Bit(s) R/W Bit Descr_ipJion -" Page 

FFOO LPB Mode 22-' 
0 RNV Enable LPB 

3-1 RNV LPB mode 

4 RNV Reset LPB 

5 RNV Write every other received frame to memory 

6 RNV No byte swap for incoming video 

8-7 RNV Reserved 

9 RNV LPB vertical sync is active high 

10 RNV LPB horizontal sy_nc is active high 

11 W CPU VSYNC 

12 W CPU HSYNC 

13 W Load base address currently pointed to 

15-14 RNV Reserved 

17-16 RNV Maximum compressed data bust size 

20-18 RNV Reserved 

22-21 RNV Video FIFO threshold 

23 RNV Reserved 

24 RNV LPB clock driven by LCLK 

25 RNV Don't add stride after first HSYNC 

26 RNV Invert the LCLK input 

30-27 RNV Reserved 

31 R CFLEVEL status 

FFOO4 LPB FIFO Status 22-4 

3-0 R LPB output FIFO status 

10-4 R Reserved 

11 R LPB output FIFO full 

12 R LPB output FIFO empty 

13 R LPB output FIFO almost empty 

19-14 R Reserved 

20 R LPB video FIFO 0 full 

21 R LPB video FIFO 0 empty 

22 R LPB video FIFO 0 almost empty 

28-23 R Reserved 

29 R LPB video FIFO 1 full 

30 R LPB video FIFO 1 empty 

31 R LPB video FIFO 1 almost empty 
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Table A-7. LPB Registers (continued) 

Add Index Register Name Description 
dress Bit(sl R/W Bit Description Page 
FF08 LPB Interrupt Flaas 22-5 

0 RNJ LPB Output FIFO empty 

1 RNJ HSYNC (end of line) input on pin 202 

2 RNJ VSYNC (end of frame) input on pin 203 

3 RNJ Serial port start condition detected 

15-4 RNJ Reserved 

16 RNJ Enable LPB output FIFO empty interrupt 

17 RNJ Enable HSYNC (end of line) input interrupt 

18 RNJ Enable VSYNC (end of frame) input interrupt 

19 RNJ Enable serial port start condition detect interrupt 

23-20 RNJ Reserved 

24 RNJ Drive SPCLK Iowan receipt of a serial port start condition 

31-25 RNJ Reserved 

FFOC LPB Frame Buffer Address 0 22-7 
21-0 RNJ LPB frame buffer address 0 

31-22 RNJ Reserved 

FF10 LPB Frame Buffer Address 1 22-7 

21-0 RNJ LPB frame buffer address 1 

31-22 RNJ Reserved 

FF14 LPB Direct Read/Write Address 22-8 

20-0 RNJ Address of MPEG decoder address to read/write 

23-21 RNJ MPEG decoder transaction tvpe 

31-24 RNJ Reserved 

FF18 LPB Direct Read/Write Data 22-8 
31-0 RNJ LPB direct read/write data 

FF1C LPB General Purpose Input/Output Port 22-9 
3-0 RNJ General purpose output data port 

7-4 R General purpose input data port 

31-8 RNJ Reserved 
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Table A-7. LPB Registers (continued) 

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

FF20 Serial Port 22-9 

0 RMJ o = Serial clock write on pin 205, 1 = pin 205 tri-state 

1 RMJ o = Serial data write on pin 206, 1 = pin 206 tri-state 

2 R o = Serial clock Iowan pin 205, 1 = pin 205 tri-state 

3 R o = Serial data Iowan pin 206, 1 = pin 206 tri-state 

4 RMJ Enable serial port function 

5-7 RMJ Reserved 

8 R Bit 0 mirror (data on byte lane 2 at E2H) 

9 R Bit 1 mirror (data on byte lane 2 at E2H) 

10 R Bit 2 mirror (data on byte lane 2 at E2H) 

11 R Bit 3 mirror (data on byte lane 2 at E2H) 

12 R Bit 4 mirror (data on byte lane 2 at E2H) 

31-13 RMJ Reserved 

FF24 LPB Video Input Window Size 22-11 

11-0 RMJ Video input line width 

15-12 RMJ Reserved 

24-16 RMJ Video input window heiqht 

31-25 RMJ Reserved 

FF28 LPB Video Data Offsets 22-12 

11-0 RMJ Horizontal video data offset 

15-12 RMJ Reserved 

24-16 RMJ Vertical video data offset 

31-25 RMJ Reserved 

FF2C LPB Horizontal Decimation Control 22-12 

31-0 RMJ Video data byte mask 

FF30 LPB Vertical Decimation Control 22-13 

7-0 R Video data line mask 

FF34 LPB Line Stride 22-13 

11-0 RMJ Line stride 

31-12 RMJ Reserved 

FF40 LPB Output FIFO 22-14 

31-0 RMJ Output FIFO data 
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A.8 PCI CONFIGURATION SPACE REGISTERS 

When a PCI 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·8. PCI Configuration Space Registers 

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

00 Vendor ID 23·' 
15-0 R Hardwired to 5333H 

02 Device ID 23·2 
15-0 R Hardwired to 8811 H 

04 Command 23·2 
0 RNI/ Response to I/O space accesses enabled 

1 RNI/ Response to memory space accesses enabled 

4-2 RNI/ Reserved 

5 RNI/ Enable DAC snooping 

15-6 RNI/ Reserved 

06 Status 23·3 

8-0 RNI/ Reserved 

10-9 RNI/ Hardwired to select medium device select timing 

15-11 RNI/ Reserved 

08 Class Code 23·3 

31-0 R Hardwired to indicate VGA-compatible display controller and 
revision level 

10 Base Address 0 23·4 

0 RNI/ Hardwired to indicate base registers map into memory space 

2-1 RNI/ Hardwired to allow mapping anywhere in 32-bit address s[:lace 

3 RNI/ Hardwired to indicate does not meet prefetchable requirements 

22-4 RNI/ Reserved 

31-23 RNI/ Base address 0 

30 BIOS Base Address 23·5 

0 RNI/ Enable access to BIOS ROM address space 

15-1 RNI/ Reserved 

31-16 RNI/ Upper 16 bits of BIOS ROM address 

3C Interrupt Line 23·3 
7-0 RNI/ Interrupt line routing information 

3D Interrupt Pin 23·6 
7-0 R Hardwired to specify use of INTA 
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Index 

1-cycle EDO 7-9 
32 bits/pixel operation 20-18 

A 

address latch delay 19-6 
axial step constant 15-9 
axial step constant 20-5 

B 

background color 20-11 
background/foreground mix 15-2,15-4,15-9-
15-14,15-16 - 15-22,20-13 
big endian addressing 15-6 
BIOS 

See video BIOS 
BitBLT across the plane 15-18 
BitBLTthrough the plane 15-17 
bits/pixel 

See color depth 
blank/border select 17-5 
blending 10-7,21-5 
byte mode addressing 16-33 
byte swap 20-9 

c 

CAS 
stretch ti me 7-5, 19-13 

CFLEVEL status 22-3 
character clock 

dot clocks per 16-6 
chip ID 17-1 - 17-2 
chip wakeup 13-1 
chroma keying 10-8,21-2,21-4 

enable 21-2 
clipping 15-8,20-15 - 20-16, 20-18 

clock generator 
DC specifications 4-1 
frequency synthesis 9-1 
new DCLK PLL load 16-17 
new MCLK and DCLK PLL load 16-18 
new MCLK PLL load 16-17 

color compare 15-2,15-8,20-13,20-18 
VGA 16-38, 16-42 

color depth (bpp) 19-1 
color keying 10-8,21-2 

enable 21-2 
in KRGB mode 21-2 

color mode select 16-12 
color space conversion 10-4 - 10-5 
configuration space 6-1 
configuration strapping 17-8 

at reset 5-1, 5-3 
unlocking access to registers 17-10 

CPU base address 
enable 17-3 
specify 19-14 

current X position 20-4 
current Y position 20-4 
cursor 

end 16-27 
location address 16-28 
start 16-27 

cursor location address 16-28 

o 

DCLK 
control 9-3 
halving 16-6,16-17 
invert 16-18 
inverted 17-5 
loading new frequency 9-2,16-17 - 16-18 
programming 9-2,16-14 - 16-15 

decimation 11-10,22-12 
destination base address 20-17 
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destination X position 20-5 
destination Y position 20-5 
DEVSEL timing 6-1 
diagonal step constant 15-9,20-5 
digitizer interface 11-7 
display active status 16-3 
display FIFO fetch 

enable 17-6 
specify start position 17-11 

display memory 
2 MCLK writes 16-11,16-18 
access control 7-11 
bus width select 19-13 
chip count limitation 7-1 
configurations 7-1 
functional timing 7-4,7-6 - 7-7 
refresh 7-4 
refresh cycle control 7-4, 16-30 
size specification 5-1 

display pitch 16-30 
display start address 19-14 
doubleword mode addressing 16-30 - 16-31, 
17-3 
drawing commands 15-9 - 15-22,20-8 
drawing direction 20-8 

E 

EDO memory 7-1 
1-cycle mode 7-9 

enable 
chroma keying 21-2 
color keying 2h2 
Enhanced mode 20-3 
feature connector 16-12 
hardware graphics cursor 18-3 
linear addressing 19-6,20-3 
LPB 22-1 
memory mapped I/O 19-3 

end horizontal blank 16-23 
end horizontal sync position 16-24 
end vertical blank 16-32 
ENFEAT 16-12 
Enhanced mode 

axial step constant 20-5 
background color 20-11 
background/foreground mix 20-13 
clipping 20-15 - 20-16, 20-18 
color compare 20-13,20-18 
color depth 19-1 
command types 20-9 
current X position 20-4 
current Y position 20-4 

1-2 INDEX 

destination base address 20-17 
destination X position 20-5 
destination Y position 20-5 
Oiagonal step constant 20-5 
drawing commands 20-8 
enable 15-1,20-3 
enable 8 bpp or greater 17-11 
foreground color 20-11 
line error term 20-6 
major axis pixel count 20-6 
memory mapping 17-3 
minor axis pixel count 20-15 
programming 15-7 
read mask 20-12 
screen width 19-2 
select mix register 20-17 
short stroke vector 20-10 
source base address 20-17 
write mask 20-12 

ESYNC 12-10,16-12 
EVCLK 12-10,16-12,16-17 
EVIDEO 12-10 
extended data out (EDO) memory 7-1 

F 

fast page mode memory 7-1,16-11 
feature connector 

AC timing 4-8 
enable 3-8, 12-10, 16-12 
interfaces 12-7 
LPB 12-10 
pass-through 12-10 
Trio64-type versus LPB 16-12 
VAFC 12-7 

FIFO status 20-7 
font selection 16-8 
foreground color 20-11 
frame buffer 

See display memory 

G 

General Data bus 
BIOS ROM interface 12-2 

general input port 16-50 
description 12-4 
enable 12-4,19-5 

general output port 
description 12-5 
LPB 22-9 
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Graphics Engine 
accessing bitmap through 15-2, 15-4 
busy status 20-7 
enable 20-3 
software reset 20-3 

green PC 
HSYNCNSYNC control 12-4,16-13 

H 

hardware graphics cursor 
background color 18-4 
enable 18-3 
foreground color 18-4 
pattern display x origin 18-5 
pattern display y origin 18-5 
programming 15-23 - 15-24 
storage start address 18-5 
Windows/X-Windows modes 15-23,19-5 
x origin 18-3 
yorigin 18-4 

high speed text display 17-4 
high speed text font writing 17-11 
horizontal blank 

end 16-23 
start 16-23 

horizontal display end 16-22 
horizontal sync 

control for power management 16-13 
polarity 16-2 

horizontal sync position 
end 16-24 
start 16-24 

horizontal total 16-22 
HSYNC 

direction 12-10 
direction control 3-8 
skew by character clocks 16-24 

I square C 
See serial port 

10, chip 17-1 - 17-2 
image transfer across the plane 15-15 
image transfer through the plane 15-13 
initialization 5-1 
interlaced operation 17-12, 18-2 
interrupt 

enable 12-11,17-4 
FIFO empty interrupt enable 20-3 
FIFO empty interrupt status 20-1 
FIFO overflow interrupt enable 20-2 

FIFO overflow interrupt status 20-1 
generation 12-11 
Graphics Engine busy interrupt status 20-1 
Graphics Engine interrupt enable 20-2 
LPB 22-5 
vertical retrace interrupt clear 16-29 
vertical retrace interrupt enable 16-29, 20-1 -

20-2 
vertical retrace interrupt status 16-3 

L 

LCLK 
invert 22-3 

line compare 16-34 
line error term 15-9,20-6 
linear addressing 

enable 15-1,19-6,20-3 
explained 15-1 
window position 19-7,23-4 
window size 19-6 

little endian addressing 15-6 
Local Peripheral Bus 

See LBP 
locking register access 

See unlocking 
LPB 

burst size 22-2 
clock source 22-3 
color byte swap 22-2 
decimation 11-10,22-12 
digitizer interface 11-7 
enable 22-1 
frame buffer address 22-7 
general output port 22-9 
input window size 22-11 
interrupts 22-5 
introduction 11-1 
line stride 22-13 
mode select 19-16,22-1 
output FIFO 22-4,22-14 
read/write registers 22-8 
reset 22-2 
Scenic/MX2 interface 11-2 
skip frames 22-2 
sync polarity 22-2 
video FIFO 22-3 - 22-4 

LUT write cycle control 16-19 
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M 

M parameter 7-11,19-4 
See also PLL m parameter 

major axis pixel count 20-6 
maximum scan line 16-26 
MCLK 

external output 16-17 
loading new frequency 9-3,16-17 - 16-18 
programming 9-3,16-13 - 16-14 

mechanical dimensions 2-1 
memory 

See display memory 
memory mapped I/O 

at B7000H window 15-5 
described 15-4 
enable 19-3 
MMIO only select 16-10 
new 15-6 
packed registers 15-5 

memory mapping 
EnhancedNGA modes 17-3 

minor axis pixel count 20-15 
MMIO 

See memory mapped I/O 

N 

n parameter 19-9 
See also PLL n parameter 

nibble swap 19-4 

o 

OE 
control 3-7 
stretch time 7-5,19-13 

offset 16-30 

p 

packed registers for MMIO 15-5 
palette registers 16-44 

lock access 17-5 
panning 16-26, 16-45, 16-47 
parity 6-5 
pass-through 11-10 
pass-through feature connector 12-10 
PatBLT 

See pattern fill 
pattern fi" 20-9 
pattern fill across the plane 15-21 
pattern fill through the plane 15-20 

1-4 INDEX 

PCIBus 
BIOS ROM access enable 23-5 
BIOS ROM base address 23-5 
configuration 6-1 
configuration space 6-1 
cycles 6-1 
device I.D. 6-1 
DEVSEL timing 6-1 
disable read bursts 17-11 
disconnection 6-1 
enable disconnect 19-11 
enable I/O accesses 23-2 
enable memory accesses 23-2 
interface 6-1 
linear addressing base address 23-4 
master abort handling during DAC cycles 8-3, 

17-6 
parity 6-5 
retry handling during DAC cycles 8-3, 17-6 
vendor I.D. 6-1 

pin 50 function select 16-11 
pin descriptions 3-4 - 3-10 
pin list 

alphabetical 3-12 - 3-14 
numerical 3-15 - 3-17 

pinout 
PCI 3-2 
VL-Bus 3-3 

pitch 16-30 
PLL M parameter 9-1,16-14 - 16-15 
PLL N parameter 9-1,16-13 - 16-14 
PLL R parameter 9-1,16-13 - 16-14 
power management 

HSYNC control 12-4,16-13 
VSYNC control 12-4,16-13 

programming 15-7 
programming examples 

BitBLT across the plane 15-18 
BitBLTthroughtheplane 15-17 
hardware cursor 15-23 
image transfer across the plane 15-15 
image transfer through the plane 15-13 
pattern fill across the plane 15-21 
pattern fill through the plane 15-20 
rectangle fill solid 15-12 
short stroke vectors 15-22 
solid line 15-9 
textured line 15-10 
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Q 

quadword mode addressing 16-30 

R 

R parameter 
See PLL R parameter 

RAMDAC 
AC specifications 4-3 
access 16-49 - 16-51 
accessing 8-3 
bus snooping 8-3 
clock doubled operation 8-2,16-15,16-20 
color mode select 19-12 
color modes 8-1 - 8-2 
DC characteristics 4-1 
DC specifications 4-1 
lock writes 17-5 
LUT write cycle control 16-19 
PCI bus snooping 17-6 
power down 16-19 
sense generation 8-3 

RAS 
low time select 7-5,19-13,21-14 
precharge time select 7-5,21-14 

RAS1 function 3-7,7-2 
RDYIN 6-6 - 6-8 
read mask 15-4,20-12 
real mode 15-1 
rectangle fill solid drawing 15-12 
refresh, DRAM 7-4,7-11,16-30,17-10 
reset 

Graphics Engine 20-3 
LPB 22-2 
system 5-1 

revision status 17-1 - 17-2 
row scan count 16-26 

s 

scaling 10-4 
Scenic Highway 11-1 
screen off 16-7 
screen width 19-2 
SENSE 

status of internal signal 16-3 
serial port 11-7 

add wait states 22-6 
I/O address select 19-16 
register 22-9 - 22-10 

short stroke vector 15-22,20-10 
solid line drawing 15-9 

source base address 20-17 
SRDY 

delay assertion 18-1 
generation 6-6 

start address 16-28 
start horizontal blank 16-23 
start horizontal sync position 16-24 
start vertical blank 16-31 
stepping information 17-1 - 17-2 
strapping, configuration 5-1 
streams processor 

blending 10-7,21-5 
chroma keying 21-4 
color space conversion 10-4 - 10-5 
color/chroma keying 10-8,21-2 
compose modes 10-5,21-5 
double buffering 10-2,21-6 - 21-7 
FIFO control 10-8,21-13 
filter characteristics 21-1,21-3 
filter constants 21-4 
input data formats 21-1,21-3 
introduction 10-1 
mode select 19-12 
opaque overlay 10-6,21-10 
primary stream input 10-2 
primary stream stride 21-7 
primary stream window 21-14 
scaling 10-4,21-12 
secondary stream input 10-2 
secondary stream stride 21-10 
secondary stream window 21-15 

STWR 
function select 16-17 

super VGA support 14-2 

T 

test load, AC 4-3 
textured line drawing 15-10 
tri-state off 

HSYNC 19-5 
PA[15:0) 19-11 
PO lines 16-11 
VCLK 19-5 
VSYNC 19-5 

Trio64 
compatible mode select 19-16 

two page screen 17-3 
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S3 Incorporatad 

u 

underline location 16-31 
unlocking 

v 

configuration strapping registers 17-10 
Enhanced registers 18-1 
extended sequencer registers 16-10 
pseudocode for 13-2 
S3 VGA registers 17-10 
system control/extension registers 17-10 

VAFC feature connector 12-7,16-12 
Trio64-compatible 7-1 -7-2 

VCLK 
direction 12-10, 16-17 
inversion of DCLK 17-5 
phase with respect to DCLK 19-12 

VCLKI 3-8, 16-11 
vertical blank 

end 16-32 
start 16-31 

vertical display end 16-30 
vertical retrace 

enable interrupt 16-29 
end 16-29 
start 16-29 

vertical sync 
active status 16-3 
control for power management 16-13 
polarity 16-2 

vertical total 16-25 
VGAcompatibility 14-1,16-1 
VGA graphics mode select 16-45 
VGA memory bus width 17-3 
VGA memory mapping 17-3 - 17-4 
video BIOS 

access enable (PCI) 12-1,23-5 
base address (PCI) 12-4, 23-5 
enable access 12-1 
read functional timing 12-2 
ROM interface 12-1 
size selection 12-4 

video display enable 16-43 
VL-Bus 

address latch delay 6-7 - 6-8, 19-6 
cycles 6-6 
delay assertion of SRDY 6-6,6-8,18-1 
interface 6-6 
RDYIN 6-7 - 6-8 
RDYIN input 6-6 
SRDY generation 6-6 
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write latching delay 6-6 
VLKLI 16-11 
VSYNC 

w 

direction 12-10 
direction control 3-8 

wait state control 18-1 
wakeup 13-1 
WE 

delay 19-17 
delay time 7-5 

word mode addressing 16-30,16-33 
write mask 15-2,15-8,20-12 

x 

X-Windows 15-23, 19-5 
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