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VT8606/ TWISTERT

66/100/ 133 MHz
Single-Chip SMA North Bridge
for Pentium CPU Based Mobile PC Systems
with Integrated Savage4 AGP 4X Graphics core
plus Advanced Memory Controller
supporting PC100 / PC133 SDRAM
and Virtual Channel Memory (VCM)

PRODUCT FEATURES

Defines Integrated Solutionsfor Value PC Mobile Designs

High performance SMA North Bridge: Integrated VIA Apollo Pro133A and S3[0 Savagedl[] inasingle chip

64-bit Advanced Memory controller supporting PC100/PC133 SDRAM and VCM

Combines with VIA VT82C686A/B PCI-ISA South Bridge for state-of-the-art power management

Combines with VIA VT8231 PCI-LPC South Bridge for integrated LAN support

High Performance CPU Interface

Advanced High-Performance DRAM Controller

Support for Intel” PentiumO “Tualatin” processors
66/100/133 MHz CPU Front Side Bus (FSB)

Built-in Phase Lock Loop circuitry for optimal skew control within and between clocking regions

Five outstanding transactions (four In-Order Queue (10Q) plus one output latch)

Dynamic deferred transaction support

DRAM interface runs synchronous (100/100 or 133/133) mode or pseudo-synchronous (100/66, 100/133, 133/100)

mode with FSB
Concurrent CPU, AGP, and PCI access
Supports SDRAM and VCM SDRAM memory types

Support 3 DIMMs or 6 banks for up to 1.5 GB of DRAM (256Mb DRAM technology)

64-bit data width

Supports maximum 8-bank interleave (8 pages open simultaneously); banks are allocated based on LRU

SDRAM X-1-1-1-1-1-1-1 back-to-back accesses

Integrated Savage4 2D/3D/Video Accelerator

Optimized Shared Memory Architecture (SMA)
8/ 16/ 32 MB frame buffer using system memory
Floating point triangle setup engine

Single cycle 128-bit 3D architecture

8M triangles/second setup engine

140M pixelsg/second trilinear fill rate

Full internal AGP 4x performance

S3 DX7 texture compression (S3TCO)

Next generation, 128-bit 2D graphics engine
High quality DVD video playback

Flat panel monitor support

2D/3D resolutions up to 1920x1440

Revision 0.2, January 31, 2001 -1-

Product Features



VAT e el S3 | rapHics

VT8606/ Twister T

e 3D Rendering Features

—  Single-pass multiple textures

— Anisotropic filtering

—  8-bit stencil buffer

—  32-hit true color rendering

—  Specular lighting and diffuse shading
— Alphablending modes

— Massive 2K x 2K textures

— MPEG-2 video textures

— Vertex and table fog

— 16 or 24-bit Z-buffering

— Reflection mapping, texture morphing, shadows, procedural textures and atmospheric effects

e 2D Hardware Accderation Features

— ROP3 Ternary Raster Operation BitBLTs
— 8, 16, and 32 bpp mode acceleration

¢ Motion Video Architecture

— High quality up/down scaler

— Planar to packed format conversion

— Motion compensation for full speed DVD playback

— Hardware subpicture blending and highlights

— Multiple video windows for video conferencing

— Contradt, hue, saturation, brightness and gamma controls
— Digital port for NTSC/PAL TV encoders

Extensive LCD Support

— 36-bit DSTN/TFT flat panel interface with 256 gray shade support
— Integrated 2-channel 110 MHz LVDS interface

—  Support for al resolutions up to 1600x1200

—  ZV-Port Interface

—  Panel power sequencing

— - Hardware Suspend/Standby control

e Flat Panel Monitor Support

— 12-bit TFT flat panel interface to TMDS encoders
— Digital Visual Interface (DVI) 1.0 compliant

e Concurrent PCl BusController

— PCI 2.2 compliant, 32-bit 3.3V PCI interface with 5V tolerant inputs

—  Supports up to 5 PCI masters
— PCI to system memory data streaming support
— Delay transaction from PCI master accessing DRAM

—  Symmetric arbitration between Host/PCl bus for optimized system performance

e Advanced System Power Management Support
—  Dynamic power down of SDRAM (CKE)

— Independent clock stop controls for CPU / SDRAM, AGP, and PCI bus

— PCI and AGP bus clock run and clock generator control

— VTT suspend power plane preserves memory data

—  Suspend-to-DRAM and self-refresh power down

— Low-leakage 1/0 pads

— ACPI 1.0B and PCI Bus Power Management 1.1 compliant

Revision 0.2, January 31, 2001 -2-
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* Full Software Support

—  Driversfor major operating systems and APIs; [Windows~ 9x, Windows NT 4.0, Windows 2000, Direct3D(],
DirectDrawl] and DirectShowd , OpenGLO 1CD for Windows 9%, NT, and 2000]
— North Bridge/Chipset and Video BIOS support

o Additional Features

— 250 MHz RAMDAC with Gamma Correction

— 12-bit interface to external TV encoder

— 1%C Serial Bus and DDC Monitor Communications

— 2.5V Coreand Mixed 3.3V/5V Tolerant and GTL+ I/O
— 35x35mm PBGA package with 552 balls

Revision 0.2, January 31, 2001 -3- Product Features
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OVERVIEW

TwisterT (VT8606) is a high performance, cost-effective and energy efficient SMA chip set for the implementation of mobile
personal computer systems with 66 MHz, 100 MHz and 133 MHz CPU host bus (“Front Side Bus") frequencies and based on 64-
bit Intel Pentium “Tualatin” super-scalar processors.

PC133/VCM SDR

Optiona
i 1/10/100 Ethernet
~ 64-bit| 133/100/66 MHz MII aa—
FSB PCI Slots 33MHZ,
- VT8606 32-bit PCI
TwisterT ) Integr ated
SMA NB i ' O AC-97 Audio
133/100/66 MHz 552-pin T <’ ATA AC-Link [~
PBGA P \ 33/66/100 0
. Rridae LPC MC-97
jigy;c EPROM
:| * Integrated HW Monitor
» i Floppy Disk

Serial Ports _Parallel Port
*Integrated Super 1/0

= The UT82C686A/B chip may also he used

| to provide south bridge functions

Figurel. Twister T System Block Diagram with VT8231 PCI-LPC South Bridge

TwisterT integrates VIA's VT82C694X system controller, S3's Savaged 2D/3D graphics accelerator and S3's flat panel interfaces
into a single 552 BGA package.  The TwisterT SMA system controller provides superior performance between the CPU, DRAM
and PCI bus with pipelined, burst, and concurrent operation.

TwisterT supports six banks of DRAMs up to 1.5Ghyte of system memory with 256Mbit DRAM technology. The DRAM
controller supports standard Synchronous DRAM (SDRAM) and Virtual Channel SDRAM (VC SDRAM), in a flexible mix /
match manner. The Synchronous DRAM interface allows zero wait state bursting between the DRAM and the data buffers at 100
/ 133 MHz. The six banks of DRAM can be composed of an arbitrary mixture of 1M / 2M / 4M / 8M / 16M / 32MxN DRAMs.
The DRAM controller can run at either the host CPU Front Side Bus frequency (100 / 133 MHz) or pseudo-synchronous to the
CPU FSB frequency (PC100 with the FSB at 133 MHz or PC133 with the FSB at 100 MHz) with built-in PLL timing control.

TwisterT supports a 32-hit 3.3 / 5V system bus (PCI) that is synchronous / pseudo-synchronous to the CPU bus. The chip also
contains a built-in bus-to-bus bridge to allow simultaneous concurrent operations on each bus. Five levels (doublewords) of post
write buffers are included to allow for concurrent CPU and PCl operation. For PClI master operation, forty-eight levels
(doublewords) of post write buffers and sixteen levels (doublewords) of prefetch buffers are included for concurrent PCI bus and
DRAM/cache accesses. The chip also supports enhanced PCl bus commands such as Memory-Read-Line, Memory-Read-Multiple
and Memory-Write-Invalid commands to minimize snoop overhead. In addition, advanced features are supported such as snoop
ahead, snoop filtering, L1 write-back forward to PCI master, and L1 write-back merged with PCI post write buffers to minimize

Revision 0.2, January 31, 2001 -4- Overview
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PCI master read latency and DRAM utilization. Delay transaction and read caching mechanisms are also implemented for further
improvement of overall system performance.

TwisterT also integrates S3”’'s Savage4[] graphics accelerator into a single chip. TwisterT brings mainstream graphics
performance to the Value PC with leading-edge 2D, 3D and DVD video acceleration into a cost effective package. Based on its
capabilities, TwisterT is an ideal solution for the consumer, corporate mobile users and entry level professionals.

The industry’s first integrated AGP 4X solution, TwisterT combines AGP 4X performance with S3's DX6 texture compression
(S3TC) and massive 2Kx2K textures to deliver unprecedented 3D performance and image quality for the Value PC mobile market.

The 352-pin VT8231 BGA PCI-LPC bridge supports four levels (doublewords) of line buffers, type F DMA transfers and delay
transaction to alow efficient PCI bus utilization and (PCI-2.2 compliant). The VT8231 also includes an integrated Super 1/0,
integrated DS12885 style real time clock with extended 256 byte CMOS RAM, integrated master mode enhanced IDE controller
with full scatter / gather capability and extension to UltraDMA-33/ 66 / 100 for 33/ 66 / 100 MB/sec transfer rate, integrated four
USB interface with root hub and two function ports with built-in physical layer transceivers, Distributed DMA support, integrated
AC-97 link for basic audio and HSP based modem functions, integrated hardware monitoring and OnNow / ACPI compliant
advanced configuration and power management interface. The VT8231 also has an integrated MAC and 10Mbit PHY for LAN
connection. It can bypass the internal PHY with external home PNA with a IMbit PHY or a 10/100Mbit PHY through the Ml
interface.

For sophisticated power management, TwisterT provides independent clock stop control for.the CPU / SDRAM and PCI and
Dynamic CKE control for powering down of the SDRAM. A separate suspend-well planeisimplemented for the SDRAM control
signals for Suspend-to-DRAM operation. Coupled with the VT8231 south bridge chip, a complete power conscious PC main
board can be implemented with no external TTLs.

High-Performance 3D Accelerator

Featuring a new super-pipelined 128-bit engine, TwisterT utilizes a single cycle architecture that provides high performance along
with superior image quality. Several new features enhance the 3D architecture, including single-pass multitexturing, anisotropic
filtering, and an 8-bit stencil buffer. TwisterT also offersthe industry’s only simultaneous usage of single-pass multitexturing and
single-cycle trilinear filtering — enabling stunning image quality without performance loss. TwisterT further enhances image
quality with true 32-bit color rendering throughout the 3D pipeline to produce more vivid and readlistic images. TwisterT's
advanced triangle setup engine provides industry leading 3D performance for a realistic user experience in games and other
interactive 3D applications. The 3D engine is optimized for AGP texturing from system memory.

128-bit 2D Graphics Engine

TwisterT's advanced 128-bit 2D graphics engine delivers high-speed 2D acceleration for productivity applications. Severa
enhancements have been made to the 2D architecture to optimize SMA performance and to provide acceleration in all color
depths.

DVD Playback and Video Conferencing

TwisterT provides the ideal architecture for high quality MPEG-2 based DVD applications and video conferencing. For DVD
playback, TwisterT's video accelerator offloads the CPU by performing the planar to packed format conversion and motion
compensation tasks, while its enhanced scaling algorithm delivers incredible full-screen video playback. For video conferencing,
TwisterT's multiple video windows enable a cost effective solution.

L CD and Flat Panel Monitor Support

TwisterT supports a wide variety of DSTN or TFT panels through a 36-bit interface. This includes support for VGA, SVGA,
XGA, SXGA+, UXGA, and UXGA+ TFT color panels with 9-hit, 12-bit, 18-bit (both 1 pixel/clock and 2 pixels/clock), and 24-bit
interfaces. Enhanced STN hardware with 256 gray scale support and advanced frame rate control to provide up to 16.7 million
colors. In addition, the integrated 2-channel LVDS interface can support another panel. All resolutions are supported up to
1280x1024. Theintegrated ZV-Port allows display of video from an external source.

An alternative to the 36-bit panel interface is a 12-bit interfaceto aTMDS encoder. Thisinteface is Digital Visual Interface (DVI)
1.0 compliant.
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High Screen Resolution CRT Support
System Memory
Frame Buffer Size

Resolutions Supported 8MB 16/32 MB

640x480x8/16/32 O O

800x600x8/16/32 0 0

1024x768x8/16/32 O 0

1280x1024x8 O 0

1280x1024x16 O O

1280x1024x32 O O

1600x1200x8 O O

1600x1200x16 0 O

1600x1200x32 0 0

1920x1440x8 O O

1920x1440x16 O O

Tablel. Supported CRT Screen Resolutions
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PINOUTS Figure2. VT8606/ Twister T Ball Diagram (Top View)
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Table2. VT8606/ Twister T Pin List (Numerical Order)
Pin # Pin Name ||Pin # Pin Name Pin Pin Name Pin # Pin Name Pin # Pin Names Pin # Pin Name
AO01 | P |GNDRGB D03 | A [GREEN G05 | O |FPHS P01 | P |GND Y23 | O |CS3#/ RAS3# AC25| O [MAO6
A02 | I |XIN D04 | P [GND Gos | P |vces PO2 | I |zvDo9 Y24 | O |CS2#/ RAS2# AC26| O |MAO5
A03 | O |xouT D05 |10 [HD61 G21| P |VTT PO3 | I |zvD10 Y25 | O |CSl#/ RASI# ADOL| A |zCcP
A04 | P |GNDPLL1 | DO6 |10[HD53 G22| I |HCLK PO4 | | |zvD11 Y26 | O |CSOo#/ RASO# ADO2| A |ZOM
A05 | P |vcepLL2 || Do7 [10|HD54 G23| I |HLOCK# PO5 | I |zvDos AAOL| P [GNDLVDS ADO3| A |ZIM
A06 |10|HD62 D08 |10|HD47 G24 [10|HIT# P06 | P |GND AA02| P |GNDD ADO4| | |REQ3#
A07 |10|HD57 D09 |10|HD42 G25 | I0|HTRDY# P21 | P [GND AAO3| A |YOP ADO5| | |REO1#
A08 |10|HD63 D10 |10 |HD37 G26 | I [HITM# P22 [10|MD12 AAO4| A |Z2P ADO6 | 10]|AD28
A09 | P |GND D11 |10 |HD36 Ho1 | O |FPDO2 P23 [10|MDO8 AAO5| A |Y2Mm ADO7|10|C/BE3#
A10 |10|HD45 D12 |10 |HD29 Ho2 | O |FPDO1/TVD10 P24 [10|MD41 AAO6| P |GND ADO8| P |GND
All [10|HD38 D13 |10 |HD25 Ho3 | O |FPDE P25 [10|MDO09 AAO7| P |veces ADO09| 10| C/BE2#
A12 [10|HD34 D14 |10 |HD23 Ho4 | O |FPDO5 P26 [10[MD40 AA08|10|AD16 AD10|10|TRDY#
A13 |10|HD31 D15 |10|HDO7 HO5 | O |ENVEE ROL | | |ZVDO06 AA09| P |vece3 AD11|10|AD14
Al4 [10|HD16 D16 |10|HD11 Ho6 | P |vces RO2 | I |zvDO4 AA10| P |vCC3 AD12[10|ADO9
Al5 [10|HD13 D17 |10|HDO8 H21| P [vCCA RO3 | | |zvDO7 AA11| O |wsc# AD13| P |GND
A16 [10|HDO3 D18 |10|HDO6 H22| P |vCCA RO4 | | |zvDO5 AA12| O |GPOUT AD14| I |PWROK
A17 [10|HD12 D19 |10|HD15 H23 |10 [RSO# RO5 | 1.|zvD03 AA13| P |GND AD15| O |PGNT#
A18 | P |GND D20 |10|HA30 H24| P |GND RO6 | 1 |zvDoo AA14| P |GND AD16|10|MD61
A19 | O |cPURST# | D21 |10[HA17 H25 |10 [RS2# R21 | P [vces AA15| P |GND AD17|10|MD27
A20 |10|HA18 D22 |10 |HA1L2 H26 | 10 [DBSY# R22 |10|MD44 AA16| | |FPDET AD18|10|MD57
A21 [10|HA20 D23 | P [GND J01 | O |FPDO4 R23 |10|MD10 AA17| P |vces AD19| P |GND
A22 [10|HA22 D24 |10|HAO4 Jo2 | o |FPDO3 R24 |10|MD43 AA18| P |vcces AD20|10|MD21
A23 [10|HA10 D25 |10|HAL4 Jo3 | o |FPDOB/ TVD9 R25 |10|MD11 AA19|10|MD58 AD21|10|MD50
A24 |10|HA28 D26 |10 |BNR# Jo4 | o |FPDO7 R26 |10|MD42 AA20| P |vces AD22|10|MD16
A25 [10|HAO3 EOL | O [VSYNC Jos | o |FPD11 TOL | I |zZvDo2 AA21| P |GND AD23| O |DOM6/ CASB#
A26 | P |GND E02 | O |HSYNC Jos | P |vces T02 | I |zZvDO1 AA22| P |VSUS25 AD24| O |MA11/BAO
BOL | P [GNDDAC E03 | A |RSET 21| PvTT T03 | | [zVHS AA23| 0 |MAOO AD25| O |MA09
B02 | P [GND E04 | A |cOMP 32 [ o [McLK To4 | P |vCe3 AA24| O |SRASA# AD26| O |MAO8
B03 | P [vcepLLl || E05 [10|HD56 J23 [10|DRDY# TO5 | O [FPD25/TVD4 ||AA25| O |SRASB#/CKE5 |[AEOL| A [ZCM
B04 |10|AGPBUSY# || E06 |10 |HDS8 o4 [10|ADSH 706 | O [FPD24/TVD6 [|AA26| O [SRASC#/CKE4 ||AE02| O [GNTX#
B05 | P [GNDPLL2 || EO7 |10|HD46 J25 | 0’| BREOO# T21 | P[GND ABOL| A [YCP AEO03| O |GNT3#
B0O6 |10|HD50 E08 |10|HD40 J26 | P |GND 722 |10|MD15 ABO2| P |VCCLPLL AEO4| | |REQ2#
B07 |10|HD59 E09 |10|HD27 KOL| O [FPD12 T23 [10|MD13 ABO3| A [YOom AEO5 | 10 | LOCK#
BO8 |10|HD48 E10 |[10|HD39 K02 | O |FPD10 724 |10|MD46 ABO4| A [z2m AE06 | 10 |AD27
B09 |10|HD51 E1l | P |VTT K03 | o |FPD13 T25 |10|MD14 ABO5 | O |GNTO# AEO7 [ 10|AD20
B10 |10|HD44 E12 | P |GTLREF K04 | O |FPD20 726 |10[MD45 ABO6 | 10|AD30 AEQ8 | 10|AD19
B11 |10|HD22 E13 [10|HD35 K05 | O |FPD16/TVCLKR [[Uo1 [ T |Zvvs ABO7 [10|AD25 AE09|10 [FRAME#
B12 |10|HD32 E14 [10|HD21 K06 | O [FPDO6 uo2 | o [FPD27/TVD7 || ABO8|IO|AD21 AE10| 10 [sTOP#
B13 |10|HD33 E15 [10|HD30 K21 PvTT uo3 | I [zveLk AB09 |10 | DEVSEL# AE11[10|AD13
B14 |10|HD19 E16 [10{HD14 K22 | | {MCLKF Uo4 | O [FPD26/TVD5 [|AB10|10|PAR AE12|10|ADO8
B15 |10|HD24 E17 [10|HD18 K23 |10 |RS1# Uos |0 [FPD33/TVD2 [|AB11|10|C/BE1# AE13|10|ADO2
B16 |10|HDO2 E18 [10|HD17 K24 | 1 |PLLTST uo6 NC AB12|10|AD10 AE14|10|ADO1
B17 |10|HD10 E19 |10|HDOO K25 |10 |MDO1 u21 | P [vces AB13|10|ADO7 AE15| | |RESET#
B18 |10|HDO1 E20 [10(|HA24 K26 |10 |MD32 U22 | O [scasa# AB14|10|ADO5 AE16 |10 |MD30
B19 |10|HA26 E21 | P |GTLREF LO1 | O [FPD17/TVBLK# || U23 |10|MD47 AB15| I |PCLK AE17 |10 |MD59
B20 |10|HA29 E22 | O |CPURSTD# L02 | O |FPD15 U24 | O |SWEA# AB16 | 10|MD63 AE18|10|MD26
B21 |10|HA23 E23 [10|HAO7 Lo3 | O |FPD18 U25 | O |SWEB#/ CKE2 ||AB17|10|MD29 AE19|10 |MD55
B22 |10|HA25 E24 |10|HREQO# Lo4| P [vces U26 | O |swec#/ckEo [|AB18|10|MD56 AE20 |10 |MD22
B23 |10|HA21 E25 |10 |HREO4# LO5 | O |FPD09/TVDS8 VOl | O |[FPD28/TVDO ||AB19|10|MD54 AE21 |10 |MD19
B24 |10|HA13 E26 [I0|BPRI# L06 | O |FPD14 V02 | 0 |FPD29/TVD1 - |[AB20|10|MD20 AE22|10|MD48
B25 |10|HAO5 FO1 | O [ENVDD L21| P |GNDA V03 | 0 |FPD30/TVD3 |[AB21|10|MD18 AE23| O [DOM3/ CcAS3#
B26 |10|HA06 FO2 |10 |SPDAT1L L22| P |GNDA V04 | O |FPD32/ TVCLK ||AB22| P [NC AE24| O [MA12/BA1
col | P [VCCDAC FO3 |10 |SPCLK1 L23|10|MD33 V05 | O |FPD34/TVHS |[AB23| O |MAOL AE25| O [MA13
co2 | A [RED Fo4 | | [STANDBY L24 [10|MD35 Vo6 | P [vces AB24| O [MAO4 AE26| O [MA10
co3 | o [coro FO5 | I [SUSPEND L25 |10|MDO3 v21 [P |vcecas AB25| O [MAO3 AFO01| P [GND
co4 | 1 [STPAGPH Fo6 | P |GND L26 [10|MDO2 v22 | P |NC AB26| O [MAO2 AF02| | |REQX#
co5 |10 |FPD35 Fo7 | P |vTT MO1| O [FPD23 v23 | o |Domo/'caso# |[ACOL| A [YCM AF03| O |GNT2#
co6 |10|HD60 Fo8 |10 |HD52 M02 | 10| SPCLK?2 V24 [ 0|scAasc#/ CKEL|[Aco2| A |zoP AF04| O |GNT1#
co7 |10|HD55 Fo9 | P|VTT MO03 |10 |SPDAT2 V25 | O|SCASB#/ CKE3 [|[AC03| A |z1P AFO05 | 10 |AD31
cos | P [GND F10 | P |VTT M04| O |FPD21 V26 | P |GND AC04| P |GND AF06 | 10 |AD26
co9 |10 |HD41 F11 | | [DFTIN MO5 | O |FPD22 WOL | P [VCCLVDS ACO5| | |REOOH AF07 |10 |AD22
C10 |10 [HD49 F12 [P |VTT MO06| O |FPD19 W02 | P |VCCLVDS ACO06 |10 |AD29 AF08 |10 |AD18
ci1 |10|HD43 F13 [ P |GND m21| P [GND W03 | O |FPD31/TVVS |[AC07|10|AD24 AF09| P [GND
c12 |10|HD28 F14 | P |GND M22|10 (MD34 wo4 | A |Y1P AC08|10|AD23 AF10 | 10 | SERR#
c13 |10|HD26 F15 | | [BISTIN M23|10|MD00 WO5 | O [INTA# AC09|10|AD17 AF11|10|AD12
c14 | P [GND F16 | P |GND M24|10 |MDO5 W06 | P |vces AC10|10[IRDY# AF12 |10 |c/BEGH
c15 |10|HD20 F17 [ P |VTT M25|10|MD36 W21 | O [CS5#/RASE# ||AC11|10|AD15 AF13 |10 |ADO3
c16 |10 |HDO9 F18 [ P |VTT M26 |10 |MD04 w22 | P |vce3 AC12|10|AD11 AF14 |10 |AD00
c17 |10|HDo5 F19 | P |VTT NOL| I |zvD14 w23 | 0 |DOM1/CASI# |[Ac13|10|ADO6 AF15 | 10 [PCKRUN#
c18 |10|HDo4 F20 [ P |VTT No2 | | |zvD13 w24 | P |GND AC14|10|AD04 AF16 |10 |MD62
c19 | P |[GND F21 | P |GND NO3 | P [GND W25 | O |DQM5/ CASS# ||[AC15| I |PREQ# AF17|10|MD28
c20 |10|HA27 F22 [10|HA15 No4 | | |zvD15 W26 | O |DOM4/ cASa# |[Ac16|10|MD31 AF18| P |GND
c21 |10|HA3L F23 |10 |HREO1# NO5 | | |zvD12 YOl | P |GNDLVDS AC17|10|MD60 AF19 |10 |MD24
c22 |10[HA19 F24 |10 [HREQ2# NO6 | P [GND Y02 | P |VDDD AC18|10|(MD25 AF20|10|MD53
c23 |10|HA16 F25 |10 |HREO3# N21| P [GND Y03 | P [GNDLPLL AC19|10(MD23 AF21|10|MD51
c24 |10[HA09 F26 |10 |DEFER# N22 [10|MD39 Y04 | A |YIM AC20 |10 |MD52 AF22 |10 |MD17
c25 |10[HALL GO1 |10 |FPGPIO N23 |10 |MD37 Y05 [ A |Y2P AC21|10|MD49 AF23| O [DOM7/ CAST#
c26 |10|HAO8 G02 | O [FPDO/TVD11 ||N24 |10 |MDO7 Y06 | P |vces AC22| | [sussT# AF24| O [DQM2/ CAS2#
D01 | P [VCCRGB || G03 | O |FPVS N25 |10 |MD38 v21 [P |vces AC23| P |GND AF25| O [MA14
D02 | A |BLUE G04 | o [FPcLK N26 |10 [MD06 Y22 | 0 |ca/RASHE  |[AC24| O |[MAO7 AF26| P |GND
Center VCC25 Pins (28 pins): J9-12,15-18, K9,18, L 9,18, M 9,18, R9,18, T9,18, U9,18, V9-12,15-18
Center GND Pins (44 pins): J13-14, L 11-16, M 11-16, N9,11-16,18, P9,11-16,18, R11-16, T11-16, V13-14
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Table3. VT8606/ Twister T Pin List (Alphabetical Order)
Pin # Pin Name Pin # Pin Name Pin # Pin Pin # Pin Name Pin # Pin Names Pin # Pin Name
AF14 | 10[ADOO Kol | O |FPD12 ABO5| O |GNTO# E08 |10|HD40 AE18]10[MD26 G06 | P |VCC3
AE14|10|ADO1 Ko3 | o |FPD13 AF04| O |GNT1# C09 |10|HD41 AD17|10|MD27 Ho6 | P |vce3
AE13|10|ADO2 L06 | O |FPD14 AF03| O |GNT2# D09 |10 |HD42 AF17 [10|MD28 Jos | P |vces
AF13|10|ADO3 L02 | O |FPD15 AE03| O |GNT3# Cl1 |10|HD43 AB17(10|MD29 Loa | P |vces
AC14|10|ADO4 K05 | O |FPD16/ TVCLKR|[AE02| O [GNTX# || B10 |10|HD44 AE16 |10 |MD30 R21 | P |vcC3
AB14|10|ADO5 Lol | O |FPD17/TVBLK#|[ C03 | O |GOPO A10 [10|HD45 AC16|10|MD31 To4 | P |vces
AC13|10|ADO6 L03 | O |FPD18 AA12| O |GPouT | E07 [10|HD46 K26 [10|MD32 u21 | P |vces
AB13|10|ADO7 M06 | O |FPD19 D03 | A |GREEN D08 |10 |HD47 L23 |10|MD33 vos | P |vces
AE12 |10 |ADO8 Ko4 | O |FPD20 E12 | P |GTLREF || B8 [I0|HD48 M22 |10|MD34 v21 | P |vces
AD12|10|AD09 MO04 | O |FPD21 E21 | P [GTLREF [ ci0 [10|HD49 L24 |10|MD35 woe | P [vces
AB12|10|AD10 M05 | O |FPD22 A25 | 10 [HAO3 B06 |10|HD50 M25 |10|MD36 vos | P |vces
AC12|10|AD11 Mo1 | O |FPD23 D24 | 10 |HAO4 B09 |10|HD51 N23 |10 |mMD37 v21 | P |vces
AF11|10|AD12 TO6 | O [FPD24/TVD6 B25 | 10 |HAO5 Fo8 [l10|HD52 N25 |10|(MD38 AA07 | P |vces
AE11|10|AD13 T05 | O |FPD25/ TVDA4 B26 | 10 |HAOD6 D06 |10 |HD53 N22 [10|mMD39 AA09 | P |vce3
AD11|10|AD14 Uo4 | O |FPD26/TVD5 E23 | 10 |HAO7 D07 |10|HD54 P26 [10|MD40 AA10 | P |vce3
AC11|10|AD15 uo2 | O |FPD27/TVD7 c26 | 10 [HA08 C07 |10|HDS55 P24 |10|MD41 AA17 | P |vce3
AA08|10|AD16 VOl | O |FPD28/TVDO c24 | 10 [HAD9 E05 [10|HD56 R26 [10|MD42 AA18 | P |vce3
AC09|10|AD17 V02 | O |FPD29/TVD1 A23 | 10 |HA10 A07 |10|HD57 R24 [10|(MD43 AA20 | P |vces
AF08|10|AD18 vo3 | o [FPD30/TVD3 c25 | 10 [HA11 E06 |10|HD58 R22 [10|MD44 H21 | P [vCCA
AEO8 |10 |AD19 wo3 | O |FPD31/TVVS D22 | 10 [HA12 BO7 |10|HD59 T26 |10|(MD45 H22 | P |vCcCcA
AEO7 [10|AD20 vo4 | o [FPD32/TVCLK | B24 | 10 [HA13 co06 |10 [HD60 124 |10|(MD46 COl | P |VCCDAC
ABO8|10|AD21 Uos | O [FPD33/TVD2 D25 | 10 [HA14 D05 |10 |HD61 U23 |10|MD47 AB02 | P [VCCLPLL
AFO07 [10|AD22 V05 | O |FPD34/ TVHS F22 | 10 |HA15 A06 |10|HD62 AE22|10 [MD48 Wo0l | P [VCCLVDS
AC08|10|AD23 C05 | 10|FPD35 c23 | 10 [HA16 A08 [10|HD63 AC21|10|MD49 wo2 | P [vccLvps
ACO7|10|AD24 HO3 | O [FPDE D21 | 10 |HA17 G24 [IO|HIT# AD21|10|MD50 BO3 | P [VCCPLL1
ABO7 [10|AD25 AA16| 1| [FPDET A20 | 10 |HA18 G26 | | [HITM# AF21|10 [MD51 A05 | P [VCCPLL?
AF06 | 10|AD26 GO1 |10 |FPGPIO c22 | 10 [HA19 G23 | | [HLOCK# AC20{10|MD52 D01 | P [VCCRGB
AEO6 |10 |AD27 GO5 | O |FPHS A21 |10 |HA20 E24 | 10|HREOO# AF20 [10|MD53 Y02 | P |VvDDD
ADO6|10|AD28 Go3 | O |FPVS B23| 10 |HA21 F23°| 10 |HREQ1# AB19|10 |MD54 AA22 | P |VSUS25
ACO06 |10 |AD29 AE09 | 10 [FRAME# A22 | 10 |HA22 F24 |10|HREQ2# AE19 {10 |MD55 Ell | P [VTT
ABO6 | 10|AD30 A09 | P [GND B21 | 10 [HA23 F25 |10 |HREQ3# AB18|10|MD56 Fo7 | P |VvTT
AF05 |10 |AD31 Al18 | P |GND E20 | 10 |HA24 E25 |10 |HREQ4# AD18|10|MD57 Fo9 [P |vTT
24 [10|ADSH A26 | P |GND B22 | 10 [HA2S E02 | O [HSYNC AA19|10|MD58 Fio [P |vTT
BO4 |10|AGPBUSY# B02 | P |GND B19 | 10 [HA26 G25 |10 |HTRDY# AE17 [10|MD59 F12 [P |VvTT
F15 | I |BISTIN cos | P |GND c20 | 10 |HA27 W05 | O [INTA# AC17 |10 |MD60 Fi7 | P |vTT
D02 | A [BLUE c14 | P |GND A24 | 10.|HA28 AC10|10|[IRDY# AD16|10|MD61 F18 [P |VvTT
D26 |10 |BNR# c19 | P |GND B20 | 10 [HA29 AEO5 | 10 [LOCK# AF16 |10 [MD62 F19 [P |vTT
E26 |10|BPRI# D04 | P-|GND D20 | 10 |HA30 AA23[ O [MAGO AB16|10|MD63 F20 [P |VvTT
J25 | 0 [BREOO# D23 |P.|GND c21 | 10 [HA31 AB23| O |[MAO1 U6 NC G21 | P|VTT
AF12 [ 10 |C/BEO# F06 | P |GND G22 | | [HCLK AB26|.0 |MAO2 V22 NC J21 [P |vTT
AB11|10|C/BE1# F13 | P |GND E19 | 10 [HDOO AB25| O |[MAO3 w22 NC K21 | P |VTT
AD09| 10 |C/BE2# F14 | P|GND B18 | 10 [HDO1 AB24| O |[MAO4 AB22 NC EOL | O |[VSYNC
ADO07]10 | C/BE3# F16 | P |GND B16 | 10 [HD02 AC26| O |MAO5 AB10|IO|PAR AA11 | O |wsc#
E04 | A [COMP F21 | P [GND A16 | 10 |HDO3 AC25| O [MAOB AF15 | 10 |PCKRUN# A02 | I [XIN
A19 | O |CPURST# H24 | P [GND ci18 | 10 |HDo4 AcC24| O |MA07 AB15| | |PCLK A03 | O |xouT
E22 | O |CPURSTD# J26 | P |GND c17 | 10 |HDos AD26| 0 |MA08 AD15| O [PGNT# ABO3 | A [YOM
Y26 | O [CSO#/RASO# || M21 | P |{GND D18 | 10 |HDO6 AD25| O |MA09 K24 | I |PLLTST AAO3 | A |YoP
Y25 | O |CSi#/RASI# || NO3 | P |GND D15 | 10 |HDO7 AE26 | O [MA10 AC15| | |PREQ# Yod | A |vim
Y24 |0 |Ccs2#/RAS2# || NO6 | P |GND D17 | 10" |HDO8 AD24| O [MA11/BA0 |lAD14| I |PWROK wos | A |Y1P
Y23 | 0 |Cc3#/RAS3# || N21 | P [GND C16 |10 |HDO9 AE24| O [MA12/BA1- || co2 | A [RED AAOD5 | A |Y2M
v22 | o |cu#/RASH# || PO1 | P [GND B17 | 10 [HD10 AE25| O |[MA13 ACO5| | |REQO# Yos | A |vep
W21 | O |CSs#/RASS# || Po6 | P [GND D16 | 10 |HD11 AF25 [ O [MA14 ADO5| | |REQ1# ACOL | A |YCM
H26 |10|DBSY# P21 | P |GND A17 | 10 |HD12 22 [ O [MCLK AEO4| | |REO2# ABOL | A |YCP
F26 |10 |DEFER# T21 | P [GND A15 | 10 |HD13 K22 | | [MCLKF ADO4| | |REQ3# ADO2 | A [ZOM
ABO9 |10 | DEVSEL# v26 | P [GND E16 | 10 |HD14 M23 [10[MD00 AF02| | |REOX# AC02 | A |zOP
F11 | | [DFTIN w24 | P |GND D19 | 10 |HD15 K25 |10|MDO1 AE15| | |RESET# ADO3 | A |zIMm
V23 | O [DOMO/ CASO# ||[AAO6| P-{GND Al4 | 10 |HD16 L26 [10|MD02 H23 |10 |RS0# AC03 | A |Z1P
W23 | O |DQM1/CASI# |[AA13| P |GND E18 | 10 |HD17 L25 |10|MDO3 K23 |10 |Rs1# ABO4 | A |z2m
AF24| O |DQM2/ CAS2# [[AA14| P |GND E17 | 10 |HD18 M26 |10 |MD04 H25 |10 |RS2# AAO4 | A |Z2P
AE23| O [DOM3/CAS3# [|AA15| P |GND B14 | 10 [HD19 M24 [10|MDO5 E03 | A |RSET AE0L | A [zem
W26 | O |DOM4/CAS4# [[AA21| P |GND ci15 | 10 [HD20 N26 [10|MDO06 U22 | O [SCASA# ADOL | A |zcP
W25 | O |DOM5/ CASS# [[AC04| P |GND E14 | 10 |HD21 N24 |10|MDO07 V25 | O |SCASB#/CKE3|_U03 | I |ZVCLK
AD23| O |DOM6/ CASs# [[AC23| P |GND B11 | 10 (HD22 P23 |10|MDO8 v24 | O |SCASC#/CKEL|[ RO6 | | [zZVDO0O
AF23| O |DOM7/CAST# [|AD08| P |GND D14 | 10 |HD23 P25 |10|MD09 AF10 [ 10 | SERR# 702 | I |zvDo1
723 [10[DRDY# AD13| P [GND B15 | 10 [HD24 R23 [10[mMD10 FO3 [IO|SPCLK1 T01 | I |zvDO2
FO1 | O [ENVDD AD19| P [GND D13 | 10 |HD25 R25 [10[mMD11 MO02 |10|SPCLK2 RO5 | I |zvDo3
HO5 | O [ENVEE AFO1| P |GND c13 | 10 [HD26 P22 |10|MD12 FO2 [IO|SPDAT1 RO2 |1 |zvDo4
G04 | O |[FPCLK AF09| P [GND E09 | 10 |HD27 723 [I0|MD13 M03 |10 [SPDAT2 R4 | I |zvDos
G02 | O [FPDO/TVD11 ||AF18| P [GND c12 | 10 |HD28 T25 |10|MD14 AA24[ O [SRASA# RO1 | I |zvDos
Ho2 | O [FPDOL1/TVD10 ||AF26| P [GND D12 | 10 |HD29 722 [10|MD15 AA25| O |SRASB#/CKES || RO3 | I |zvDo7
Ho1 | O [FPDO2 L21 | P |GNDA E15 | 10 |HD30 AD22|10|MD16 AA26| O |SRASCH#/CKE4|[ POs | I |zvDos
Jo2 | o |FPDO3 L22 | P |GNDA A13 | 10 |HD31 AF22[10|MD17 FO4 | | [STANDBY P02 | 1 |zvDo9
Jo1 | o [FPDO4 AA02| P [GNDD B12 | 10 [HD32 AB21|10|(MD18 AE10 |10 | STOP# PO3 | 1 |zvD10
Ho4 | O [FPDO5 BO1 | P [GNDDAC B13 | 10 [HD33 AE21|10|MD19 co4 | | [sTPAGPH Po4 | 1 |zvD11
K06 | O [FPDOB Y03 | P [GNDLPLL A12 | 10 |HD34 AB20|10|MD20 FO5 | I |SUSPEND No5 | I [zvD12
Jo4 | o |FPDO7 AAOL| P [GNDLVDS E13 | 10 |HD35 AD20|10|MD21 AC22| | [sussT# No2 | I [zvD13
Jo3 | o0 |FPDO8/TVDY | Y01 | P [GNDLVDS D11 | 10 |HD36 AE20|10|MD22 U24 | O |[SWEA# No1 | I |zvDia
L05 | O |FPD0O9/TVD8 |[A04 | P |[GNDPLL1 D10 | 10 |HD37 AC19|10|MD23 U2 | O |sweB#/ckE2 | _No4 | I [zvDis
K02 | O [FPD10 BO5 | P |GNDPLL2 All | 10 |HD38 AF19 10 [MD24 U26 | O [swEC#/CKEO [ T03™ [ I |zVHS
J05 | o [FPD11 AOL | P |GNDRGB E10 | 10 |HD39 Ac18|10[MD25 AD10[10[TRDY# vol | 1 |zvvs
Center VCC25 Pins (28 pins): J9-12,15-18, K9,18, L 9,18, M 9,18, R9,18, T9,18, U9,18, V9-12,15-18
Center GND Pins (44 pins): J13-14, L 11-16, M 11-16, N9,11-16,18, P9,11-16,18, R11-16, T11-16, V13-14
Revision 0.2, January 31, 2001 -9- Pin Lists
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PIN DESCRIPTIONS

Table4. VT8606/ Twister T Pin Descriptions

CPU Interface

Signal Name Pin # 1/O | Signal Description

HA[31:3|# (see 10 | Host Address Bus. HA[31:3] connect to the address bus of the host CPU. During CPU
pinout cycles HA[31:3] are inputs. These signals are driven by the TwisterT during cache
tables) snooping operations.

HD[63:0]# (see 10 | Host CPU Data. These signals are connected to the CPU data bus.
pinout
tables)

ADSH J24 IO | Address Strobe. The CPU asserts ADS# in T1 of the CPU bus cycle.

BNR# D26 10 | Block Next Request. Used to block the current request bus owner from issuing new

requests. Thissignal is used to dynamically control the processor bus pipeline depth.
BPRI# E26 IO | Priority Agent Bus Request. The owner of this signal will aways be the next bus owner.

This signal has priority over symmetric bus requests and causes the current symmetric
owner to stop issuing new transactions unless the HLOCK# signal is asserted. The
TwisterT drivesthis signal to gain control of the processor bus.

DBSY# H26 10 | Data Bus Busy. Used by the data bus owner to hold the data bus for transfers requiring
more than one cycle.

DEFER# F26 IO | Defer. The TwisterT uses a dynamic deferring policy to optimize system performance.
The TwisterT also uses the DEFER# signal to indicate a processor retry response.

DRDY# J23 10 | Data Ready. Asserted for each cycle that datais transferred.

HIT# G24 10 | Hit. Indicatesthat a caching agent holds an unmodified version of the requested line. Also
driven in conjunction with HITM# by the target to extend the snoop window.

HITM# G26 I Hit Modified. Asserted by the CPU to indicate that the address presented with the last
assertion of EADS# is modified in the L1 cache and needs to be written back.

HLOCK# G23 I Host Lock. All CPU cycles sampled with the assertion of HLOCK# and ADS# until the

negation of HLOCK# must be atomic.

HREQ[4:0]# E25, F25, | 10 | Request Command. Asserted during both clocks of the request phase. In the first clock,

F24, F23 the signals define the transaction type to a level of detail that is sufficient to begin a snoop
E24 request. In the second clock, the signals carry additional information to define the
complete transaction type.
HTRDY# G25 10 | Host Target Ready. Indicates that the target of the processor transaction is able to enter
the data transfer phase.
RS[2:0]# H25, K23 | 10 | Response Signals. Indicates the type of response per the table below:
H23 RY2:0]1# Responsetype

000 Idle State

001 Retry Response

010 Defer Response

011 Reserved

100 Hard Failure

101 Normal Without Data
110 Implicit Writeback
111 Normal With Data

CPURST# A19 O | CPU Reset. Reset output to CPU. External pullup and filter capacitor to ground should be
provided per CPU manufacturer’s recommendations.

CPURST D# E22 O | CPU Reset Delayed. CPU reset output delayed by 2T.

BREQO# J25 O | BusRequest 0. Busrequest output to CPU.

Note: Clocking of the CPU interface is performed with HCLK.
Note: Internal pullup resistors are provided on al GTL interface pins. If the CPU does not have internal pullups, these north
bridge internal pullups may be enabled to allow the interface to meet GTL bus interface specifications (see MAG strap description).

Revision 0.2, January 31, 2001 -10- Pin Descriptions
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The pinouts were defined assuming the ATX PCB layout model shown below (and general pin layout shown) as a guide for PCB
component placement. Other PCB layouts (AT, LPX, and NLX) were also considered and can typically follow the same general

component placement.

Power
CPU Supply
PCI Slots
1 26
® A
Video| CPU
Panel] Twis
VT8231 or ZV | terT
VT82C686A/B
South PCI |DRAM AF
Bridge
IDE Connectors DRAM Modules
-11- Pin Descriptions
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DRAM Interface
Signal Name Pin # /O | Signal Description
MDI[63:0] (see pinout IO | Memory Data. These signals are connected to the DRAM data bus.
tables)
M A14 /graphics strap AF25 O/l | Memory Address. DRAM addresslines/ strap options
M A13 /graphics strap AE25
MA12/BA1/ strap, AE24 MA12 strap — Host Freq Select Isb (see MA8 below for msh)
MA11/BAO/ strap, AD24 MA11 strap — 10Q Level (0=4-level, 1=1-level)
MA10 AE26 MAZQ strap — Clock select (0=Use PLLs, 1=Clocks on XIN/PD10 pins)
MA9/ strap, AD25 MAS strap — Host Freq Select msb (00=66, 01=100, 10=auto, 11=133)
MAS8/ strap, AD26 MAY7 strap — Graphics Test Mode (0=Normal, 1=Test)
MA7/ strap, AC24 MAG strap —GTL Internal Pullups (O=Enable, 1=Disable)
MAG6/ strap, AC25 MADS strap — PCI Frequency (0=33 MHz, 1=66 MHz)
MADS5/ strap, AC26 MA4 strap — Graphics PCI Interrupt (O=Enable, 1=Disabl€)
M A4 / graphics strap, AB24 MAS strap — Graphics I/O (O=Enable, 1=Disable)
M A3/ graphics strap, AB25 MA2 strap — Graphics PCl Base Address (0=Map0, 1=Map1)
MAZ2 / graphics strap, AB26 MA14,13,1,0 — Graphics OEM-Defined Panel Type
MAZ1/ graphics strap, AB23 (Note: al non-graphics straps default to O if not connected to a strap
MAO / graphics strap AA23 resistor. See Table 9 for graphics strap definitions and defaults.)
CY5:.01# w21, Y22 O | Chip Sdlect. (Synchronous DRAM) Chip select of each bank.
RAS[5:0)# Y23,Y24 RAS. (FPG/EDO DRAM)
Y 25, Y26
DQM[7:0] AF23, AD23, O | DataMask. (Synchronous DRAM) Data mask of each byte lane
CAY[7:0]# W25, W26, CAS. (FPG/EDO DRAM)
AE23, AF24,
W23, V23

SRASA# AA24 O | Row ‘Address Command Indicator. For support of up to three
SRASB#/ CKES AA25 synchronous DRAM DIMM dlots. “A” controls banks 0-1 (module 0),
SRASC#/ CKE4 AA26 “B” controls banks 2-3 (module 1) and “C” controls banks 4-5 (module

2).
SCASA# u22 O | Column Address-Command Indicator. For support of up to three
SCASB#/CKE3 V25 synchronous DRAM DIMM dots. “A” controls banks 0-1 (module 0),
SCASC#/ CKE1 V24 “B” controls banks 2-3 (module 1) and “C” controls banks 4-5 (module

2).
SWEA#/ MWEA uz4 O | Write Enable Command Indicator. For support of up to three
SWEB#/ MWEB#/CKE2 u25 synchronous DRAM DIMM dots. Used as MWE# for FPG/EDO
SWEC#/ MWECH#/CKEO U26 memory. “A” controls banks 0-1 (module 0), “B” controls banks 2-3

(module 1) and “C" controls banks 4-5 (module 2).
CKEO/ SWECH# u26 O | SDRAM Clock Enables. Clock enables for each DRAM bank for
CKE1/ SCASC# V24 powering down the SDRAM or clock control for reducing power usage
CKE2/ SWEB# u25 and for reducing heat / temperature in high-speed memory systems.
CKE3/ SCASB# V25
CKE4/ SRASC# AA26
CKE5/ SRASB# AA25

Revision 0.2, January 31, 2001
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PCI BusInterface
Signal Name Pin # 1/O | Signal Description
AD[31:0] (see IO | Address/Data Bus. The standard PCl address and data lines. The address is
pinout driven with FRAME# assertion and data is driven or received in following
tables) cycles.

CBE[3:0)# AD7, AD9, AB11, IO | Command/Byte Enable. Commands are driven with FRAME# assertion.

AF12 Byte enables corresponding to supplied or requested data are driven on
following clocks.

FRAME# AE9 IO | Frame. Assertion indicates the address phase of a PCI transfer. Negation
indicates that one more data transfer is desired by the cycle initiator.

IRDY# AC10 IO | Initiator Ready. Asserted when the initiator is ready for datatransfer.

TRDY# AD10 IO | Target Ready. Asserted when the target isready for data transfer.

STOP# AE10 IO | Stop. Asserted by the target to request the master to stop the current
transaction.

DEVSEL# AB9 IO | Device Select. This signal is driven by the TwisterT when a PCI initiator is
attempting to access main_ memory. It is an input when the TwisterT is acting
as aPCl initiator.

PAR AB10 IO | Parity. A single parity bitis provided over AD[31:0] and C/BE[3:0].

SERR# AF10 IO | System Error. The TwisterT will pulsethis signal when it detects a system
error condition.

LOCK# AE5 10 | Lock. Used to establish, maintain, and release resource lock.

PREQ# AC15 [ South Bridge Request. This signal comes from the South Bridge. PREQ# is
the South Bridge request for the PCI bus.

PGNT# AD15 O | South Bridge Grant. Thissignal driven by the TwisterT to grant PCl accessto
the South Bridge.

REQ[3:0]# AD4, AE4, AD5, AC5 I PCI Master Reguest. PCl master requests for PCl.

GNT[3:0]# AE3, AF3, AF4, AB5 | O | PCI Master Grant. Permissionisgiven to the master to use PCI.

REQX# AF2 I PCI Master Request. PCl-master request for PCI.

GNTX# AE2 O | PClI-Master Grant. Permissionis given to themaster to use PCI.

PCLK AB15 I PCI Clock. Fromexternal clock generator.

PCK RUN# AF15 IO | PCI Clock Run. May be used to stop PCI clock.

INTA# W5 O | PCI Interrupt Out. An asynchronous active low output used to signal an
event that requires handling on behalf of the internal integrated graphics
controller. If MAZ2 is strapped high at reset (clearing CR36[0]) no interrupt will
be requested during PCI configuration. The default drive strength is 24 mA
(other drive strengths may be selected via CR80[1-0]).

WSCH# AAl1l O | Write Snoop Complete. Sideband PCl signa (used on the planar only in
multiprocessor configurations) asserted to indicate that all snoop activity on the
CPU bus initiated by the last PCI-to-DRAM write is complete and that it is safe
to send an APIC interrupt message. Basically thissignal is always active except
when PCI master write data is not flushed.

Revision 0.2, January 31, 2001
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L CD Panél Interface
Signal Name Pin# | 1/O | Signal Description
FPD[35:0] (seepin | o | Panel Data. Internally pulled down during reset. 8mA isthe default. 16mA is selected via
table) SR3D[6]=1.
FPDET AA16 I Panel Detect. If SR30[1]=0, SR30[2] will read 1 if a Flat Panel is appropriately connected.
Must be tied to GND if not used.
FPVS G3 O [ Panel VSYNC. Internaly pulled down.
FPHS G5 O | Panel HSYNC. Internally pulled down.
FPDE H3 O [ Panel Data Enable. Internally pulled down.
FPCLK G4 O | Pane Clock. Internally pulled down during reset. 8mA isthe default. 16mA may also be
selected.
ENVDD F1 O | Enable VDD. This signal is driven high to external logic to initiate a flat panel power up
sequence.
ENVEE H5 O | Enable VEE. This signa is driven high to a programmable time after ENVDD is driven
high during aflat panel power up sequence.
FPGPIO Gl 1/0 | General Purpose Input / Output.
Flat Panel Monitor (DVI) Interface
Signal Name Pin# | 1/O | Signal Description
FPD[11:0] (seepin | o | Panel Data. Internally pulled down during reset. 8mA is the default. 16mA is selected via
table) SR3D[6]=1. Thisfunctionis selected on these pins when SR31[4] = 1.
FPDET AA16 I Panel Detect. |If SR30[1]=0, SR30[2] will read 1 if a Flat Panel is appropriately connected.
Must be tied to GND if not used.
FPVS G3 O | Panel VSYNC. Internally-pulled down.
FPHS G5 O | Panel HSYNC. Internally pulled down.
FPDE H3 O [ Panel Data Enable. Internally pulled down.
FPCLK G4 O | Panel Clock. Internaly pulled down during reset. 8mA‘isthe default. 16 mA may also be
selected.
TV Encoder Interface
Signal Name Pin# | 1/O | Signal Description
TVD[11:0] (seepin | O | TV Data. Internaly pulled down during reset
table)
TVCLK V4 I TV Clock. Input clock from encoder. Internally pulled down.
TVCLKR K5 O | TV Return Clock. Output clock to TV encoder. Internaly pulled down.
TVVS W3 O [ TV VSYNC. Internally pulled down during reset
TVHS V5 O | TV HSYNC. Internaly pulled down during reset
TVBLK# L1 O | TV Blanking. Internally pulled down during reset

Revision 0.2, January 31, 2001
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CRT Interface
Signal Name Pin # 1/O | Signal Description
RSET E3 A | Reference Resistor. Tie to GNDRGB through an external 140Q resistor to control
the RAMDAC full-scale current value.
COMP E4 A | Compensation. Tieto VCC25 through a 0.1 UF capacitor.
RED C2 A | Analog Red. Analog red output to the CRT monitor.
BLUE D2 A | Analog Blue. Analog blue output to the CRT monitor.
GREEN D3 A | Analog Green. Anaog green output to the CRT monitor.
HSYNC E2 O [ Horizontal Sync. Output to CRT.
VSYNC El O [ Vertical Sync. Output to CRT.
LVDSInterface
Signal Name Pin # 1/O | Signal Description
Y[2:0]P Y5, W4, AA3 A | LVDS Data Positive Output.
Y[2:0]M AAS5, Y4, AB3 A | LVDS Data Negative Output.
YCP AB1 A | LVDS Clock Positive Qutput.
YCM AC1 A | LVDS Clock Negative Output.
Z[2:Q)P AA4,AC3,AC2 | A | 2"LVDSData Positive Output.
Z[2:0|M AB4,AD3,AD2 | A | 2" L VDS Data Negative Output.
ZCP AD1 A | 2" LVDS Clock Positive Output.
ZCM AE1 A [ 2" LVDSClock Negative Qutput.
ZV-Port Interface
Signal Name Pin # 1O | Signal Description
ZVD[15:0] (see pin table) I ZV-Port Data Bus. Video Input
ZVCLK U3 |~ | ZV-Port Clock.
ZVHS T3 I ZV-Port Horizontal Sync.
ZVVS Ul I Z\V-Port Vertical-Sync.

Revision 0.2, January 31, 2001
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Miscellaneous Functions

Signal Name Pin # 1/O | Signal Description

XIN A2 I Reference Frequency Input. An external 14.318 MHz crystal is connected between
XOUT and thispin. Alternatively, an external oscillator can be connected.

XOUT A3 O | Crystal Output. This pin drives the crystal via an interna oscillator. If an external
oscillator is connected to XIN, this pin can be |eft unconnected.

SPCLK[2:1] M2, F3 IO | Serial Port Clocks. These are the clocks for serial data transfer. SPCLK1 is typically
used for I°C communications. As an output, it is programmed via CRAO[O]. As an
input, its status is read via CRAO[2]. In either case the serial port must be enabled by
CRAOQ[4] = 1. SPCLK2 is typically used for DDC monitor communications. As an
output, it is programmed via CRB1[0]. Asan input, its status isread via CRB1[2]. The
port is enabled via CRB1[4] = 1.

SPDAT[2:1] M3, F2 IO | Serial Port Data. These are the data signals used for seria data transfer. SPDAT1 is
typically used for I°C communications. As an output, it is programmed via CRAQ[1].
Asaninput, its statusis read via CRAO[3]. In either case the serial port must be enabled
by CRAOQ[4] = 1. SPDAT2 istypically used for DDC monitor communications. As an
output, it is programmed via CRB1[1]. Asan input, its status is read via CRB1[3]. The
port is enabled viaCRB1[4] = 1.

GPOUT AA12 O | General Purpose Output. This pin reflectsthe state of SRD[Q].

GOPO C3 O | General Output Port. When SR1A[4] iscleared, this pin reflects the state of CR5C[Q].

STPAGP# C4 | | Stop AGP. Power management for internal AGP.

AGPBUSY# B4 1/0 | AGP Busy. Power management for internal AGP.

STANDBY F4 I Standby. Used to put the integrated graphics controller in the standby state.

SUSPEND F5 I Suspend. Used to put the integrated graphics controller in the suspend state.

SUSST# AC22 I Suspend Status. For implementation of the Suspend-to-DRAM feature. Connect to an
external pullup to disable.

Revision 0.2, January 31, 2001
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Clock / Reset Control

Signal Name Pin # 1o Signal Description

HCLK G22 I Host Clock. This pin receives the host CPU clock (66 / 100 / 133 MHz). This clock
isused by all TwisterT logic that isin the host CPU domain.

PCLK AB15 I PCI Clock. Thispin receives abuffered host clock divided-by-2, 3, or 4 to create 33
MHz. Thisclock is used by all of the TwisterT logic that isin the PCI clock domain.
This clock input must be 33 MHz maximum to comply with PCl specification
requirements and must be synchronous with the host CPU clock, HCLK, with an
HCLK:PCLK freguency ratio of 2:1, 3:1, or 4:1 as shown in the table below. The
host CPU clock must lead the PCI clock by 2.0 + 1.0 nsec.

Typical Clock Freguency Combinations

Rx68[1:0] Mode Host Clock  AGP Clock PCI Clock
00 2X 66 MHz 66 MHz 33 MHz
01 3X 100 MHz 66 MHz 33 MHz
10 ax 133 MHz 66 MHz 33 MHz
11 Reserved

MCLK J22 O] DRAM Clock. Output from internal clock generator to the external clock buffer.

MCLKF K22 | DRAM Clock Feedback. Input from the external clock buffer.

RESET# AE15 I Reset. Input from South Bridge chip. When asserted, this signal resets the TwisterT
and sets all register hits to the default value. The rising edge of this signal is used to
sample all power-up strap options

PWROK AD14 | Power OK. Connect to South Bridge and Power Good circuitry.

CPURST# Al19 ®) CPU Reset. GTL output level.

CPURSTD# E22 ®) CPU Reset Delayed. Reset output delayed by 2T.

Revision 0.2, January 31, 2001
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Power, Ground, and Test

Signal Name Pin # 1/O | Signal Description

VCC3 (seepinlist) P | Power for I/O Interface Logic (3.3V +5%).

VCC25 (see pin list) P | Power for Internal Logic (2.5V +5%).

VTT (see pin list) P | Power for CPU Interface (refer to CPU specifications for voltage reguirement)

VSUS25 AA22 P | Suspend Power (2.5V £5%).

VCCRGB D1 P | Power for CRT (2.5V £5%).

VCCA H21, H22 P | Power for Analog (2.5V £5%)

VCCDAC Cl P | Power for DAC Digital Logic (2.5V £5%)

VCCPLL1 B3 P | Power for PLL1 (2.5V £5%).

VCCPLL2 A5 P | Power for PLL2 (2.5V +5%).

VCCLPLL AB2 P | Analog Power for LVDSPLL (2.5V £5%).

VCCLVDS W1, W2 P | Analog Power for LVDS (3:3V +5%).

VDDD Y2 P | Digital Power for LVDS (2.5V +5%).

GND (seepintable) | P | Ground

GNDA L21,L22 P | Ground for North Bridge Host CPU Clock Circuitry. Connect to main ground
plain through aferrite bead.

GNDRGB Al P | Connection point for RGB load resistors

GNDDAC Bl P | Ground for DAC Analog Circuitry

GNDPLL1 A4 P | Groundfor PLL1

GNDPLL2 B5 P | Ground for PLL2

GNDLPLL Y3 P | Ground for LVDSPLL

GNDLVDS Y1 AAl P | Ground for LVDS Analog Circuitry

GNDD AA2 P | Groundfor LVDS Digital Circuitry

GTLREF E12, E21 P | CPU Interface GTL+ Voltage Reference. 2/3VTT +2%

PLLTST K24 I PLL Test Input. Pull down with 4.7K resistor for normal operation.

BISTIN F15 I BIST In. Thispinisused for testing and must be left unconnected or tied high on all
board designs.

DFTIN F11 I DFT In.  This pin is used for testing and must be left unconnected or tied high on all
board designs.

NC U6, V22, - | No Connect. Reserved for future use. Do not connect.

W22, AB22

Revision 0.2, January 31, 2001
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REGISTERS

Reqgister Overview

The following tables summarize the configuration and 1/0O
registers of the TwisterT. These tables also document the
power-on default value (“Default”) and access type (“Acc”)
for each register. Access type definitions used are RW
(Read/Write), RO (Read/Only), “—" for reserved / used
(essentialy the same as RO), and RWC (or just WC) (Read /
Write 1'sto Clear individual bits). Registers indicated as RW
may have some read/only bits that always read back a fixed
value (usually 0 if unused); registers designated as RWC or
WC may have some read-only or read write bits (see
individual register descriptions following these tables for
details). All offset and default values are shown in
hexadecimal unless otherwise indicated.

The graphics registers are described in a separate document.
Table5. VT8606/ Twister T Registers

Twister T 1/O Ports

Port #|1/0O Port Default |Acc

22 |PCl / AGP Arbiter Disable 00 RW
CEB-8 |Confiauration Address 0000 0000 {RW
CFE-C|Confiauration Data 0000.0000|RW

Revision 0.2, January 31, 2001
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Twister T Device O Registers - Host Bridge

Header Registers Device-Specific Registers (continued)

Offset |Confiaur ation Space Header Default |Acc Offset |PCI Bus Control Default |Acc
1-0 |Vendor ID 1106 RO 70 |PCI Buffer Control 00 RW
3-2 |DevicelD 0605 RO 71 |CPU to PCI Flow Control 1 00 RW
5-4 |Command 0006 [RW 72 _|CPU to PCI Flow Control 2 00 WC
7-6 _|Status 0210 [WC 73 |PClI Master Control 1 00 RW

8 [RevisonlID On RO 74 |PCl Master Control 2 00 RW
9 |Proaram Interface 00 RO 75 |PCI Arbitration 1 00 RW
A [Sub Class Code 00 RO 76 _|PCI Arbitration 2 00 RW
B |Base Class Code 06 RO 77 _|Chip Test (do not proaram) 00 RW
C  |-reserved- 00 — 78 |PMU Control 00 RW
D |Latencv Timer 00 RW 79 |PMU Control 00 RW
E _[Header Tvpbe 00 RO 7A __|Miscellaneous Control 1 00 RW
F_ |Built In Self Test (BIST) 00 RO 7B __ |Miscellaneous Control 2 02 RW

13-10 |Graphics Aperture Base 0000 0008 |[RW 7C-7D |-reserved- 00 —

14-2B |-reserved- 00 — 7E-7F |PLL Test Mode (do not proaram) 00 RW

2D-2C |Subsvstem Vendor ID 0000 w1

2F-2E |Subsvstem 1D 0000 - w1 Offset [GART/TLB Control Default |Acc

30-33 |-reserved- 00 A 83-80 |GART/TLB Control 0000 0000 [RW

37-34 |Canability Pointer 0000 0080{ RO 84 _|Graphics Aperture Size 00 |RW

38-3F |-reserved- 0 [— 85-87 |-reserved- 0| —

8B-88 |Gr. Aperture TL.B Base Redister Base| 0000 0000 |RW

Device-Specific Registers 8C-9F |-reserved- 00 _

Offset |Host CPU Protocol Control Default |Acc Offset IAGP Control Default |Acc
50 |Request Phase Control 00 __IRW Al _|AGP Next Item Pointer 00 |RO
51 |Resnonse Phase Control 00 RW A2 |AGP Soecification Revision 20 RO
52 D\_/namm Defer Timer 10 RW A3 |-reserved- 00 —
53 Miscellaneous 1 03~ IRWI" A7 A4|AGP Status 1F00 0207| RO
54 _IMiscellaneous 2 00 IRWI " [AB-A8|AGP Command 0000 0000 [RW

55-57 |-reserved- 00 — AC |AGP Contral 00 RW

AD- |AGP Latencv Timer 02 RW

Offset IDRAM Control Default |Acc AE__|AGP Miscellaneous Control 00 [RW

59-58 [MA Man Tvpoe 0000 RW AF |-reserved- 00 —

SFE-5A [DRAM Row Endina Address: BO |AGP Compensation Control / Status 8x RW
5A Bank 0 Endina (HA[31:241) 01 RW B1 |AGP Drive Strenath 63 RW
5B | Bank 1 Endina (HAI31:241) 01 |RW B2 |AGP Pad Drive & Delav Control 00 [RW
5C | Bank 2 Endina (HAI31:241) 01 RW B3-BF |-reserved- 00 —
5D Bank 3 Endina (HAI31:241) 01 RW
5E Bank 4 Endina (HAI31:241) 01 RW Offset [Power Mat. & Misc. Control Default [Acc
5F Bank 5 Endina (HAI31:241) 01 RW CO0_[Power Management Capability 01 RO
60 |DRAM Tvbpe undefined [RW Cl |Power Management New Pointer 00 RO
61 |ROM Shadow Control CO000-CFFFF 00 RW C2 |Power Management Capabilities | 02 RO
62 |ROM Shadow Control D0O000-DFFFF 00 RW C3 |Power Management Capabilities || 00 RO
63 |ROM Shadow Control EO000-FFFFF 00 RW C4 |Power Management Control/Status 00 RW
64 DRAM Timina for Banks 0.1 EC RW C5 Power M anagement Status 00 RO
65 |DRAM Timina for Banks 2.3 EC__IRW C6 |PCI-to-PCI Bridae Support Extension| 00 |RO
67 |reserved- 00 1 —1 [C8DF|-reserved- w0 [—
68 |DRAM Control 00 RW EO0 [Miscellaneous Control 00 RW
69 |[DRAM Clock Control 00 RW EL-EF |-reserved- 00 —
6A _|DRAM Refresh Counter 00 RW -

68 IDRAM Arbitrati F7-FO |BIOS Scratch Reaisters 00 RW
rbitration Control 01 RW ———— =

6C _ISDRAM Control 00 RW F8 [DRAM _Arbltrauon Timer Control 00 RW
6D__|DRAM Control Drive Strenath 00 __[RW F9 _[VGA Timer Control 00 [RW
6E-6F |-reserved- 00 RW FA |CPU Direct Access FB Address 00 RW
FB _|Frame Buffer Size 00 RW
FC |Back-Door Control 1 00 RW
FD |Back-Door Control 2 00 RW
FE-FE |Back-Door Device ID 0000 [RW
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Twister T Device 1 Registers - PCI-to-PCI Bridge
Header Registers Device-Specific Registers
Offset [Configuration Space Header Default |Acc Offset [AGP Bus Control Default [Acc
1-0 |Vendor ID 1106 RO 40 [CPU-to-AGP Flow Control 1 00 RwW
3-2 |DevicelD 8605 RO 41 [CPU-to-AGP Flow Control 2 00 RW
54 |[Command 0007 |RW 42 |AGP Master Control 00 RW
7-6 [Status 0230  |WC 43 |AGP Master Latencv Timer 00 RW
8 |[RevisonlID nn RO 44 |Back-Door Reqister Control 00 RW
9 |Proaram Interface 00 RO 45 [Fast Write Control 72 RW
A [Sub Class Code 04 RO 47-46 |PCl-to-PCl Bridae Device ID 0000 |RW
B |Base Class Code 06 RO 48-7F |-reserved- 00 —
C  |-reserved- 00 — 80 |Canability ID 01 RO
D [Latencv Timer 00 RO 81  [Next Pointer 00 RO
E |Header Tvpe 01 RO 82 |Power Management Capabilities 1 02 RO
F |Built In Self Test (BIST) 00 RO 83 |Power Management Capabilities 2 00 RO
10-17 |-reserved- 00 — 84 |Power Management Control / Status 00 RW
18 [Primarv Bus Number 00 RW 85 |Power Management Status 00 RO
19 [Secondarv Bus Number 00 RW 86 _|PCI-PCI Bridae Support Extensions 00 RO
1A [Subordinate Bus Number 00 RW 87/ |Power Management Data 00 RO
1B |Secondarv Latencv Timer 00 RO 88-FF |-reserved- 00 —
1C |I/OBase FO RW
1D [I/O Limit 00 RW
1F-1E |Secondary Status 0000 |RO
21-20 |Memorv Base FFFO |RW
23-22 |Memorv Limit (Inclusive) 0000 [RW
25-24 |Prefetchable Memory Base FFEO |RW
27-26 |Prefetchable Memory Limit 0000  [RW
28-33 |-reserved- 00 —
34 |Capability Pointer 80 RO
35-3D [-reserved- 00 —
3F-3E |PCI-to-PCI_Bridae Control 00 RW
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Miscellaneous | /O

One I/O port is defined in the TwisterT: Port 22.

Port 22 —PCI / AGP Arbiter Disable ........coocovvniieenenee, RW
7-2 Reserved always reads 0
1 AGP Arbiter Disable
0 Respondto GREQ#signal .........ccceueee. default
1 Do not respond to GREQ# signal
0 PCI Arbiter Disable

0 Respondto al REQ# signals.................. default
1 Do not respond to any REQ# signals,
including PREQ#
This port can be enabled for read/write access by setting bit-7
of Device 0 Configuration Register 78.

Confiquration Spacel/O

All registers in the Twister T (listed above) are addressed via
the following configuration mechanism:

M echanism #1

These ports respond only to double-word accesses. Byte or
word accesses will be passed on unchanged.

Port CFB-CF8 - Configuration Address.............ccueu.e.... RW
31 - Configuration Space Enable
O Disabled.....cccccovveeieeieecicececeereeies default

1 Convert configuration data port writes to
configuration cycles on the PCI bus

30-24 Reserved always reads 0
23-16 PCIl BusNumber
Used to choose a specific PCI busin the system
Device Number
Used to choose a specific device in the system
(devices 0 and 1 are defined for the TwisterT)

15-11

10-8 Function Number
Used to choose a specific function if the selected
device supports multiple functions (only function O is
defined for the TwisterT).

7-2 Register Number (also called the " Offset")
Used to select a specific DWORD in the TwisterT
configuration space

1-0 Fixed always reads 0

Port CFF-CFC - Configuration Data........c.cceeeeeeeennene.. RW

Refer to PCI Bus Specification Version 2.2 for further details
on operation of the above configuration registers.
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Device 0 Register Descriptions Device 0 Offset 7-6 — Status (0210N) ..o RWC

Device 0 Header Reqgisters- Host Bridge

All registers are located in PCl configuration space. They
should be programmed using PCI configuration mechanism 1
through CF8 / CFC with bus number, function number, and
device number equal to zero.

Device 0 Offset 1-0 - Vendor |D (1106h)
15-0 1D Code (reads 1106h to identify VIA Technologies)

15 Detected Parity Error
0 No parity error detected
1 Error detected in either address or data phase.
Thishit is set even if error response is disabled
(command register bit-6). ..... write one to clear

14 Signaled System Error (SERR# Asserted)
........................................ always reads 0
13 Signaled Master Abort
0 Noabort received.........cooeveierenceeienenns default

1 Transaction aborted by the master
write one to clear

Device 0 Offset 3-2 - Device ID (0605h) .....ecveeeceeeenee. RO 12 * Received Target Abort
15-0 ID Code (reads 0605h to |dent|fy the Twi SterT) 0 No abort- FECEIVE......oovveeiree e default
1 Transaction aborted by thetarget ..o
Device 0 Offset 5-4 —Command (0006h) .....ccccoceeevenennnees RW i write one to clear
15-10 RESEIVEd  woooooveeeeceeeeeeeeeeeereeiaas always reads 0 11 Signaled Target Abort.....ccccoooennevs aways reads 0
9 Fast Back-to-Back Cycle ENable ..........coccvvvvvvunss RO 0 Target Abort never signaled
0 Fast back-to-back transactions only allowed to 10-9 DEVSEL#Timing
the SAMe AgENt ........c..ovvecvecreeceeeereeereas default 00 Fast
1 Faﬂ bmk_to_bmk tranml ons al I Owed to 01 M ed| 16 a|WEIyS readS 01
different agents 10 Slow
8  SERRHENADIC......coovveeereeeeereeeeeeoee e eeerioseeenns RO 11 Reserved
0 SERR#driver disabled.......comnrrnrnnnn. defauilt 8  DataParity Error Detected
1 SERR# driver enabled 0 No dataparity error detected ................. default
(SERR# is used to report parity errorsif bit-6 is set). 1" Error detected in data phase. Set only if error
7 Address/ Data StEPPING .....coveeeeureiererineesiiineennns RO response enabled via command bit-6 = 1 and
0 Device never doesstepping................... default TwisterT was initiator of the operation in
1 Device aways does stepping which the error occurred _
6  Parity Error RESPONSE..........ovueeiiviiiomrerrenrenes RW. e write one to clear
0 Ignore parity errors & continue.............. default 7 Fast Back-to-Back Capable.............. always reads 0
1 Take normal mtlon on detected panty errors 6 User Deﬂnable Features......cccooeeeenenn. a]WayS I’eadS 0
5 VGA Palette SN00P ......coomvvrmireneessssisssiinssrnnons RO 5 B66MHz Capable..........cooooooiinrriiinnnane. always reads 0
0 Treat palette accesses normally............. default 4~ Supports New Capability list............. aways reads 1
1 Don't respond to pa| ette accesses on PCI bus 3-0 Reser Ved ........................................ a]WayS reads O
4  Memory Writeand Invalidate Command ......... RO . L
0 Bus masters must use Mem Write... ... default Device 0 Of_fset 8-_|_?ewson IDONN) . RO
1 Bus masters may generate Mem Write & Inval 7-0 Chip Revision Code........ccccecuruenenne always reads Onh
3 Specia CycIeMonlt_orlng..._ ................................. RO Device 0 Offset 9 - Programming I nterface (00h) ........... RO
0 Doesnot monitor special cycles............. default 70 Interface |dentifier always reads 00h
1 Monitorsspecial cydles /"0 Interface dentifier ..o
2 PCl BUSMASIEN i...ccvceviviiieicicccc e DeJiRée 0 Offset A - Sub Class Code (00N .....ooooveveene. RO
O Never behavesas a bus master 7-0  Sub Class Code.......reads 00 to indicate Host Bridge
1 Canbehaveasabusmaster.................... default
1 MEMOrY SPACE....ccccoueriierisririeeeeie e rineeiin RO Device 0 Offset B - Base Class Code (06h) ......cccvieiieeienens RO
0 Does not respond to memory space 7-0 Base Class Code.. reads 06 to indicate Bridge Device
1 Respondsto memory space..........cceuenee. default
0 1/O SPACE  .cceeeerreeererere s RO Device 0 Offset D - Latency Timer (00h) ....ooceeeeeeeeveeee, RW
0 Doesnot respond to I/O space................ default Specifies the latency timer value in PCI bus clocks.
1 Respondsto /O space 7-3 Guaranteed Time Slicefor CPU ............... default=0
2-0 Reserved (fixed granularity of 8 clks) .. alwaysread O
Bits 2-1 are writeable but read 0 for PCI specification
compatibility. The programmed value may be read
back in Offset 75 bits 5-4 (PCI Arbitration 1).
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Device 0 Host Bridge Header Reqister s (continued)

Device 0 Offset E - Header Type (00N) ..oceeeeneieineneiecneneees RO
7-0 Header Type Code............. reads 00: single function

Device 0 Offset F - Built In Self Test (BIST) (Q0h)........... RO

7 BIST Supported ....... reads O: no supported functions
6-0 Resarved e always reads 0

Device 0 Offset 13-10 - Graphics Aperture Base
(00000008h) ..eiviieeiieiieiieieee s RW
31-28 Upper Programmable Base AddressBits...... def=0
27-20 Lower Programmable Base Address Bits...... def=0
These bits behave as if hardwired to O if the
corresponding Graphics Aperture Size register bit
(Device 0 Offset 84h) isO.

27 26 25 24 23 22 21 20 (ThisRegister)
7 6 5 4 3 2 1 0 (GrAper Size)
RW RW RW RW RW RW RW RW 1M
RWRWRWRWRWRWRW 0 2M

RWRWRWRWRWRW 0 0 4M
RWRWRWRWRW 0 0 0O 8M
RWRWRWRW 0 0 0 O 16M
RWRWRW 0 0 0O 0 O 32M™
RWRW 0 0 0O O O O 64M
RW O O 0 O 0 0O 0 128M
0 0 0O 0O OO0 O O 256M
19-0 Resarved it always reads 00008
Note:  The locations in the address range defined by this
register are prefetchable.

Device 0 Offset 2D-2C — Subsystem Vendor | D (0000h)R/W1

15-0 Subsystem Vendor ID.........cccccovreernennnn default =0
This register may be written once and is then read only.

Device 0 Offset 2F-2E — Subsystem 1D (0000h) ........... R/W1

15-0 Subsystem ID.....cccccoveneesiieeiesieee e default =0
This register may be written once and isthen read only.

Device 0 Offset 37-34 - Capability Pointer (00000080h) .RO
Contains an offset from the start of configuration space.

31-0 AGP Capability List Painter ......... always reads 80h

Device 0 Configur ation Registers - Host Bridge

These registers are normally programmed once at system
initialization time.

Host CPU Control

Device 0 Offset 50 — Reguest Phase Control (00h)......... RW

7 CPUHardwired 10Q (In Order Queue) Size
Default per strap on pin MA11. During reset. This
register can be written O to restrict the chip to one
level of 10Q.

0 1-Leve
1 4-Leve
6 Read-Around-Write

1 Enable
5 Reserved
4  Defer Retry When HLOCK Active
0 Disable.....cccciiniinreinerreees default
1 Enable
Note: always set thishitto 1
31 Resarved e always reads 0
0 CPU/PCI Master Read DRAM Timing
0 Start DRAM read after snoop complete ...... def
1 =~ Start DRAM read before snoop complete
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Device 0 Offset 51 — Response Phase Control (00h)....... RW Device 0 Offset 53 —Miscellaneous 1 (03h)..................... RW
7 CPU Read DRAM Ows for Back-to-Back Read 7 HREQ
Transactions 0 Disable...cocooeiiiiiceeee e default
0 Disable ... default 1 Enable
1 Enable 6 SDRAM Frequency Higher Than CPU Front Side
Setting this bit enables maximum read performance Bus Frequency
by alowing continuous 0 wait state reads for 0 Disable..iiiiecieeece e default
pipelined linereads. If thisbit is not set, there will be 1 Enable

at least 1T idle time between read transactions.
6 CPU Write DRAM Ows for Back-to-Back Write
Transactions

1 Enable
Setting this bit enables maximum write performance
by allowing continuous 0 wait state writes for
pipelined line writes ands sustained 3T single writes.
If this bit is not set, there will be at least 1T idle time
between write transactions.

5 Resarved e always reads 0
4  Fast Response (HIT/HITM sample 1T earlier)
0 Disable ..o default
1 Enable
3 Non-Posted IOW
0 Disable ..o e default
1 Enable
2 CPU Read DRAM Prefetch Buffer Depth
0 1-level prefetch buffer.........coovveenent. default

1 4-level prefetch buffer

1 CPU-to-DRAM Post-Write Buffer Depth
0 1-level post-write buffer........cccccovennnee. default
1 A4-level post-write buffer

0 Concurrent PCI Master / Host Operation
0 Disable—the CPU bus will be occupied (BPRI

asserted) during the entire PCI operation.... def

1 Enable—the CPU busisonly requested before

ADSH# assertion
Device 0 Offset 52 — Dynamic Defer Timer (10h)........... RW
7 GTL I/O Buffer Pullup......c.u: default = MAG Strap
0 Disable
1 Enable

The default value of this bit is determined by a strap
on the MAG pin during reset.
6 RAW WriteRetirePalicy (After 2 Writes)

0 DiSAI coveeeeeeere et default
1 Enable

5 Quick Start Select ......coeeneee. default = MA10 Strap
0 Disalle .o default
1 Enable

The default value of this bit is determined by a strap
on the MA10 pin during reset.
4-0 Snoop Stall Count
00 Disable dynamic defer
01-1F Snoop stall count .........ccceeeeenee default = 10h

Setting this bit enables the DRAM subsystem to run at
a higher frequency than the CPU FSB freguency.
When setting this bit, register bit Rx69[6] must also be
set and only SDRAM type DIMM modules may be

used.
5 PCI/AGP Master-to-CPU / CPU-to-PCI/AGP
Slave Concurrency
0 Disable....oooiirsiiiiincceee e default
1 Enable
4  HPRI Function
0 Disable.....iiiiiiiiieeseees default
1 Enable
3 P6Lock Function
0 Disable...ccoociieieiieeee e default
1 Enable
2 Line Write / Write Back Without Implicit Write
Back Data
0 Disable....ccooiiiirceiie e default
1 Enable
1 -~ PCl Master Pipeline Access
0 Disable
1 EnaDle ottt default
0 Resarved e Alwaysreads 0
Device 0 Offset 54 — Miscellaneous 2 (O0h)..................... RW
7-3 Resarved " ... alwaysreads 0
2  Zerolength Write
0 Disable....cooiieiiiieeeee e default

1 Enable (this bit must be set to 1)
1 Invalidate CPU Internal Cache on PClI Master
Access

0 1-1-1-1PMRDY for PCI Master Access

Revision 0.2, January 31, 2001 -25-

Device O Register Descriptions



VNG ie e S3 | rarHics

VT8606/ Twister T

DRAM Control

These registers are normally set at system initiaization time
and not accessed after that during normal system operation.
Some of these registers, however, may need to be programmed
using specific sequences during power-up initiaization to
properly detect the type and size of installed memory (refer to
the VIA Technologies TwisterT BIOS porting guide for
details).

Table6. System Memory Map

Comment
Cacheable

Used for SMM

Shadow Citrl 1
Shadow Citrl 1
Shadow Ctrl 1
Shadow Citrl 1
Shadow Citrl 2
Shadow Citrl 2
Shadow Citrl 2
Shadow Citrl 2
Shadow Citrl 3
Shadow Citrl 3

Can have hole

Address Range
00000000-0009FFFF

00OA0000-000BFFFF

000C0000-000C3FFF
000C4000-000C7FFF
000C8000-000CBFFF
000CC000-000CFFFF
000D0000-000D3FFF
000D4000-000D 7FFF
000D8000-000DBFFF
000D C000-000DFFFF
0OOEO0OQ-O00EFFFF
0OOFO000-000FFFFF

00100000-DRAM Top
DRAM Top-FFFEFFFF
FFFEFFFF-FFFFFFFF  000Fxxxx aias

Size

Space Start
DOS 0 640K

VGA 640K 128K

BIOS 768K 16K
BIOS 784K 16K
BIOS 800K 16K
BIOS 816K 16K
BIOS 832K 16K
BIOS 848K 16K
BIOS 864K 16K
BIOS 880K 16K
BIOS 896K 64K
BIOS 960K 64K
Sys 1IMB  —

Bus D Top
Init 4G-64K 64K

Device 0 Offset 59-58 - DRAM M A Map Type (0000h) .RW

Device 0 Offset 5F-5A — DRAM Row Ending Address:

Offset 5A —Bank 0 Ending (HA[31:24]) (01h)............ RW
Offset 5B —Bank 1 Ending (HA[31:24]) (01h)............ RW
Offset 5C —Bank 2 Ending (HA[31:24]) (O1h)............ RW
Offset 5D —Bank 3 Ending (HA[31:24]) (O1h)............ RW
Offset 5SE —Bank 4 Ending (HA[31:24]) (01h)............ RW
Offset 5F —Bank 5 Ending (HA[31:24]) (01h)............. RW
Note: BIOS is required to fill the ending address registers

for all banks even if no memory is populated. The
endings have to be in incremental order.

Device 0 Offset 60 —DRAM TYPE...ooeveiieiiiiiiiiee. RW
7-6 Reserved e always reads 0
5-4 DRAM Typefor Bank 5/4............. default undefined
00 -reserved-
01 -reserved-
10 -reserved-
11 SDRAM
3-2 DRAM Typefor Bank 3/2............. default undefined
1-0 DRAM Typefor Bank 1/0............. default undefined

Table7. Memory Address Mapping Table
SDRAM

15-13 Bank 5/4 MA Map Type (see below)

12 Bank 5/4 Virtual Channel Enable...................... def=0
11-8 ReSerVEd e def=0
7-5 Bank 0/1 MA Map Type (SDRAM)
000 16Mbit SDRAM........ccoovereveiereieirie e, default
001 -reserved-
01x -reserved-

100 64Mbit / 128Mbit SDRAM
101 256Mbit SDRAM x32
110 256Mbit SDRAM x16
111 256Mbit SDRAM x8 or x4
4  Bank 1/0 Virtual Channel Enable...................... def=0

3-1 Bank 3/2MA Map Type (see above)
0 Bank 3/2Virtual Channel Enable...................... def=0

MA:[14]13112111110/91817|6|5]|4[3)2[1]0
16Mb 11|22|21{20(19(18|17(16{15|14|13{12{11x10,
(0xx) 11|PC|24(23|10{ 9| 8| 7| 6|5 4|3 [11x9, 11x8
64/128Mb | | 24 [13[12[22(21|20]19(18|17|16|15(14|11]|23|x4: 14x10
(100) 27/|13|12|PC|26|25|10| 9| 8| 7| 6| 5| 4| 3 |x8: 14x9

2/4 bank 24

256Mb |25| 24 (13(12(22|21|20]|19|18|17]|16]|15|14|11|23|x32: 14x8
(101) 2/4B 28 |13]12(PC|26]25[{10{ 9|8 |7[6]5]4(3

256Mb |26| 24 (13(12{22|21|20|19|18|17]|16|15|14|11|23|x16: 14x9
(110) 2/4B 28 [13[12|PC|26|25|10| 98| 7|6[5[4 (3

256Mb |27( 24 |13(12]22|21(20|19|18(17|16|15(14(11]|23|x8: 14x10
(111) 2/4B 28(13[12(PC|26|25|10|/ 98| 7| 6| 5|4 [ 3 |x4 14x11

"PC" = "Precharge Control" (refer to SDRAM specifications)
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Device 0 Offset 61 - Shadow RAM Control 1 (00h)........ RW

Device 0 Offset 63 - Shadow RAM Control 3 (00h)....... RW

7-6 CCO000h-CFFFFh
00 Read/writedisable.........coceeeevivieiceeennn. default
01 Writeenable
10 Read enable
11 Read/write enable
5-4 C8000h-CBFFFh
00 Read/writedisable.........ccccccoeeeeviviereins default
01 Writeenable
10 Read enable
11 Read/write enable
3-2 C4000h-C7FFFh
00 Read/writedisable.........coceevevvvieiceeenne. default
01 Writeenable
10 Read enable
11 Read/write enable
1-0 CO0000h-C3FFFh
00 Read/writedisable.........cccccoeeeerivieneinns default
01 Writeenable
10 Read enable
11 Read/write enable

Device 0 Offset 62 - Shadow RAM Control 2 (Q0h)........ RW
7-6  DCO00h-DFFFFh
00 Read/writedisable............cioeeiieiinnenninnes default
01 Writeenable
10 Read enable
11 Read/write enable
5-4 D8000h-DBFFFh
00 Read/writedisable.........cocceeiiieeeniinnnn.. default
01 Write enable
10 Read enable
11 Read/write enable
3-2 D4000h-D7FFFh
00 - Read/write disable..........cocccevevvvveeciennne. default
01 Write enable
10 Read enable
11 Read/write enable
1-0 DO0000h-D3FFFh
00 Read/writedisable.........coccoovceeeiviieeines default
01 Writeenable
10 Read enable
11 Read/write enable

7-6 E0000h-EFFFFh
00 Read/writedisable.......c.ccccevvevreecvrrnnnnne. default
01 Writeenable
10 Read enable
11 Read/write enable
5-4 FO0000h-FFFFFh
00 Read/writedisable.........ccceeeveeirveecnennnn. default
01 Writeenable
10 Read enable
11 Read/write enable
3-2 ‘Memory Hole
00 NONE oo default
01 512K-640K
10 15M-16M (IM)
11 14M-16M (2M)
1 AO000/BO00 SMRAM Direct Access

O S = o [ default
1 Disable

0~ A000/BO00 DRAM Access
0 Disable.. i default
1 Enable

SMI Mapping Control

Bits SMM Non-SMM

1-0 Code Daa Code Data
00 DRAM DRAM PCI PCI
01 DRAM DRAM DRAM DRAM
10 DRAM PCI PCI PCI
11 DRAM DRAM - DRAM DRAM
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Device 0 Offset 64 - DRAM Timing for Banks 0,1 (ECh)RW Device 0 Offset 69 — DRAM Clock Select (00h).............. RW

Device 0 Offset 65 - DRAM Timing for Banks 2,3 (ECh)RW

Device 0 Offset 66 - DRAM Timing for Banks 4,5 (ECh)RW

SDRAM Settingsfor Registers 66-64
7  Precharge Command to Active Command Period
0 Tre=2T
1 TRP=3T e default
6 Active Command to Precharge Command Period
0 Tras=5T
1 TRASZ BT o default
54 CASLatency
00 1T
01 2T
10 3T
11 reserved
3 DIMM Type
0 Standard
1 Registered ....ccoooveievveiceiesece e default
2 ACTIVE Command to CMD Command Period
0 2T
1 3T
1-0 Bank Interleave
00 No Interleave........cocooeiveercitieneeenienenene default
01 2-way
10 4-way
11 Reserved

Device 0 Offset 68 - DRAM Control (00h) ......ceeeeeeeeee. RW
7 SDRAM Open Page Control
0 Always precharge SDRAM banks......... default
1 SDRAM banksremain active
6 Bank Page Control
0 Allow only pages of the same bank active. def.
1 Allow pagesof different banks to be active

5-4 Resarved ..o always reads 0
3 EDO Test Mode
0 Disable ... default
1 Enable
2 Burst Refresh
0 Disable....cocociiiviiieieeee default
1 Enable (burst 4 times)
1-0 System Frequency Divider ........ccooceieveieieenenne. RO

Bit 1 is latched from MAS8 and bit O is latched from
MA12 at the rising edge of RESET#.

00 CPU Frequency = 66 MHz

01 CPU Frequency =100 MHz

10 Autodetect

11 CPU Frequency = 133 MHz
Note: See also Rx69[7-6]

7 CPU Operating Frequency Faster Than DRAM
0 CPU SameAsor Equal to DRAM......... default
1 CPU Faster Than DRAM by 33 MHz

6 DRAM Operating Frequency Faster Than CPU
0 DRAM SameAsor Equal to CPU......... default
1 DRAM Faster Than CPU by 33 MHz

Rx68[1-0] Rx69[7-6] Rx69[0] CPU/DRAM
00 00 0 66/ 66 (def)
00 01 0 66/ 100t
00 01 1 66/ 133t
01 10 0 100/ 66
01 00 0 100/ 100
01 01 0 100/ 133t
10 10 0 133/ 100
10 00 0 133/133

TRx53[6] must also be set to 1 for DRAM > CPU

5" 256Mbit DRAM Support
0 Disable (pin AB22 isDCLKRD)........... default
1 Enable (pin AB22isMAA14)

4 DRAM Controller Command Register Output

0 Disable....coiiiriirreeee e default
1 Enable

3 . Fast DRAM Prechargefor Different Bank
0 Disable...cooicirern bt default
1 Enable

2 DRAM 4K Page Enable (64Mbit DRAM Only)
0 Disable....ooveiiiiirrcee s default
1 Enable

1 DIMM Type
0 Unbuffered........cooeoiiiieiiiiiees default
1 Registered

0 CPU/DRAM 66/ 133MHz Supportt
0 Disable....ccoviinriiirieeree e default

1 Enable (see dso bits 7-6)
TRx53[6] must also be set to 1 for DRAM > CPU
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Device 0 Offset 6A - Refresh Counter (000).....cceeeneeeeee.. RW Device 0 Offset 6C - SDRAM Control (00h).........cee.eeees RW

7-0 Refresh Counter (in units of 16 CPUCLKYS) 7-5 Resarved e always reads 0
00 DRAM Refresh Disabled ...........ccceeeee default 4  CKE Configuration

01 32 CPUCLKs
02 48 CPUCLKs
03 64 CPUCLKs
04 80 CPUCLKs
05 96 CPUCLKs

The programmed value is the desired number of 16-
CPUCLK units minus one.

Device 0 Offset 6B - DRAM Arbitration Control (01h) .RW
7-6 Arbitration Parking Policy
00 Park at last busowner ..........cccoeeeveeneennen. default
01 Park at CPU side
10 Park at AGP side

11 Reserved

5 Fast Read to Write turn-around
0 Disable ..o default
1 Enable

4  Memory Module Configuration...........cccceeeeuennee. RO
0 Normal Operation.............ceeeiiivnenenenn. default

1 Unused Outputs Tristated (CSB#, DQMB,
CKE, MA, DCLKO)
This bit is latched from MA7 at the rising edge of
RESET#.
3 MD Bus Second Level Strength Control
0 Normal dew rate control ..........ccceeuennne default
1 Moredew rate control
2 CASBusSecond Level Strength Control
0 Normal dew rate control ................ieeeee.. default
1 More dew rate control
1 AGPPad Slew Rate Control

1 Enable
0 Multi-Page Open
0 Disable (page registers marked invalid and no
page register update which causes non page-
mode operation)
1 Enable .. default

3

CSA = CSA, CSB = CSB,
CKEO=CKEO, CKE1 = CKE1
CSA = CSA, CSB = Float,
CSB = Float, MA = Float,
CKEO = CKEO, CKE1 = CKEO
CSA = CSA, CSB = CSB,
CKE3-2=CSA7-6

CKE5-4 = CSB7-6

CKE1 = GCKE (Globa CKE)
CKEO = FENA (FET Enable)

0 Rx6B[4]=0

X Rx6B[4]=1

1 Rx6B[4]=0

Fast TLB Lookup

2-0 SDRAM Operation Mode Select

000 Normal SDRAM Mode.........ccccovruenenne. default

001 NOP Command Enable

010 All-Banks-Precharge Command Enable
(CPU-to-DRAM cycles are converted
to All-Banks-Precharge commands).

011 MSR Enable
CPU-to-DRAM cycles are converted to
commands and the commands are driven on
MA[14:0]. The BIOS selects an appropriate
host address for each row of memory such that
the right commands are generated on
MA[14:0].

100 CBR Cycle Enable (if this code is selected,
CAS-before-RAS refresh is used; if it is not
selected, RAS-Only refresh is used)

101 Reserved

11x Reserved

Revision 0.2, January 31, 2001

Device O Register Descriptions



VNG ie e S3 | rarHics

VT8606/ Twister T

Device 0 Offset 6D - DRAM Drive Strength (00h)

Device 0 Offset 6E - Reserved (00h)

7 Reserved
6-5 Delay DRAM Read Latch
00 No Delay
01 0.5ns
10 1.0ns
11 15ns
Memory Data Drive (MD, MECC)
0 6mA
1 8mA
SDRAM Command Drive (SRASH, SCASH, SWE#H)
0 16mA
1 24mA
Memory Address Drive (MA, WE#)
0 16mA
1 24mA
CAS#Drive
0 8mA
1 12mA
RAS# Drive
0 16mA
1 24mA

Device 0 Offset 6F - Reserved (00h)
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PCIl Bus Control

These registers are normally programmed once at system
initialization time.
Device 0 Offset 70 - PCI Buffer Control (00h)................ RW Device 0 Offset 71 - CPU to PCI Flow Control 1 (00h) . RW
7 CPUto PCIl Post-Write 7  Dynamic Burst
0 Disable ... default 0 Disable...cooooeiiiirieeeeee e default
1 Enable 1 Enable (see note under bit-3 below)
6 PCl Master to DRAM Post-Write 6 ByteMerge
0 Disable ..o default 0 Disable...coiociiiieiveeee e default
1 Enable 1 Enable
5 Reserved always reads 0 5 TResarved e always reads 0
4  PCl Master to DRAM Prefetch 4  PCI 1/O Cycle Post Write
0 Enable....oiiieeeeee e, default 0 Disable....ccoiiiieieeeeeeeeeee e default
1 Disable 1 Enable
3 Enhance CPU-to-PCl Write 3 PCl Burst
0 Normal Operation ........ccceeveveveveereerennnn default 0 Disable.....ccvveereeiie e default
1 Reduce 1 cycle when the CPU-to-PCI buffer 1 Enable (bit7=1 will override this option)
becomes available after being full (PClI and bit-7 bit-3 Operation
AGP buses) 0 0 Every write goes into the write buffer and no
2 PCl Master Read Caching PCI. burst operations occur.
0 Disable ..o, default 0 1 If the write transaction is a burst transaction,
1 Enable the information goes into the write buffer and
1 Delay Transaction burst transfers are later performed on the PCI
0 Disable ..ol it default bus. If the transaction is not a burst, PCI write
1 Enable occursimmediately (after awrite buffer flush).
0 Save Device Stopped I dle Cycle Reduction 1. x Every write transaction goes to the write
0 Normal Operation...........c.cceeveveeecueruenens default buffer; burstable transactions will then burst
1 Reduce 1 PCI idle cycle when stopped by a on the PCI bus and non-burstable won't. This
slave device (PCI and AGP buses) isthe normal setting.
2 _ PCIl Fast Back-to-Back Write
0 Disable. i default
1 Enable
1 Quick Frame Generation
0 Disable....ccooiiiiiiie e default
1 Enable
0 1Wait State PCI Cycles
0 Disable...cocooiiiiiiieee e default
1 Enable
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Device 0 Offset 72 - CPU to PCI Flow Control 2 (00h) RWC Device 0 Offset 73 - PCI Master Control 1 (00h)........... RW
7 Retry Status 7  Reserved alwaysreads 0
0 Noretry OCCUITed ......ccovvvvreeeeeeeiereenn default 6 PCl Masgter 1-Wait-State Write
1 Retry occurred........cccocvvvvernnene write 1to clear 0 Zerowait state TRDY# response........... default
6 Retry Timeout Action 1 Onewait state TRDY # response
0 Retry Forever (record status only).......... default 5 PCl Masgter 1-Wait-State Read
1 Flush buffer for write or return al 1sfor read 0 Zerowait state TRDY# response........... default
5-4 Retry Limit 1 Onewait state TRDY# response
00 REtry 2timeS.....cccoovveeerereerereenieneeiens default 4 Reserved always reads 0
01 Retry 16times 3 Assert STOP# after PCI Master Write Timeout
10 Retry 4 times 0 Disable.....coooiiiiiicec default
11 Retry 64 times 1 Enable
3 Clear Failed Data and Continue Retry 2 " Assert STOP# after PCI Master Read Timeout
0 Flush the entire post-write buffer ........... default 0 Disable..iiiiecieeeee s default
1 When data is posting and master (or target) 1 Enable
abort fails, pop the failed data if any, and keep 1 LOCK#Function
posting 0 Disable....ccovveireeieiiricese e default
2  CPU Backoff on PCI Read Retry Failure 1 Enable
0 Disable ..o default 0 PCl Master Broken Timer Enable
1 Backoff CPU when reading data from PCI and 0 Disable......ccoiiiiiiiiecc default
retry fails 1 Enable. Forceinto arbitration when thereisno
1 ReducelT for FRAME# Generation FRAME# 16 PCICLK’s after the grant.
0 Disable ..o default ]
1 Enable Device 0 Offset 74 - PCI Master Control 2 (00h)........... RW
0 ReducelT for CPU read PCI dave 7 PCl Master Read Prefetch by Enhance Command
0 DiISADIE oot default 0 AlwaysPrefetCh..........coiiviiniiinnne. default
1 Enable 1 Prefetch only if Enhance command
6 - Reserved (Do Not Program).......ccc.cceeueee default =0
5 Resarved always reads 0
4  Dummy REQUESE ........cccvvtneninineneenens default =0
3 PCI Delay Transaction Timeout
0 Disable.....ioiiiiieiieeee e default
1 Enable
2 - Backoff CPU Immediately on CPU-to-AGP
0 Disable...cocooiiiiiiiee default
1 Enable
1-0 CPU/PCI Master Latency Timer Control
00 AGP master reloads MLT timer ............ default
01 AGP master falling edge reloads MLT timer
10 AGP master rising edge resets timer to 00 and
AGP master falling edge reloads MLT timer
11 Reserved (do not program)
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Device 0 Offset 75 - PCI Arbitration 1 (00h) .................. RW Device 0 Offset 76 - PCI Arbitration 2 (00h).........c........ RW
7  Arbitration M echanism 7 PCIl CPU-to-PCI Post-Write Retry Failed
0 PCl haspriority .....ccccoeevevrvseneeieciereenen default 0 Continueretry attempt .......cccceevevveiiennns default
1 Fair arbitration between PCl and CPU 1 Goto arbitration
6 Arbitration Mode 6 CPU Latency Timer Bit-0.......ccocoeeevrivneierinreen RO
0 REQ-based (arbitrate at end of REQ#)...default 0 CPU hasat least 1 PCLK time slot when CPU
1 Frame-based (arbitrate at FRAME# assertion) has PCI bus
5-4 Latency Timer ........... read only, reads Rx0D bits 2:1 1 CPU hasnotimeslot
3-0 PCI Master Bus Time-Out 5-4 Master Priority Rotation Control
(force into arbitration after a period of time) Ox Grant to CPU after every PCl master grant ......

0000 DiSablE ....cvvveeeeeeeiiiieieisieee s default def=00

0001 1x32 PCICLKs 10 Grant to CPU after every 2 PCl master grants

0010 2x32 PCICLKs 11 Grant to CPU after every 3 PCl master grants

0011 3x32 PCICLKs Setting Ox: the CPU will always be granted access

0100 4x32 PCICLKs after the current bus master completes, no matter how

many PCl masters are requesting.

1111 15x32 PCICLKSs Setting 10: if other PCl masters are requesting during
the current PClI master grant, the highest priority
master will get the bus after the current master
completes, but the CPU will be guaranteed to get the
bus after that master completes.

Setting 11: if other PCl masters are requesting, the
highest priority will get the bus next, then the next
highest priority will get the bus, then the CPU will
get the bus.
In other words, with the above settings, even if
multiple PCI masters are continuously requesting the
bus, the CPU is guaranteed to get access after every
master grant (01), after every other master grant (10)
or after every third master grant (11).
3-2 Select REQn to RQ4 mappin
00 REQZ ...ccoviimiiiiieesee e default
01 REQO
10 REQ1
11 REQ2
1 CPU-to-PCI QW High DW Read Access to PCI
Slave Allowed to be Backed Off
0 Disable.....cooviriiiiieeee e default
1 Enable
0 EnableRQ4 asHigh Priority Master
0 Disable...cooooeiiirieree e default
1 Enable
Device 0 Offset 77 - Chip Test Mode (00h) ..coceeeenenencnee. RW
7 Reserved (nofunction) .....ccccceeeveenene alwaysreads 0
6-0 Reserved (dONOt USE) .....coevveerveriecrieiennn default=0
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Device 0 Offset 78 - PMU Control | (00h) .......cccveveee..... RW Device 0 Offset 79 - PMU Control 2(00h) ...ocoeeeeeneeeen. RW
7 1/O Port 22 Access 7  CacheController Module Clock Dynamic Stop

0 CPU accessto I/0O address 22h is passed on to 0 Disable..iiiiecieeeeie e default
the PClI BUS......coveierceec default 1 Enable
1 CPU access to 1/0 address 22h is processed 6 DRAM Controller Module Clock Dynamic Stop
internally 0 Disable...iiiieeieeeee e default
6  Suspend Refresh Type 1 Enable
0 CBRRefresh.....oviieiiiccece, default 5 AGP Controller Module Clock Dynamic Stop
1 Sdf Refresh 0 Disable...coieiiceeiieeeeee e default
5 Reserved always reads 0 1 Enable
4  Dynamic Clock Control 4  PCIl Controller Module Clock Dynamic Stop
0 Normal (clock isawaysrunning) .......... default 0 Disable.....cooiiiiiicec e default
1 Clock to various interna functional blocks is 1 Enable
disabled when those blocks are not being used 3 Pseudo Power Good
3 Resarved always reads 0 0 Disable..iiiieceeieeie e default
2 GSTOP# Assertion 1 Enable
0 Disable (GSTOP#isdwayshigh.......... default 2 Indicate SIO Request to DRAM Controller
1 Enable (GSTOP# could be low) 0 Disable.....coociieeiresieneiinece e default
1 Resarved s always reads 0 1 Enable
0 Memory Clock Enable (CKE) Function 1-00 Reserved i always reads 0
0 CKE FunctionDisable.........ccccceieannen. default
1 CKE Function Enable
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Device 0 Offset 7A —Miscellaneous Control 1 (O0h) ...... RW Device 0 Offset 7B —Miscellaneous Control 2 (02h)...... RW
7 No Time-Out Arbitration for Consecutive Frame 7-2 Resarved always reads 0
Accesses 1 PCI Master AccessPMRDY Select
0 Enable....coiiiiieeee e default 0 Tall
1 Disable 1 Head .o default
6-5 Reserved alwaysreads 0 0 PCI BusOperating Freq......... strapped from MA5
4 Invalidate PClI / AGP Buffered (Cached) Read 0 B3MHZ.oieceeee s default
Datafor CPU to PCI / AGP Accesses 1 66MHz
0 Disable ..o default
1 Enable )
3 Background PCl-to-PCl Write Cycle M ode Device 0 Offset 7TE —PLL Test Mode (OOh) .................... RW
0 DiSADIE ..o, default 7-6 Reserved (Status) ..o RO
1 Enable 5-0 " Reserved (do NOt USE) .....covvvereereenieneeieens default=0
2-1 Resarved e alwaysreads 0 .
0  South Bridge PCI Master Force Timeout When Device 0 Offset 7F —PLL Test Mode (00h)..................... RW
PCI Master Occupancy Timer |sUp 7-0 Reserved (O NOt USE) ..ctueveveeeneeiecnieiennn default=0
0 Disable ... default
1 Enable
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GART / Graphics Aperture Control

The function of the Graphics Address Relocation Table
(GART) is to trandate virtual 32-bit addresses issued by an
AGP device into 4K -page based physical addresses for system
memory access. In this trandation, the upper 20 bits (A31-
A12) are remapped, while the lower 12 address hits (A11-AQ)
are used unchanged.

A one-level fully associative lookup scheme is used to
implement the address trandation. In this scheme, the upper
20 hits of the virtual address are used to point to an entry in a
page table located in system memory. Each page table entry
contains the upper 20 bits of a physical address (a "physical
page" address). For simplicity, each page table entry is 4
bytes. The total size of the page table depends on the GART
range (called the "aperture size") which is programmable in
the TwisterT.

This schemeis shown in the figure below.

31 1211 0
Virtual Page Address | PageOffset |
index
TLB Base
*|  PageTable |
31 1211 0
| Physical Page Address | PageOffset |

Figure 3. Graphics Aperture Address Tranglation

Since address trandation using the above scheme requires an
access to system memory, an on-chip cache (called a
"Trandation Lookaside Buffer" or TLB) is utilized to enhance
performance.  The TLB in the TwisterT contains 16 entries.
Address "misses’ in the TLB require an access of system
memory to retrieve translation data. Entries in the TLB are
replaced using an LRU (Least Recently Used) algorithm.

Addresses are trandated only for accesses within the
"Graphics Aperture” (GA). The Graphics Aperture can be any
power of two in size from 1MB to 256MB (i.e., IMB, 2MB,
4MB, 8MB, etc). The base of the Graphics Aperture can be
anywhere in the system virtual address space on an address
boundary determined by the aperture size (e.g., if the aperture
size is 4MB, the base must be on a 4MB address boundary).
The Graphics Aperture Base is defined in register offset 10 of
device 0. The Graphics Aperture Size and TLB Table Base
are defined in the following register group (offsets 84 and 88
respectively) along with various control bits.

VT8606/ Twister T
Device 0 Offset 83-80 - GART/TL B Control (00000000h) RW
31-16 Resarved e always reads 0
15-8 Reserved (test mode status) ......c.ccoeeeeeeevevenenne. RO
7 Flush PageTLB
0 Disable. ..o default
1 Enable
6-4 Reserved (alwaysprogramto0)......ccccocvverennene RW

3 PCI Master Address Translation for GA Access
0 Addresses generated by PClI Master accesses

of the Graphics Aperture will not be transateddefault

1 PCl Master GA addresses will be trandated
2 " AGP Master Address Trandation for GA Access
0 Addresses generated by AGP Master accesses

of the Graphics Aperture will not be trandateddefault

1 AGP Master GA addresses will be transated
1 CPUAddressTrandation for GA Access
0  Addresses generated by CPU accesses of the
Graphics Aperture will not be trandlated ..... def
1 CPU GA addresses will be trandated
0 AGP Address Translation for GA Access
0 Addresses generated by AGP accesses of the
Graphics Aperture will not be trandated ..... def
1. AGP GA addresses will be trandated

Note: For any master access to the Graphics Aperture range,
snoop will not be performed.

Device 0 Offset 84 - Graphics Aperture Size (00h)......... RW
7-0 Graphics Aperture Size
11111111 1M 1111000 16M
11111110 2M 1110000 32M
11111100 4M 11000000 64M
11111000 -8M = 10000000 128M
00000000 256M

Offset 8B-88 - GA Trandation Table Base (00000000h) RW

31-12 Graphics Aperture Trandation Table Base
Pointer to the base of the trandation table in system
memory used to map addresses in the aperture range
(the pointer to the base of the "Directory" table).

11-3 Resarved o always reads 0

2 PCl Master Directly Accesses DRAM if in GART
Range

Note: To disable the Graphics Aperture, set this bit to
0 and set al bits of the Graphics Aperture Size to 0.
To enable the Graphics Aperture, set this bit to 1 and
program the Graphics Aperture Size to the desired
aperture size.

0 Reserved always reads 0
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AGP Contral Device 0 Offset AC - AGP Control (00h).....ccceeeeeeene.. RW
7  AGPDISable.....ccocciiiiiece e RO
Device 0 Offset A3-A0 - AGP Capability | dentifier 0 Disable...cocooeiiirienee e default
(00200002N) RO 1 Enable
31-24 Reserved oo, alway's reads 00 This bit is latched from MA9 at the rising edge of
23-20 Major Specification Revision .....always reads 0010 RESET#.
Major rev # of AGP spec that device conformsto 6 AGP Read Synchronization
19-16 Minor Specification Revision ..... alway's reads 0000 O Disable....oooiiiiieeie e default
Minor rev # of AGP spec that device conformsto 1 Enable
15-8 Pointer to Next Item........always reads 00 (last item) 5 AGP Read Snoop DRAM Post-Write Buffer
7-0 AGPID .. (always reads 02 to indicate it is AGP) 0 Disable....ccoiiiiieieeeee e default
1 Enable
Device 0 Offset A7-A4 - AGP Status (1F000207h)........... RO 4  GREQ# Priority Becomes Higher When Arbiter is
31-24 Maximum AGP Requests.............. always reads 1F¥ Parked at AGP M aster

Max # of AGP requests the device can manage (32)
T See also RxFC[1] and RxFD[2-0]

23-10 RESEIVEd oo always reads Os
9 Supports SideBand Addressing ........ alwaysreads 1
8-6 ReSEIVEd .o always reads 0s
5 4G Supported ... (can be written at RXAE[5]

4  Fast Write Supported .... (can be written at RXAE[4]

3 Reserved always reads 0s

2 4X Rate Supported........ (can be written at RXAE[2])

1 2X Rate Supported........ (can be writtenat RXAC[3])

0 1X Rate Supported........ccccoriiienieean. aways reads 1

Device 0 Offset AB-A8 - AGP.Command (00000000h) ..RW
31-24 Reguest Depth (reserved for target)...always reads 0s
23-10 Reserved i always reads 0s

9 SideBand-Addressing Enable
0 Disable ..ot i, default
1~ Enable

8 AGPEnable
0 Disable....ooiiiiesii e default
1 Enable

7-6 Reserved

5 4G Enable

1 Enable
4  Fast Write Enable

1 Enable
Reserved
4X Mode Enable
O Dishle..ciecicciicecece e default
1 Enable
1 2X ModeEnable

N W

0 Disable...cocooiiiieieree e default
1 Enable

3  2X Rate Supported (read aso at RxA4[1])
0 Not supported ......cceveverrseeeeeesie s default
1 Supported

2~ LPR In-Order Access (Force Fence)

0 Fence/Flush functions not guaranteed. AGP
read requests (low/normal priority and high
priority) may be executed before previously
issued Write reqUESES. ......cccceeeeeeereenenne default

1 Force al requests to be executed in order
(automatically enables Fence/Flush functions).
Low (i.e., normal) priority AGP read requests
will never be executed before previously
issued  writes.  High priority AGP read
requests may <ill “be executed prior to
previously issued write requests as required.

1 AGP Arbitration Parking

1 Enable (GGNT# remains asserted until either
GREQ# de-asserts or data phase ready)
0 AGP.to PClI Master or CPU to PCI Turnaround
Cycle
0 2T or 3T TIMING .ccoeeeeeererirveeereeeeneens default
1 1T Timing
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Device 0 Offset AD —AGP Latency Timer (02h)............ RW Device 0 Offset CO — Power M anagement Capability IDRO
7-5 Reserved e alwaysreads 0 7-0  Capability ID ..ooceeeeveeireeeie always reads 01h

4  ChooseFirst or Last Ready of DRAM ] )
0 Lastready choSen.......cccccoevvvevececiennnnn, default Device 0 Offset C1 — Power Management New Pointer.. RO
1 First ready chosen 7-0 New Pointer ......... always reads 00h (“Null” Pointer)
30 AGP DataPhasel atency Timer....... default = 02n Device 0 Offset C2 — Power Mgmt Capabilities|............ RO

Device 0 Offset AE — AGP Miscellaneous Control (00h)RW

7-6 Reserved . always reads 0
5 4G Supported
0 4G not SUpported.......ccccvvvveeeeeeeeesennnn, default
1 4G supported
4  Fast Write Supported

0 Fast Write not supported...........ccccveeenee. default
1 Fast Write supported
3 Resarved always reads 0
2 4x Rate Supported
0 4x Rate not supported...........cccceevrenrennn default
1 4x Rate supported
1-0 Reserved e always reads 0

Device 0 Offset BO — AGP Pad Control / Status (8xh)....RW
7 AGP 4x Strobe VREF Control
0 STB VREFisSTB# and vice versa
1 STBVREFISAGPREF........ccoovene. default
6 AGP 4x Strobe & GD Pad Drive Strength
0 Drive strength set to compensation  circuit

1 Drive strength controlled by RxB1[7-0]
5-3 AGP Compensation Circuit N Control Output.RO
2-0 AGP Compensation Circuit P Control Output .RO

Device 0 Offset B1 — AGP Drive Strength (63h)..c.......... RW

7-4 AGP Output Buffer Drive Strength N Ctrl ...def=6
3-0 -AGP Output Buffer Drive Strength P Ctrl....def=3

Device 0 Offset B2 — AGP Pad Drive & Delay Ctrl (00h)RW

7-0 Power Management Capabilities..always reads 02h
Device 0 Offset C3 — Power Mgmt Capabilities|| .......... RO

7-0 Power Management Capabilities..aways reads 00h
Device 0 Offset C4 — Power Mgmt Control / Status....... RW

7-2 Reserved always reads 0
1-0 Power State
00 DO e default
01 -reserved-
10 -reserved-
11 D3 Hot
Device 0 Offset C5 = Power M anagement Status............ RO
7-0  Power Management Status............ always reads 00h

Device 0 Offset C6 — PCl-to-PCl Bridge Support Ext....RO

7-0 P2PBridge Support Extensions....aways reads 00h

Device 0 Offset C7 — Power Management Data.............. RO

7-0 . Power Management Data ............: aways reads 00h
Device 0 Offset EO —M iscellaneous Control (00h)......... RW

7 GD/GDS/GDSH#/GBE Pad Contral ......... default =0
SA/SBS GD/GBE/GDS
0 VDDQ=15V: Normal Normal
VDDQ=3.3V: Delayed Normal
1 VvDDQ=15V: Norma Delayed
VDDQ=3.3V  Delayed Delayed
6-5 Reserved . always reads 0
4  GD[31:16] Output Stagger Delay
O T N[0 X0 (= - def
1 Delay GD[31:16] by 1 ns
31 Resaved e always reads 0
0 GDSOutput Delay
0 Nodeay...coooovvivveeirieeee e def

1 Delay GDSby 400 ps
(GDS & GDS# will be delayed 1 ns moreiif bit-4 = 1)

7 AGP Pad Power Down

O Disable..ieciiiiie e default
1 Enable
6 Reserved (DoNot Program) ..........ccccee.. default=0
5 Internal Graphics AGP/PCI Concurrent
0 Disable...ccooieiieieeseeee e default
1 Enable
4  CKEDrive SHECt ...ccccceecvvvrvinsieeeeeienins default=0

3-1 Bank Where Frame Buffer IsLocated ....default=0
0 - Latch DRAM Data Using
0 Internal DRAM DCLK .....coceeevrevvirennn. default
1 External Feedback DRAM DCLK
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Device 0 Offset EO — Miscellaneous Control (00h).......... RW

Device 0 Offset FA — CPU Direct Access FB Base (00h) RW

7 AGP Pad Power Down

(O N[0 T4 7= | R default
1 Power Down
6 Reserved (Do Not Program)........cccceu..... default =0
5 Internal Graphics
0O Disable..cceiiceecei e default
1 Enable (& allow CPU-AGP concurrent access)
4 CKEDriveSalect ..cocceeeecveeeeeceeeveenen, default =0
3-1 FrameBuffer Bank
000 FB locatedinbank O ..........cccoveeveiiveeeennes default
001 FB located in bank 1
010 FB located in bank 2
011 FB located in bank 3
100 FB located in bank 4
101 -reserved-
11x -reserved-
0 Latch DRAM Data Using
0 Internal DRAM DCLK ....cccccovervieienne default
1 External Feedback DRAM DCLK
Device 0 Offset F7-FO —BIOS Scratch Reqgisters........... RW
7-0 Nohardwarefunction..........cccceevveeesienne. default =0

7-4  AGP Timer (unitsof 4 MCLKS)...co.......... default =0
3-0 Host CPU Timer (unitsof 4 MCLKS)...... default =0

Device 0 Offset F9 — VGA Arbitration Timers (00h) ....RW
7-4 VGA High Priority Timer (unitsof 16 MCLKs)def=0

7-0 CPU Direct Access FB Base Addresg[28:21] ..def=0

Device 0 Offset FB — Frame Buffer Size (00h) ............... RW
7 VGA

6-4 FrameBuffer Size
(000 Lo o [T default
001 Reserved
010 Reserved
011 8MB
100 16MB
101 32MB
11x -reserved-
3  CPU Direct Access Frame Buffer

1 Enable
2-0 CPU Direct Access FB Base Addresg[31:29] ..def=0

Device 0 Offset FC —Back Door Control 1 (00h)........... RW

T-4  Priority TiMer . ..o default =0
3-2 Reserved (Do Not Program) ........c.ccceeeeee. default =0
1 Back-Door Max # of AGP Requests........ default =0
0 Read of RxA7 always returns a value of 1Fhdef

1 Read of RXA7 returns the value programmed

in RxFD[2-0]

0 - Back-Door DevicelD Enable................... default =0
0 Use Rx3-2 value for Rx3-2 readback .... default

1" Use RxFE-FF Back-Door Device ID for Rx3-2

3-0 VGA Timer (unitsof 16 MCLKS) ............ default =0 read
Device 0 Offset FD — Back-Door Control 2 (Q0h)............ RW
7-5 Reserved | i always reads 0
4-0 Max#of AGPRequests.......cccoeeereniennn default =0
(see dso RxA7 and RxFC[1])
Device 0 Offset FF-FE — Back-Door Device | D (0000h) RW
15-0 '‘Back-Door DeviceID......cccoceeeveercrerecreennne default=00
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Device 1 Register Descriptions

Device 1 Header Reqgisters- PCl-to-PCIl Bridge

All registers are located in PCl configuration space. They
should be programmed using PCI configuration mechanism 1
through CF8 / CFC with bus number of 0 and function number
equal to 0 and device number equal to one.

Device 1 Offset 7-6 - Status (Primary Bus) (0230h)..... RWC
15 Detected Parity Error alwaysreads 0
14 Signaled System Error (SERR#) alwaysreads 0
13 Signaled Master Abort

0 No abort recalved.......ccccovevrineinennncns

1 Transaction aborted by the master with
Master-Abort (except Special Cycles)

write 1 to clear

12 Received Target Abort
Device 1 Offset 1-0 - Vendor ID (1106h) ..ooocoeveveiecececeneees RO 2 _Il\_lo ag;)g_ recgl;/ectjedbthtet """ _ th'?efaglt
15-0 1D Code (reads 1106h to identify VIA Technologies) A’;:‘rt 1on aborted by the tar gwr‘i’tv'e 1 toa{: ?ear
Device 1 Offset 3-2 - Device ID (8605h) .....ovvvcvveeeeeee.. RO 11 © Signaled Target AbOrt.........covevvvvvens, always reads 0
15-0 ID Code (reads 8605h to identify the TwisterT PCI- 10-9 D%B/SE;: Timing
to-PCl Bridge device
@9 ice) 01 Medium......ccooveiiviieeenereseaens aways reads 01
Device 1 Offset 5-4 — Command (0007h) .....ocovvevercecncenee. RW 10 Slow
15-10 RESEIVEd v always reads 0 11 Reserved
9 Fast Back-to-Back Cycle Enable.............. y ........ RO 8 _DataParity Error Detected............... aways reads 0
0 Fast back-to-back transactions only allowed to g LFJaSt BDae(;!(-;%IBaFCk Capable............. :ways rgsg
the Same agent ..........c.ceeeeeveceeceeverensiiin.s default ser Definable Features.................... ways reads
1 Fast bac%to_back transactions - alowed to 5 66MHz Capable ........ s RREEIECIE aIWayS reads 1
different agents 4  Supports New Capability list............. alwaysreads 1
8 SERR#ENGDI........rrmrereereesstiineaseesssssssss RO 30 Reserved . always reads 0
(1) ggggz g:zz g:]?bﬁg """""""""""""" defay Device 1 Offset 8 - Revision ID (00N) ..o, RO
(SERR# iis used to report parity errorsif bit-6s set). 7-0. Twister T Chip Revision Code (00=First Silicon)
7 Adgre%s/ Data Stepdplngs.i """ s Y A R(I?[ Device 1 Offset 9 - Programming Interface (0h)........... RO
1 Dg’:gﬁ ;%ergff% ;pp' r:?] """""""""" a This register is defined in different ways for each Base/Sub-
6 Parity Error Resp)c/mse epping RW Class Code value'and is undefined for this type of device.
0 Ignore parity errors & continue.............. default 7-0  Interface ldentifier ...........ccceennene always reads 00
1 Take normal action on detected parity errors ¢
5 VGA Bhlette Snoop Mot Supported).r.)......)./ ......... Ro  Deviced Offset A <Sub Class Code (04h) v RO
0 Treat palette accesses normally.............. default 7-0  Sub Class Code.reads 04 to indicate PCI-PCI Bridge
1 (Don'bt rdespo(r;d :co /palac‘ajt(tje Wi Syon PClh bL)'S Device 1 Offset B - Base Class Code (06h) RO
10-bit decode of 1/0 addresses 3C6-3C9 hex P e ,
4 Memory Writeand Invalidate Command ......... RO 70 BaseClass Code.. reads 06 to indicate Bridge Device
‘1) EUS mief S Must usg Matemmwrlt\e/\'/':i"'édff al;'lt Device 1 Offset D - Latency Timer (00h) ..ooo.occovveciiee.. RO
us masters may generate Mem Write & Inv |
3 Special Cycle MOMILOFNG oo RO 7-0 Reserved always reads 0
0 Does not monitor special cycles........... default | Device 1 Offset E - Header Type (01h) oo RO
1 Monitorsggegglcycles 7-0  Header Type Code........... reads 0L: PCI-PCI Bridge
2 BUSMASIEN ..o RW
0 Never behaves as a bus master Device 1 Offset F - Built In Self Test (BIST) (00h) ......... RO
1 Enable to operate as a bus master on the 7  BIST Supported....... reads 0: no supported functions
primary interface on behalf of a master on the 6 StartTest ... write 1 to start but writesignored
secondary interface ... default 54 RESEIVE oo, always reads 0
1 Memory SPacCe.....ccccooerierreierieesees e RW 3-0 Response Code......... 0 = test completed successfully
0 Does nhot respond to memory space
1 Enable memory space acCess ................ default
0 /O SPACE o RwW
0 Does not respond to 1/0 space
1 Enable!/O space access ......cccceoeeeereenen. default
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Device 1 Offset 18 - Primary Bus Number (00h)............ RW Device 1 Offset 3F-3E — PCI-to-PCI Bridge Control

7-0  Primary BusNumber ......c.ccoceeveveenenne default =0 (0000R) i, RW
This register is read write, but internally the chip always uses 15-4 Resarved e always reads 0

bus 0 asthe primary.

Device 1 Offset 19 - Secondary Bus Number (Q0h)......... RW

7-0 Secondary Bus NUMber .........cccoceveuerieneee default =0
Note: AGP must use these bits to convert Type 1 to Type 0.

Device 1 Offset 1A - Subordinate Bus Number (00h).....RW

7-0 Primary BusNUumber ........cccocevvnvienienne. default =0
Note: AGP must use these bits to decide if Type 1 to Type 1
command passing is allowed.

Device 1 Offset 1B — Secondary Latency Timer (00h) ....RO

7-0 Reserved .o always reads 0
Device 1 Offset 1C - 1/O Base (fON) ..o RW
7-4  1/0Base AD[15:12] ...cocvvverereririinnes default = 1111b
3-0 1/O Addressing Capability .......c.ccceenee. default =0
Device 1 Offset 1D - 1/O Limit (00h)....ccoeeiiciitiineeee, RW
7-4  1/O Limit AD[15:12] .ocevniniriririreieiciniias default =0
3-0 1/O Addressing Capability ........ccoineee. default=0
Device 1 Offset 1F-1E - Secondary StatuS.......c.oceveeeeieeee RO

15-0 Secondary Status
Rx44[4] = 0: these hits read back 0000h
Rx44[4] = 1: these bitsread back same as Rx7-6

Device 1 Offset 21-20 - Memory Base (fffOh) .................. RW
15-4 Memory Base AD[31:20] .....cceeeveneee default = FFFh
30 Resarved e always reads 0

Device 1 Offset 23-22 - Memory Limit (Inclusive) (0000h) RW.
15-4 Memory Limit AD[31:20]........ccceciierin.. default =0
3-0 Resarved i aways reads 0

Device 1 Offset 25-24 - Prefetchable Memory Base (fffoh) RW

15-4 Prefetchable Memory Base AD[31:20]default = FFFh
30 Reserved i always reads 0

Device 1 Offset 27-26 - Prefetchable M emory L imit

(0000N) ittt RW
15-4 Prefetchable Memory Limit AD[31:20] . default =0
30 Resarved e always reads 0

Device 1 Offset 37-34 - Capability Pointer (00000080h) .RO
Contains an offset from the start of configuration space.

31-0 AGP Capability List Pointer ......... always reads 80h

3  VGA-Present on AGP
0 Forward VGA accessesto PCl Bus....... default
1 Forward VGA accessesto AGP Bus
Note: VGA addresses are memory A0000-BFFFFh
and 1/0O addresses 3B0-3BBh, 3C0-3CFh and 3DO-
3DFh (10-bit decode). "Mono" text mode uses
B0000-B7FFFh and "Color" Text Mode uses B8000-
BFFFFh. Graphics modes use Axxxxh. Mono VGA
uses /0 addresses 3Bx-3Cxh and Color VGA uses
3Cx-3Dxh. If an MDA is present, a VGA will not
use the 3Bxh /O addresses and B000O-B7FFFh
memory space; if not, the VGA will use those
addresses to emulate MDA modes.
2 Block/Forward |SA 1/0O Addresses
0  Forward al /O accesses to the AGP bus if
they are in the range defined by the I/O Base
and 1/O Limit registers (device 1 offset 1C-
1D)

1 Do not forward I/O accesses to the AGP bus
that are in the 100-3FFh address range even if
they are in the range defined by the I/0O Base
and 1/O Limit registers.

1-0 Reserved ., always reads 0
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Device 1 Configuration Registers - PCl-to-PCIl Bridge

AGP Bus Control

Device 1 Offset 40 - CPU-t0-AGP Flow Control 1 (00h) RW

Device 1 Offset 41 - CPU-t0-AGP Flow Control 2 (00h) RW

7 CPU-AGP Post Write 7 Retry Status
0 Disable ..o default 0 Noretry OCCUrred.....c.covvvvvvvereereeiennns default
1 Enable 1 Retry Occurred ......cceevevvviennne write 1to clear
6 CPU-AGP Dynamic Burst 6 Retry Timeout Action
0 Disable ..., default 0 No action taken except to record status....... def
1 Enable 1 - Flush buffer for write or return al 1sfor read
5 CPU-AGP OneWait State Burst Write 5-4 / Retry Count
0 Disable ..., default 00 Retry 2, backoff CPU .......ccccoeveeeiinenen. default
1 Enable 01 Retry 4, backoff CPU
4 AGPtoDRAM Prefetch 10 Retry 16, backoff CPU
0 Disable ..o default 11 Retry 64, backoff CPU
1 Enable 3  Post Write Data on Abort
3 CPUto AGP Post Write 0 Flush entire post-write buffer on target-abort
0 Disable ... default or master abort........cocuveverenennerenenenns default
1 Enable 1 Pop one data output on target-abort or master-
2 MDA Present on AGP abort
0 Forward MDA accessesto AGP............ default 2 CPU Backoff on AGP Read Retry Timeout
1 Forward MDA accessesto PCI 0 Disable....cooiiiiieee e default
Note: Forward despite |O / Memory Base/ Limit 1 Enable
Note: MDA (Monochrome Display Adapter) 1-0 Reserved . always reads 0
addresses are memory addresses B0OOOOh-B7FFFh ]
and 1/0 addresses 3B4-3B5h, 3B8-3BAh, and 3BFh Device 1 Offset 42 - AGP Master Control (00h)............. RW
(10-bit decode). 3BC-3BE are reserved for printers. 7 Read Prefetch for Enhance Command
Note: If Rx3E bit-3 is 0, this bit is a don't care (MDA 0 Always Perform Prefetch....................... default
accesses are forwarded to the PCI bus). 1 Prefetch only if Enhance Command
1 AGP Master Read Caching 6 AGP Master One Wait State Write
O DiSADIC oottt default 0 Disable..iiiiiiiiiiccii default
1 ~Enable 1 Enable
0 AGP Delay Transaction 5 AGP Master One Wait State Read
0 DiSAIE ...cioveeriireiireieieie e default 0 Distble....ciiii, default
1 Enable 1~ Enable
. . 4 Extend AGP Internal Master for Efficient
Table8. VGA/MDA Memory/lO Redirection Handling of Dummy Request Cycles
3E1311 40021 [V GA IMDA Axoox. ] BOOOO | 3Cx. 0 Disable.....ccooiiiiiiesee e default
VGA |MDA| is | is |B8xxx |-B7FFF|3Dx | 3Bx 1 Enable
Pres. | Pres. | on | on | Access| Access| 1/0 | 1/0 X Tgs b|te||s normally se_t to 1..
0 . pCl T pci | Pai Bcl 1 PCl | POl A 0P DDisageransacnon Timeout sefait
1 0 TaceTacPl AcP T AcP [AcP AGE 0 DI
L 1 |AGP| PCl | AGP | PCI |AGP] PCI 2 Prefetch Disable when Delay Transaction
Occurred
0 Normal operation.........cccceeevveeieeieeriennnns default
1 Disable prefetch when doing fast response to
the previous delay transaction or doing read
caching
1 Resarved e always reads 0
0 Shorten AGP Master to TRFCTL
0 Disable...cooeiieieiieeeeceeee e default
1 Enable
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Device 1 Offset 43 - AGP Master Latency Timer (00h) RW Rx45 CPU Write CPU Write

7-4 Host to AGP Timedot
0 Disable (NOtimer) ...ccceevvvveeeeereeieseenn, default
1 16 GCLKs
2 32GCLKs

F 128 GCLKs
3-0 AGP Master Time Slot
0 Disable (N0 timer) ...cccooeveeerieeicereene, default
1 16 GCLKs
2 32GCLKs

F 128 GCLKs

Device 1 Offset 44 — Backdoor Register Control (00h) ..RW

7-5 Resarved e always reads 0
4  Secondary Status Access
0 Rx1F-1Eread 0000h........ccocvrevvrreruennns default
1 Rx1F-1E read same as Rx7-6

3 Back Door Register for Rx83[2], D2 Support
2 Back Door Register for Rx83[1], D1 Support
1 Back Door Register for Rx82[5], Device Specific
Initialization
0 Back Door Register
0 Disable ... default
1 Enable
Device 1 Offset 45 — Fast Write Control (72h)......cc........ RW

7 ForceFast Write Cycleto be QW Aligned
(if Rx45[6] = 0)
0 Disable ...t default
1 Enable
6 Merge Multiple CPU Transactions Into One Fast
Write Burst Transaction
0 Disable
1 Enable....iviiiieec i default
5 Merge Multiple CPU Write Cycles To Memory
Offset 23-20 Into Fast Write Burst Cycles
(if Rx45[6] = 0)

Bits Address Address

7-4 inMeml inMem2 Fast Write Cycle Alignment
x1xx - - QW aligned, burstable
0000 - - DW aligned, nonburstable
x010 0 0 n‘a
0010 0 1 DW aligned, non-burstable
x010 1 - QW aligned, burstable
x001 0 0 n‘a
x001 - 1 QW aligned, burstable
0001 1 0 DW aligned, non-burstable
x011 0 0 n‘a
x011 1 - QW aligned, burstable
x011 0 1 QW aligned, burstable
1000 - - QW aligned, non-burstable
1010 0 1 QW aligned, non-burstable
1001 1 0 QW aligned, non-burstable

Device 1 Offset 47-46 = PCl-to-PCI| Bridge DeviceID .. RW

15-0 PCI-to-PCI Bridge DevicelD............ default = 0000
Device 1 Offset 80 — Capability ID (01h) .ooevevenneeeneen. RO
7-0  Capability ID ..ccooeiereeeeesitaiines always reads 01h
Device 1 Offset 81 — Next Pointer (00h) .c....ceeeenveeeneene RO
7-0  Next Pointer: Null.........cccionvenenene always reads 00h

Device 1 Offset 82 — Power M gmt Capabilities 1 (02h) .. RO

7-0 - Power Mgmt Capabilities.............. always reads 02h
Device 1 Offset 83 — Power Mamt Capabilities 2 (00h) .. RO

7-0 Power Mgmt Capabilities.............. always reads 00h

0 Disable )
= & IS defauly ~ Devicel Offset 84 — Power Mgmt Ctrl/Status (O0)...... RW
4 Merge Mul“ple CPU erte Cycles To 7'2 Re%rved ........................................ alWayS I‘eadSO
Prefetchable Memory Offset 27-24 Into Fast 1-0 Power State
Wr|te Burg Cycles(|f Rx45[6] = O) 00 DO .................................................... default
0 Disable 01 -reserved-
1 ENBDIC..oovoeeeeeeeeesesees i default 10 -reserved-
I === 0 V2='c I always reads 0 11 D3 Hot
2 Fast Write Burst 4T Max (No Slave Flow Control) .
. Device 1 Offset 85— Power Mgmt Status (00h)............... RO
0 Disable ..., default
1 Enable 7-0  Power Mgmt Status.........cceevevrceeceerverennen, default = 00
1 Fagt WE;i';‘:bIF:S‘ Back to Back Device 1 Offset 86 — P2P Br. Support Extensions (00h) . RO
1 Enable..iee default 7-0 P2P Bridge Support EXeNSions............ defauilt = 00
0 Fa,'(s)t WDr'ISt:Inmal Block 1 Wait State defa Device 1 Offset 87 — Power Management Data (O0h) ..... RO
ISADIE . au _
1 Enable 7-0 Power Management Data.........ccccceeveenen. default = 00
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FUNCTIONAL DESCRIPTION - INTEGRATED SAVAGE4 GRAPHICS

Configuration Strapping

Certain TwisterT graphics functions have options that must be
selected and fixed at reset (before the register bits controlling
these functions can be programmed by software). This is
accomplished via power-on configuration strapping.

The strapping pins are pulled low internally and can be
individually pulled high through 10 KOhm resistors. These
pull-ups and pull-downs do not affect normal operation of the
pins, but they do force the pins to a definite state during reset.
At the rising edge of the reset signal, this state is sampled, the
result is inverted and the data loaded into the CR36, CR37,
CRBO and CRFO registers. The data is used for system
configuration. The definitions of the strapping bits at the
rising edge of the reset signal are shown in Table 9. Non-
graphics straps are described in the pin descriptions for the
MA signalsin Table 1.

Pin Ball # | CR Bit(s) | Description
Name Value
MA4 | AB24 | CR36[0] PCI Interrupt
1 Disable INTA# claim (O0H in PCI3D)
0 Enable INTA# claim (01H in PCI3D)
MA3 AB25 CR36[4] 10 Disable
1 Disable 1/0 access PCI04[0] ignored
0 Enable 1/0 access via PCI04[0] = 1.
MA2 | AB26 | CRBO[7] | PCI Base AddressMapping
1 Address Mapping 1
0 Address Mapping 0 (PCI10, 14) (16M
assigned to PCI0; 128M assigned to
PCl14)
MA14 | AF25 | CRFO[3] | OEM-Defined Pandl Type
MA13 | AE25 | CRFO[2]
MA1l | AB23 | CRFO[1]
MAO | AA23 | CRFO[0]
Table9. Definition of Strapping Bits at the Rising
Edge of the Reset Signal

Important Note: As described above, the signal levels on the
strapping pins are inverted before being latched in the various
strapping bit registers. Since the strapping pins all have
internal pull-downs, the default values for each of the
strapping bitsis 1. The value latched at reset can be changed
to 0 by adding an externa pull-up to the appropriate pin.
After reset, the strapping bits are written and read normally,
i.e., thereisnoinversion of the register values.

PCI Configuration and | ntegrated AGP

PCI Configuration

The TwisterT graphics Vendor ID register (Index O0H) in the
PCI Configuration space is hardwired to 5333H to specify S3
Incorporated as the vendor. The Device ID register is
hardwired to 8DO1H.

Bits 10-9 of the Status register (Index 06H) are hardwired to
01b-to specify medium DEVSEL timing. The Class Code
register (Index 08H) is hardwired to 30000xxH to specify that
the TwisterT isaVGA compatible device.

There are two MMIO address mappings, as determined by the
state of CRBO[7]. By default, CRBO[7] = 1, which selects
Mapping 0. This uses the PCl base addresses specified by
PCI10 and PCI14. 16 Mbytes of address space is claimed by
PCI10 and 128 Mbytes of address space is claimed by PCl14.
If the MA4 pin is strapped high at reset, a O is latched in
CRBO[7] and selects Mapping 1. This uses base addresses
PCI10 (same as Mapping 0), PCI14 (redefined from Mapping
0 to claim 16 Mbytes) and adds PCI18, PCI1C, PCI20 and
PCl24, each claiming 16 Mbytes. Thus, Mapping 1 allows the
address space claimed to be broken up into smaller blocks, as
required by some operating systems. The Base Address O
register (Index 10H) defaults to address 7000 0000H. Thisis
the relocatable base address for memory-mapped 1/O register
accessing.

PCI06[4] is hardwired to 1 to indicate a capabilities list is
available. PCI34[7-0] point to the PCl power management
registers starting at offset DC. The basic power states (DO-
D3) are supported as explained by the PCI Bus Power
Management Interface Specification, Revision 1.1.
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PCl Subsystem D

The Subsystem ID and Subsystem Vendor ID are located in a
32-bit read only register at PCl Configuration Space Index 2C.
These registers reflect the content of 4 read/write CR registers
asfollows:

CR PCI Configuration
Register Space Space

Subsystem Vendor ID Low Byte | CR81 Index 2CH

Subsystem Vendor ID High CR82 Index 2DH

Byte

Subsystem ID Low Byte CR83 Index 2EH

Subsystem ID High Byte CR84 Index 2FH

Table 10. PCI Subsystem | D and Subsystem Vendor

ID Registers

These registers allow identification of particular vendors using
the same graphics chip. The following design allows the
subsystem identification to be handled by software (no
hardwiring).

All TwisterT motherboard designs will incorporate the video
BIOS into the system BIOS ROM. The system BIOS must
load the subsystem ID information in the TwisterT before any
ID scanning takes place. To do this, it must turn on the
TwisterT, enable 1/0 accesses in the PCI configuration space,
unlock the CR registers, program the subsystem 1D
information in the registers described above, then turn off the
TwisterT.

Integrated AGP

TwisterT graphics conform with the requirements of Revision
2.0 of the AGP Interface Specification. Interna AGP
TwisterT graphics are always enabled.

For the most part, AGP configuration is identical to PCI
configuration. PCI04[4] is hardwired to 1 to indicate that
TwisterT graphics implements a list of capabilities. PCI34[7-
0] point to the location of this list, which is at offset 80H.
PCI80, PCI84 and PCI88 implement the register bits required
by the AGP specification. PCI88[2-0] select the data rate.
PCI88[8] = 1 enables AGP bus master operations. PCI88[9]
=1 enables sideband addressing. This is indicated by
PCI84[9] (1 = sideband addressing supported). The state of
PCI84[9] is determined by the state of CR70[7].
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Display M emory

The TwisterT north bridge utilizes a Shared Memory
Architecture (SMA) for Frame Buffer Memory. SMA alows
system memory to be efficiently shared by the host CPU and
the TwisterT north bridge graphics controller. By default, no
system memory is allocated for the graphics frame buffer, but
up to 32 Mbytes may be alocated depending on user
preference, application reguirements, and the total size of
system memory.

Note: Frame buffer memory is allocated from system memory
at bootup time. Changing the display settings to a resolution
requiring additional frame buffer memory will require a
system reboot to be performed.

FrameBuffer | Dev 0 RxFB[6-4] CR36[7-5] T
Size Register Setting Register Setting
0 Mbytes 000 000
8 Mbytes 011 011
16 Mbytes 100 100
32 Mbytes 101 101

T For driver information only (not connected to hardware)

Table 11. Supported Frame Buffer Memory
Configurations

I nterrupt Generation

Whatever the mode of operation (VGA or Enhanced), bit 4 of
CR32 must be set to 1 to enable interrupt generation. When
an enabled interrupt is generated, INTA# is pulled low unless
CR36[0] = 0 (MA2 pulled high at reset), for which case no
PCI interrupt lineis claimed during PCI configuration.

When TwisterT graphics are being operated in VGA mode
(CR66[0] = 0), only vertical retrace can generate an interrupt.
Thisis enabled when CR11[5] = 0 and CR11[4] = 1. When an
interrupt occurs, it is cleared by writing a 0 to CR11[4]. The
interrupt must then be re-enabled by writing a 1 to the same
bit. Note that the BIOS clears both bit 4 and bit 5 of CR11
during power-on, a mode set, or a reset. Thus, interrupt
generation is disabled until bit 4 is set to 1.

In"Enhanced mode (CR66[0] =1 or 3D operation), interrupts
can be generated by vertical retrace, command or bus FIFO
overflow, command or bus FIFO empty, or by a BCI
command. » These interrupts are enabled and cleared and their
status reported via  MM8504. Seria port interrupts are
controlled viaMMFFO8. If interrupts are used, they should be
cleared before they are enabled.

Multiple interrupts can be enabled at the same time in
Enhanced mode. The interrupt pin will remain asserted until
all interrupt status bits are cleared.
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Display | nterfaces

TwisterT supports a variety of color STN and TFT flat panels.
Flat panel display is enabled by setting SR31 4 = 1. TwisterT
also provides an integrated industry standard LVDS driver
interface. CRT and TV display are possible at the same time
as flat panel display. All these interfaces are described in this
section.

STN Panel Interfaces
STN panel support is selected when SR39 1-0 = 10b.

TwisterT supports either a single-scan (SS-STN) or a dual-
scan (DD-STN) STN panel. The typeis selected via SR30_0
asfollows:

0=DD-STN panel

1=SS-STN panel

SR3D_2-0 define the pixel data bus size asfollows:
000 = 16-bit STN

001 = 8-hit STN

010 = 24-bit STN

Pixel data is output on some combination of the FPD[35:0]
pins, depending on the pixel data bus size and the setting of
SR3D_3. Thisisshownin Table 10 at the end of thissection.

Selection of an STN panel configures several pins specifically
for STN control.

The polarity of the flat panel data can be changed to active
low by programming SR32_4 to 1. The drive strength of the
panel data is specified via SR3D-6. The drive strength for the
clock is specified via SR3D_7.

The polarity of LP can be changed to active low by
programming SR32 6to 1.

Severa controls are provided for LP and FPCLK during
vertical blanking.

FPCLK is normally stopped during non-display time by
setting SR40 5to 1. When SR3D_4 = 0, LP will run during
vertical blanking. Setting SR3D_4 to 1 disables LP during
vertical blank. Setting SR33_6to 1 adds an extra LP when LP
is disabled during vertical blanking. If SR3D 4 = 0 and
SR3D_5 = 1, FPCLK is disabled during the first line of
vertical blanking. If SR40 5 = 0, FPCLK runs continuously.
FPCLK can be delayed via SR40 3-1. Its polarity can be
inverted viaSR32_3

The polarity of FLM can be changed to active low by
programming SR32 7to 1.

Setting SR40 4 to 1 forces al flat panel data and control
signalsto logic 0.

DD-STN panel operation requires off-screen video memory.
The amount of memory is programmed in SR50 and SR51.
The starting location of the DD-STN memory is specified in

SR4F. These values are all programmed by the video BIOS at
reset.

TET Panel Interfaces

TFT panel support is selected when SR39_1-0 = 00b.
SR3D_2-0 define the pixel data bus size as follows:
000 = 1 pixel/clock TFT (9-, 12-, 15-, 18-hit)

001 =1 pixel/clock TFT (24-bit)

010 = 2 pixels/clock TFT (2x12-, 2x18-hit)

The 2 pixels per clock modes halve the clock rate and clock
two pixels on the falling edge of FPCLK, thereby lowering
EMI levels. SR40 6 is set to 1 to support this mode of
operation.

Pixel data is output on some combination of the FPD[35:0]
pins. The data outputs are shown in Table 11 and Table 12 at
the end of this section.

Selection of a TFT panel configures several pins specifically
for TFT control., The drive strengths of the panel clock and
data are specified viaSR3D_7-6.

The polarity of the flat panel data can be changed to active
low by programming SR32_4 to 1. The polarity of the FPDE
signal can be changed to active low by setting SR32_5 to 1.
The polarity of the FPHS signal can be changed to active low
by setting SR32_6 to 1. The polarity of the FPVS signa can
be changed to active low by setting SR32_7to 1.

SR40 5 allows FPCLK to be enabled (=0) or disabled (=1)
during non-display time. FPCLK can be delayed via SR40_3-
1.

Flat Panel LVDS Interface

TwisterT provides either a 1- or 2-channel integrated LVDS
interface. This is available independently of the other panel
interfaces.” A single channel interface uses the Y[2:0]M,
Y[2:0]RJ, YCM and Y CP outputs. A 2-channel interface uses
the Yxx outputs for the first channel and the Z[2:0]M,
Z[2:0]P, ZCM and ZCP outputs for the second channel.
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TFT Flat Panel DVI Interface

Figure 6 shows the hardware connections to a transceiver
conforming to the DVI 1.0 standard. Thisinterface allows the
TwisterT to drive a TFT flat panel over considerable distance
and is active when SR31[4] = 1. Panel power sequencing is
controlled by the receiver components.

DVI TRANSCEIVER

FPD[11:0]

D[11:0]
FPCLK > IDCLK
FPDE DE

FPVS VSYNC
FPHS HSYNC
FPDET | HOTPLUG

v

A

A

A

DFPIF

Figure4. DVI Interface

TwisterT provides the following panel detection capability. If
SR30[1] = 0 and the FPDET pin is properly connected to a
voltage source indicating the presence/absence of a panel,
SR30[1] will reflect the high/low state of thisinput. A read of
1 indicates that a powered-up panel is connected.

For proper flat panel output with a standard VGA primary
screen and the Streams Processor active, the following special
register settings are required:

CR3A[4] =1

CR67[3-2] = 01b (Streams Processor secondary and VGA
primary

CR67[7-4] = desired bits/pixel mode

CR90[3] = 1 (CRO must be programmed before thisis set to
1. Setting thisbit isnot required for 8 bit/pixel modes)

CR90[6] = 1 (this bit must also be set to 1 for 8 hit/pixel
modes)

MM 8180 = 00000000H

These settings are required for correct automatic centering and
expansion with Streams Processor operation.

CRT Interface
TwisterT provides the following CRT interface signals:

» RED (analog red)

* GREEN (analog green)

* BLUE (analog blue)

* HSYNC (horizontal sync)
* VSYNC (vertical sync)

In addition, DDC2 monitor communications can be
implemented via the serial communications port controlled by
CRB1[4:0]. These bits control two-way communications over
the SPCLK2 (clock) and SPDAT?2 (data) lines. The operation
is the same as described for the I°C serial communications port
section except that interrupts and wait states are not supported.

External TV Encoder Interface

Figure 5 shows the interface to an external Bt868/869 TV
encoder (or compatible device). The TV outputs are generated
whenever the clock input from the decoder is present on the
TVCLK pin and CRB0O[4] = 0. The encoder is controlled via
the I°C interface. TV monitor detection is also done via this
interface. The TV encoder interface and the flat panel
interface are multiplexed on common pins, so only one of the
two (either the TV interface or the flat panel interface) can be
enabled at any given time

TV ENCODER

v

TVD[11:0] P[11:0

TVCLK [« CLKO
TVCLKR CLKI
TWS VSYNC
TVHS HSYNC
TVBLANK BLANK
SPCLK1 sic
SPDAT1 =] SID

YYVYYVYY

A A

Figure5. External TV Encoder Interface

TwisterT supports three output formats as shown in Table 12.
As shown in Figure 5, P[11:0] on the encoder connect to
TVD[11:0] on TwisterT. The CLKI pin on the encoder
connectsto the TVCLKR pin on TwisterT.

SR35[5-4] = 00 SR35[5-4] = 01 SR35[5-4] = 10
CLK1 | CLKI | CLK1 | CLKI | CLK1 | CLKI
Pin Rising Falling Rising Falling Rising Falling
P11 G4 R7 B7 G3 R7 G3
P10 G3 R6 B6 G2 R6 G2
P9 G2 R5 B5 Gl R5 Gl
P8 B7 R4 B4 GO R4 GO
P7 B6 R3 B3 R7 R3 B7
P6 B5 G7 B2 R6 R2 B6
P5 B4 G6 Bl R5 R1 B5
P4 B3 G5 BO R4 RO B4
P3 GO R2 G7 R3 G7 B3
P2 B2 R1 G6 R2 G6 B2
PL Bl RO G5 R1 G5 Bl
PO BO Gl G4 RO G4 BO
Table 12. External TV Encoder Output Data
Formats
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1°C Serial Communications Port

One serial communications port is implemented in a register
that can be accessed either via MMFF20 or CRAO. Bit 4 is set
to 1 to enable the interface. The clock is written to bit O (= 0)
and data to bit 1 (= 0), driving the SPCLK1 and SPDAT1 pins
low respectively. The state of the SPCLK1 pin can be read via
bit 2 and the state of the SPDATL1 pin can be read via bit 3.
The SPCLK1 and SPDAT1 pins are tri-stated when their
corresponding control bits are reset to 0, alowing other
devicesto drive the serial bus.

This seria port is typically used for 12C interfacing. When
SPCLK1 and SPDAT1 are tri-stated, the TwisterT can detect
an |2C start condition (SPDATL1 driven low while SPCLK1 is
not driven low). This condition is generated by another 12C
master that wants control of the 12C bus. If bit 19 of
MMFF08 is set to 1, detection of a start condition generates an
interrupt and sets bit 3 of MMFF08 to 1. If bit 24 of MMFF08
is set to 1, the TwisterT drives SPCLK1 low to generate 12C
wait states until the Host can clear the interrupt and service the
12C bus.

ZV-Port I nterface

The ZV-Port, or Zoomed Video Port, allows direct
transmission of video data from a PC Card to TwisterT.
TwisterT supports ZV Port operation when MMFF00_0 = 1).
The following setup is done for ZV Port operation:

* Video 16 modeis selected (MMFFO0_3-1 = 001b)

e  MMFF09 9 and MMFFO0_10 must be set to 1 to specify
active high HSYNC (ZVHS) and VSYNC (ZVVS).

» Byteswapping is disabled by setting MMFF00_6 to 1.

* One or two frame buffer starting addresses are defined
(MMFFOC, MMFF10). One is required. The second is
reguired for double buffering.

e The horizontal and vertical decimation registers are
programmed (MMFF2C, MMFF30). Thisisoptional.

»  Thevideo input window size (height in lines and width in
pixels) is programmed in MMFF24.

e The video 'data horizontal and vertical offsets are
programmed in MM FF28.
» Theline offset (stride) is programmed (MMFF34_10-0).

During “ZV-Port operation, TwisterT automatically detects
even-and odd video fields based on the state of ZVHS on the
faling edge of ZVVS. The status of this detection is given by
MMFF00_28.

Theinterface is shown in Figure 6.

PC CARD
Y[7:0] > ZVD[7:0]
UV[7:0] > ZVD[15:8]
PCLK »| zvcLk
HREF » zZVHS
VS P zvvs

ZVPORT

Figure6. ZV-Port Interface
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SR3D 0 0 0 0 0 0 1 1
SR30_0 1 1 1 0 0 0 0 0
SR39_1-0 10 10 10 10 10 10 10 10
SR3D_2-0 001 000 010 010 000 010 000 010
Pin Name | STN8 STN16 | STN24 DSTN8 | DSNT16 | DSTN24 | DSTN16 | DSTN24
FPDO RO RO RO LRO LRO LRO LB3
FPD1 GO GO GO LR3 LB2
FPD2 BO BO BO LGO LGO LGO LB1 LB1
FPD3 R1 R1 R1 LBO LBO
FPD4 Gl Gl Gl LBO LBO LBO UB3
FPD5 Bl Bl Bl uB2
FPD6 R2 R2 R2 LR1 LR1 LR1 UB1 UB1
FPD7 G2 G2 G2 LG3 UBO UBO
FPD8 B2 B2 LGl LG1 LG3
FPD9 R3 R3 LG2 LG2
FPD10 G3 G3 LB1 LB1 LGl LG1
FPD11 B3 B3 LGO LGO
FPD12 R4 R4 LR2 LR2 uG3
FPD13 G4 G4 LB3 uG2 uG2
FPD14 B4 B4 LG2 LG2 UGl UGl
FPD15 R5 R5 UGOo uGo
FPD16 G5 LR3
FPD17 BS LR2 LR2
FPD18 R6 URO URO URO LR1 LR1
FPD19 G6 URS3 LRO LRO
FPD20 B6 uGOo uGo uGo UR3
FPD21 R7 UR2 UR2
FPD22 G7 UBO UBO UBO UR1 UR1
FPD23 B7 URO URO
FPD24 UR1 UR1 UR1

FPD25 UG3

FPD26 UGl UGl

FPD27

FPD28 UB1 UB1

FPD29 UB3

FPD30 UR2 UR2

FPD31

FPD32 uG2 uG2

FPD33

FPD34

FPD35

Table 13. STN Flat Panel Data Outputs
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SR3D 0 0 0 0 0 0 0 0 0
SR30 0 1 1 1 1 1 1 1 1 1
SR39 1-0 00 00 00 00 00 00 00 00 00
SR3D_2-0 000 010 000 010 000 010 000 010 001
Pin Name TFT9 TFT2x9 | TFT12 TFT2x12 | TFT15 | TFT2x15 | TFT18 | TFT2x18 TFT24
FPDO RO ROO R2
FPD1 R10 RO
FPD2 RO ROO R1 RO1 R3
FPD3 R10 R11
FPD4 RO ROO R1 RO1 R2 R0O2 R4
FPD5 R10 R11 R12
FPD6 RO ROO R1 RO1 R2 R0O2 R3 RO3 R5
FPD7 R10 R11 R12 R13 R1
FPD8 R1 RO1 R2 RO2 R3 RO3 R4 R0O4 R6
FPD9 R11 R12 R13 R14
FPD10 R2 R0O2 R3 RO3 R4 R0O4 R5 RO5 R7
FPD11 R12 R13 R14 R15
FPD12 GO GO00 G2
FPD13 G10 GO
FPD14 GO GO0 Gl GO01 R3
FPD15 G10 Gl1
FPD16 GO GO0 Gl GO01 G2 G02 G4
FPD17 G10 Gl1 G12
FPD18 GO GO00 Gl G01 G2 G02 G3 G03 G5
FPD19 G10 Gl1 G12 G13 G1
FPD20 G1 G01 G2 G02 G3 G03 G4 G04 G6
FPD21 Gl1 G12 G13 Gl4
FPD22 G2 G02 G3 GO03 G4 G04 G5 G05 G7
FPD23 G12 G13 Gl4 G15
FPD24 BO BOO B2
FPD25 B10 BO
FPD26 BO BOO Bl BO1 B3
FPD27 B10 B11
FPD28 BO BOO Bl BO1 B2 B0O2 B4
FPD29 B10 B11 B12
FPD30 BO BOO B1 BO1 B2 B02 B3 BO3 B5
FPD31 B10 B11l B12 B13 B1
FPD32 B1 BO1 B2 B02 B3 BO3 B4 B0O4 B6
FPD33 B11 B12 B13 B14
FPD34 B2 B02 B3 BO3 B4 B0O4 B5 B0O5 B7
FPD35 B12 B13 B14 B15

Table14. TFT Flat Pand Data Outputs (SR3D_3=0)
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SR3D 1 1 10
SR30 0 1 1 1
SR39_1-0 00 00 00
SR3D 2-0 | 000 010 001
Pin Name | TFT18 | TFT2x18 | TFT24
FPDO R14 BO
FPD1 R15 B1
FPD2 BO BOO B2
FPD3 Bl BO1 B3
FPD4 B2 BO2 B4
FPD5 B3 BO3 B5
FPD6 B4 BO4 B6
FPD7 B5 BO5 B7
FPD8 R12 GO
FPD9 R13 Gl
FPD10 GO GO0 G2
FPD11 G1 GO1 G3
FPD12 G2 G02 G4
FPD13 G3 GO03 G5
FPD14 G4 G04 G6
FPD15 G5 GO05 G7
FPD16 R10 RO
FPD17 R11 R1
FPD18 RO ROO R2
FPD19 R1 RO1 R3
FPD20 R2 RO2 R4
FPD21 R3 RO3 R5
FPD22 R4 RO4 R6
FPD23 R5 RO5 R7
FPD24 G10

FPD25 G11

FPD26 G12

FPD27 G13

FPD28 Gl4

FPD29 G15

FPD30 B10

FPD31 B11

FPD32 B12

FPD33 B13

FPD34 Bl4

FPD35 B15

Table15. TFT Flat Panel Data Outputs (SR3D_3=1)
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ELECTRICAL SPECIFICATIONS

Absolute Maximum Ratings

Table 16. Absolute Maximum Ratings

Symbol | Parameter Min M ax Unit | Notes
Te Case operating temperature 0 85 oc 1
Ts Storage temperature -55 125 oc 1
VN Input voltage -0.5 VgaiL + 10% Volts 1,2
Vourt Output voltage -05 VgaiL + 10% Volts 1,2

Note 1. Stress above the conditions listed may cause permanent damage to the device. Functional operation of
this device should be restricted to the conditions described under operating conditions.

Note 2. Vgai is defined as the V¢ level of the respective rail. The CPU interface can be 3.3V or 2.5V.
Memory can be 3.3V only. PCI can be 3.3V or-5.0V. Video can be 3.3V or 5.0V. Fat Panel can be 3.3V only.

AGP can be 1.5V (4x transfer mode) or 3.3V (2x transfer mode).

DC Characteristics

TC = 0'850C, VRAIL = VCC +/- 5%, VCORE =25V +/- 5%, GND=0V

Table17. DC Characteristics

Revision 0.2, January 31, 2001

Symbol | Parameter Min Max | Unit | Condition
Vi Input Low Voltage -0.50 0.8 \%
V4 Input High Voltage 2.0 Vcct0.5 A
Voo Output Low Voltage - 0.55 \Y lo.=4.0mA
Vou Output High Voltage 2.4 - \Y loy=-1.0mA
I Input Leakage Current - +/-10 UA | O<V\<Vcc
loz Tristate Leakage Current - +/-20 UuA 0.55<Vout<Vce
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Power Characteristics
TC = 0-850C, VRAIL = VCC +/- 5%, VCORE =25V +/- 5%, GND=0V

Table 18. Power Characteristics

Symbol | Parameter Typ | Max | Unit | Condition
lces Power Supply Current — VCC3 91 mA | Full-On Operation
lccspos Power Supply Current —VCC3 2 mA | POS
lceastr Power Supply Current —VCC3 0 mA | STR
lceasor Power Supply Current — VCC3 0 mA | Soft-Off
lceos Power Supply Current — VCC25 682 mA | Full-On Operation
lceospos Power Supply Current — VCC25 29 mA | POS
lceosstr Power Supply Current — VCC25 0 mA | STR
lceossor Power Supply Current —VCC25 0 mA | Soft-Off
o1 Power Supply Current —VTT mA | Full-On Operation
ltTPOS Power Supply Current —VTT mA | POS
ltrstR Power Supply Current —VTT mA | STR
ltTsor Power Supply Current —VTT mA | Soft-Off
lsusos Power Supply Current — VSUS25 2 mA | Full-On Operation
lsusspos | Power Supply Current — VSUS25 0.0003 mA | POS
lsusossTR Power Supply Current —VSUS25 0.0042 mA | STR
lsusssor | Power Supply Current —VSUS25 0 mA | Soft-Off
lces Power Supply Current — VCC5 mA | Max operating frequency
| ccres Power Supply Current - VCCRGB mA | Max operating frequency
lcca Power Supply Current — VCCA mA [ Max operating frequency
| ccpac Power Supply Current — VCCDAC mA" | Max operating frequency
lcepLia Power Supply Current — VCCPLL1 mA. - | Max operating frequency

lccpiLe Power Supply Current —VCCPLL2 mA | Max operating frequency
lceLpLL Power Supply Current—VCCLPLL mA | Max operating frequency
lccLvps Power Supply Current -VCCLVDS mA | Max operating frequency
Iopp Power Supply Current —VVDDD mA | Max operating frequency
Po Power Dissipation W Max operating frequency
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AC Timing Specifications

AC timing specifications provided are based on external zero-pf capacitance load. Min/max cases are based on the following
table:

Table19. AC Timing Min/ Max Conditions

Parameter Min M ax Unit
3.3V Power (1/0 Pads, VCCQ for 2x transfer mode) 3.135 3.465 Volts
2.5V Power (Internal Logic) 2.375 2.625 Volts
2.5V Power (CPU Interface Logic) 2.375 2.625 Volts
1.5V Power (VCCQ for 4x transfer mode) 1.425 1.575 Volts
Case Temperature 0 85 oc

Drive strength for selected output pinsis programmable. See Rx6D for details.
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Figure 7. Mechanical Specifications- 552-Pin Ball Grid Array Package
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