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VT8501 Apollo MVP4

» General
492 BGA Package (35mm x 35mm )

¢ Socket 7 Host Interface

2.5 Volt +/- 0.2V Core

VIA VT8501
APOLLO MVP4

66 / 100 MHz

Single-Chip Socket-7 / Super-7 North Bridge

with PCI System Bus,

Integrated AGP 2D / 3D Graphics Accelerator
and Advanced ECC Memory Controller

supporting PC100 SDRAM,

Virtual Channel SDRAM, EDO, and FPG DRAM

Supports separately powered 3.3V tolerant interface to CPU and Memory
Supports separately powered 5.0V tolerant interface to PCI bus and Video interface
2.5V, 0.25um, high speed / low power CMOS process

PC-98/99 compatible using VIA VT82C686A (352-pin BGA) south bridge chip

66 / 100 MHz Operation

Internal | DRAM
CPU AGP /VGC PCI Comments
100 MHz | 66 MHz | 100 MHz| 33 MHZ synchronous (DRAM uses CPU clock)
66 MHz | 66 MHz | 66 MHz | 33 MHz| synchronous (DRAM uses CPU clock)
66 MHz | 66 MHz | 100 MHz| 33 MHz Up pseudo-synchronous (DRAM uses MEM clo

Ck)

Supports all Socket-7 / Super-7 processors including 64-bit Intel Pentium™ / Pentium™ with MMX™ | AMD
6K86™ (K6™ and K6-2™), Cyrix/IBM 6x86™ / 6x86MX™ | IDT/Centaur C6, and Rise MP6 CPUs

66 / 100 MHz CPU “Front Side Bus”
Supports 3.3V and sub-3.3V interface to CPU
Built-in de-skew PLL (Phase Lock Loop) circuitry for optimal skew control within and between clocking regions
Cyrix/IBM 6x86™ linear burst support
AMD K6™ and K6-2™ write allocation support
Supports CPU-to-DRAM write combining
System management interrupt, memory remap and stop clock mechanisms

Preliminary Revision 1.0December 9, 1998
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+ Advanced L2 Cache

— Direct map write-back or write-through secondary cache

— Pipelined burst synchronous SRAM (PBSRAM) cache support

— Flexible cache size: 0K /256K /512K /1M /2MB

— 32 byte line size to match the primary cache

— Integrated 8-bit tag comparator

— 3-1-1-1-1-1-1-1 back to back read timing for PBSRAM accesses up to 100 MHz

— Tag timing optimized (less than 4ns setup time) to allow external tag SRAM implementation for most flexible cache
organization

— Sustained 3 cycle write access for PBSRAM access or CPU to DRAM & PCI bus post write buffers up to 100 MHz

— Supports CPU single read cycle L2 allocation

— System and video BIOS cacheable and write-protect

— Programmable cacheable region

* Internal Accelerated Graphics Port (AGP) Controller

— AGP v2.0 compliant for 1x and 2x transfer modes

— Pipelined split-transaction long-burst transfers up to 533 MB/sec

— Eight level read request queue

— Four level posted-write request queue

— Thirty-two level (quadwords) read data FIFO (128 bytes)

— Sixteen level (quadwords) write data FIFO (64 bytes)

— Intelligent request reordering for maximum AGP bus utilization

— Supports Flush/Fence commands

— Graphics Address Relocation Table (GART)

— One level TLB structure

— Sixteen entry fully associative page table

— LRU replacement scheme

— Independent GART lookup control for host / AGP / PCI master accesses
—  Windows 95 OSR-2 VXD and integrated Windows 98 / NT5 miniport driver support

¢ Concurrent PCI Bus Controller

— PCI bus is synchronous / pseudo-synchronous to host CPU bus

— 33 MHz operation on the primary PCI bus

— Supports up to five PCI masters

— Peer concurrency

— Concurrent multiple PCI master transactions; i.e., allow PCI masters from both PCI buses active at the same time
— Zero wait state PCI master and slave burst transfer rate

— PCI to system memory data streaming up to 132Mbyte/sec

— PCI master snoop ahead and snoop filtering

— Six levels (double-words) of CPU to PCI posted write buffers

— Byte merging in the write buffers to reduce the number of PCI cycles and to create further PCI bursting possibilities
— Enhanced PCI command optimization (MRL, MRM, MWI, etc.)

— Forty-eight levels (double-words) of post write buffers from PCI masters to DRAM

— Sixteen levels (double-words) of prefetch buffers from DRAM for access by PCI masters

— Supports L1/L2 write-back forward to PCI master read to minimize PCI read latency

— Supports L1/L2 write-back merged with PCI master post-write to minimize DRAM utilization
— Delay transaction from PCI master reading DRAM

— Read caching for PCI master reading DRAM

— Transaction timer for fair arbitration between PCI masters (granularity of two PCI clocks)

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

— Complete steerable PCI interrupts

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

Preliminary Revision 1.0December 9, 1998 2- Features
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» High-Performance DRAM Controller

— 64-bit DRAM interface synchronous with host CPU (66//100 MHz) or internal Memory Clock (100 MHz)

— Concurrent CPU and AGP access

— Supports both standard PC100 and “Virtual Channel” PC100 SDRAMSs as well as FPG and EDO DRAMs

— Different DRAM types (FPG, EDO, and SDRAM) may be used in mixed combinations

— Different DRAM timing for each bank

— Dynamic Clock Enable (CKE) control for SDRAM power reduction

— Mixed 1M/ 2M / 4M / 8M / 16MxN DRAMs

— 6 banks up to 768MB DRAMs

— Flexible row and column addresses

— 64-bit data width only

— 3.3V DRAM interface

— Programmable I/O drive capability for MA, command, and MD signals

— Optional bank-by-bank ECC (single-bit error correction and multi-bit error detection) or EC (error checking only)
for DRAM integrity

— Two-bank interleaving for 16Mbit SDRAM support

— Two-bank and four bank interleaving for 64Mbit SDRAM support

— Supports maximum 8-bank interleave (i.e., 8 pages open simultaneously); banks are allocated based on LRU

— Seamless DRAM command scheduling for maximum DRAM bus utilization (e.g., precharge other banks while
accessing the current bank)

— Four cache lines (16 quadwords) of CPU/cache to DRAM write buffers

— Four quadwords of CPU/cache to DRAM read prefetch buffers

— Concurrent DRAM writeback

— Read around write capability for non-stalled CPU read

— Burst read and write operation

— 5-2-2-2-2-2-2-2 back-to-back accesses for EDO DRAM

— 6-1-1-1-2-1-1-1 back-to-back accesses for SDRAM

— BIOS shadow at 16KB increment

— Decoupled and burst DRAM refresh with staggered RAS timing

— Programmable refresh rate and refresh on populated banks only

— CAS before RAS or self refresh

» Sophisticated Power Management Features

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

— PCl and AGP bus clock run and clock generator control

— Suspend power plane preserves memory data

— Suspend-to-DRAM and Self-Refresh operation

— Dynamic clock gating for internal functional blocks for power reduction during normal operation
— Low-leakage I/O pads
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» General Graphic Capabilities

— 64-bit Single Cycle 2D/3D Graphics Engine

— Supports 2 to 8 Mbytes of Frame Buffer located in System Memory
— Real Time DVD MPEG-2 and AC-3 Playback

— Video Processor

— 1?C Serial Interface

— Integrated 24-bit 230MHz True Color DAC

— Extended Screen Resolutions up to 1600x1200

— Extended Text Modes 80 or 132 columns by 25/30/43/60 rows

— DirectX 6 and OpenGL ICD API

» High Performance rCADE3D™ Accelerator

— 32 entry command queue, 32 entry data queue
— 4Kbyte texture cache with over 90% hit rates
— Pipelined Setup/Texturing/Rendering Engines
— DirectDraw™ acceleration

— Multiple buffering and page flipping

Setup Engine
— 32-bit IEEE floating point input data

— Slope and vertex calculations
— Back facing triangle culling
— 1/16 sub-pixel positioning

Rendering Engine
— High performance single pass execution
— Diffused and specula lighting
— Gouraud and flat shading
— Anti-aliasing including edge, scene, and super-sampling
— OpenGL compliant blending for fog and depth-cueing
— 16-bit Z-buffer
— 8/16/32 bit per pixel color formats

Texturing Engine
— D3D compressed texture formats DXT1 and DXT2

— Anisotropic texture filtering

— 1/2/4/8-bits per pixel compact palletized textures

— 16/32-bits per pixel quality non-palletized textures

— Pallet formats in ARGB 565, 1555, or 444

— Tri-linear, bi-linear, and point-sampled filtering

— Mip-mapping with multiple Level-Of-Detail (LOD) calculations and perspective correction
— Color keying for translucency

2D GUI Engine
— 8/15/16/24/32-bits per pixel color formats

— 256 Raster Operations (ROPS)

— Accelerated drawing: BitBLTs, lines, polygons, fills, patterns, clipping, bit masking
— Panning, scrolling, clipping, color expansion, sprites

— 32x32 and 64x64 Hardware Cursor

— DOS graphics and text modes
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 DVD

— Hardware-Assisted MPEG-2 Architecture for DVD with AC-3

— Simultaneous motion compensation and front-end processing (parsing, decryption and decode)

— Supports full DVD 1.0, VCD 2.0 and CD-Karaoke

— Microsoft DirectShow 2.x native support, backward compatible to MCI

— No additional frame buffer requirements

— Dynamic frame and field de-interlace filtering for high quality playback on VGA monitors (Bob and Weave)
— Tamper-proof software CSS implementation

— Freeze, Fast-Forward, Slow Motion, Reverse

— Pan-and-Scan support for 16:9 sequence

* Video Processor

— On-chip Color Space Converter (CSC)

— Anti-tearing via two frame buffer based capture surfaces

— Minifier for video stream compression and filtering

— Horizontal/vertical interpolation with edge recovery

— Dual frame buffer apertures for independent memory access for graphics and video
— YUV 4:2:2/4:1:1/4:2:0 and RGB formats

— Capture / ZV Port to MPEG and video decoder

— Vertical Blank Interval for Intercast™

— Overlay differing video and graphic color depths

— Display two simultaneous video streams from both internal AGP and Capture / ZV Port
— Two scalers and Color Space Converters (CSC) for independent windows

* Digital Flat Panel (DFP) Interface

— 85MHz DFP interface supports 1024x768 panels
— Allows external TMDS transmitter for advanced panel interfaces

» Testability
— Build-in NAND-tree pin scan test capability
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SYSTEM OVERVIEW

The Apollo MVP4 is a PC Socket-7 system logic North Bridge with integrated 2D/3D Graphics accelerator. The core logic
portion of the chip is based on the popular 100MHz VIA Apollo MVP3 chipset with enhanced features and graphics acceleratol
based on the Cyber9398DVD from Trident Microsystems, Inc. The combination of the two leading edge technologies provides
stable, cost-effective, and high performance solution for personal computers, imbedded systems, set-top boxes and others.
shown in Figure 1 below, the Apollo MVP4 will interface to:

«  Socket 7 CPU (66 — 100 MHz)

e« L2 Cache RAM & Tag

 SDRAM Memory Interface

* PCIBus (30 - 33 MHz)

* Analog RGB Monitor with DDC

- DFP / Digital Monitor Interface (TMDS)
» Video Capture / Playback CODECs

Socket-7
CPU
P ! TAG | L2 CACHE

HD[31:0] C

TAG[7:0] R

Dual Display GO0 A
. o MD[63:0 5
Dlgltal 49 B A DRAM Control R
i = H A
Monltor PCI SLOTS O - gqe MA[13:0] -

PCI BUS

Dual-IDE VT82C686A AC-Link

! South ISA Bus
- (S8 o]
-
I Floppy Disk
Serial Ports I Parallel Port

Figure 1: Apollo MVP4 High Level System Diagram
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Apollo MVP4 Core Logic Overview

The Apollo MVP4 — System Media Accelerated North Bridge (SMA) is a high performance, cost-effective and energy efficient
solution for the implementation of Integrated 2D/3D Graphics - PCI - ISA personal computer systems from 66 MHz to 100 MHz
based on 64-bit Socket-7 (Intel Pentium and Pentium MMX; AMD K6 and K6-2; Cyrix / National 6x86 / 6x86MX, IDT / Centaur
C6/WinChip), and Rise MP6 processors.

The Apollo MVP4 controller provides superior performance between the integrated 2D/3D Graphics Engine, CPU, optional
synchronous cache, DRAM, and PCI bus with pipelined, burst, and concurrent operation. For L2-Cache solutions using pipeline
burst synchronous SRAMs, 3-1-1-1-1-1-1-1 timing can be achieved for both read and write transactions at 100 MHz. Tag timin
is specially optimized internally (less than 4 nsec setup time) to allow implementation of L2 cache using an externdietag for t
most flexible cache organization (0K / 256K / 512K / 1M / 2M). Four cache lines (16 quadwords) of CPU/cache to DRAM write
buffers with concurrent write-back capability are included on chip to speed up cache read and write miss cycles.

The Apollo MVP4 supports six banks of DRAMs up to 768MB. The DRAM controller supports standard Fast Page Mode (FP)
DRAM, EDO-DRAM, Synchronous DRAM (SDRAM), and Virtual Channel Synchronous DRAM in a flexible mix / match
manner. The Synchronous DRAM interface allows zero wait state bursting between the DRAM and the data buffers at 100 MH:
The six banks of DRAM can be composed of an arbitrary mixture of 1M / 2M / 4M / 8M / 16MxN DRAMs. The DRAM
controller also supports optional ECC (single-bit error correction and multi-bit detection) or EC (error checking) capability
separately selectable on a bank-by-bank basis. The DRAM Controller can run at either the host CPU bus frequency (66 / 1(
MHz) or at the PC100 memory frequency (100 MHz) with built-in deskew PLL timing control. With the advanced DRAM
controller, the Apollo MVP4 allows implementation of the most flexible, reliable, and high-performance DRAM interface.

The Apollo MVP4 also supports full AGP v2.0 capability with the internal 2D/3D Graphics Engine for maximum software
compatibility. An eight level request queue plus a four level post-write request queue with thirty-two and sixteen quédwords o
read and write data FIFO’s respectively are included for deep pipelined and split AGP transactions. A single-level GART TLB
with 16 full associative entries and flexible CPU/AGP/PCI remapping control is also provided for operation under protected mode
operating environments. Both Windows-95 VXD and Windows-98 / NT5 miniport drivers are supported.

The Apollo MVP4 supports one 32-bit 3.3 / 5V system bus (PCI) that is synchronous / pseudo-synchronous to the CPU bus. Tl
chip also contains a built-in AGP bus -to- PCI bus bridge to allow simultaneous concurrent operations on each bus. Five leve
(doublewords) of posted write buffers are included to allow for concurrent CPU and PCI operation. For PCI master operation
forty-eight levels (doublewords) of posted write buffers and sixteen levels (doublewords) of prefetch buffers are included for
concurrent PCI bus and DRAM/cache accesses. The chip also supports enhanced PCI bus commands such as Memory-Read-1
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 po:
write buffers to minimize PCI master read latency and DRAM utilization. Delayed transaction and read caching mechanisms ar
also implemented for further improvement of overall system performance.

The Apollo MVP4 provides independent clock stop control for the CPU / SDRAM, PCI, and AGP buses and Dynamic CKE
control for powering down of the SDRAM. A separate suspend-well plane is implemented for the SDRAM control signals for
Suspend-to-DRAM operation. Coupled with the 324-pin Ball Grid Array VIA VT82C596A south bridge chip, a complete PC
main board can be implemented with no external TTLs.

The Apollo MVP4 controller coupled with VIA’s highly integrated south bridge, the VT82C686A, is ideal for high performance,
energy efficient, and highly integrated computer systems. The VT82C686A supports a PCI-to-ISA bus controller, four USB ports
dual bus-master IDE with UltraDMA33/66, AC97 basic digital audio, system hardware monitoring, and integrated “Super-1/0”
functionality.
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Apollo MVP4 Graphics Controller Overview

The Apollo MVP4 Graphics Controller is a highly integrated display control device that incorporates a 64-bit 3D/2D graphic
engine and video accelerator with advanced DVD video and optional TV output capability. It provides a flexible and high
performance solution for graphics and video playback acceleration for various color depth and resolution modes.

The Apollo MVP4 Graphics Controller supports a video capture port to import captured live MPEG 1 or MPEG 2 video streams,
or DVD decompressed video streams to be overlaid with a graphics stream of mixed color depth displays. In supporting dual liv
videos, the Apollo MVP4 Graphics Controller offers independent dual video windows ready for videoconferencing and with linear
scaling capability.

Integrating the programmable phase lock loop with high speed LUT DACs, the Apollo MVP4 Graphics Controller is a true
price/performance solution for the modern multimedia based entertainment PC.

Capability Overview

The Apollo MVP4 Graphics Controller is a fully integrated CRT and TV 64-bit 2D/3D Accelerator. The high performance
graphics engine offers high speed 3D image processing in full compliance and compatibility with IBM® VGA and VESA™
extended VGA. As an integrated controller, it allows unprecedented cost and performance advantages by eliminating the need
an external frame buffer while at the same time gaining local access to a larger amount of memory. Many functions can now |
eliminated that previously consumed large amounts of bandwidth.

The Apollo MVVP4 Graphics Controller, equipped with a single-cycle 3D GUI Engine, pipelines 3D rendering process architecture
in hardware, providing real-time interactions with solid 3D models in CAD/CAM, 3D modeling, and 3D games. It supports all
key 3D rendering operations, including: Gouraud shading for smooth object surfaces, texture mapping for realistic olgigct textur
16-bit hardware Z-buffering for fast 3D depth calculations, and Alpha Blending for transparency effects.

The Apollo MVP4 Graphics Controller's highly innovative design, a full 64-bit memory interface with a high performance
graphics engine which can support a RAMDAC™ running up to 230MHz, dramatically improves GUI functions and significantly
promotes overall system operation.

The Apollo MVP4 Graphics Controller supports a full AGP implementation internally to remain compatible with existing software
and programming models. However, since the engine is integrated it enjoys a higher bandwidth and lower latency thamn is possit
with discrete solutions. AGP operations can include direct access of the system memory by the 2D/3D engine to provide increas
texture memory.

To meet the requirements of a PC98 graphics adapter in a multimedia PC, the Apollo MVP4 Graphics Controller supports plan:
video format for MPEG-1, MPEG-2, and DVD-video playback. The dual video playback is capable of overlaying windows for
videoconferencing and multimedia displays. Advanced features of the Apollo MVP4 Graphics Controller, such as color spaci
conversion, video scaling, dual video windows, dual-view display, video capture / ZV port, Vertical Blanking Interleava (VBI),
24-bit True Color DAC, and dual clock synthesizers allow performance at peak levels.

By using an extended 16-bit capture / ZV port the Apollo MVP4 Graphics Controller can support DTV resolution. This port can
operate as either an input for video capture or as an output for video display. The Apollo MVP4 Graphics Controller isfcapable
supporting three simultaneous displays: CRT (analog monitor), Flat Panel (digital monitor), and Video (standard televisior
display), each with a different “window” or desktop.

The Apollo MVP4 integrated graphics controller can drive an external TMDS transmitter. This allows an external flat panel
monitor to be interfaced through the industry standard DFP interface. Many different panel types can be supported through th
standard.
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System Capabilities

The Apollo MVP4 Graphics Controller's main system features include:

« High Performance single cycle GUI

* Highly Integrated RAMDAC™ and Triple Clock Synthesizer
e Full Feature High Performance 3D Graphics Engine

* High speed internal AGP Bus Mastering data bus supporting DVD video playback & 3D
* Hardware implementation of motion compensation

» Dual Video Windows for Videoconferencing

«  TrueVided' Processor

« DirectDraw™ and DirectVided" Hardware Support

» Versatile Motion Video Capture/Overlay/Playback Support
* Flexible Frame Buffer Memory Interface

e Advanced Power Management Features

» CRT Power Management (VESA™ DPMS)

e PC98 Hardware Support

High Performance 64-bit 2D GUI

The 64-bit graphics engine of the Apollo MVP4 Graphics Controller significantly improves graphics performance through
specialized hardware that accelerates the most frequently used GUI operations and matches the high-speed requirements of CF
Functions directly supported in hardware include: BitBLTs, image and text transfer, line draw, short stroke vector drgle, rectan
fills, and clipping. The graphics engine supports 256 Raster Operations (ROPs) for up to 32-bit packed pixel graphicheodes. T
ROP3 Processor in the Apollo MVP4 Graphics Controller is able to perform Boolean functions which allow many additional
operations, including transparency, pattern masking, color expansion alignment, and pattern enhancement. Additionally, tf
graphics engine features linear display memory addressing (up to 4GB memory space), accelerated color expansion modes
graphics text procession, and memory-mapped I/O registers on the graphics engine for faster access time.

Graphic functions are optimized by a 64-bit internal data bus and a four-color hardware cursor/pop-up icon, operating up to
128x128x2 pixel image, which offloads the CPU. The hardware cursor mechanism can also be used to display patterns stored
the system memory. This pop-up icon is very useful to display user friendly information instantly through simple hot key
operations. This advanced function combination allows significant performance increases over standard Super VGA designs a
provides outstanding graphics acceleration on GUIs, such as Micrugoftiows 95.

Highly Integrated RAMDAC ™ & Clock Synthesizer

The highly integrated design of the Apollo MVP4 Graphics Controller offers a “no TTL” solution for cost-effective, high-
performance PC multimedia subsystem designs. The 64-bit memory data bus supporting SDRAM and SGRAM memory provide
faster data transfer rates for improved system throughput. The Apollo MVP4 Graphics Controller has a built-in, high speec
RAMDAC™. The RAMDAC" is composed of one 256x24 and one 256x18 color lookup table and a triple loop frequency
synthesizer, providing the read/write timing control for the Frame Buffer Memory and the refresh of the TV/CRT display.

The integrated frequency synthesizer provides a 125MHz memory clock for high speed DRAM access and a 230MHz video cloc
which supports various refresh rates up to 85Hz at 1280x1024.

Full Feature High Performance 3D Engine

The Apollo MVP4 Graphics Controller is equipped with an advanced Graphics Drawing, Single Cycle 3D Graphics Engine that
performs premium 3D functions at a high level of more than 1M triangles per second. The 3D engine supports-Microsoft
Direct3D. The 3D Engine is set up to off-load the CPU from major 3D tasks including slope calculation, sub-pixel positioning,
and Tri-striping. By balancing the 3D pipeline and reducing parameter passing, the Apollo MVP4 Graphics Controller provides
very high levels of performance. The 3D engine is integrated with a triangle set-up engine that sets up triangles according
vertex input data and accomplishes various functions for 3D rendering. Gouraud shading provides smooth shading for colo
across surfaces, perspective correction texture mapping to correct texture data based on the perspective, bi-linet@ritexture fil
for interpolating, alpha blending to compensate colors for the opacity of two colors blended, Z-buffering (16-bit/24-bit), vide
texturing to overlay 2D video play-back onto 3D images, fogging to simulate weather effects, palletized texture mappjng (1-, 4-
or 8-bit) for memory and bandwidth reduction, and anti-aliasing to reduce or eliminate jaggies resulted from alias rérdering.

3D engine also works with the APM system, conserving power while 3D operations are suspended.
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Video Processor

Video processor features include: on-chip hardware Color Space Conversion (CSC) for faster data conversion on the fl
Horizontal/Vertical (H/V) scaling with interpolation, edge recovery algorithm logic, gamma correction, and overlay control with
different color depths from graphics. The Apollo MVP4 Graphics Controller also includes a fully integrated GUI acceledator, re
cache, and command FIFO that optimize memory bandwidth and maximize graphics performance.

The Apollo MVP4 Graphics Controller, with an integrated Video Display and a Capture Engine, supports dual apertures on th
PCI bus which enables independent graphic and video data to be transported simultaneously to and from different memory are
and greatly accelerates the performance of both DirectBramd DirectVided'. The Apollo MVP4 Graphics Controller can
provide dual video windows that display different images from different video sources (from the PCI bus and from the capture
port) on the same screen. The video image is stored in off-screen memory and is retrieved by the Video Display Prodessing blo
for video processing. With the help of DirectDraw™ acceleration for sprites, page flipping, double buffering, and color keying
video processing is performed by utilizing a proprietary edge recovery algorithm for sharper line visibility, de-intentdieing, a
tearing, multitap horizontal filtering, dithering, and scaling operations with bilinear interpolation in both horizontattarad ve
directions. Linear scaling permits zoom in/out to any size without any restrictions. In addition, the on-chip hardw&gaCelor
Conversion (CSC) accelerates conversion for 16 bit YUV pixels into linear true color 24 bit RGB pixels on the fly. Theahdditio

X and Y minifiers are capable of shrinking video images to any linear fractions, which saves bus bandwidth and memory spac
The YUV planar logic of the Apollo MVP4 Graphics Controller supports a YUV 420 format that can eliminate redundant video
stream decoding procedures. The load of the CPU is reduced while performing software MPEG or software video conferencin
The color and luminance control provided by the Apollo MVP4 Graphics Controller offers color compensations to prevent color
distortion for display devices such as a CRT or TV with Gamma correction and hue adjustment control.

The Video Conferencing feature allows remote and local video images to be displayed simultaneously on the same screen.

Video Capture and DVD

The Apollo MVP4 Graphics Controller has a video capture / ZV port and advanced hardware interface logic allowing it to be
directly connected to many MPEG and video decoders.

The Apollo MVP4 Graphics Controller, integrated with a DVD video hardware block for motion compensation, gives existing
PCs the ability to play DVD video in MPEG-2 format at high bandwidths with very good video quality.

A new industry standard is being set for transmission of non-video data over a TV broadcast signal during vertical bldnking dea
time. This technology is referred to as Intercast. The Apollo MVP4 Graphics Controller has the ability to take the emtire vid
stream over the video port, sending the visible video stream to the display memory for display in a window, strippingatee VBI d
from the stream, and then sending this data to the CPU for processing using PCI Bus Mastering.

Versatile Frame Buffer Interface

The Apollo MVP4 Graphics Controller features a versatile frame buffer interface aperture into main system memory. Optimizec
performance can be achieved with the single cycle memory bus interface using programmable DRAM timing. The display queu
has been increased to reduce the frequency of memory bus requests, optimizing memory bus efficiency for the graphic controller

With the support of the internal AGP aperture, the Apollo MVP4 Graphics Controller has access to system memory through th
GART. In the execute mode, the Apollo MVP4 Graphics Controller is able to use both the dedicated graphics portion and th
general portion of system memory for graphics operations. As a result, DVD and 3D rendering performance and quality ar
greatly enhanced.

Hi-Res and Hi-Ref Display Support

Apollo MVP4 Graphics Controller display enhancements dramatically improve CRT resolution. These enhancements includs
support of non-interlaced 1280x1024x64K, 1024x768x16M, 800x600x16M, and 640x480x16M colors for “full spectrum” color.
Extended text modes of 80 or 132 columns by 25, 30, 43, or 60 rows provide an extended graphics area frequently used in me
spreadsheet and database applications. Extended graphics and text modes are supported by software drivers that pyevide a “re
to-go” solution, minimizing the need for additional driver development.

A virtual screen can be created with the Apollo MVP4 Graphics Controller. When this function is enabled, a selected portion of
large image can be shown on a smaller display. The image can also be moved across the whole screen, either up or down.

The Apollo MVP4 Graphics Controller is able to automatically detect DDC monitors @igignaling.
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CRT Power Management (VESA DPMS)

The Apollo MVP4 Graphics Controller conforms to the standard power management schemes defined by VESA™ for CRTs. Thi
Apollo MVP4 Graphics Controller supports four states of VESA™ Display Power Management Signaling (DPMS), which
decrease monitor power consumption after timeout periods. VESA™ DPMS power down states (ready, standby, suspend, a
off) specify HSYNC and VSYNC signals to control the monitor power down state.

Digital Flat Panel (DFP) Interface

The Apollo MVP4 DFP interface is designed to support industry standard TFT and DSTN panels through an external TMDS
transmitter. A Silicon Image SIL140 TMDS transmitter can be used to complete this interface.

MVP4 SIL140
Pin Color Pin
PDI23] BO DO
PD22] Bl D1
PDI21] GO D8
PD201 G1 D9
PDI19] RO D16
PD18] R1 D17
PDI17] B2 D2
PD16] B3 D3
PDI15] G2 D10
PD(14] G3 D11
PDI13] R2 D18
PD(12] R3 D19
PDI11] B4 D4
PD(10l B5 D5
PDI9l B6 D6
PDI8] B7 D7
PDI7] G4 D12
PDI6] G5 D13
PDI5] G6 D14
PDI4] G7 D15
PDI3] R4 D20
PDI2] R5 D21
PDI1] R6 D22
PDIOl R7 D23

Video Capture Interface / ZV Port

A video capture / ZV port is supported for video devices such as MPEG1 and MPEG2. Additionally, a zero-wait state host write
buffer, read cache, and memory mapped I/O increase operating speeds and contribute to peak performance levels. All |/
interfaces are 5V tolerant, capable of interfacing with external devices operating at 5V, even though the Apollo MVP4 Graphics
Controller runs at 2.5V internally. Graphics system throughput is further enhanced by a command FIFO, allowing maximum bu:
transfer speed for applications such as Windows™ or AutoCAD™ that directly access video memory.

Complete Hardware Compatibility

The Apollo MVP4 Graphics Controller is fully compliant with the VESA™ DDC and VAFC standards. The Apollo MVP4

Graphics Controller is 100% VGA compatible at both the BIOS and Driver level, allowing full compatibility with virtually any

VGA application software. The Apollo MVP4 Graphics Controller provides hardware support to DirectDraw™, offering high-
speed game graphics on Windows ' 95The Apollo MVP4 Graphics Controller meets the requirements of PC98 as well,

supporting a unique ID for each customer and a unique ID for each model.
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PINOUTS
Figure 1. VT8501 Ball Diagram (Top View)
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Asll §¥°  viF2 fonTx# REQx# GNT3# AD16| TROY# SERRf AD1] cBedr Ap{ PcUf onD  GnD Jf mp2s [ veca fonpa Mozzlvsussl mp19 [MEK | vpag | mas  mAs  mA3  mA2
acfRecs# onT2# rReQ2f onp | ceess| api7| DEY, par | api2  aps b2 | Pont# DG MDs2 mpeo fvoca [ mpse mpsa mps2  wmpa7| Hoik | sustf on | mas  ma7  mae
ADMGNT1# REQ1# GNTO AD26  AD23  AD2G CBE{VCC?: CBEl#l AD11 AD6 AD1  GND i MD31 MD29 MD58 MD25 MD23 MD51 MD49 | MECC3 CAS7# CAS2d MA10  MA9
AEJJREQUY AD30 AD28 AD25 AD22  AD19| IRDY# STOPf AD15 AD10 AD5 ADJ PWR M MD63 MD6L MD27 MDS7 MDS5 MD21 MD20 MDS0| MECC? MECCP CAS§ MA12 MAL
AFf] AD3L AD20 AD27 AD24 AD21 AD18| FRM# LOCK{ AD14 AD9  AD4| PREQ# RESEfI#GND [ MD30 MDs9 MD26 MD24 MD53 MD18 MD16| MGLK IMECCE| cAssy] ma1sf GnD
key| 1 | 2 [ 3 ] 4| 5] 6] 7] 8] of 10 11| a2] 3] 14 15 1d 17 18 b 2b 1 42 33 pa ps bs
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Figure 2. VT8501 Pin List (NumericalOrder)

Pin # Pin Name || Pin # Pin Name || Pin # Pin Nm" Pin|# Pin Name Pin # Pin Names Pin # Pin Name
AO1 | P | GNDRGB DO5 | IO HA12 HO3 | P |VCC3 PO1 | P| GND W25 | O | CAS1#/ mM1# AC23| P [GND
A02 | IO|HAO4 D06 | IO] HAL17 HO4( O| DE P02l 1® VIDD13 W2 CASS# QM5# AC24| O| MAO8
A03 | IO|HAO7 D07 | 10| HD02 HO5| O SHFCLK P03 IO VIDD14 Y0l | P|VCCD AC25| O| MAO7
A04 | IO|HA10 D08 | 10| HDO7 HO6 | P |VCC3 PO4 | IO]| VIDD12 Y02 | P|VCCV1 AC26| O| MAD6
AO5 | IO|HA15 D09 | IO| HD11 H21 | P |VCC3 PO5 | P| GND Y03 | O|TVVS ADO1| Of GNT1#
A06 | IO|HDOO D10 | IO HD16 H22| || HLOCK# P11 | P| GND Y04 | O| TVCLK ADO2| | |REQ1#
A07 | IO|HDO5 D11 | IO HD22 H23| 1Q ADS# P12 | P| GND Y05 | O | INTA# ADO3| O| GNTO#
A08 | IO|HDO08 D12 | IO HD27 H24 | P |VCC3 P13 | P| GND Y06| P| VCC3 ADO4 (10 |AD26
A09 | IO|HD14 D13 | IO HD31 H25| O BOFF# P14 | P| GND Y21 | P| VvCC3 ADO5 | 10 |AD23
A10 | IO|HD19 D14 | IO HD34 H26| 1| SMIACT# P15 | P| GND Y22 | O [ SWEC# / MWEC# ADO¢ 1§ AD20
A1l | IO|HD23 D15 | IO HD37 JOo1| Q PDO5 P16 | P| GND Y23 | O | RAS3#/ CS3# ADOY 19 CBE2#
A12 | IO|HD28 D16 | IO HD45 J02| Q PDO4 P22 | P| GND Y24 | O | RAS2# /| CS2# ADO8| P [VvCC3
Al13 | P |GND D17 | IO| HD47 JO03| O PDO3 P23 1P MD43 Y25 O RAS1#/CS1# ADO9 [ IO CBE1#
Al14 | IO|HD35 D18 | IO HD53 Jo4| Q PDO7 P24 IO MD10 Y26 |0 RASO#/ CS0# AD10| IO AD11
A15 | IO|HD40 D19 | 10| HD60 JO5| Q PDO06 P2% IO MD42 AAO01| P [GNDV1 AD11(10|ADO6
A16 | IO|HD44 D20 | IO HD62 Jo6 | P|VCCI P26 | 10| MD11 AA02| P [VCCV2 AD12(10|ADO1
Al17 | IO|HD51 D21 | IO BEO# J21 | P|VCCI RO1 | 10| VIDDO9 AA03| A|VLF1 AD13| P [GND
A18 | IO |HD56 D22 | IO BE2# J22| 1P WIR# RO2 1P VIDD10 AAQ4 XLTI AD1# 10 MD31
A19 | IO|HD59 D23 | P|GND J23 | O| EADS# RO3| 1@ VIDD11 AA0% Q XLTO AD1% 1 MD29
A20 | O | BWE# D24| 10 HA20 J24| 10 D/C# R0O4 1O VIDDO7 AAO06 | P [GND AD16 (10| MD58
A21 | O|CCS# D25( IQ HA21 J25( | HITM# ROY 1O VIDDO8 AAO07 | P [VCC3 AD17(10|MD25
A22 | IO |BE3# D26 | 10| HA22 J26( 10 MDOO R11 | P|VCC3 AA08| P|VCC3 AD18(10|(MD23
A23 | IO | BE6# EO1| Of VSYNC K01l g PD11 R12 | P|GND AA09| P | VCCI AD19| P|VCC3
A24 | IO|TAO EO2 | O HSYNC K02 Of PD10 R13 | P|GND AA10 (1O [ADO7 AD20| IO| MD51
A25 | IO| TA2 EO3 | A|IRSET KO03| O] PDO08 R14 | P|GND AA17| P| GNDA AD21(10|MD49
A26 | P |GND EO4 | A[{COMP K04 | Of PD12 R15 | P| GND AA18| P | VCCI AD22|10|MECC3
BO1 | P | GNDS EO5 | IO] HAl11 KO5| O] PD14 R16 | P|VCC3 AA19| P|VCC3 AD23| O | CAS7# | IDM7#
B02 | 10| HA03 EO06 | IOl HAL16 K06| O PD09 R232 10 MD14 AA20( P [VCC3 AD24| O | CAS2# | pM2#
B0O3 | 10| HA06 EO07 | IOl HDO1 K21| 1Q MDO02 R23 10 MD12 AA21( P [GND AD25( O [ MA10
B0O4 | 10| HA09 EO08 | IO HDO6 K22| 1Q MDO03 R24 10 MD44 AA22( P [VSUS2 AD26( O [ MAD9
BO5 | IO| HA14 E09 | IOl HD10 K23| 1Q MD34 R25 10 MD13 AA2B @ MAO1 AEQL RED#
B06 | IO| HA19 E10| IOl HD15 K24| 1Q MD32 R26 10 MD45 AA24 O MAOO AEQR2 1D AD30
B0O7 | 10| HDO4 El11 | IQ HD21 K25| 1 MDO1 TO1 1® VIDDO4 AA2b5 (@ RASS5#/CS5#/ CKH1# AHO3 |IO AD28
B08 | 10| HDO9 E12 | IQ HD26 K26| 1 MD33 T02 1® VIDDOS AA2F (0 RAS4# | CS4# | CKHO# AHO4 |10 AD25
B09 | 10| HD13 E13 | P| GND LO1 | O|PD16 TO3| Iq VIDDO6 ABO1| P [ GNDV2 AEQ05]| 10| AD22
B10 | 10| HD18 E14 | P| GND LO2 | O|PD15 TO4| I VIDD02 AB04 A| VLF2 AEOg§ 1Q AD19
B11 | 10| HD24 E15( IQ HD41 LO3| d PD13 TO3 IO VIDDO3 AB(Q3 O GNTX# AEQ7 |O IRDY#
B12 | 10| HD29 E16 | IQ HD46 Lo4| d PD17 T11 | P|GND ABO4| | |REQX# AEQ08]| 10| STOP#
B13 | 10| HD32 E17 | IQ HD48 LO5| d PD19 T12 | P|VCC3 ABO5| O | GNT3# AEQ9 1Q AD15
B14 | 10| HD36 E18( IQ HD55 L11 | P [GND T13 | P|GND ABO6 | IO|AD16 AE10]| 10| AD10
B15 | 10| HD39 E19( IQ HD61 L12 | P |VCC3 T14 | P|GND ABO7| IO | TRDY# AE11]| 10| ADO5
B16 | 10| HD43 E20( IQ HD63 L13 | P [GND T15 | P|VCC3 ABO8 | IO | SERR# / PWRGD AE1pR 1@ ADOO
B17 | 10| HD50 E21| IQ BEl# L14 | P [GND T16 | P|GND AB09|IO|AD13 AE13| | | PWROK
B18 | 10| HD57 E22 | IQ HA24 L15 | P |VCC3 T22 | O| SCASB# AB1(Q 1Q CBEO# AE1# 1O MD63
B19 | 10| HD58 E23 | IQ HA23 L16 | P [GND T23 | IO MD46 AB11| 10| AD03 AE15 10 MD61
B20 | O| GWE# E24( IQ HA25 L22] 1§ MD37 T24 1© MD15 AB1P PCLK AE16 1D MD27
B21 | O| COE# E25| 1Q HA26 L23] 1§ MDO5 T2 1© MD47 AB13| P [GND AE17]| 10| MD57
B22 | 10| BE4# E26| 19 HA27 L24| 1 MD35 T26| O SCASA# AB14( P [GND AE18]| 10| MD55
B23 | IO| BE7# FO1|( Of ENPVDD L25| 1 MDO4 uol 1O VvVIDDOO AB15 1O MD28 AE19 IO MD21
B24 | 10| TA1 FO2 | 10| SDA L26]| 19 MD36 uo2| IQ VvIDDO1 AB16| P | VCCA AE20]| 10| MD20
B25 | 10| TA3 FO3 | 10| SCL M01| O PD21 uo3 IO VIDVS AB17| P [ GNDA AE21]| 10| MD50
B26 | 10| TA4 FO4 | || ENATST# M02| O PD20 uUo4 IO VIDHS AB1B 1O MD22 AEZ2 10 MECC7
C01 | P|VCCS FO5 | | | SUSP MO03| Q PD18 uog 1® TVD6 AB19| P [VSUS3 AE23| 10| MECC2
C02 | A|RED FO6 | P| GND MO04 | O [ PD22 uo6 | P |VCC5 AB20|10|MD19 AE24| O CAS6# /| QM6#
CO03 | 10| HAOS FO7 | P|VCC3 MO5 | O [ PD23 U2l | P|VSUS3 AB21| O | MCLKO AE25( O MA12
C04 | 10| HAO08 FO8 | P|VCC3 M11| P|VCC3 U22 | O| SRASC#// CKE3ff AB2R 10 MD48 AE26 O MAl1l
CO05 | IO| HA13 F09 | P | VCCI M12 | P |GND U23 | IO MECCO AB23[ O MAO5 AFOY 1Q AD31
CO06 | IO| HA18 F10| 19 HD20 M13 | P |GND U24 | O| SCASC# / CKE24| AB2#t @ MAO04 AFOR 1D AD29
CO07 | 10| HDO3 F17| 1Q HD52 M14 | P |GND U25 | O| SRASA# AB2§ O MAO3 AFO3 1@ AD27
C08 | P|VCC3 F18| P| VCCI M15| P| GND U26 | O| SRASB# AB2§ Q MA02 AF04 1 AD24
C09 | I0| HD12 F19 | P|VCC3 M16| P| VCC3 V01 | O|TVD5 ACO1| | | RED3# AFO5( 10| AD21
C10 | IO| HD17 F20 | P|VCC3 M22 (10 (MDO08 V02 | O| TvD7 ACO02l O| GNT2# AFO0§ 1 AD18
C11 | 10| HD25 F21 | P| GND M23 10 (MD39 V03 | O] VIDCLK ACO03| | | REQ2# AFO7| 10| FRAME#
C12 | 10| HD30 F22| 1 M/IO# M24]| 1Q MDO06 Vo4 Q TvD3 ACO4| P [GND AFO08 | IO| LOCK#
C13 | IO| HD33 F23 | 1d HA28 M25 1@ MD38 Vo5 Q@ TVvD4 ACOp IO CBE3# AFQ9 1O AD14
Cl4 | P|GND F24 | 10| HA29 M26| 10| MD0O7 V06 | P |VCCI ACO06| IO| AD17 AF10| 10| AD09
C15 | 10| HD38 F25( 1d HA30 NO1| I1Q VIDD15 V21 | P |VCCI ACO7| IO| DEVSEL# AF11] 1 ADO4
C16 | 10| HD42 F26| 19 HA31 NO2| Q IMIO V22| Q CAS4#/@MV4# [[ACO08| 10| PAR AF12( || PRB#
C17 | 10| HD49 GO01| O ENPVEE NO3 | P | GND V23 | IO| MECC4 ACO09 IO AD12 AF13 || RESET#
C18 | 10| HD54 G02| O PDO0O NO4 IMIIN V24| 1@ MECC1 AC1D IO ADO8 AF14| P |GND
Cl9 | P|VCC3 GO03 | O| ENPBLT NO5 | P | GND V25 | O | CASO# / MO# ||AC11| IO AD02 AF15| 10 MD30
C20 | O| CADV# G04| O| LP N11 | P|GND V26 | I0O| MECC5 AC12 O| PGNT# AF16 1 MD59
C21 | O| CADS# GO05| q FLM N12 | P | GND W01 | O| TVvDO AC13| I0] PCKRUN# AF171 1@ MD26
C22 | 10| BE5S# G06 | P|VCC3 N13 | P| GND w02 | O|TvD1 AC14]| I0| MD62 AF1g 1d MD24
C23 | O TWE# G21 | P|VCC3 N14 | P| GND WO03| P| VCC3 AC15| 10| MD60 AF19| IO| MD53
C24 | 10| TAS G22| O] KEN# N15 | P | GND W04 | O| TVHS AC16| P | VCCA AF20( 10 MD18
C25 | IO| TA6 G23| || CACHE# N16 | P | GND W05 | O| TvD2 AC17| 10| MD56 AF21l 1d MD16
C26 | IO| TA7 G24| O| AHOLD N22 | P|GND W06| P| VCC3 AC18| IO| MD54 AF22| | | MCLKI
D01 | P|VCCR G25 | O| NA# N23| 10| MD41 w21 | P |VCC3 AC19| 10| MD52 AF23| 10| MECC6
D02 | A |BLUE G26 | 10| BRDY# N24|( IQ MD40 W22l q SWEB#/ MWE ACZ40 1D MD17 AF24 10 CAS3#Qm3#
D03 | A [GRN HO1 | Of PD02 N25 1@ MDO09 w23 ( SWEA#/MWE?; AC21 |I HCLK AF25 0 MA13
D04 | P| GND HO02 | O| PDO1 N26 | P| GND W24[ P| VCC3 AC22| | |SUST# AF26]| P | GND
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Figure 3. VT8501 Pin List (AlphabeticalOrder)

Pin # Pin Name Pin # Pin Name || Pin # Pin Name Pinf# Pin Name Pin # Pin Names Pin # Pin Namé]
AE12| 10[ ADOO F21 [ P[GND E26 [ 0] HA27 AA24{ O| MAOO AE23 10 MECC2 vol Q TVD5
AD12|10|ADO1 L11 | P [GND F23 [ 10| HA28 AA23[ O| MAOL AD22 10| MECC3 uos| Q TVD6
AC11| 10| ADO2 L13 | P |GND F24 | IO HA29 AB26( O| MAD2 V23| I MECC4 Vo2l g TvD?
AB11|10(AD03 L14 | P |GND F25 | IO HA30 AB25( O| MAO3 V26| 19 MECC5 w04 @ TVHS
AF11| 10| ADO4 L16 | P |GND F26 | IO| HA31 AB24 O| MAD4 AF23 1Q MECC6 Y03 @ TVVS
AE11| 10| ADO5 M12 | P [GND AC21| | [HCLK AB23| O [ MAD5 AE22| 10| MECC7 Cc23| d TWE#
AD11|10|ADO6 M13 | P [GND A06 [10|HDOO AC26| O| MA06 G25[ O NA# cos | P[vces
AA10 (10 |ADO7 M14 | P |GND EO7 [ 10| HDO1 AC25 O| MAQ7 AC08 1Q PAR Cc19 | P|vces
AC10( IO ADO8 M15 | P |GND D07 | 10| HDO2 AC24f O MAD8 AC13 1d PCKRUN# Fo7 [ P|vCC3
AF10| 10| AD09 NO3 | P[GND CO07 | 10| HDO3 AD26 Of MA09 AB13 I| PCLK Fos [ P|vcc3
AE10| 10| AD10 NO5 | P [GND B0O7 | 10| HDO4 AD25| O| MA10 G02[ g PDOO F19 [ P|vCC3
AD10|10|AD11 N1l | P|[GND A07 [10|HDO5 AE26| O| MA11 Ho2| O PDO1 F20 | P|vCC3
AC09| IO AD12 N12 | P|GND E08 [ 10| HDO6 AE25 O| MA12 Holf g PDO2 G06 | P|vCC3
ABO9 [ 10(AD13 N13 | P[GND D08 | 10| HDO7 AF25| O| MA13 Jo3| 4 PDO3 G21 | P|vCCes
AF09| 10| AD14 N14 | P|GND A08 [10|HDO8 AF22[ | [ MCLKI J02 | O| PD04 Ho3 | P [vcec3
AE09| 10| AD15 N15 | P[GND BO8 | 10| HDO9 AB21| O| MCLKO Jo1| g PDO5 Ho6 | P [vcec3
ABO6 [ 10| AD16 N16 | P|GND E09 [ 10| HD10 J26| 1d MDOO Jo5| @ PDO6 H21 | P [vCcC3
AC06| IO AD17 N22 | P|GND D09 | I0[HD11 K25 | 10[ MDO1 Jo4| g PDO7 H24 | P [vcec3
AF06 | 10| AD18 N26 | P|GND C09 | I0[ HD12 K21| 10| MD02 Ko3| O PDO8 L12 | P |vCC3
AE06| 10 AD19 PO1 [ P| GND B09 | 10| HD13 K22 | 10| MDO03 Koe| Of PD09 L15 | P |VCC3
ADO6 | 10| AD20 PO5 [ P| GND A09 |10|HD14 L25 | 10| MD04 Ko2| O| PD10 M1l | P |VCC3
AF05 | 10| AD21 P11 | P| GND E10 | I0| HD15 L23 | 10[ MDO5 Koi| O PD11 M16 | P [vCC3
AEO05| 10| AD22 P12 [ P| GND D10 | I0[HD16 M24| 10| MD06 Ko4| oOf PD12 R11 | P|vcC3
ADO5 | 10| AD23 P13 [ P| GND C10 | IO HD17 M26| 10] MDO7 L03| Q PD13 R16 | P[vCC3
AF04| 10| AD24 P14 | P| GND B10 | 10| HD18 M22| 10| MD08 Kos| oOf PD14 T12 | P|vce3
AE04| 10| AD25 P15 [ P| GND A10 [10|HD19 N25 | 10| MD09 L02| O| PD15 T15 | P |vces
AD04| 10| AD26 P16 [ P| GND F10 | IO HD20 P24| 1Q MD10 Lo1| Q PD16 wo3 | P |VCC3
AF03| 10| AD27 P22 | P| GND E11 | 10| HD21 P26| 1Q MD11 L04| Q PD17 Wo6 | P |VCC3
AE03| 10| AD28 R12 | P|GND D11 | 10| HD22 R23| 10 MD12 Mo3| O PD18 w21 | P |VCC3
AF02| 10| AD29 R13 | P|GND All [10|HD23 R25| 10] MD13 L05| Q PD19 w24 | P |VCC3
AE02| 10( AD30 R14 | P|GND B11 | 10| HD24 R22| 10 MD14 M02| g PD20 Y06 | P [vCC3
AF01]) 10| AD31 R15 | P|GND Ci11 | IO[ HD25 T24| 19 MD15 mo1l g PD21 Y21 | P|vces
H23 | 10| ADS# T11 | P[GND E12 [ 10| HD26 AF21f I MD16 M04| Q PD22 AA07 | P |vCC3
G24 | O AHOLD T13 | P[GND D12 | 10| HD27 AC20| 10| MD17 MO5| O PD23 AA08| P |vCC3
D21 | 10| BEO# T14 | P[GND A12 |10|HD28 AF20| I0[ MD18 AC14 O PGNT# AAL9| P |vCC3
E21 [ 10| BE1# T16 | P [GND B12 | 10| HD29 AB20[ 10| MD19 AF12 || PREQ# AA20( P |vCC3
D22 | 10| BE2# AA06 | P |GND C12 | 10| HD30 AE20 10 MD20 AE13 1| PWROK ADO8| P [VvCC3
A22 [10|BE3# AA21| P |GND D13 | I0[HD31 AE19| 10[ MD21 Y26 Of RASO#/CSO0# AD19| P [vCC3
B22 | 0| BE4# AB13| P [GND B13 | 10| HD32 AB18[ 10| MD22 Y25( O| RAS1#/CS1# uo6 | P|vces
C22 | 10| BE5# AB14| P [GND C13 | I0[ HD33 AD1§ 10| MD23 Y24 Of RAS2#/CS2# AB16( P | VCCA
A23 [10|BE6# ACO04| P [GND D14 | 10| HD34 AF18| 10| MD24 Y23| Of RAS3#/CS3# AC16| P | VCCA
B23 | 10| BE7# AC23| P [GND Al4 [10|HD35 AD17| 10 MD25 AA26] Of RAS4#/CS4#/CKEQY01 | P |VCCD
D02 | A [BLUE AD13| P [GND B14 | 10| HD36 AF17| 10| MD26 AA25 O| RAS5#/CS5#/CKEL#F09 | P |VCCI
H25 | O BOFF# AF14| P |GND D15 | I0[ HD37 AE16( 10[ MD27 co2| Al RED F18 [ P|VvCCI
G26 | IO BRDY# AF26| P |GND C15 | 10| HD38 AB15| 10| MD28 AE0] || REO# Joé | P|vCCl
A20 | O | BWE# AA17 | P [GNDA B15 | 10| HD39 AD15| 10| MD29 ADOZ || RB1# J21 | P|vCCl
G23 | | [CACHE# AB17| P |GNDA A15 |10|HD40 AF15( 10| MD30 ACO3 || RB2# V06 | P | VCCI
C21 | O CADS# A0l | P |GNDRGB E15 [ 10| HD41 AD14 10[ MD31 ACO01 I RE3# V21 | P |VCCI
C20 | O] CADV# B0l | P|GNDS C16 | 10| HD42 K24| 10| MD32 ABO4 || REX# AA09| P [vCCl
V25 [ O | CASO#/ IDMO# ||AA01]| P |GNDV1 B16 | 10| HD43 K26 | 10| MD33 AF13 || RESET# AA18| P |VCCI
W25 | O| CAS1#/mM1# [|ABOL| P [GNDV2 Al16 |10|HD44 K23 | 10| MD34 T26| O SCASA# Dol | P|VCCR
AD24| O | CAS2# / IM2# ||ADO3| O | GNTO# D16 1d HD45 L24| 1§ MD35 T2 @ SCASB# col | plvces
AF24| O| CAS3#/mM3# [|ADO1| O [ GNT1# E16| 1Q HD46 L26[ 1 MD36 U24 @ SCASC#/CKE2# Y02 | P [VCCV1
V22 | O | CAS4#/ MM4# || AC02| O GNT2# D17| 1Q HDA47 L22[ 1¢ MD37 Fo3 1O SCL AA02| P [vCCv2
W26 | O| CAS5# / MM5# || ABO5| O | GNT3# E17| 1Q HD48 M2§ 1 MD38 FO4 10 SDA VO3 1D VIDCLK
AE24| O CAS6#/ MM6# (| ABO3| O| GNTX# C17| I HD49 M23 1Q MD39 ABO$ I SERR#/PWRGD ud1 o VvIDDOO
AD23| O | CAS7#/mMM7# || D03 | A[GRN B17| 10| HD50 N24| IQ MD40 HOY @& SHFCLK uo2 Ip VIDDO1
AB10| IO CBEO# B20| O GWE# A17| 1§ HD51 N23 IO MD41 H2b6 [ SMIACT# Top o VIDDO2
ADO09 | 10| CBE1# B02| 10| HAO3 F17| 1Q HD52 P23 Ip MD42 U2b D SRASA# T¢5 (IO VIDDO3
ADO7 | 10| CBE2# A02 | 10| HAD4 D18| IQ HD53 P24 1O MD43 U26 O SRASB# T41 O VIDDO4
ACO05]| 10| CBE3# C03| 1q HAO05 Cclg 1 HD54 R24 1P MD44 U2p |0 SRASCH#/ CKE34 To2 | 10 VIDDO5
A21 | O|CCs# B03| Iq HA06 E18/ IQ HD55 R26 1P MD45 AEQ8 |0 STOP# T¢3 (IO VIDDO6
B21 | O| COE# A03| I HAO7 A18| |9 HD56 T23 1@ MD46 FO4 SUSP RQ4 [O VIDDO7
E04 | A[COMP Co4| 19 HAO8 B18| 1Q HD57 T24 1O MD47 ACZ2 SUST# RJ5 O VIDDO8
J24 | 10| D/C# BO4| 1 HA09 B19| 1§ HD58 AB2P 1O MD48 W28 O SWEA#/MWEA# RQl O VIDDO9
HO4 | O| DE A04 | 10| HAL0 A19| IQ HD59 AD21 1Q MD49 w23 @ SWEB#/MWEB#|[ RO2 |O VIDD10
ACO07| 10| DEVSEL# EO5| 1Q HALl D19 IQ HD60 AE2L I® MD50 Y22 © SWECH#/MWECH RP3 |10 VIDD11
J23 | O EADS# DO5| IQ HA12 E19 I1Q HD61 ADZ0 Ip MD51 A24 1D TAO PO |O VIDD12
FO4 | | |ENATST# Co5| 19 HA13 D20| 1@ HD62 AC1P 10 MD52 B24 1D TAL POR |O VIDD13
GO03 | Of ENPBLT BO5| 10 HAl4 E20| Id HD63 AF1p 1O MD53 A25 1D TA2 POB |0 VIDD14
FO1 | O| ENPVDD A05| IQ HA15 J25| If HITM# AC18 1 MD54 B24 1O TA3 NOl 1D VIDD15
GO01 | O| ENPVEE EO6| 1 HA16 H22 | HLOCK# AE1B 10 MD55 B2t 10 TA4 uog [0 VIDHS
GO05 | Of FLM DO6 | 10| HAL7 E02[ O HSYNC AC1f 1o MD56 C24 1D TA5 UoB [0 VIDVS
AF07| I0| FRAME# C06| 10 HA18 NO2| d IMIO AE1T 1@ MD57 c2§ 10 TA6 AAOB A VLF1
A13 [ P|GND BO6 | IO| HA19 NO4| 1]IMIIN AD16| 10| MD58 C26| 10| TA7 ABO2| A| VLF2
A26 | P |GND D24 | 10| HA20 Y05 | Of INTA# AF16| 10| MD59 AB07 IJ TRDY# AA22| P [VSUS2
C14 | P[GND D25 | 10| HA21 AEO7[ 10| IRDY# AC1§ 1Q MD60 Y04| d TVCLK u21 | P|vsuss3
D04 | P [GND D26 | 10| HA22 E03| A|IRSET AE1§ 1Q MD61 wol @ TVDO AB19| P [VSUS3
D23 | P|GND E23 [ 10| HA23 G22| O| KEN# AC14 1§ MD62 wo2 ¢ TVD1 E0] © VSYNC
E13 | P|GND E22 | 10| HA24 AF08| 10| LOCK# AE14 19 MD63 wog Q@ TvD2 J24 1D WIR#
E14 | P|GND E24 | 10| HA25 Go4| O] LP U231 MECCO Vo4 ¢ TVD3 AAQA | XLTI
Fo6 | P GND E25 [ 10 HA26 F22| 19 Mo# v24| 1d MECC1 Vo5 Q@ TvD4 AAOE @ XLTO
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VT8501 Apollo MVP4

PIN DESCRIPTIONS

Table 1. VT8501 Pin Descriptions

CPU Interface

cycle

cache

nen

th the

CPU

main

Signal Name Pin # 1/O | Signal Description
HD[63:0] (see IO | Host CPU Data. These signals are connected to the CPU data bus.
pinout tables)
BE[7:0]# B23, A23, I Byte Enables. The CPU byte enables indicate which byte lane the current CPU
C22,B22, is accessing.
A22, D22,
E21, D21
HA[31:3] (see IO | Host Address Bus. HA[31:3] connect to the address bus of the host CPU. Dulring
pinout tables) CPU cycles HA[31:3] are inputs. These signals are driven by the MVP4 during
shooping operations.
ADS# H23 I | Address Strobe. The CPU asserts ADS# in T1 of the CPU bus cycle to initigte a
command
M/IO# F22 I [ Memory /10 Command Indicator
W/R# J22 | | Write / Read Command Indicator
D/C# J24 | | Data / Control Command Indicator
BRDY# G26 O | Bus Ready. The MVP4 asserts BRDY# to indicate to the CPU that data is avaflable
on reads or has been received on writes.
EADS# J23 O | External Address Strobe. Asserted by the MVP4 to inquire the L1 cache w
serving PCI master accesses to main memory.
KEN# / INV G22 O | Cache Enable / Invalidate. KEN# / INV functions as both the KEN# signal duripg
CPU read cycles and the INV signal during L1 cache snoop cycles.
HITM# J25 I | Hit Modified. Asserted by the CPU to indicate that the address presented w
last assertion of EADS# is modified in the L1 cache and needs to be written bagk.
HLOCK# H22 | | Host Lock. All CPU cycles sampled with the assertion of HLOCK# and ADS# {intil
the negation of HLOCK# must be atomic.
CACHE# G23 I | Cacheable Indicator. Asserted by the CPU during a read cycle to indicate the
can perform a burst line fill. Asserted by the CPU during a write cycle to indicate that
the CPU will perform a burst write-back cycle.
AHOLD G24 O | Address Hold. The MVP4 asserts AHOLD when a PCI master is accessing
memory. AHOLD is held for the duration of the PCI burst transfer.
NA# G25 O | Next Address Indicator.
BOFF# H25 O | Back Off. Asserted by the MVP4 when required to terminate a CPU cycle thagt was
in progress.
SMIACT# H26 I | System Management Interrupt Active. This is asserted by the CPU when it i

in

system management mode as a result of SMI.

Note: Clocking of the CPU and cache interfaces is performed with HCLK;

descriptions section for descriptions of the clock input pins.
Note: All signals above require 4.7K pullups to VCC3 except EADS#, HITM#, AHOLD, HA, and HD.
Note: All signals above connect directly to the host CPU except HA and HD which connect directly to the L2 cache SRAMs anc
connect to the host CPU through 22 ohm series resistors (see the “Apollo MVP4 Design Guide” for more information).

Preliminary Revision 1.0December 9, 1998
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L2 Cache Control

cache

Signal Name Pin # 1/O | Signal Description

CADS# Cc21 O | Cache Address Strobe. Assertion causes the burst SRAM to load the address
register from address pins. Connected to all cache SRAMSs.

CADV# Cc20 O | Cache Advance. Assertion causes the burst SRAM to advance to the next Quagiword
in the cache line. Connected to all cache SRAMs.

COE# B21 O | Cache Output Enable. Typically connected to all cache SRAMs.

CCS# A21 O | Cache Chip Select.Typically connected to all cache SRAMs.

TA[7:0] C26, C25, C24| IO | Tag Address. TAO-7 are inputs during CPU accesses and outputs during L2

B26, B25, line fills and L2 line invalidates during inquire cycles.
A25, B24, A24

TWE# C23 O | Tag Write Enable. When asserted, new state and tag addresses are written ifto the
external tag. Connected to all cache SRAMs.

GWE# B20 O | Global Write Enable. Connected to all cache SRAMSs.

BWE# A20 O | Byte Write Enable. Connected to all cache SRAMs.

Note: VT8501 pinouts were defined for optimum use with the ATX PCB form factor (shown in simplified form below).

The

general component layout shown may be used as a guide for ATX PCB component placement. For more detailed PCB layout a
design information and layout recommendations for other PCB form factors, refer to the “Apollo MVP4 Design Guide”.

Power
Supply

IDE Connectorg

DRAM Modules

L2
CPU Cache
PCI Slots SRAM
ISA
Slots
1 26
A
CPU
vid | 8501 A ]
MVP4 . !
1

PCl | DRAM ! I
AF " I
South ! :
Bridge | DRAM
1Modules|
: I
! :
: I
1 1
! :
1
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DRAM Interface

Signal Name Pin # 1/O | Signal Description
MDI[63:0] (see IO | Memory Data. These signals are connected to the DRAM data bus.
pinout tables) Note: MDO is internally pulled up for use in EDO memory type detectiofp.
MECC]7-0] AE22, AF23, | IO | DRAM ECC or EC Data.
V26, V23,
AD22, AE23,
V24, U23 Note: These pins are powered by VSUS
MA[13:0] AF25, AE25, | O/ | Memory Address. DRAM address lines. These pins are also used for
/ Strap Options AE26, AD25, I power-up strapping options (sampled on the rising edge of RESET#):
AD26, AC24, MA13-12 Rx68[1-0] Host CPU Bus Frequency (0=Auto, 1=100, 2=6p)
AC25, AC26, MA11 SERR Pin Function (0=SERR, 1=PWRGD)
AB23, AB24, MA10-9 North Bridge Clock Delay (0-3 Clocks)
AB25, AB26, MAS8 -reserved-
AA23, AA24 MA7 Graphics Test Mode (0 =Normal, 1 = Test Modg
MAG6 LCD Output (0 = Off, 1 = On)
MAS5-3 Panel Type (0-3 = TFT, 4-7 = DSTN)
MA2 -reserved-
MA1-0 Graphics Clock Delay (0-3 Clocks)
All pins have internal pull-downs for default low (0). Strap 1 using 27K
RASS5# | CS5# | CKE1#, AA25, O | Multifunction Pins
RASA4# | CS4# | CKEO#, AA26, 1. FPG/EDO DRAM: Row Address Strobe of each bank.
RAS3# /| CS3#, Y23, 2. Synchronous DRAM: Chip select of each bank.
RAS2# | CS2#, Y24, 3. Clock Enable: Clock enables 1-0 (see SCASC# & SRASC# for CHE[3-
RAS1# / CS1#, Y25, 2]#). CKE[3-0]# may be connected to the DRAM modules in any oflder.
RASO# /| CSO0# Y26 Each DRAM module requires 2 clock enables, so CKE[3-0]# may onfy be
used to implement Suspend to RAM with the first 2 modules.
Note: These pins are powered by VSUS.
CASH#[7:0] / DQM#[7:0] | AD23, AE24, | O | Multifunction Pins
W26, V22, 1. FPG/EDO DRAM: Column Address Strobe of each byte lane.
AF24, AD24, 2. Synchronous DRAM: Data mask of each byte lane.
W25, V25 Note: These pins are powered by VSUS.
SRASA#, u25, O | Row Address Command Indicator. For support of up to threp
SRASB#, u26, Synchronous DRAM DIMM slots (these are not copies as each DIMM| slot
SRASC# /| CKE3# u22 may have separate timing). “A” controls banks 0-1 (module 0), “B” confrols
banks 2-3 (module 1), and “C” controls banks 4-5 (module 2). See RAS[5-
4J# for an explanation of CKE3#.
SCASA#, T26, O | Column Address Command Indicator. For support of up to threge
SCASB#, T22, Synchronous DRAM DIMM slots (these are not copies as each DIMM slot
SCASC# | CKE2# uz24 may have separate timing). “A” controls banks 0-1 (module 0), “B” confrols
banks 2-3 (module 1), and “C” controls banks 4-5 (module 2). See RAS[5-
4J# for an explanation of CKE2#.
SWEA# | MWEA#, W23, O | Write Enable Command Indicator. For support of up to threp
SWEB# /| MWEB#, W22, Synchronous DRAM DIMM slots (these are not copies as each DIMM| slot
SWECH# | MWECH# Y22 may have separate timing). Multifunction pins, used as MWE# ping for

FPG/EDO memory. “A” controls banks 0-1 (module 0), “B” controls bgnks

2-3 (module 1), and “C” controls banks 4-5 (module 2). Note: These

pins

are powered by VSUS.

Note: Clocking of the memory subsystem uses memory clock (MCLK); see the clock pin group at the end of the pin description
section for descriptions of the clock pins.

Note: Connect all memory interface pins except MD and MECC to the DRAM modules throQgkefi2s resistors (see the
Apollo MVP4 Design Guide” for more specific connection details and PCB layout recommendations).

Preliminary Revision 1.0December 9, 1998
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PCI Bus Interface

driven

yte
cks.

action.

ting
tiator.

rror
put

the

the

2K

y

Signal Name Pin # 1/O | Signal Description

AD[31:0] (see IO | Address/Data Bus. The standard PCI address and data lines. The address is

pinout tables) with FRAME# assertion and data is driven or received in following cycles.

CBE[3:0]# AC5, AD7, AD9, | IO | Command/Byte Enables. Commands are driven with FRAME# assertion. H

AB10 enables corresponding to supplied or requested data are driven on following cld

PAR AC8 IO | Parity. A single parity bit is provided over AD[31:0] and C/BE[3:0].

FRAME# AF7 IO | Frame. Assertion indicates the address phase of a PCI transfer. Negation inflicates
that one more data transfer is desired by the cycle initiatorQ JHlup to VCC3.

IRDY# AE7 IO | Initiator Ready. Asserted when initiator is ready for data transfer. QQiGllup to
VCC3.

TRDY# AB7 IO | Target Ready. Asserted when target is ready for data transfer. QL@killup to
VCC3.

STOP# AES8 IO | Stop. Asserted by the target to request the master to stop the current tran;
10KQ pullup to VCC3.

DEVSEL# AC7 IO | Device Select. This signal is driven by the MVP4 when a PCI initiator is attemp
to access main memory. It is an input when the MVP4 is acting as a PCI in
10KQ pullup to VCC3.

LOCK# AF8 IO | Lock. Used to establish, maintain, and release resource lock pOKup to VCC3.

SERR# / AB8 IO/ | System Error. The MVP4 will pulse this signal when it detects a system

PWRGD I condition (10KQ pullup to VCC3). May optionally be configured as a PWRGD i
(see strapping pin MA11).

PREQ# AF12 I | South Bridge Request. This signal comes from the South Bridge. PREQ# ig
South Bridge request for the PCI bus. ©Rullup to VCC3.

PGNT# AC12 O | South Bridge Grant. This signal driven by the MVP4 to grant PCI access tg
South Bridge. 10R pullup to VCC3.

REQ[3:0]# AC1, AC3, AD2,| | PCI Master Request. PCI master requests for use of the PCI bus. Q.pKllup to

AE1 VCCS.
GNT[3:0]# AB5, AC2, AD1,| O | PCI Master Grant. Permission is given to the master to use the PCI bus. 2
AD3 pullup to VCC3.

REQX# AB4 I High Priority PCI Master Request. VIA special high priority master request fpr
use of the PCI bus. 4.TKpullup to VCC3 if not used.

GNTX# AB3 O | High Priority PCI Master Grant. Permission is given to the VIA high priori
master to use the PCI bus.

INTA# Y5 O | PCI Interrupt Out.

event that requires handling. It is driven by the integrated graphics controller.

INTA# is an asynchronous active low output used to signwl an

Note: Clocking of the PCl interface is performed with PCLK; see the clock pin group at the end of the pin descriptiorisrsection
descriptions of the clock input pins.
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Clock / Reset Control

ler
to the

put

ign

to a

GND
with

hen
value.

strap

for
OK

Signal Name Pin # I/O | Signal Description

HCLK AC21 I | Host Clock. This pin receives the host CPU clock. This clock is used by all logic in
the host CPU domain. It is driven by the external clock synthesizer.

MCLKI AF22 I | Memory Clock In. This clock is used by internal clock logic to maintain the prgper
phase relationship with MCLKO. It is driven by the external clock synthesizer.

MCLKO AB21 O | Memory Clock Out. Created on-chip from MCLKI and used by the memory contrgl
as a timing reference for creation of all memory timing sequences. It is connecte
external clock chip for use in maintaining proper phase relationships.

PCLK AB12 I PCI Clock. This clock is used by all on-chip logic in the PCI clock domain. This i
must be 33 MHz maximum to comply with PCI specification requirements and mf{ist be
synchronous with the host CPU clock (HCLK) with an HCLK:PCLK frequency ratip of
2:1 (66MHz CPU clock) or 3:1 (100 MHz CPU clock). The PCI clock needs {p be
controlled to within 1.5 + 0.5 nsec relative to the host CPU clock (CPU leads).

PCKRUN# AC13 I0 | PCI Clock Run. For implementation of PCI bus clock control for low-power PCI |bus
operation. Refer to the “PCI Mobile Design Guidelines” and “Apollo MVP4 Def
Guide” documents for additional information.

XLTI AA4 I Crystal Input. 14.31818 MHz for the video clock synthesizer reference. Connedt
14.31818 MHz clock source if a crystal not used. Connect to main ground plane
with 10pF if using a crystal.

XLTO AA5 O | Crystal Output. 14.31818 MHz for the video clock synthesizer reference. Leave[open
if a clock source is used instead of a crystal. Connect to main ground plane G
10pF if using a crystal.

RESET# AF13 I | Reset. Driven from the South Bridge RESET signal through an inverter. W
asserted (low), this signal resets the MVP4 and sets all register bits to the defau
This signal also connects to the PCI bus (South Bridge RESET drives the ISA|bus if
implemented). The rising edge of this signal is used to sample all power-ug
options (see memory interface MA pins).

PWROK AE13 I | Power OK. Connect to South Bridge and Power Good circuitry.

SUST# AC22 | | Suspend Status. For implementation of the Suspend-to-DRAM feature. Input logid
this pin is powered by VSUS. Connect to the South Bridge SUST# pin or to@ |l
pullup to VSUS if not used.

SUSP F5 | | Suspend. For implementation of the Suspend-to-DRAM feature. Input logic forfthis
pin is powered by VSUS. Connect to South Bridge GPO pin or to & J@Klup to
VSUS if not used.

Miscellaneous

Signal Name Pin # 1/O | Signal Description

ENTST# F4 I | Test Mode Enable. 4.7KQ pullup to VCC3 for normal operation.

IMIO N2 O | IMI Out. Leave open.

IMIIN N4 I [ IMlIn. 4.7KQ pullup to VCC3.

Preliminary Revision 1.0December 9, 1998 19-
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CRT Interface

Signal Name Pin # 1/O | Signal Description

RED C2 A | Red. Red analog output to the CRT. Connec@7bad resistor to GNDF
(RGB Return) and connect to VGA connector through a series ferrite begd and
10pF capacitors to GNDR on both input and output sides of the beadl (see
“Apollo MVP4 Design Guide”).

GRN D3 A | Green. Green analog output to the CRT. Connect same as RED.

BLUE D2 A | Blue. Blue analog output to the CRT. Connect same as RED.

HSYNC E2 O | Horizontal Sync. Digital horizontal sync output to the CRT. Also used (With

VSYNC) to signal power management state information to the CRT pdfr the
VESA™ DPMS™ standard. Connect to VGA connector through a serieg 47
resistor and 120pF capacitor to ground (see “Apollo MVP4 Design Guidef).

VSYNC El O | Vertical Sync. Digital vertical sync output to the CRT. Also used (wjth
HSYNC) to signal power management state information to the CRT pér the
VESA™ DPMS™ standard. Connect to VGA connector through a serieg 47
resistor and 120pF capacitor to ground (see “Apollo MVP4 Design Guidef).

SDA F2 IO | DDC Data/Address. Serial fC protocol for VESA™ DDC2B signaling to the
CRT. Connect this pin to VCC5 through a 4QKullup. Connect to theg
VGA connector only (pin 12 of the connector). Connect through a ferrite[bead

and 120pF capacitor to ground (on the output side of the bead). Refer|to the
“Apollo MVP4 Design Guide” for additional information.

SCL F3 IO | DDC Clock. Serial fC protocol for VESA™ DDC2B signaling to the CRII.
Connect this pin to VCC5 through a 4@Kpullup. Connect to the VGA
connector only (pin 15 of the VGA connector). Connect through a ferrite|bead

and 120pF capacitor to ground (on the output side of the bead). Refer|to the
“Apollo MVP4 Design Guide” for additional information.

DFP Interface

Signal Name Pin # 1/O | Signal Description

PD[23-0] (see pin list) O | Panel Data. Digital monitor pixel data outputs.

SHFCLK H5 O | Shift Clock. Clock for transferring digital pixel data.

DE H4 O | Data Enable. Indicates valid data on PD[23-0].

LP G4 O | Line Pulse. Digital monitor equivalent of HSYNC.

FLM G5 O | First Line Marker. Digital monitor equivalent of VSYNC.
ENPVDD F1 O | Enable Panel VDD Power.

ENPVEE Gl O | Enable Panel VEE Power.

ENPBLT G3 O | Enable Panel Backlight.

Note: Connect SHFCLK, DE, LP, and FLM to external TMDS transmitters through sefle®&i®tors. See the “Apollo MVP4
Design Guide” for DFP interface design examples and additional information.
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TV Input / Video Interface

Signal Name Pin # 1/O | Signal Description

VIDD[15-0] (see pin list) 10 | Video Capture / Playback Data. Connect to TV decoder if used.
VIDHS U4 IO | Video Horizontal Sync. Connect to TV decoder if used.

VIDVS u3 IO | Video Vertical Sync. Connect to TV decoder if used.

VIDCLK V3 IO | Video Clock. Connect to TV decoder through a serieQ 28sistor.

Note: Refer to the “Apollo MVP4 Design Guide” for video interface design examples.

TV Output Interface

Signal Name Pin # 1/O | Signal Description
TVDI[7-0] V2, U5, V1, V5, V4, O | TV Output Data. Connect to TV encoder if used.
W5, W2, Wi
TVHS W4 O | TV Horizontal Sync. Connect to TV encoder if used.
TVVS Y3 O | TV Vertical Sync. Connect to TV encoder if used.
TVCLK Y4 O | TV Clock. Connectto TV encoder through a serieQ22sistor.

Note: Refer to the “Apollo MVP4 Design Guide” for TV interface design examples.

Preliminary Revision 1.0December 9, 1998
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Digital Power and Ground

guate

Signal Name Pin # 1/O | Signal Description

VCC5 u6 P | Power for Display / Video Interfaces(5V #5%). Power for CRT H/VSYNG
DFP interface, video interface, and TV interface. Used to provide ads
output voltage swing for driving external video devices. Also used to pr@vide
5V input tolerance from those interfaces.

VCC3 C8, C19, F7, F8, F19] P | Power for On-Board Interfaces (2.5V to 3.3V £5%). Power for host CPU

/

F20, G6, G21, H3, H6 L2 Cache interface, PCI bus interface, and memory interface (except ping listed
H21, H24, L12, L15, below under VSUS).
M11, M16, R11, R16,
T12, T15, W3, W6,
W21, W24, Y6, Y21,
AA7, AA8, AA19,
AA20, AD8, AD19

VSUS3 u21, AB19 P | Suspend Power(3.3V +5%). Power for memory interface signals SRASC#,
SCASCH#, SWECH#, SWEB#, RAS[5-0]#, CAS[7-0]#, and MECC[7-0] as we||l as
SUSTAT# and SUSCLK. Connect to VCC3 if suspend functions arg| not
implemented.

VSUS2 AA22 P | Suspend Power(2.5V ¥5%). Connect to VCCI if suspend functions are jnot
implemented.

VCCI F9, F18, J6, J21, V6,| P | Powerfor On-Chip Internal Logic (2.5V +5%).

V21, AA9, AA18

VCCD Y1 P | Power for Video Clock Synthesizer Digital Logic(2.5V *5%). Connect t(
VCCI through a ferrite bead and decouple to main ground plane GND| with
0.001uF and 0.1uF ceramic and 10uF tantalum capacitors (see “Apollo MVP4
Design Guide”).

VCCR D1 P | Power for RAMDAC Video Output Digital Logic (2.5V £5%). Connect t@
VCCI through a ferrite bead and decouple to main ground plane GNDj with
0.001uF and 0.1uF ceramic and 10uF tantalum capacitors (see “Apollo MVP4
Design Guide”).

GND Al13, A26, C14, D4, | P | Ground. Connect to primary PCB ground plane.

D23, E13, E14, F6,
F21, L11, L13, L14,
L16, M12-M15, N3,
N5, N11-N16, N22,
N26, P1, P5, P11-P14,
P22, R12-R15, T11,
T13, T14, T16, AAG,
AA21, AB13, AB14,
AC4, AC23, AD13,
AF14, AF26

Commonly Used Prefix / Suffix Letters in Signal Names:

| = Internal Logic

M = Memory (SDRAM) Interface

H = Host CPU Interface

P = PCI Bus Interface

G = AGP Bus Interface (internal in MVP4)
U (or USB) = USB (Universal Serial Bus)

V1 = Video Clock Synthesizer PLL1
V2 = Video Clock Synthesizer PLL2
D = Video Clocks Digital Data Path
R = RAMDAC Digital Data Path

S = RAMDAC Current Source
RGB = Analog Video Out Return

H (or HWM) = Hardware Monitoring TV =TV Out

SUS = Suspend Power VID=TV In

A = North Bridge Clock Synthesizer
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Clock Power / Ground and Filtering

Signal Name Pin # 1/O | Signal Description

VCCA AB16, AC16 P | Power for North Bridge Clock Circuitry (2.5V ¥5%). Connect to VCCI throughia
ferrite bead and decouple to GNDA with 0.001uF and 0.1uF ceramic and 10uF tgntalum
capacitors (see “Apollo MVP4 Design Guide”).

GNDA AAl7, AB17 P | Ground for North Bridge Clock Circuitry. Connect to main ground plane GND
through a ferrite bead. (see “Apollo MVP4 Design Guide”).

VCCV1 Y2 P | Power for Video Clock Synthesizer 1 Analog Circuitry (2.5V +5%). Connect t
VCCI through a ferrite bead and decouple to GNDV1 wif0QuF and 0.1uF ceramﬁc
and 10uF tantalum capacitors (see “Apollo MVP4 Design Guide”).

GNDV1 AAl P | Ground for Video Clock Synthesizer 1. Connect to main ground plane through a
ferrite bead. "'

VLF1 AA3 A | Low Pass Filter Capacitor for Video Clock Synthesizer 1. Connect to GNDVJﬂ
through &560pF capacitor.

VCCV2 AA2 P | Power for Video Clock Synthesizer 2 Analog Circuitry (2.5V +5%). Connect t
VCCI through a ferrite bead and decouple to GNDV2 wif0QuF and 0.1uF ceramjc
and 10uF tantalum capacitors (see “Apollo MVP4 Design Guide”).

GNDV2 AB1 P | Ground for Video Clock Synthesizer 2. Connect to main ground plane througl} a
ferrite bead.

VLF2 AB2 A | Low Pass Filter Capacitor for Video Clock Synthesizer 2. Connect to GNDVZ
through &560pF capacitor.

RAMDAC Output Power / Ground and Analog Control

Signal Name Pin # I/O | Signal Description

VCCS C1 P | Power for RAMDAC Current Source Circuitry (2.5V £5%). Connect to VCQ
through a ferrite bead and decouple to GNDS wif0OuF and 0.1uF ceramic and 10uF
tantalum capacitors (see “Apollo MVP4 Design Guide”).

GNDS Bl P | Ground for RAMDAC Current Source Circuitry. Connect to main ground plane
through a ferrite bead.

COMP E4 A | Compensation Capacitor. RAMDAC analog control. Connect to VCCS using a[p.1
uF capacitor.

IRSET E3 A | RAMDAC Current Set Point Resistor. RAMDAC analog control. Connect to GNOIS
through a 36Q 1% resistor.

GNDRGB Al P | RGB Video Output Return. Connection point for the RGB load resistors. Also ysed

as a shield for the RGB video output traces to the VGA display connector. Conngcts to
RGB return pins 6, 7, and 8 of the VGA connector. Connect to main ground|plane
through a ferrite bead. Refer to the “Apollo MVP4 Design Guide” for more spécific
connection and PCB layout details. TI
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REGISTERS

Reqister Overview

The following tables summarize the configuration and 1/O

Table 2. Register Summary

registers of the MVP4. These tables also document the powerltO Ports

on default value (“Default”) and access type (“Acc”) for each

register. Access type definitions used are RW (Read/Write ,P%ré# Ilé(():IF;OAr\tGP Arbiter Disable Defa(L)Jcl)t Aclg v
RO (Read/Only), “—" for reserved / used (essentially the samecER -] Confouration Address 0000 0000 RW
as RO), and RWC (or just WC) (Read / Write 1's to Clear cEF-C| Confauration Data 0000 00d0 RW

individual bits). Registers indicated as RW may have some
read/only bits that always read back a fixed value (usually O 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.
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Device 0 Registers - Host Bridge

Header Registers Device-Specific Registers (continued)

Offset |Configuration Space Header Default | Acq Offset |PCI Bus Control Default |Acc
1-0 |Vendor ID 1106 RO 70 |PCI Buffer Control 00 RW
3-2 [Device ID 0501 RO 71 |CPU to PCI Flow Control 1 00 RW
5-4 [Command 0006 |RW 72 |CPU to PCI Flow Control 2 00 RW
7-6 | Status 0290 |WC 73 |PCI Master Control 1 00 RW

8 [Revision ID nn RQ 74 | PCI Master Control 2 00 RW
9 |Praram Interface 00 R 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 notproaram) 00 RW|
C |-reservedfcache line sizZe 00 — 78 [|PMU Control 1 00 RW
D [Latenc Timer 00 RW 79 [PMU Control 2 00 RW
E |Header Tpe 00 RO 7A-7D|-reserved- 00 —
F_ |Built In Self Test{BIST) 00 RO 7E-7F| DLL Test Modddo notproaram) 00 RW|
13-10]| Grahics Aperture Base 0000 00NRW | 80-FF| -reserved- 00 —+

14-27 | -reservedbase addressaisters 00 —

28_2': _reserved_unas@_ned OO S Oﬁset GART/TLB Control Default A\CC

33-30] -reservedexpan ROM base adilr 00 — 83-80| GART/TLB Control 0000 0000 RW

37-34 | Cavability Pointer 0000 00AD R 84 | Graphics Aperture Size 00 | RW

34-3B| -reservedinassined 00 — 85-87 | -reservedunassined 00 —

3C-3D| -reservedtinterruot line & pin) 00 — 8B-88| Gr. Aperture Translation Table Base 0000 0000 RW
3E-3F] -reservedimin ant and max latend 00 — 8C-8F| -reservediunassined 00 —

Device-Specific Registers Offset |[AGP Control Default |Acc

Offset |Cache Control Default [ Acd ﬁg ﬁgg Il\?ext ltem Pointer 0(230 58
50 1Cache Control 1 00 RW ™ A2 [AGP Soecification Revision 10 [RO
51 |Cache Conrol 2 00 | RW ™ A3 | eservedfunassined 00 —
52 |Non-Cacheable Control 00 W A7_A4|AGP Status 0700 02080
53 |System Performance Control 00 RW [AB-AS|AGP Command 0000 0000 RW

55-54 | Non-Cacheable Bien #1 0000 | R

57-56 | Non-Cacheable Bien #2 0000 | R AC AGP Conuol 40 B

AD |AGP Latenw 00 RW,|

Offset|DRAM Control Default |Acc AC-EF|-reservedfunassined 00 —

59-58 | MA Map Tvbe _ 0000 | RW  I'Gffset[BIOS Scratch Default | Acd

5A-5F | DRAM Row Endig Address: FO-F7| BIOS Scratch 00 RW
5A Bank 0 Endia (HA[29:22) 01 RW|
5B | Bank 1 Endia(HA[29:2) 01 |RW| |Offset|Miscellaneous Control Default | Acg
5C | Bank 2 Endin(HA[29:22) 01 |RW F8 |DRAM Arbitration Timer 1 00 | RW
SD | Bank 3 Endia (HA[29:22) 01 |RW F9_|DRAM Arbitration Timer 9 00 | RW
SE Bank 4 Endia(HA[29:22) 01 RW| FA [CPU Direct Access FB Base Address 00 RW
5F Bank 5 Endim(HA[29:22) 01 RW| FB_|Erame Buffer Conrol 00 RW
60 |DRAM Type 00 RW
61 |ROM Shadow Control CO000-CFFFF 00 RW | Offset |Back Door Control Default | Acc
62 |ROM Shadow Control DOO00-DEFFFE 00 RW | Ec |Back Door Control 1 00 RW
63 |ROM Sh_ad_OW Control EO0O00-FEERFFE 00 RW[ ED [Back Door Control 2 00 RW
64 |DRAM Timing for Banks QL EC | RW  [FF-FE[Back Door Device ID 0000 0000 RW
65 |DRAM Timing for Banks 23 EC RW
66 |DRAM Timina for Banks 45 EC RW,

67 |-reservedfunassined 00 RW|
68 |DRAM Control 00 RW
69 |DRAM Clock Select 00 RW
6A |DRAM Refresh Counter 00 RW
6B |DRAM Arbitration Control 01 RW
6C [SDRAM Control 00 RW
6D [DRAM Control Drive Streath 00 RW
6E |ECC Control 00 RW
6F |ECC Status 00 |RO
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Device 1 - PCI-to-PCI Bridge

Header Registers

Device-Specific Registers

Offset [Configuration Space Header Default [Acc Offset [PCI Bus #2 Control Default [Acc
1-0 |Vendor ID 1106 R( 40 |[CPU-to-PCI Flow Control 1 00 RW
3-2 [Device ID 8501 R( 41 [CPU-to-PCI Flow Control 2 00 RW
5-4 |Command 0007 |RW 42 |PCI Master Control 00 RW
7-6_|Status 0220 |[WC 43-4F | -reservediunassined 00 —

8 [Revision ID nn RQ
9 |Prayam Interface 00 RO
A |Sub Class Code 04 RO
B |Base Class Code 06 RO
C _|-reservedf{cache line size 00 —

D |Lateng Timer 00 RW

E [Header Vpe 01 RO
F__ [Built In Self Tes{BIST) 00 RO

10-17] -reservedbase addressaisterg 00 —
18 |Primay Bus Number 00 |RW
19 |SecondarBus Number 00 |RW
1A |Subordinate Bus Number 00 |IRW
1B |-reservedfsecondar lateng timer) 00 —
1C |I/O Base FO |RW
1D [I/O Limit 00 RW

1F-1E| SecondarStatus 0000 RO

21-20| Memoy Base FFFO |IRW

23-22 | Memoy Limit (Inclusive 0000 [RW

25-24 | Prefetchable MempBase FFFO |RW

27-26 | Prefetchable Mempt.imit 0000 [RW

28-3D| -reservedfunassined 00 —

3F-3E| PCI-to-PCI Bride Control 00 RW
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2D / 3D Graphics Accelerator

PCI Configuration Registers

AGP Registers (2300-23FF)

Offset [Configuration Header Default [Acc /0 Port |AGP Configuration Regs Default [Acc
1-0 [Vendor ID 1106 R 2303-2300 |(See PCI Bus Master B
3-2 [Device ID 9398 R 2307-2304 | Cpability List — RW
5-4 |PCl Command 0003 RW 230F-2308 | -reserved- — 4
7-6 |PCI Status 0220 RW 2323-2310 |(See PCI Bus Master Bs)
8 Revision ID nn__L Rl [75333-2324 | -reserved- — 1+
2 SRIT)I%?;;sI;eé?)I n 080 RF 2337-2334 | Cpability List Address — | RV
B [Base Class Code 03 R 233F-2338 | -reserved- . . — I
F-C |-reserved- — | /0O Port |AGP Operation Registers Default [Acc
13-10 | Memoy Base O8MB display mem |E000 0004RW 2343-2340 | FB Command List StartAddr  — | RW
17-14 | Memoy Base 1(128K mem ma |0) [E080 000QRW 2347-2344 | FB Command List Size — | RW
1B-18 | Memoy Base 2A8MB video overlg) [E040 0000RW 234B-2348 | Ch 1 FB Start Addr / Pitch — | RW
2B-1C | -reserved- — | 234F-234C | Ch 1 Frame Buffer Size — RW
2D-2C| Subgstem Vendor ID 0000 IRW 2353-2350 | Ch 1 wtem Start Address — RW
2F-2E | Subgstem ID 0000 |RW 2357-2354 | Ch 1 & 2 wtem Side Pitch — R\\V
33-30 | Expansion ROM Base 0000 00(RW 235B-2358 | Ch 2 &tem Start Address — RW
3B-34 | -reserved- — 1 235F-235C | Ch 2 FB Start Addr / Pitch — RW
3C Interert Line 0B RW 2363-2360 Ch 2 FB Size — RW
3D |Interrwt Pin 01 R 2367-2364 | Ch Arb Counter Threshold — RW
3E-3F | -reserved- — | 236B-2368 | Channel 1/0 Control — RW
Offset | Device-$ecific Configuration Default [Acc 236F-236C | Global & Channel 2 Control — RW
40-8F | -reserved- — — 2373-2370 [ Cmd List / Ch 0/1/2C5tatug — RW
93-90 | Power Margement 1 — RW 237F-2374 | -reserved- : — 0
97-94| Power Margement 2 _ RW /O Port  |AGP C_c_mfl quration Regs Default [Acc
98-FF| -reserved- — 1 2383-2380 | Cpability Identifier — RW|
2387-2384 | AGP Status — RW
PCI Bus Master Registers (2204, 2300, 231x, 232x) 238B-2388 | AGP Command — | RW
23AF-238C | -reserved- — —
/0 Port __|PCIl Bus Master Registers Default [ Acc 1/0 Port  JAGP Command Buffer Regs| Default [ Acc
2207-2204 | Master Status — 1R 23B3-23B0 | Command Buffer Start Addr — RwW
2303-2300 | Master Control — R 23B7-23B4 | Command Buffer End Addr — RW
2313-2310 | Sstem Side Start Address — W | 23FF-23B8 | -reserved- — —+
2315-2314 | Master Haht — RW
2317-2316 | Master Width — RW
231B-2318 | FB Start Address & Pitch — RwW
231D-231C [ $stem Side Pitch — RW
231F-231E | -reserved- — —+
2323-2320 | Clear Data — RW
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Capture Registers (2200)

Extended Registers — Non-Indexed 1/O Ports

I/O Port _[Capture Registers Default |Acc I/0 Port |Extended Non-Indexed Rgs| Default |Acc
2203-2200 | Cature Command — [RW 3D8 Alt Destination Sement Addr] 00 R
) 3D9 Alt Source Sgment Address — RW
DVD Registers (2280-22FF) 3xB Alt Clock Select — | RW
/O Port__IDVD Registers Default |Aca Note: 3xB notation indicates that these registers are accessible
5280 MC 1D — R at either 3BB or 3DB depending on the setting of the color /
2281 MC Control — | RW mono bit.
2282 MC Frame Buffer Corti — RW
2283 -reserved- — —
2285-2284 | MC Status — R
2287-2284 | MC Comman@ueue — RW
228B-2288 | MC Y-Reference Address — RrW
228F-228C | MC U-Reference Address — RW
2293-2290 | MC V-Reference Address — RW
2297-22094 |[MC Displav Y-Address Offset — RW
229B-2298 | MC Diplay U-Address Offsdt — RW
229F-229C | MC Diplay V-Address Offsgt — RW
22A0 MC H Macroblock Count — RW
22A1 -reserved- — —
22A2 MC V Macroblock Count — RW
22A3 -reserved- — —
22A5-22A4 | MC Frame Buffer Y-Lauth — RW
22A7-22A6 | -reserved- — —
22AB-22A8 | Color Palette Entries — RW
22AF-22AC | -reserved- — —
22B3-22B0 | SP BUFOQ Pixel Start Addregs — RW
22B7-22B4 | SP BUF1 Pixel Start Address — RW
22BB-22B8 | SP BUF0O Cmd Start Address — RW
22BF-22BC | SP BUF1 Cmd Start Address — RW
22C1-22C0 | SP Y Diay Offset — RW
22CFE-22C2 | -reserved- — —
22D0 Diaital TV Encoder Control — RW
22D3-22D1 | Dgital TV Encoder CFC — RW
22FF-22D4 | -reserved- — —
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Standard VGA Registers

VT8501 Apollo MVP4

Standard VGA Registers — Graphics Controller (GR)

Port | Index |VGA Registers Default |Acc Port | Index |Graphics Controller Regs Default |Acc
3B4/5| 0-18| CRT ControllefMono Modé — RW 3CE — [Index — RW
3BA — _|Input Status AMono Modg — R 3CE 0 | Set/Reset — RW
3C0/1| 0-14| Attribute Controller — RW 3CF 1 | Enable Set/ Reset — RW
3C2 — [Iput Status 0 — R 3CF 2 | Color Comare — RW
3C2 — | Miscellaneous Opiit (Write) — W 3CF 3 | Data Rotate — RW
3C3 — | Video Subgstem Enable — RW 3CE 4 | Read Mp Select — RW
3C4/5| 0-4 | Squencer — RW 3CE 5 | Grahics Mode 00 RW
3C6 RAMDAC Pixel Mask — RW 3CE 6 | Miscellaneous — RW
3C7 — |RAMDAC Read Index — | W 3CF 7 | Color Don't Care — RW
3C8 — |RAMDAC Write Index — Wi 3CF 8 | Bit Mask — RW
3C8 — | RAMDAC Index Readback — | R
3C9 | 0-FF| RAMDAC Palette Data — RW Standard VGA Registers — CRT Controller (CR)
3%%% 0-8 l\élrséﬁgznggﬁio(ﬁg?t (Read — SV\ Port | Index [CRT Controller Registers Default |Acc
3D4/5] 0-18] CRT ControllefColor Mode | — __|Rw| —=x4 | — llndex — | RW
3DA | — |Input Status {Color Modd — R 3x5 0 Hor!zontal T(_)tal 00 RW
46E8] — | Dimlav Adaoter Enable — RW 3x5 1 | Horizontal Dislay Enable 00 RW
Note: CRTC registers are accessible at either 3B4 / 385 ¢roX2 {2 {Horizontal Blankin Start 00 | RW
3D4 / 3D5 (shorthand notation 3x4 / 3x5) depending on the 3X5 3 Hor!zontal Blankig End 00 RW
. . 3x5 4 | Horizontal Retrace Start FFE RW
setting of the color / mono bit. 3x5 5 |Horizontal Retrace End 00 RwW
Standard VGA Registers — Attribute Controller (AR) gig ? \é(\e/r(;urcleilv\'ll'otal (())(()) SX/
Port | Index |Attribute Controller Re gs | Default [Acc 3x5 8 |Preset Row Scan 00 | RW
3c0 | — [index — RW 3x5 9 [Maximum Scan Line 00 RW
3C0/1| 0-F | Color Palette — R\ | -3X5 | A [Cursor Start 00 RW
3C0/1| 10 | Attribute Mode Control — RW [-3X5 B_[Cursor End 00 RW
3C0/1| 11 | Overscan Color — R |-3X5 C_|Start Address idh 00 RW
3C0/1| 12 [ Color Plane Enable — | Rw |-3x5 | D |Start Address Low 00 | RW
3C0/1| 13 | Horizontal Pixel Panmin —  [RW 3X5 E_|Cursor Location Hh 00 RW
3C0/1| 14 | Color Select — RW 3x5 F__|Cursor Location Low 00 RW
3x5 10 | Vertical Retrace Start 00 RwW
Standard VGA Registers — Sequencer (SR) 3x5 | 11 |Vertical Retrace End 00 | RW
3x5 12 | Vertical Diglay Enable End 00 RW
Port | Index [Seguencer Rejisters Default |Acc 3x5 | 13 | Offset 00 RV
3C4 — [Index — RW 3x5 14 | Underline Location 00 RW
3C5 0 | Reset — RW 3x5 15 | Vertical Blankig Start 00 RW
3C5 1 | Clockimg Mode — RW 3x5 16 | Vertical Blankig End 00 RW
3C5 2 [ Ma Mask — RW 3x5 17 | CRTC Mode Control 00 RW
3C5 3 | Character MaSelect — RW 3x5 18 [Line Comare 00 RW
3C5 4 | Memoy Mode — RW  Note: CRTC registers are accessible at either 3B4 / 3B5 or
3D4 / 3D5 (shorthand notation 3x4 / 3x5) depending on the
setting of the color / mono bit.
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Extended Registers — VGA Sequencer Indexed

Port | Index [Extended Sequencer Regs| Default |Acc Port | Index [New Video Display Regs Default |Acc
3C5 8 | Old-New Status 00 | R 3C5 | 82-80| W1 U FB Start Address — W
3C5 9 [ Grphics Controller Version 58 R 3C5 | 85-83] W1 V FB Start Address — RwW
3C5 A [-reserved- — — 3C5 | 88-86| W2 FB Start Address — W
3C5 B | Version/Old-New Mode Ctill EF3 RW | 3C5 | 8A-89| W2 H Scalig Factor — RW
3C5 C | Confguration Port 1 B7 RW 3C5 | 8C-8B| W2 V Scalig Factor — RW
3C5 C | Confguration Port 2 — RW 3C5 | 90-8D| W2 Live Video Start — RW
3C5 D | Old Mode Control 2 20 RW 3C5 | 94-91| W2 Live Video End — RW
3C5 D |New Mode Control 2 10 RW | 3C5 95 | W2 Live Vid Line Buf Leve — RW
3C5 E | Old Mode Control 1 A8 R\W 3C5 96 [New Live Video Win Ctrl 0 00 RW
3C5 E | New Mode Control 1 40 RW | 3C5 97 | New Live Video Win Ctrl 1 00 RW
3C5 F Power-p Mode 2 BF RW 3C5 98 | New Live Video Win Ctrl 2 00 RW
3C5 10 | VESA™ Bj BIOS Control 00 RW 3C5 99 | New Live Video Win Ctrl 3 00 RW
3C5 11 | Protection 00 RW 3C5 | 9B-9A Vid Row Bvte Off. (W1-UV) — RW
3C5 12 | Threshold 21 RW 3C5 | 9D-9C| Vid Row Bte Offset(\W2-Y) — RW
3C5 | 13-17]| -reserved- — - 3C5 9E |[Line Buf Rea Threshold 00 RW
3C5 18 | VCLKI1 Frewenw Control O 00 R 3C5 9F | VBI Control — RW
3C5 19 | VCLK1 Frgueng/ Control 1 00 RW 3C5 | A3-A0|VBI Frame Buffer Address — RW
3C5 1A |[VCLK2 Freqyueng/ Control O 00 RW 3C5 | A7-A4|VBI Cature Start — RW
3C5 1B | VCLK2 Frgueng Control 1 00 RW 3C5 | AB-A8|VBI Capture End — RW
3C5 | 1C-1F| -reserved- — —+ 3C5 | AD-AC|VBI V Interrupt Position — RW
3C5 20 | Clock 8n / RAMDAC Setuw 00 RW| 3C5 | AF-AE| Cature Row Brte Offset — RW
3C5 21 | Sinature Control 00 RW 3C5 | B1-B0O| Window 1 HSB Control — RW
3C5 | 23-22| Sinature Data — R 3C5 | B3-B2| Window 2 HSB Control — RW
3C5 | 24 | Power Margement Ctrl OE RW 3C5 | B6-B4[ 29 Display Addr Select — RW
3C5 25 [ Monitor Sense — R 3C5 B7 | Video Shamness — RW
3C5 | 26-36] -reserved- — —+ 3C5 | BA-B8| 2" Capture Addr Select — RW
3C5 37 [ Video Kg Mode 00 RW 3C5 BB | -reserved- — —
3C5 38 | Feature Connector Contro 00 RW| 3C5 BC | Contrast Control — RW
3C5 | 39-4F| -reserved- — — 3C5 BD | Dual View MUX Control — RW
3C5 | 52-50| Pleback Color K& Data — RW 3C5 BE | Miscellaneous Control Bits, 00 RwW
3C5 53 | -reserved- — —T 3C5 [ BF-CD -reserved- — —
3C5 | 56-54| Plgback Color Kg Mask — RW 3C5 CE [ Window 2 Live Video Citrl 00 RW
3C5 57 | Plgback Vid Key Mode — RW 3C5 CE | -reserved- — —
3C5 | 58-® |-reserved- — — 3C5 | D1-D0O| Row Bte Offset(W2-UV) — RW
3C5 | 5A-5F| Scraich Pad 0-5 — W | _3C5 | D4-D2[ W2 U-Frame Start Addres$ — RW
3C5 | 62-60] 9 Plarback Color K& Data — RW 3C5 | D7-D5[ W2 V-Frame Start Address — RW
3C5 63 | -reserved- — — 3C5 | D9-D8| Daital TV Interface Control — RW
3C5 | 66-64] 9 Plasback ColorKe Mask — R\/}L 3C5 | DB-DA[W2 V Count Status — R
3C5 | 67-7F| -reserved- — 3C5 | DD-DQ Dual View Control — RW
3C5 | DF-DE| W1 V Count Status — | R
Port | Index |Reserved Registers | Default |Acc
3C5 | EO-FF| -reserved- — RW
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Extended Registers — VGA Graphics Controller Indexed

Port | Index |Extd Graphics Ctrlr Regs Default [Acc
3CE/F| E [Old/New Src Sgnent Addr 00 RW
3CE/F| _F | Misc Extended Function Ct 00 RW
3CE/F| 10-1H -reserved- — —
3CE/F| 20-2HPower Management Regs

20 |Standl Timer Control 0xxx0000pb RW
21 |Power Mangement Control 1 00 RW
22 |Power Mangement Control 2 00 RW
23 [Power Status — RW
24 | Soft Power Control EO RW
25 |Power Control Select FF RW
26 |DPMS Control 00 RW
28-27| GPIO Control 0000 | RW
29 |-reserved- — —
2A |Sugend Pin Timer 00 RW
2B |-reserved- — —
2C | Miscellaneous Pin Control 00 RW
2D-2E| -reserved- — —
2F | Miscellaneous Internal Ctrl 00 RW
3CE/F| 30-5A -reserved- — —
3CE/F| 5A-5H Scratch Pad 0-5 — RwW
3CE/F| 60-7H -reserved- — —+
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Extended Registers — VGA CRT Controller Indexed

Port | Index |Extended CRTC Registers | Default [Acc Port | Index |Extended CRTC Registers | Default |Acc
3x5 | OE |CRT Module Test 00 | RW | 3x5 |80-BFVideo / Capture Engine

3x5 19 [CRT Interlace Control — RW 81-80| Horiz Scalig Factor(W1) — RW
3x5 1A |Arbitration Control 1 00 RW 83-82| Vert Sca"q Factor(Wl) S RW
3x5 1B | Arbitration Control 2 00 RW 85-84/ -reserved- — —
3x5 1C [ Arbitration Control 3 00 RV 89-86| Video Window StaiW1) — RW
3x5 |1D-1F -reserved- _ — — 8D-8A|Video Window End — | RW
3x5 | 1F |Software Pmrammimg — |RW 8F-8E| Video Display Engine Flag — | RW
3x5 | 20 |Command FIFO 00 | RW 91-90] Row Btte Offset WL W1-Y)| _— |RW
26 | 21 | lLinear Addressin 0 RW 94-92[ Vid Start Add(W1-Y or WO[  — [RW
x5 22 CPU Latch Readback — (RO 95 [Vid Win Line Buffer Thresh| — — | RW
B 17 T Atore st =T e L malovcui il — o
gig gg FieAs',\c/leR/Aeg RW Timirg OF RW 9A-98| Capture Video Start Address — RW
36 |27 [CRT Hih Order Star 00| RW e T Dy Slats — 0
3x5 28 | -reserved- — —

3x5 | 29 |RAMDAC Mode 00 | RW g[E) gg:ﬂ:g ggﬂgg: g — Sn
3x5 2A |In terface Select 10 RW 9F |Capture Control 4 — RW
3x5 2B |Horiz. Parameter Overflow 00 RW A1-A0|Capture Vertical Total — RW
3x5 2C | -reserved- — — ;

—— A3-A2|Capture Horizontal Total — RW
3X5 2D | GE Timim Control 00 RW A5-A4[Capture Vertical Start — RW
3X5 2E | -reserved- - — —] A7-A6|Capture Vertical End — RW
gig 33':33 Prtzrsfg:\r/r;%nce Turon 03 RW A9-A8|Capture Horizontal Start — RW
3x5 | 35-34| GE 10 Linear Address Baseg 000( RW '2% (C:Z":B:E:g \H/grr;zgrr:;[:algligl — SJV
3x5 36 | Grahics / Video Enine Ctrl 00 RW AD _|Capture Horiz Snc Pulse — RW
3x5 | 37 |FC Control 82 | RW AE_|Capture CRTC Control — [ RW
3x5 38 | Pixel Bus Mode 00 RW AF_|Capture CRTC Control — RW
3x5 39 | PCI Interface Control 000000Qnb RW B1-B0| Capture Horiz Minify Factor — RW
3x5 3A [Physical Address Control 00 R B3-B2| Capture Vert Minify Factor — RW
3x5 3B Clpck and Tunin 0n000001b RW B5-B4/DST Pixel Width Count — RW
3x5 | 3C | Misc Control 00 | RW B7-B6[DST Pixel Hajht Count — | RW
3x5 | 3D-30 reserved: : = — B8_|Capture FIFO Control 1 — [ RW
3x5 | 40-50|Hardware Cursor Registers B9 |Capture FIFO Control 2 — RW

43-40| HW Cursor POSition — RW BB- Chromakg Corm Data O Lo J— RW
45-44 HW Cursor Pattern Location — RW BD- Chromakg Conp Data 0 Hi _ RW
47-46| HW Cursor Offset f— R\\V BE Ca)ture Control R RW
4F-48| HW Cursor Color — RW BF |Display Engine Flay 4 _ RW
50 [HW Cursor Control — RW [ 3x5 [cOo-CH -reserved- — L
3x5 51 |Bus Grant Termination Ctrl — RW | 3x5 |D3-DA VGA / Diital TV Svnc Ctrl 1 _ RW
3x5 | 52 |Shared Frame Buffer Ctrl 000x0010b RW[ 345 | D4-EH -reserved- _ _|
3x5 | 53-54| -reserved- — —
3x5 55 [ PCI Rety Control OF RW Extended Registers — CRTC Shadow
3x5 56 | Diglay Pre-end Control 00 RW :
3x5 57 | Diplay Pre-end Fetch Param. _ Rw | _Port |Index |[CRTC Shadow Registers Default |Acc
3x5 | 58-5D| -reserved- — 1 3x5 00 | Horizontal Total — RW
3x5 | 5E | Cature / ZV Port Control x0000000b RW | 3x5 03 | Horizontal Blankig End — RW
3x5 5F | Test Control 00 R\W 3x5 04 | Hoorizontal Retrace Start — RW
3x5 | 60-61| -reserved- — 1 3x5 05 | Horizontal Retrace End — RW
3x5 62 | Enhancement 0 04 RW |_3x5 06 | Vertical Total — RW
3x5 63 | Enhancement 1 00 RW |_3x5 07 | Overflow — RW
3x5 64 | DPA Extra — RW 3x5 10 | Vertical Retrace Start — RW
3x5 | 65-7F -reserved- — 1 3x5 11 | Vertical Retrace End — RW
3x5 16 [ Vertical Blankiag End — RW
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3D Graphics Engine Registers

These registers are addressed at offsets from the Graphics
Engine Base Address (GEbase). All registers are 32-bit.

Offset [Span Engine Registers Default [Acc Offset [Texture Engine Registers Default [Acc
3-0 |Parameter Source 1 — RW [A3-A0 [Texture Control — RW
7-4 | Parameter Source 2 — RW |[A7-A4 [Texture Color — RW
B-8 |Parameter Destination 1 — RW |AB-A8 |Palette Data — W
F-C |Parameter Destination 2 — RW [AF-AC|Texture Boundar — RW

Offset VGA Core Registers Default |Acc Offset |Command List Control Registers | Default |Acc

13-10| Roht View Disolay Base Addresses — RW [B3-B0|-reserved- — —

17-14 | Left View Diplay Base Addresses — RW [B7-B4|-reserved- — —

1B-18]|Block Write Start Address — RW | Offset [Memory Interface Registers Default |Acc

1F-1C| Block Write Area / End Address — RW |BB-B8|Destination Stride & Buffer 0 — R\W

23-20| GE Status — | R BF-BC|Destination Stride & Buffer 1 — RW

27-24| GE Control — W C3-C0| Destination Stride & Buffer 2 — RW
2B-28| GE Debg — R C7-C4| Destination Stride & Buffer 3 — RW
2F-2C| Wait Mask — RW |CB-C8|Source Stride & Buffer 0 — RW

Offset [Rasterization & Setup Engine Regs Default |Acc CE-CC| Source Stride & Buffer 1 — RW

33-30] Primitive Attribute — RW D3-D0| Source Stride & Buffer 2 — RW

37-34| -reserved- — — | D7-D4[Source Stride & Buffer 3 — RW

3B-38| -reserved- — — DB-D8|Z Depth & Buffer — RW
3F-3C| Primitive ype — W DF-DC| Texture Base Level(@:1 Map) — RW
3F-3C| Setp Engine Status — R E3-EQ| Texture Base Level 1 — RW

Offset [Pixel Engine Registers Default |Acc E7-E4| Texture Base Level 2 — RW

43-40)] -reserved- — — EB-E8| Texture Base Level 3 — RW

47-44 | Drawirg Command — RW EF-EC| Texture Base Level 4 — RW

4B-48| Raster @eration(ROP) — RW F3-FO| Texture Base Level 5 — RW

AF-4C| Z-Function — RW F7-F4| Texture Base Level 6 — RW

53-50| Texture Function — RW |FB-F8| Texture Base Level 7 — RW

57-54 | Clipping Window 0 — RW FE-FC| Texture Base Level(&alles) — RW

5B-58| Clipping Window 1 — RW | Offset|Data Port Area Default |Acc

5F-5C| -reserved- — — 1xxxx |Data Port Area —

63-60| Color 0 — RW

67-64| Color 1 — RW

6B-68| Color Key — RW

6F-6C| Pattern and #e — RW

73-70]| Pattern Color — R\W

77-74 | Pattern Fopgound Color — RW

7B-78| Pattern Baakound Color — RW

7E-7C| Alpha — RW,

83-80 | Alpha Function — RW

87-84| Bit Mask — RW

8B-88| -reserved- — —

8F-8C]| -reserved- — —

93-90 ] -reserved- — —

97-94 | -reserved- — —

9B-98| -reserved- — —

9F-9C]| -reserved- — —
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Miscellaneous I/O Configuration Space 1/O

One I/O port is defined in the MVP4: Port 22. All registers in the MVP4 (listed above) are addressed via the
. . following configuration mechanism:
Port 22 — PCI Arbiter Disable

7-2 Reserved ... always reads 0 Mechanism #1
" Respond to GREQH SgNal .. defaut T858 POTtS respond only to double-word accesses.  Byte or
1 Do not respond to GREQ# signal word accesses will be passed on unchanged.
0 PCOI #}?ggziéenrd[ii;zkljlleREQ# signals defal Port CFB-CF8 - Configurafion AdGress. ... RW
1 Do not respond to any REQ#gi.g'].ﬁ'z.a.I;:'iﬁ'(.:luding 31 Configuration Space Enable

O Disabled........ccoooiiiiiiiee e, default
1 Convert configuration data port writes to
configuration cycles on the PCI bus
30-24 Reserved .........ooceiiiiiiiiniinien always reads 0
23-16 PCI Bus Number
Used to choose a specific PCI bus in the system
15-11 Device Number
Used to choose a specific device in the system
(devices 0 and 1 are defined)
10-8 Function Number
Used to choose a specific function if the selected
device supports multiple functions (only function 0 is
defined).
7-2 Register Number (also called the "Offset")
Used to select a specific DWORD in the
configuration space
1-0 Fixed always reads 0

PREQ#
This port can be enabled for read/write access by setting bit-7
of Device 0 Configuration Register 78.

Port CFF-CFC - Configuration Data.......ccvevieeeeieienieeenn. RW

Refer to PCI Bus Specification Version 2.1 for further details
on operation of the above configuration registers.
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Register Descriptions

Device 0 Offset 7-6 - StatusS .......oiieeiiieiiieeiiiieiiieeiaieeee, RWC

Device 0 Header Reqisters - Host Bridge

All registers are located in PCI 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-VendorID .....ooeeeeeeiecc, RO
15-0 ID Code(reads 1106h to identify VIA Technologies)
Device 0 Offset 3-2 -Device ID......oeceeeeeeiiiiiiiiieeee RO

15-0 ID Code(reads 0501h to identify the VT8501)

15 Detected Parity Error
0 No parity error detected............cceeeeeeeenn. default
1 Error detected in either address or data phase.
This bit 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 No abortreceived ...........cccooeviiiiiiininins default
1 Transaction aborted by the master ...................
.................................... write one to clear
12 Received Target Abort
0 No abortreceived .........ccccoovevveennerennnne default

Device 0 Offset 5-4 - Command...........ocooeeveeeiiiiiienn, RW 1 Transaction aborted by the target......................
15-10 Reserved ........coiiiiiniiininns alwaysreads O write 1 to clear
9  Fast Back-to-Back Cycle Enable....................... RO 11  Signaled Target ADOrt...........cccocvnenv. always reads 0
0 Fast back-to-back transactions only allowed to 0 Target Abort never signaled
the same agent..........c.cocceeviiiiiinine default 10-9 DEVSEL# Timing
1 Fast back-to-back transactions allowed to 00 FEast
different agents 01 Medium......oovvviiirieiecne always reads 01
8 SERR#EnNable.........ccccoviiiiiii RO 10 Slow
0 SERR# driver disabled................ccveennee. default 11 Reserved

1 SERR# driver enabled
(SERR# is used to report parity errors if bit-6 is set).

8 Data Parity Error Detected
0 No data parity error detected ................. default

7  Address / Data Stepping........ccoveveieiiiiiiiinieeeeenn. RO 1 Error detected in data phase. Set only if error
0 Device never does stepping..........cccc...... default response enabled via command bit-6 = 1 and
1 Device always does stepping VT8501 was initiator of the operation in which
6  Parity Error Response........ccccoecvvveeveeininnnnnnn. RW the error occurred. ................. write one to clear
0 Ignore parity errors & continue.............. default 7  Fast Back-to-Back Capable.............. always reads 1
1 Take normal action on detected parity errors 6 RESENVed .o, always reads 0
5 VGA Palette SN0op...........coovcvvirmiiiiiiiieiiieieeeenn RO 5 66MHz Capable......c..cccoeverevererernne. always reads 0
0 Treat palette accesses normally.............. default 4 Supports New Capability list............ always reads 1
1 Don'trespond to palette accesses on PClbus 3.0 Reserved .......ccccoeceeveceeeverenennne, always reads 0
4  Memory Write and Invalidate Command.......... RO
0 Bus masters must use Mem Write .......... defaultDevice 0 Offset 8 - ReVISION ID .....cceeeiiiiiieeeiiiiieeeiiiiieeeeess RO
1 Bus masters may generate Mem Write & Inval 7-0 VT8501 Chip Revision Code
3 Special Cycle Monitoring..........cccccoeevviineeinninnen. RO . .
0 Does not monitor special cycles............ default Pevice 0 Offset 9 - Programming Interface ........c....o.... RO
1 Monitors special cycles 7-0 Interface Identifier...............cccceee always reads 00

2 BUSMASIEN oot RO

0 Never behaves as a bus master
1 Can behave as a bus master....................

1 M%mogoigi%etrespondtomemorysp L RO Device 0 Offset B - Base Class Code. . .o RO
1 Responds to memory space .................... default 7-0  Base Class Codereads 06 to indicate Bridge Device

0 |/O Space .......................................................... RO Device 0 Oﬁset D - Latency Timer __________________________________ RW
0 Does not respond to I/O space ............... defaUItSpeCifieS the latency timer value in PCI bus clocks.

1 Responds to I/O space

7-3 Guaranteed Time Slice for CPU............... default=0

2-0 Reservedfixed granularity of 8 clks) .. always read 0
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 Registers (continued)

Device 0 Offset E - Header Type .......cccveeeeeiiisieiiieiine, RO
7-0 Header Type Code........... reads 00: single function

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

7  BIST Supported...... reads O: no supported functions
6-0 Reserved .....cccooiviiiiiiiiie always reads 0

Device 0 Offset 13-10 - Graphics Aperture Base............ RW

31-28 Upper Programmable Base Address Bits.... def=0

27-20 Lower Programmable Base Address Bits.... def=0
These bits behave as if hardwired to 0 if the
corresponding Graphics Aperture Size register bit
(Device 1 Offset 84h) is 0.

27 26 25 24 23 22 21 20 (This Register)
7 6 5 4 3 2 1 0 (GrAperSize)

RW RW RW RWRWRWRWRW 1M
RWRWRWRWRWRWRW 0 2M

RWRWRWRWRWRW 0 0 4M
RWRWRWRWRW 0 0 O 8M
RWRWRWRW 0 0 0 0 16M
RWRWRW 0 0 0O O 0 32™M
RWRW 0 0 0 O O O 64M
RW O O O O O O 0 128M
0O 0 0 0 0O 0O 0O O 256M
19-0 Reserved ......ccccccoiiiiiiieennnnnn always reads 00008

Note: The locations in the address range defined by this
register are prefetchable.

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

31-0 AGP Capability List Pointer......... always reads AOh
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Device 0 Configuration Registers - Host Bridge Device 0 Offset 52 - Non-Cacheable Control.................. RW
7 CO0000-C7FFF Cacheable & Write-Protect..def=0
Cache Control 6 DO0O000-DFFFF Cacheable & Write-Protect..def=0
. 5 EO0000-EFFFF Cacheable & Write-Protect...def=0
De;/lge chif:?:r?a_bf;a/cﬁ?tgﬁn;ml Lot RW 4 FO0000-EEFEE Cacheable & Write-Protect .. def=0
- itializ :
3 2T DRAM Write Request
00 Cache diSAbIE .......ooeeeeeoeoeeeeeoeoee default d

01 Cache Initialize - always does L2 fill
10 Cache enable (normal operation)
11 Reserved (do not use)
5 Linear Burst
0 Disable......cccoiiiiiiiiii . default

0 Disable......ccccoiiiiiiiiiiiie default
1 Enable (RX53[2] must be enabled if this bit is
enabled, If this bit is set, RX53[7] must be
disabled)
should be disable with this bit enable)

2 L2 Fill on Single Read
1 Enable 0 Normal L2 cache fill......cccooveveeeeernnnn. default
4-3  Tag Configuration _ , 1 Force the requested data to be filled into the
00 8+0-8Tag b!ts, no alt (dirty) l;nt ..... S default L2 cache (provided that L2 cache is enabled),
01 7+1-7 Tag bits + alternate (dirty) bit even if the CPU does a read cycle with
1x Reserved CACHE# de-asserted.  Setting this bit
2-0 Reserved ..o always read 0 significantly improves performance.
Device 0 Offset 51 - Cache Control 2....c.iociiiiiiieiieiiiias rRw 1 AMDK6-3 2T Write Pipe Support
7-6  Reserved (no function)............cooeeciiiiiiiiiiieenen. RwW (l) IIE)LS;beIee """""""""""""""""""""""""""" default
5 gackoff CPU . L2 Write Thru/Write-Back
et to one to backoff CPU when non-streaming 0 Write-Back default
access to fill L2 cache. Used when register 52h bit-2 0 WHEBACK o
is set for “L2 fill when CACHE# is inactive”. This
bit should normally be set to O for best performance, pevice 0 Offset 53 - System Performance Control......... RW
but performance differences are typically not 7  Read Around Write
significantly noticeable at the system level. 0 Disable........coooeeiieeeeeee, default
0 Defer ready return until L2 is filled........ default 1 Enable
1 Backoff CPU until L2 is filled 6 Cache Read Pipeline Cycle
4 Fast AHOLD generation................ always reads 0 0 Disable.......ccoooiiiiiiiiie default
O Disable ....ccoooeviiiiiiieiiiiie default 1 Enable
1 Enable _ 5 Cache Write Pipeline Cycle
3 SRAM Banks...... (default set from inverse of MA??) 0 Disable.......ccoooveiieeeeeee, default
0 1Bank 1 Enable
1 2Banks 4  DRAM Read Pipeline Cycle
2 Reserved ... always reads 0 O DiSADIE ..o default
1-0 Cache Size (bit-0 default set from inverse of MA??) 1 Enable
00 256K 3 Reduce Cache-to-DRAM Latency while PCI
01 512K Master Active
10 1M O Disable....cocceveeiiiiiiiiieeeeeee e default
11 2™ 1 Enable
2 3T DRAM Write Request
O Disable.....ccoovviieiiiiiiiii, default
1 Enable
1 CPU to DRAM Write Combining
O Disable....cccooveeiiiiiiieeee e default
1 Enable
0 Peer Concurency
O Disable.....ccoovvieiiiiiiiiii e, default
1 Enable
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Device 0 Offset 55-54 - Non-Cacheable Region #1 ......

15-3 Base Address A<28:16>.........cccceuvvevennnnnn. default=0

As noted below, the base address must be a multiple

of the region size.

2-0 Range (Region Size)
000 DiSable ....cceeevviiiiiiieeiiiiiece e
001 64K
010 128K (Base Address A16 must be 0)
011 256K (Base Address A16-17 must be 0)
100 512K (Base Address A16-18 must be 0)
101 1M (Base Address A16-19 must be 0)
110 2M (Base Address A16-20 must be 0)
111 4M (Base Address A16-21 must be 0)

15-3 Base Address MSBsA<28:16>................ default=0
As noted below, the base address must be a multiple
of the region size.

2-0 Range (Region Size)

000
001
010
011
100
101
110
111

Disable......cuveeeieiii default
64K

128K (Base Address A16 must be 0)

256K (Base Address A16-17 must be 0)

512K (Base Address A16-18 must be 0)

1M (Base Address A16-19 must be 0)

2M (Base Address A16-20 must be 0)

4M (Base Address A16-21 must be 0)
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DRAM Control

These registers are normally set at system initialization 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
initialization to properly detect the type and size of installed
memory (refer to the VIA Technologies 82C501 BIOS porting
guide for details).

Table 3. System Memory Map

Space Start Size Address Range = Comment
DOS 0 640K 00000000-0009FFFF Cacheable

VGA 640K 128K 00OAO000-000BFFFF Used for SMM

BIOS 768K 16K 000C0000-000C3FFF Shadow Ctrl 1
BIOS 784K 16K 000C4000-000C7FFF Shadow Ctrl 1
BIOS 800K 16K 000C8000-000CBFFF Shadow Ctrl 1
BIOS 816K 16K 000CCO000-000CFFFF Shadow Ctrl 1
BIOS 832K 16K 000D0000-000D3FFF Shadow Ctrl 2
BIOS 848K 16K 000D4000-000D7FFF Shadow Ctrl 2
BIOS 864K 16K 000D8000-000DBFFF Shadow Ctrl 2
BIOS 880K 16K 000DC000-000DFFFF Shadow Ctrl 2
BIOS 896K 64K 000E0000-000EFFFF Shadow Ctrl 3
BIOS 960K 64K 000F0000-000FFFFF Shadow Ctrl 3
Sys 1MB — 00100000-DRAM Top Can have hole
Bus D Top DRAM Top-FFFEFFFF

Init 4G-64K 64K FFFEFFFF-FFFFFFFF 0OREx alias
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Device 0 Offset 59-58 - DRAM MA Map Type............... RW Device 0 Offset 60 — DRAM Type .....oooveeeeeeeeiiiiiiieees RW
15-13 Bank 5/4 MA Map Type (EDO/FPG) 7-6 Reserved ..., always reads 0
000 8-bit Column Address 5-4 DRAM Type for Bank 5/4
001 9-bit Column Address 00 Fast Page Mode DRAM (FPG).............. default
010 10-bit Column Address ......cccccceeeeeeeeennnn. default 01 EDO DRAM (EDO)
011 11-bit Column Address 10 Reserved
100 12-bit Column Address (64Mb) 11 SDRAM
101 Reserved 3-2 DRAM Type for Bank 3/2............c........ default=FPG
11x Reserved 1-0 DRAM Type for Bank 1/0..................... default=FPG
Bank 5/4 MA Map Type (SDRAM)
0xXx 16Mb SDRAM.......c.cevvviiiiiiiiiiee e, default
100 64/128Mb SDRAM (x4, x8, x16, 4-bank x32)
101 64Mb VC SDRAM(x4) Table 4. Memory Address Mapping Table
110 64/128Mb VC SDRAM (8Mx8 or 8Mx16)
111 128Mb VC SDRAM (16Mx8) _EDO/FP DRAM
12 Bank 5/4 Virtual Channel Enable............ default=0 MA:113|12/11|10/9]18]716]5/4]3/2]1|0
8-bit Col 23[22[21] 11 29 1918[17|16[15[14]13[12|Row Bits
(000) 10/9(8[7]|6]5]|4]3]|ColBits
11-8 Reserved ..., always reads g pircol 24]23(22)21] 20| 19] 18| 17| 16| 15| 14| 13| 12| Row Bits
(001) 11|10{9[8|7|6|5] 4] 3]|ColBits
7-5 Bank 1/0 MA Map Type (see above) 10-bit Col 25|24|23| 21]2019(18[17[16[15|14[13[12[Row Bits
4 Bank 1/0 Virtual Channel Enable............ default=0 (010) 22|11]10]9]8|7|6]5] 4| 3|Col Bits
11-bit Col 26|25( 23]21{20[19|18]17]16[15]14] 13| 12|Row Bits
(012) 24|22|11|10[ 98| 7|65 4] 3]|ColBits
3-1 Bank 3/2 MA Map Type (see above) 12-bit Col 27| 2523[ 21| 20| 19| 18[17|16|15| 14| 13[12|Row Bits
0 Bank 3/2 Virtual Channel Enable............ default=0 (100) 26(24|22|11]|10| 9| 8| 7| 6|5/ 4| 3]|ColBits
_SDRAM
MA:|13|12/11/10/9|8(7|6|5[4[3|2]|1]0
Device 0 Offset 5A-5F — DRAM Row Ending Address: 16Mb (0xx) 11{22|21|20(19(18(17/16| 15| 14|13|12(Row Bits
All of the registers in this group default to 01h: 11/PC|24/23]10/ 918176154 | 3 |Col Bits
64Mb (100) [24]13[12]22[21]20[19]18[17]16[15]14]11]23[x4: 10 col
Offset 5A — Bank 0 Ending (HA[30:23]) RW 2/4 bank |24|13|12|PC|26(25/10[9(8|7|6([5]| 4| 3 [x8:9col
23D i, 4. X8 XL6: X16:8 col
Offset 5B — Bank 1 Ending (HA[30:23])....cccvveennnnneeee. RW | 4-bank x32 x32: 8 col
Offset 5C — Bank 2 Ending (HA[30:23]) ......ceovennee... RW VC SDRAM
Offset 5D — Bank 3 Ending (HA[30:23]) ....ccoovvceon.... Rw Segment address {HA9,HA10,HA25,HA26} depends on VC
] SDRAM configurations.
Offset SE — Bank 4 Ending (HA[30:23])........coeeeeeeene RW VMATBLZ 09181 7161514]3 21110
Offset 5F — Bank 5 Ending (HA[30:23]) cooocccccoc.... RW [ o Somaw |24 1312222Y 20 19 1p 17 16 35 44 11 paatt tbas
Note :BIOS is required to fill the ending address registe s§101; ?)—bitk00|324 1312|PC|26|2510| 9| 8| 7| 6| 5| 4| 3
. . A -ban
for gll banks even |_f no memory is populated. The——ezzam 2l 13 12122 21 24 19 16 17 16 15 12 11 b36am: svixe
endings have to be in incremental order. VC SDRAM (13x7)

(110) 7-bit Cold 24| 13112|PC{ 26|25/ 100 9| 8| 7| 6| 5| 4| 3| 128M: 8Mx16
2-bank (13x7)
128M  [24{1312[22[21] 2d 19 18 1] 16 15 14 11 p328M: 16Mx8

VC SDRAM (13x8)

(111) 8—bitCola124 1312|PC|26|2510| 9| 8| 7| 6| 5| 4 3

2-bank

"PC" = "Precharge Control" (refer to SDRAM specifications)
16Mb 11x10, 11x9, and 11x8 configurations supported

64Mb x4: 12x10 4bank, 13x10 2bank
x8: 12x9 4bank, 13x9 2bank
x16: 12x8 4bank, 13x8 2bank
x32: 11x8 4bank

128Mb same as 64Mb

Preliminary Revision 1.0December 9, 1998 40- Register Descriptions



v, Tﬂﬂ%ﬂlﬂ!iﬂ&', Ine.

VT8501 Apollo MVP4

Device 0 Offset 61 - Shadow RAM Control 1 ................. RW Device 0 Offset 63 - Shadow RAM Control 3................. RW

7-6 CCO000h-CFFFFh
00 Read/write disable........cccooeeevvevveereernnnnn. default
01 Write enable
10 Read enable
11 Read/write enable
5-4 C8000h-CBFFFh
00 Read/write disable........cccccceevvvvieieernnnnnn. default
01 Write enable
10 Read enable
11 Read/write enable
3-2 C4000h-C7FFFh
00 Read/write disable.........ccccceeeeeeieieeeninnn, default
01 Write enable
10 Read enable
11 Read/write enable
1-0 CO0000h-C3FFFh
00 Read/write disable........cccccceevvvveerenrnnnnn.. default
01 Write enable
10 Read enable
11 Read/write enable

Device 0 Offset 62 - Shadow RAM Control 2 ................. RW
7-6 DCO00h-DFFFFh
00 Read/write disable...........cccoeeviveiiinnennnnn. default

01 Write enable
10 Read enable
11 Read/write enable
5-4 D8000h-DBFFFh
00 Read/write disable.........cccccveeeeeieieeennnnnn, default
01 Write enable
10 Read enable
11 Read/write enable
3-2 D4000h-D7FFFh
00 Read/write disable........ccccccceevvveeeeernnnnn.. default
01 Write enable
10 Read enable
11 Read/write enable
1-0 DO0000h-D3FFFh
00 Read/write disable.........cccccveeeeiiiieeeninnnn, default
01 Write enable
10 Read enable
11 Read/write enable

7-6 EO000h-EFFFFh
00 Read/write disable ............ccccoeeeeeveinnnnn... default
01 Write enable
10 Read enable
11 Read/write enable
5-4 F0000h-FFFFFh
00 Read/write disable .......cccoeeeeiiieeiiiiiieinnnn, default
01 Write enable
10 Read enable
11 Read/write enable
3-2 Memory Hole
00 NONE oo, default
01 512K-640K
10 15M-16M (1M)
11 14M-16M (2M)
1-0 SMI Mapping Control
00 Disable SMI Address Redirection ......... default
01 Allow access to DRAM Axxxx-Bxxxx for both
normal and SMI cycles
10 Reserved
11 Allow SMI Axxxx-Bxxxx DRAM access

Note: The A0000-BFFFF address range is reserved
for use by VGA controllers for system access to the
VGA frame buffer. Since frame buffer accesses are
normally directed to the system VGA controller (with
its separate memory subsystem), system DRAM
locations in the AO0O0O-BFFFF range would normally
be unused. Setting the above bits appropriately
allows this block of system memory to be used by
directing Axxxx-Bxxxx accesses to corresponding
memory addresses in system DRAM instead of
directing those accesses to the PCI bus for VGA
frame buffer access.
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Device 0 Offset 64 - DRAM Timing for Banks 0,1 ......... RW
Device 0 Offset 65 - DRAM Timing for Banks 2.3 ......... RW
Device 0 Offset 66 - DRAM Timing for Banks 4,5 ......... RW

FPG / EDO Settings for Reqisters 64-66

7

5-4

RAS Precharge Time
0 3T
1 4T
RAS Pulse Width
0 471
1 5T
CAS Read Pulse Width
00 1T
01 2T
10 3T
11 47
Note: EDO will not automatically reduce the CAS
pulse width. For EDO type DRAMSs, use 00 if CAS
width = 1 is to be used.
CAS Write Pulse Width
0 1T
1 2T
MA-to-CAS Delay
0 1T
1 2T
RAS to MA Delay
0 1T
1 2T
Reserved

SDRAM Settings for Registers 64-66

7

5-4

1-0

Precharge Command to Active Command Period
0 TrP=2T
1 TRP= 3T i default
Active Command to Precharge Command Period
0 Tras=5T
1 Tras=6T
CAS Latency
00 1T
01 2T
10 BT s default
11 Reserved
Reserved (Do Not Program)................... default =0
ACTIVE Command to CMD Command Period
0 2T

............................................. default

1 3T default
Bank Interleave
00 No Interleave .......coceeeeeeieieeeeeiieeeeeiiiinnnnn, default
01 2-way
10 4-way

11 Reserved
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Device 0 Offset 68 - DRAM Control........cceeuieieeiiieenniennn. RW Device 0 Offset 6A - Refresh Counter.........coeeeveeiieennesee. RW

7 SDRAM Open Page Control
0 Always precharge SDRAM banks when
accessing EDO/FPG DRAMS................. default
1 SDRAM banks remain active when accessing
EDO/FPG banks
6 Bank Page Control
0 Allow only pages of the same bank active... def
1 Allow pages of different banks to be active
5 EDO Pipeline Burst Rate

7-0 Refresh Counter(in units of 16 CPUCLKS)
00 DRAM Refresh Disabled...................... default
01 32 CPUCLKs
02 48 CPUCLKs
03 64 CPUCLKs
04 80 CPUCLKs
05 96 CPUCLKs

The programmed value is the desired number of 16-

0 X-2-2-22-2-2-2.ceeiiiiiiiiiiiee e default CPUCLK units minus one.
1 X-2-2-23-2-2-2
4  Reserved(do not program)..........ccceveeeennn. default =0
3 EDO Test Mode
0 DiSable ..cocveveievicieciceeee e default Device 0 Offset 6B - DRAM Arbitration Control........... RW
1 Enable 7-6 Arbitration Parking Policy

Note: MDO is internally pulled up for EDO detection.
2  Burst Refresh

0 Disable ......cccouvveeiiiiiii default
1 Enable (burst 4 times)

1-0 System Frequency Divider.........cvveiieiieeennnnnnn. RO
00 Autodetect
01 CPU/PCI Frequency Ratio =3x (100 MHz)
10 CPU/PCI Frequency Ratio = 2x (66 MHz)

11 Reserved
These bits are latched from MA[13-12] at the rising
edge of RESET#.

Device 0 Offset 69 — DRAM Clock Select........................ RW
7 DRAM Operating Frequency.........ccccceevevveeeen. RW
0 Same as Host Frequency
1 100Mhz

6-0 Reserved

00 Park at last bus owner..............coceenenee default
01 Park at CPU side
10 Park at AGP side
11 Reserved
Reserved
Suspend Refresh Rate
000 Refresh Disabled.............ceeeeeeiiiiiiiannnnnnn, default
001 15.6 usec
010 31.2 usec
011 64.4 usec
100 125 usec
101 256 usec
11x -reserved-
When Rx78[5]=1, the refresh counter uses SUSCLK
0  Multi-Page Open
0 Disable (page registers marked invalid and no
page register update which causes non page-
mode operation)
1 Enable... e default

5-4
3-1
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Device 0 Offset 6C - SDRAM Control.......ocvuiiieeiieennneee.. RW Device 0 Offset 6D - DRAM Drive Strength................... RW

7

6

2-0

Disable Fast DRAM Write Pipe......... Debug Only
(O [0 1 0= | USSPt default
1 Disable Fast Write
DRAM Start Cycle
0 Concurrent with cache hit detection
(for 66MHz operation) .........ccceeevvereeeennn. default
1 After cache hit detection
(for L00MHz operation)
MD-to-HD Pop
0 NOrmMal ...oceeeieieieiciiccee e, default
1 Add 1T latency to improve MD setup time at
100 MHz
Reserved (Do Not Programy).................. default =0
Fast AGP TLB lookup
0 Disable......cccoiiiiiiiiii, default
1 Reduce the lookup time from 4T to 2T
SDRAM Operation Mode Select

000 Normal SDRAM Mode..........cccevvuvvnnen. 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[13:0]. The BIOS selects an appropriate
host address for each row of memory such that
the right commands are generated on
MA[13:0].

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

Rx6B[0]

Rx64-66[1-0]] Rx68[7-6]] Remark

0

00 00 Non-page mode, every access sthrts

from precharge-active cmd

1

00 00 Only one page active at a time

(recommended setting)

1

0lor10 00 Only allow sub-bank of a SDRAN
bank active at a time, # of subbar]

depends on Rx64-66<1:0>

=

01 or 10 01 Allow mutliple sub-banks across
different SDRAM banks active, bt
if EDO is accessed, all SDRAM

pages will be closed

01 or 10 11 Allow maximum 8 pages of

SDRAM, EDO opened

7 Reserved
6-5 Delay DRAM Read Latch

00 DisSable......coeeveeeeieiiiiiiee e default
01 0.5ns
10 1.0ns
11 2.0ns

4  MD Drive
O BMA i default
1 8mA

3 SDRAM Command Drive (SRAS#, SCAS#, SWE#)
O 16MA oo, default
1 24mA

2 MA[2:13] / WE# Drive
O 1BMA L default
1 24mA

1 CAS# Drive
O BMA s default
1 12mA

0 RAS# Drive
O 16MA e default
1 24mA
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Device 0 Offset 6E - ECC CONtrol ......eeeeeiiseeeeiiiiiiieennn, RW Device 0 Offset 6F - ECC StatuS.........cccvvevveeiiiiieeennen, RWC
7 ECC/ECMode Select 7  Multi-bit Error Detected ............... write of ‘1’ resets
0 ECC Checking and Reporting ................ default  6-4 Multi-bit Error DRAM Bank .................... default=0
1 ECC Checking, Reporting, and Correcting Encoded value of the bank with the multi-bit error.
6 Reserved ... always reads 0
5 Enable SERR# on ECC / EC Multi-Bit Error 3 Single-bit Error Detected.............. write of ‘1’ resets
0 Don't assert SERR# for multi-bit errors.....def ~ 2-0 Single-bit Error DRAM Bank .................. default=0

1 Assert SERR# for multi-bit errors
4  Enable SERR# on ECC / EC Single-Bit Error
0 Don't assert SERR# for single-bit errors..... def
1 Assert SERR# for single-bit errors
Reserved .....cocccoiiiiiiiiieieeeee always reads 0
ECC / EC Enable - Bank 5/4 (DIMM 2)
0 Disable (no ECC or EC for banks 5/4)...default
1 Enable (ECC or EC per hit-7)
1 ECC/EC Enable - Bank 3/2 (DIMM 1)
0 Disable (no ECC or EC for banks 3/2)...default
1 Enable (ECC or EC per bit-7)
0 ECC/EC Enable - Bank 1/0 (DIMM 0)
0 Disable (no ECC or EC for banks 1/0)...default
1 Enable (ECC or EC per hit-7)

N W

Error checking / correction may be enabled bank-pair by
bank-pair (DIMM by DIMM) by using bits 0-2 above. Bank
pairs must be populated with 72-bit memory to enable for EC
or ECC since the additional data bits must be present in either
case. For this reason, if 64-bit memory is populated in a
particular bank pair, the corresponding bit 0-2 should be set to
0 to disable both EC and ECC for that bank pair. For those
bank pairs that have 72-bit memory available (and have the
corresponding bit 0-2 set), either EC or ECC may be selected
via bit-7 above (i.e., all enabled bank pairs will use EC or all
will use ECC).

If error checking / reporting only (EC) is selected, all read and
write cycles will use normal timing. Partial writes (with EC or
ECC enabled) will use read-modify-write cycles to maintain
correct error correction codes in the additional 8 data bits. If
EC and ECC are disabled for a particular bank pair, partial
writes to that bank pair will use the byte enables to write only
the selected bytes (using normal write cycles and cycle
timing). If error correction (ECC) is selected, the first read of
a transaction will always have one additional cycle of latency.

Bit-7 Bits 2-0 RMW Error Checking Error Correction

0/1 0 No No No
0 1 Yes Yes No
1 1 Yes Yes Yes

Encoded value of the bank with the single-bit error.
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PCI Bus #1 Control

These registers are normally programmed once at system

initialization time.

Device 0 Offset 70 - PCI Buffer Control ............ceee......... RW Device 0 Offset 71 - CPU to PCI Flow Control 1........... RW

7 CPU to PCI Post-Write 7  Dynamic Burst
O Disable ..., default 0 Disable.....ccocovveeeiiiiiiiii default
1 Enable 1 Enable (see note under bit-3 below)

6 PCI Master to DRAM Post-Write 6 Byte Merge
0 Disable ........cccoiiiiii e default 0 Disable......cccooveeeiiiiii default
1 Enable 1 Enable

5 Reserved 5 Reserved(do not program)..........ccccvvveeeen. default =0

4  PCI Master to DRAM Prefetch Disable 4  PCI I/O Cycle Post Write
0 Enable......ooooiriiiiieee e, default 0 Disable.......cccociiiiiiiiiie, default
1 Disable 1 Enable

3 Reserved(do not program)..........cccceeeeeen.. default =0 3  PCIBurst

2  PCIl Master Read Caching 0 Disable......occoviiiiiiei e default
0 Disable .eeeeeeiiiiie default 1 Enable (bit7=1 will override this option)
1 Enable bit-7 bit-3 Operation

1 Delay Transaction 0 0 Every write goes into the write buffer and no
0 Disable ......cocovveviiiiiiii default PCI burst operations occur.
1 Enable 0 1 If the write transaction is a burst transaction,

0 Reduce One PCI Idle Cycle when Cycle is Retried the information goes into the write buffer and

by Slave burst transfers are later performed on the PCI

0 Disable ....cccccocciveviiiiecee e default bus. If the transaction is not a burst, PCI write
1 Enable occurs immediately (after a write buffer flush).

1 x Every write transaction goes to the write
buffer; burstable transactions will then burst
on the PCI bus and non-burstable won't. This
is the normal setting.

2  PCI Fast Back-to-Back Write
0 Disable.....ccccocveeeiiiiii default
1 Enable

1 Quick Frame Generation
0 Disable......ccccoiiiiiiiiiiiii e default
1 Enable

0 1 Wait State PCI Cycles
0 Disable.......cooviiiiiiiiiiie, default
1 Enable
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Device 0 Offset 72 - CPU to PCI Flow Control 2

7  Retry Status
0 Retry occurred less than retry limit ........ default
1 Retry occurred more than x times (where x is
defined by bits 5-4) .............write 1 to clear
6  Retry Timeout Action
0 Retry Forever (record status only).......... default
1 Flush buffer for write or return all 1s for read
5-4 Retry Limit
00 Retry 2 timeS ...cuvvvvviiiiiiieeeeeieee e default
01 Retry 16 times
10 Retry 4 times
11 Retry 64 times
3 Clear Failed Data and Continue Retry
0 Flush the entire post-write buffer ........... default
1 When data is posting and master (or target)
abort fails, pop the failed data if any, and keep
posting
2 CPU Backoff on PCl Read Retry Failure
0 Disable ......cocuvviiiiiiii default
1 Backoff CPU when reading data from PCI and
retry fails
1 Reduce 1T for FRAME# Generation
0 Disable ... default
1 Enable
0 Reserved(do not program)..............eevveenee. default =0

7 Reserved ... always reads 0

6 PCIl Master 1-Wait-State Write
0 Zero wait state TRDY# response........... default
1 One wait state TRDY# response

5 PCIl Master 1-Wait-State Read
0 Zero wait state TRDY# response............ default
1 One wait state TRDY# response

4  Disable Prefetch when Doing Delay Transaction
O Enable......coooovvieviiiiiiciiieie e, default
1 Disable

3 Assert STOP# after PCI Master Write Timeout
O Disable....cocooveiiiiiiiiiiiieee e default
1 Enable

2  Assert STOP# after PCI Master Read Timeout
O Disable.........cvvvviviiiiiiiiiiiieeeeeeeeeei, default
1 Enable

1 LOCK# Function
O Disable.....ccoovveeeiiiiiiiiiiiiiii e, default
1 Enable

0 PCI Master Broken Timer Enable
O Disable....cocooveiiiiiiiiiiii default

1 Enable. Force into arbitration when there is no
FRAME# 16 PCICLK'’s after the grant. Does
not apply to south bridge PREQ# input

Device 0 Offset 74 - PCI Master Control 2

7  PCI Master Read Prefetch by Enhance Command
0 Always Prefetch........cccocciiiiii default
1 Prefetch only if Enhance command

6  PCI Master Write Merge
0 Disable.......cccciiii default
1 Enable

5 Reserved ..o always reads 0

4  Dummy Request Handling........... Should be setto 1
0 AS VP default
1 Complete Fix

3 PCI#1 Delay Transaction Time-Out
0 Disable......ccccoiiiiiiiiiiiii default
1 Enable

2  Backoff CPU Immediately on CPU to PCI#2 Retry
0 Disable........ooooii, default
1 Enable

1-0 CPU/PCI Master Latency Timer Control
00 PCI#2 Master Reloads MLT timer ........ default
01 Falling edge of PCI#2 Master Request reloads

MLT timer

Rising Edge of PCI#2 Master Request clears
MLT timer and falling edge reloads the timer
Reserved (illegal setting)

10

11
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Device 0 Offset 75 - PCI Arbitration 1 ...........cc.ovvevene.... RW Device 0 Offset 76 - PCI Arbitration 2............cccccvvvee..... RW
7  Arbitration Mechanism 7  PCI #2 Master Access PCI #1 Retry Disconnect
0 PClhas priofity .......coooeeiiiiiiiiiiieeeeeeeenen default 0 Disable (PCI #2 will not be disconnected until
1 Fair arbitration between PCl and CPU access finishes) ..., default
6  Arbitration Mode 1 Enable (PCI #2 will be disconnected if max
0 REQ-based (arbitrate at end of REQ#)...default retries are attempted without success)
1 Frame-based (arbitrate at FRAME# assertion) 6 CPU Latency Timer Bit-0...........ccooeveevnnvinninnnne, RO
5-4 Latency Timer........... read only, reads Rx0D bits 2:1 0 CPU has at least 1 PCLK time slot when CPU
3-0 PCI Master Bus Time-Out has PCI bus
(force into arbitration after a period of time) 1 CPU has no time slot
0000 DiSabIe .....cccvvveeiieeiiiie e default 5-4 Master Priority Rotation Control
0001 1x32 PCLKs 00 Disabled (arbitration per Rx75 bit-7)..... default
0010 2x32 PCLKs 01 Grantto CPU after every PCI master grant
0011 3x32 PCLKs 10 Grantto CPU after every 2 PCI master grants
0100 4x32 PCLKs 11 Grantto CPU after every 3 PCI master grants
With setting 01, the CPU will always be granted
1111 15x32 PCLKs access after the current bus master completes, no
matter how many PCl masters are requesting. With
setting 10, if other PCI masters are requesting during
the current PCI 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. With setting 11, if
other PCI 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 High Priority REQ Select
00 REQ4 ..ot default
01 REQO
10 REQ1
11 REQ2
1 C2P QW High DW Read Access to PCl Slave
Allow Backoff
0 Disable......ccccoviiiiiiiiii e default
1 Enable
0  High Priority Request Support
0 Disable.......ccoooi e, default
1 Enable
Device 0 Offset 77 - Chip Test Mode..........cccevvveveeeeeennn... RW
7-6 Reserved (no function)...................... always reads 0
5-0 Reserved (do not USE)......cccvvvvviiiiiiiiieeeen, default=0
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Device 0 Offset 78 - PMU Control 1 .......oeeeeeeeeeeennneees RW Device 0 Offset 7E — DLL TestMode.........ceeeeeeeeiennnne... RW
7 1/O Port 22 Access 7-6  Reserved (StatusS).......coooveiiiriiiiiiiiiiiiiieeeeeeeeeeeee RO
0 CPU access to I/O address 22h is passed onto 5-0 Reserved (do NOt USE)..........ccceeeevveeeennnenn. default=0
the PCIDUS ..., default )
1 CPU access to /O address 22h is processed€vice 0 Offset 7F — DLL TeStMod@.....oocuevuiceisniiceucnee. RW
internally 7-0 Reserved (do not USE)......cccccvvvvrvirierineenenn, default=0
6  Suspend Refresh Type
0 CBRRefresh ..o, default
1 Self Refresh
5 Reserved ... always reads 0
4  Dynamic Clock Control
0 Normal (clock is always running)........... default

1 Clock to various internal functional blocks is
disabled when those blocks are not being used

3 Reserved ... always reads 0
2  AGPSTP# control
0 Disable ....cccccooieeiiiiie default
1 Enable
1 Reserved ..o always reads 0

0 Memory Clock Enable (CKE) Function
0 CKE Disable (pins used as MECCJ[2-0])..... def
1 CKE Enable (pins used for CKE[2-0]#)

Device 0 Offset 79 — PMU Control 2........ccccevvveeeeeeeeeeeee.... RW
7 CPU Interface Controller Dynamic Clock
Stopping

0 Disable ..., default
1 Enable

6 DRAM Controller Dynamic Clock Stopping
0 Disable......cccoiiiiiiiii, default
1 Enable

5  AGP Controller Dynamic Clock Stopping
0 Disable ......occouvveviiiii default
1 Enable

4  PCI Interface Controller Dynamic Clock Stopping
0 Disable ..., default
1 Enable

3  Pseudo Power Good
0 Disable ......cccovvieiiiiiii default
1 Enable

2 South Bridge has High Priority
0 Disable......ccccoiiiiiiii, default
1 Enable

1-0 GCLKRUN# Timer
00 L0 USEC....ciis ittt default
01 100 usec
10 1 msec
11 1sec
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GART / Graphics Aperture Control

The function of the Graphics Address Relocation TableSince address translation using the above scheme requires an
(GART) is to translate virtual 32-bit addresses issued by araccess to system memory, an on-chip cache (called a
AGP device into 4K-page based physical addresses for systefiTranslation Lookaside Buffer" or TLB) is utilized to enhance
memory access. In this translation, the upper 20 bits (A31performance. The TLB in the 82C501 contains 16 entries.
A12) are remapped, while the lower 12 address bits (A11-AO)Address "misses" in the TLB require an access of system
are used unchanged. memory to retrieve translation data. Entries in the TLB are

A one-level fully associative lookup scheme is used toreplaced using an LRU (Least Recently Used) algorithm.

implement the address translation. In this scheme, the uppekddresses are translated only for accesses within the
20 bits of the virtual address are used to point to an entry in &Graphics Aperture” (GA). The Graphics Aperture can be any
page table located in system memory. Each page table entggower of two in size from 1MB to 256MB (i.e., 1MB, 2MB,
contains the upper 20 bits of a physical address (a "physicadMB, 8MB, etc). The base of the Graphics Aperture can be
page" address). For simplicity, each page table entry is anywhere in the system virtual address space on an address
bytes. The total size of the page table depends on the GARBoundary determined by the aperture size (e.g., if the aperture
range (called the "aperture size") which is programmable irsize is 4MB, the base must be on a 4MB address boundary).
the VT8501. 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.

This scheme is shown in the figure below.

31 12 11 0
| Virtual Page Address | Page Offsef

index
TLB Base
—— Page Table |

31 v 12 11 v 0
| Physical Page Address | Page Offsdt

Figure 4. Graphics Aperture Address Translation
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Device 0 Offset 83-80 - GART/TLB Controal................... RW Device 0 Offset 84 - Graphics Aperture Size.................. RW
31-16 Reserved ........cccccciiiiiiiiiiiiiiieeeeenn. always reads 0 7-0 Graphics Aperture Size
15-8 Reserved (test mode status).........ccccccveevvuvnnnnn. RO 11111111 1M
11111110 2™
7  Flush Page TLB 11111100 4M
0 Disable .evvvveiieiee, default 11111000 8M
1 Enable 11110000 16M
11100000 32M
6-4 Reserved (always programto Q)...............c...... RW 11000000 64M
10000000 128M
3 PCI#1 Master Address Translation for GA Access 00000000 256M
0 Addresses generated by PCl #1 Master 3-0 Reserved .......coceceiiiiiiieeeeeniinnn, always reads 0
accesses of the Graphics Aperture will not be )
tranSlated ..........ooeeeeeeeeeeeeeeeeeeeeeee defaultOffset 8B-88 - GA Translation Table Base................... RW
1 PCI #1 Master GA addresses will be translated 31-12 Graphics Aperture Translation Table Base
2  PCI#2 Master Address Translation for GA Access Pointer to the base of the translation table in system
0 Addresses generated by PCl #2 Master memory used to map addresses in the aperture range
accesses of the Graphics Aperture will not be (the pointer to the base of the "Directory"” table).
translated ...........oooeveeeeeeeeeeeeens default 11-3 Reserved ... always reads 0
1 PCI #2 Master GA addresses will be translated 2  One Cycle TLB Flush Command
1 CPU Address Translation for GA Access O Disable.....oiieeeeiieeeee e default
0 Addresses generated by CPU accesses of the 1 Enable......coiiiiiiiiiines should be setto 1
Graphics Aperture will not be translated..... def 1  Graphics Aperture Enable
1 CPU GA addresses will be translated O Disable...oeeeeeiie e default
0 AGP Address Translation for GA Access 1 Enable Graphics Aperture Address [31:28]
0 Addresses generated by AGP accesses of the Note: To disable the Graphics Aperture, set this bit
Graphics Aperture will not be translated..... def to 0 and set all bits of the Graphics Aperture Size to
1 AGP GA addresses will be translated 0. To enable the Graphics Aperture, set this bit to 1

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

and program the Graphics Aperture Size to the
desired aperture size.
0 Reserved ..o, always reads 0

Note: If TLB miss, the TLB table is fetched by the address:

Gr Ap Trans Table Base [31:12] + A[27:22], A[21:12], 2’b00
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AGP Control

Device 0 Offset A3-A0 - AGP Capability Identifier ........ RO  Device 0 Offset AB-A8 - AGP Command ...................... RW
31-24 Reserved .......ccccccciiiiiiiiiiiieiieeee, always reads 00 31-24 Request Deptlireserved for target).. always reads 0s
23-20 Major Specification Revision..... always reads 0001  23-10 Reserved .........cccccevvvvrinvinnnenenennn always reads Os

Major revision # of AGP spec device conforms to 9 SideBand Addressing Enable
19-16 Minor Specification Revision..... always reads 0000 0 Disable......ccccoviiiiiiiiiiie default
Minor revision # of AGP spec device conforms to 1 Enable
15-8 Pointer to Next Item....... always reads 00 (last item) 8 AGP Enable
7-0 AGPID .. (always reads 02 to indicate it is AGP) 0 Disable......occoveiiiiiiie e default
Device 0 Offset A7-A4 - AGP StatuS........occeeviceeeiieinneennn, RO 7. Relsersgg ble_ _____________________________________ always reads Os
31-24 Maximum AGP Requests............... always reads 07 1 2X Mode Enable
Max # of AGP requests the device can manage (8) 0 Disable......cccocoveiieieiecececeeeee e default
23-10 Reserved .....ccccccceviiiiiiiieiiiiiieennn always reads Os 1 Enable
9  Supports SideBand Addressing....... always reads 1 0 1X Mode Enable
8-2 Reserved .....oococeceeveiiiiiiiieeeeeeeee, always reads 0s 0 Disable.......ccoooeeiiiiiiiiieiiieeeeeeeee default
1 2X Rate Supported 1 Enable
Value returned can be programmed by writing to
RXxAC[3]
0 1X Rate Supported.........cccvvvvvveeeennnnn. always reads 1
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Device 0 Offset AC - AGP Control .........eeeeeeeeeieeeeeeeeen.. RW Device 0 Offset F7-FO — BIOS Scratch Register............. RW
7 Reserved ..., always reads Os  7-0 No Hardware Function
6 AGP Read Synchronization . o )
0 Disable .eevveeiiiieei default Device 0 Offset F8 — DRAM Avrbitration Timer 1 ......... RW

1 Enable (the CPU to PCH2 cycle will be ~ 7-4 AGP Timer (units of 4 DRAM Clocks)
delayed if the CMFIFO contains a GART  3-0 Host Timer (units of 4 DRAM Clocks)
access)

5 AGP Read Snoop CMFIFO Device 0 Offset F9 — DRAM Arbitration Timer 2 ......... RW
0 DiSADIE ..o, default /-4 VGA High Priority Timer (units of 16 DRAM
1 Enable (AGP read address will snoop the Clocks)

CMFIFO:; if hit, AGP read will be started after 3-0 VGA Timer (units of 16 DRAM Clocks)

the write is retired) _ _ .. Device 0 Offset FA — CPU Direct Access Frame Buffer
T oy Master RequSt has Higher Priority if  Base Address A[28:21] ..cceeeereeerrererreremrns RW
AGPC is parking at AGP Master i
0 DiSABIE ..cooveeeveeeeeeeee e, default O AlRE21]
1 Enable Device 0 Offset FB — Frame Buffer Control.................. RW
32X Rate Supported(read also at RxA4[1]) 7 VGA Enable
O NOtSUPPOEd ..o default 0 DiSADIE ... default
1 Supported 1 Enable
2 LPRIn-Order Access(Force Fence) 6  VGARESEl ..ocoooevvreereecerennn, (Write 1 to Reset)
0 Fence/Flush functions not guaranteed. AGP 54 Frame Buffer Size
read requests (low/normal priority and high 00 NONE i default
priority) may be executed before previously 01 2M
issued write requests. .........ccccuveereiieeenenn. default 10 4M
1 Force all requests to be executed in order 11 8M
(automatically enables Fence/Flush functions). 3 CPU Direct Access Frame Buffer
Low (i.e., normal) priority AGP read requests 0 Disable......cccoeeieeeiiiiieiiie e default
will never be executed before previously 1 Enable
issued writes. High priority AGP read requests 2.0 CPU Direct Access Frame Buffer Base Address
may still be executed prior to previously issued <31:29>

write requests as required.
1  AGP Arbitration Parking

0 Disable ..eeveeiiiiii, default Device 0 Offset FC — Back Door Control 1..................... RW
1 Enable (GGNT# remains asserted until either 7-2 Reserved .........cccccoceevivievieecenennn, always reads 0
GREQ# de-asserts or data phase ready) 1  Back-door MAX # of AGP Request Allowed
0 2T AGP to DRAM Request Generation 0 Read RXA7 willreturn 7 .......cevvvvveee... default
0 Disable ......ccccoeiviiiii default 1 Read RxXA7 will have number programmed at
1 Enable RxFD
0 Back-Door Device ID Enable
0 Use Rx3-2's value for Rx3-2 read ......... default
Device 0 Offset AD — AGP Latency Reqister .................. RW 1 Use the value in RxFE-FF
7-4 Reserved ..occoeeeiiiiiiiiiiieeeee, always reads 0s Device 0 Offset FD — Back Door Control 2..................... RW
3-0 AGP Latency Timer(units of 16 GCLKS) 7-3 Reserved
0000 Free RUN ... default 2-0 Back_Door Max # Of AGP Requests the Device can
Handle
000 1-ReQUESL......cceeiiiiiiiiiiieieeeeee e default

001 2-Requests

111 8-Requests

Device 0 Offset FF-FE — Back Door Device ID .............. RW
15-0 Back-Door Device ID.......cccccvevevvvnveinnnnnen. default =0

Preliminary Revision 1.0December 9, 1998 53- Register Descriptions



\'// Ny VT8501 Apollo MVP4

Device 1 Header Registers - PCI-to-PCI Bridge Device 1 Offset 7-6 - Status (Primary BUS) ..........ccevuuee RWC

All registers are located in PCI configuration space. They 15 Dgtected Parity Error..........cccccuvvnene always reads 0
should be programmed using PCI configuration mechanism 1 14  Signaled System Error (SERR#).....always reads 0
through CF8 / CFC with bus number of 0 and function number 13 Signaled Master Abort

equal to 0 and device number equal to.one 0 No abort_recewed .................................. defgult
1 Transaction aborted by the master with
Device 1 Offset 1-0 - Vendor ID .......eeeeeiiceeeeieiiiiiiieeeeees RO Master-Abort (except Special Cycles)..............
15-0 ID Code(reads 1106h to |dent|fy VIA Technok)gies) ....................................... write 1 to clear
12 Received Target Abort
Device 1 Offset 3-2 - Device ID......cuuiiiiiiiiiiiiiiiiieeeieieenee, RO 0 No abortreceived ... default
15-0 ID Code (reads 8501h to identify the VT8501 PCI- 1 Transaction aborted by the target with Target-
to-PCI Bridge device) ADOIt o write 1 to clear
) 11 Signaled Target Abort...........ccccuvee. always reads 0
Device 1 Offset 5-4 - Command...........ooeeeeeeeeeeeeeeeieenneee. RW  10-9 DEVSEL# Timing
15-10 ReSserved .....ccccccceviiiiiiieeiiiiiiis always reads 0 00 Fast
9  Fast Back-to-Back Cycle Enable...................... RO 01 MediUM. ..o, always reads 01
0 Fast back-to-back transactions only allowed to 10 Slow
the same agent........ccceeeveeiviiiienee i, default 11 Reserved
1 Fast back-to-back transactions allowed to 8 Data Parity Error Detected............... always reads 0
different agents 7  Fast Back-to-Back Capable.............. always reads 0
8 SERRH#AENADIE........cieeeeieeee e RO 6 User Definable Features..........cc....... always reads 0
0 SERR#driver disabled...............cccoovene default 5 66MHz Capable.........c.ccccoveveevennne.n. always reads 1
1 SERR# driver enabled 4 Supports New Capability list............ always reads 0
(SERR# is used to report parity errors if bit-6 is set).  3-0 Reserved .......ccccccoeceeeiceeieieiennn. always reads 0
7  Address/ Data Stepping......ccccceeeeereeeeeeeiiiiiiiinnns RO
0 Device never does Stepping ____________________ defau“DeVice 1 Offset 8 - ReVISION ID ...ivuiiiiiiiieiieiiieiiiereenieennes RO
1 Device always does stepping 7-0 VT8501 Chip Revision Cod€00=First Silicon)
6  Parity Error Response.......cccccccevveeeeiiiiiniiiees RW ) )
0 Ignore parity errors & continue-.............. default Device 1 Offset 9 - Programming Interface..........c.o..o..... RO
1 Take normal action on detected parity errors ~ This register is defined in different ways for each Base/Sub-
5 VGA Palette SNO0.........ccevrvreverieeiereisiseiesennns RO Class Code value and is undefined for this type of device.
0 Treat palette accesses normally.............. default 7.0 Interface Identifier ...........cccccevuenn... always reads 00
1 Don't respond to palette writes on PCIl bus
(10-bit decode of /0 addresses 3C6-3C9 hex) Device 1 Offset A - Sub Class Code.........ooooeveeieinnnene RO
4 Memory Write and Invalidate Command.......... RO 7-0 Sub Class Codereads 04 to indicate PCI-PCI Bridge
0 Bus masters must use Mem Write........... default )
1 Bus masters may generate Mem Write & Inval Device 1 Offset B - Base Class Code...........ccccvvveeeeeeeennn.... RO
3 Special Cycle MONItOrNG.........ccovoveveeeeeeereennn. RO 7-0 Base Class Codereads 06 to indicate Bridge Device
(1) II\D/Igiistgrc;t gzg:grcizfgslal CYCleS ..o default Device 1 Offset D - Latency TiMer .....cceeeeieieiieeiiiiiiieeeeeees RO
2 BUSMASIEI ..ooveeececeeceeeeeee e RW 7-0 Reserved ... always reads 0

0 Never behaves as a bus master Device 1 Offset E - Header TYPE .....iiieeiiieeiiiieiiiieiiieienaess RO

1 Enable to operate as a bus master on the i .
primary interface on behalf of a master on the 7-0 Header Type Code........ reads 01: PCI-PCI Bridge

secondary interface .........cccccccveiiinennnnnn. default peyice 1 Offset F - Built In Self Test (BIST) wooooooo RO
1  MemOory SPAcCE......c.ooeeeeiiiiiiiiiiiiiiee e e RW 7 BIST Supported...... reads 0: no supported functions
0 Does not respond to memory space 6 Start Test .......... write 1 to start but writes ignored
1 Enable memory Space access .............. default 5-4 Reserved ..o always reads 0
0 I/OOSPSE(Z S not respondto I/Ospace """"""" RW 3-0 Response Code........ 0 = test completed successfully
1 Enable I/O space acCess ........ccccceeeeennnn. default
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Device 1 Offset 18 - Primary Bus Number ...................... RW Device 1 Offset 1F-1E - Secondary Status ..........ccoceeenee.e. RO

7-0 Primary Bus Number...........ccccvvvvevneeeneen. default = 0 15-0 Reserved ......ooocoiiiiiiiiiiiieeeen, always reads 0000
This register is read write, but internally the chip always uses
bus 0 as the primary.

Device 1 Offset 19 - Secondary Bus NUMDET ........o......... RW Device 1 Offset 21-20 - Memc.>rv Base ......ooecuveenn. —— RW
7-0 Secondary Bus NUMbEL..........ccccovnnnne.. default =0 13504 Il\?/l:sne]cr)\z dBase S defz?ll\j\llin_/sori?glz 0
Note: PCI#2 must use these bits to convert Type 1 to Type 0. = = 777 777 rromrmmmmmmmmemmmsssmmeemssssemeees
_ . Device 1 Offset 23-22 - Memory Limit (Inclusive)......... RW
Device 1 Offset 1A - Subordinate Bus NUMDer .............. RW'15:4 Memory Limit AD[31:20] .......ovvvrrrrecrrree default = 0
7-0  Primary Bus Number.................c.c....... default=0 3.0 Reserved ........ccccovvivicrerennnnn, always reads 0
Note: PCI#2 must use these bits to decide if Type 1 to Type 1
command passing is allowed. Device 1 Offset 25-24 - Prefetchable Memory Base....... RW
15-4 Prefetchable Memory Base AD[31:20§lef = OFFFh
3-0 Reserved ..., always reads 0
Device 1 Offset 1C - /O BaS€ ....eveeviieeeiiiiiiiiiieiiee, RW Device 1 Offset 27-26 - Prefetchable Memory Limit ..... RW
7-4 1/O Base AD[15:12].......ccccceveerennnnnn default =1111b  15-4 PrefetchableMemory Limit AD[31:20] ...................
3-0 I/O Addressing Capability....................... default =0 default =0
. L 3-0 Reserved ..o, always reads 0
Device 1 Offset 1D - 1/O LiMit.......veeeeieiiieiiiiiieieiiiiiinnnn, RW
7-4 1/O Limit AD[15:12] ..oooviiiiiiiieeee default = 0
3-0 I/O Addressing Capability....................... default =0
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Device 1 Offset 3F-3E — PCI-to-PCl Bridge Control ..... RW

15-4 Reserved ......occccccciiiiiiiiiieeeiieeeeeeenn always reads 0

3

VGA-Present on AGP
0 Forward VGA accesses to PCI Bus #1...default
1 Forward VGA accesses to PCl Bus #2 / AGP
Note: VGA addresses are memory A0O000-BFFFFh
and /O addresses 3B0-3BBh, 3C0-3CFh and 3DO0-
3DFh (10-bit decode). "Mono" text mode uses
B0000-B7FFFh and "Color" Text Mode uses B8000-
BFFFFh. Graphics modes use Axxxxh. Mono VGA
uses I/O addresses 3Bx-3Cxh and Color VGA uses
3Cx-3Dxh. If an MDA is present, a VGA will not
use the 3Bxh /O addresses and B0000-B7FFFh
memory space; if not, the VGA will use those
addresses to emulate MDA modes.
Block / Forward ISA I/O Addresses
0 Forward all I/O accesses to the AGP bus if
they are in the range defined by the 1/0 Base
and I/O Limit registers (device 1 offset 1C-1D)
..................................................... default
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 1/0O Base
and I/O Limit registers.

1-0 Reserved .....ccccccveeiiiiiiiiieeeeeeeeeeienas always reads 0
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Device 1 Configuration Reqisters - PCl-to-PCl Bridge

Device 1 Offset 41 - CPU-to-PCI #2 Flow Control 2 .. RWC

PCI Bus #2 Control

Device 1 Offset 40 - CPU-to-PCl #2 Flow Control 1...... RW

7 CPU-PCI #2 Post Write
O Disable ....ooiiiieeiiiiiie default
1 Enable
6 CPU-PCI #2 Dynamic Burst
O Disable ....cocooeeiiiiiiiiiiiiii e, default
1 Enable
5 CPU-PCI #2 One Wait State Burst Write
0 Disable ... default
1 Enable
4  PCIl #2 to DRAM Prefetch
O Disable ...cccoooevieiiiiiiiiieie default
1 Enable
3 PCl Master Allowed Before CPU-to-PCl Post
Write Buffer is not Flushed
O Disable ...ccoooveviiiiiiiiiiiii default
1 Enable
This option is always enabled for PCI #1
2 MDA Present on PCI #2
0 Forward MDA accesses to AGP............. default
1 Forward MDA accesses to PCI #1
Note: Forward despite IO / Memory Base / Limit
Note: MDA (Monochrome Display Adapter)

addresses are memory addresses B0000Oh-B7FFFh

and 1/0O addresses 3B4-3B5h, 3B8-3BAh, and 3BFh
(10-bit decode). 3BC-3BE are reserved for printers.
Note: If Rx3E bit-3 is 0, this bit is a don't care (MDA
accesses are forwarded to the PCI bus).

1 PCI #2 Master Read Caching

0 Disable ....cooovieiiieiiiiiiie e, default
1 Enable

0 PCI #2 Delay Transaction
O Disable ...cccoooeiiiiiiiiiiii default
1 Enable

Table 5. VGA/MDA Memory/IO Redirection

3E[3]]40[2]] VGA [MDA | Axxxx, | BOO00| 3Cx,

VGA|MDA| is | is |B8xxx|-B7FFH 3Dx | 3Bx

Pres|Pres] on | on |Accesq Accesy I/O | I/O
0 - PCI| PCI| PCI PCI| PC| PC
1 0 | AGP| AGP| AGP| AGP| AGP AGP
1 1 | AGP| PCI| AGP PClI| AGP PC

7  Retry Status
0 Noretry occurred..........oooovviiiiiiineennnnn. default
1 Retry Occurred ...................\rite 1 to clear
6  Retry Timeout Action
0 No action taken except to record status ....... def
1 Flush buffer for write or return all 1s for read
5-4 Retry Count
00 Retry 2, backoff CPU ........cccccvvvvveerennnn. default
01 Retry 4, backoff CPU
10 Retry 16, backoff CPU
11 Retry 64, backoff CPU
3 Post Write Data on Abort
0 Flush entire post-write buffer on target-abort
or master abort...........ccccceeiiiiei default
1 Pop one data output on target-abort or master-
abort
2 CPU Backoff on PCI #2 Read Retry Timeout
0 Disable.....cccccoiiiiiiiiiiiii default
1 Enable
1 Reserved ... always reads 0
0 Read Bursting on PCI# 2.................. always reads 0
0 Disable.......cccooiiii default
1 Enable
Device 1 Offset 42 - PCI #2 Master Control................... RW
7 Read Prefetch for Enhance Command
0 Always Perform Prefetch....................... default
1 Prefetch only if Enhance Command
6  PCI #2 Master One Wait State Write
0 Disable.......ccccciiiiiiiieieee, default
1 Enable
5 PCI #2 Master One Wait State Read
0 Disable.....cccccoviiiiiiiiiii default
1 Enable
4 Extend PCl #2 Internal Master for Efficient
Handling of Dummy Request Cycles
0 Disable.....ccccooiiiiiiiii default
1 Enable
This bit is normally set to 1.
3 PCI #2 Delay Transaction Timeout
0O Disable.......ooooi, default
1 Enable
2  Prefetch During Delay Transaction
0 ENable....ccooviiiiiiiiiiic default
1 Disable
1-0 Reserved ...ccooviiiiiiiie always reads 0
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2D / 3D Graphics Accelerator Registers

PCI Configuration Registers — Graphics Accelerator

The Apollo MVP4 Graphics Accelerator is fully compliant The PCI configuration space is fully implemented. Due to the
with PCI bus interface protocol revision 2.1. The controller second memory base register, all I/O registers can be memory
implements slave functions of PCI to accept cycles initiatedmapped; which allows more than one graphics controller to be
by PClI masters targeted for its internal registers,installed within a system by mapping memory and 1/O to
RAMDAC™, frame buffer, and/or BIOS. It will accept only different locations.

one data transaction for non-memory type transfers; howeveﬁ\" configuration registers are located in PCl configuration

purst read/write transfers for frame buffer accesses Qre a!sgpace and should be programmed using PCI configuration
implemented for performance enhancement. Bursting IS hechanism 1 through CF8 / CFC with bus number equal to

dl_sabled when accessing memory mapped 1/O. Data PaNtYne and function number and device number equal to zero.
will be generated for read cycles.

T ¢ the PC AT hitect lett : . There are three memory base registers. The first defines the
0 support the arcniteciure, palette -snooping ISmemory base location for the graphics frame buffer. The

supported. There are two different palette snooping mOdeSéecond defines the memory base for the memory mapped 1/0

(1) snooping due to PCI retry, and (2) snooping due to mastep i The third defi th b for th d
abort. Both modes are supported. The video BIOS will ocafions. e thirc demines e mermory hase far e secon

. ) : _ video aperture. With this second aperture, graphics data and
automatically determine the correct snooping mode in a PC P P grap

based system during power up. The MVP4 follows the PCIl”OIeo data can be sent to the MVP4 simultaneously.

2.1 specification running at 33 MHz or lower system clock The MVP4 supports the PCI Bus Master mode which can send
frequencies. For packed pixel modes, if the first data TRDYcaptured video data directly to system memory for processing.
is not generated within 16 clocks, a retry will be issued.The registers to control the PCI Bus Master are defined in
During bursting, if successful data is not generated within 8following sections (they are all in PCI configuration space).
clocks, a retry will also be issued.

The table below lists the commands implemented by the

MVP4 graphics controller PCI interface. Note that codes notDevice 0 Offset 1-0 - Vendor ID..........oooveneiiiiciiineenes RO
listed (0000 interrupt acknowledge, 0001 special cycle, 0100, 15-0 ID Code(reads 1106h to identify VIA Technologies)
0101, 1000, 1001 reserved, and 1101 dual address cycle) are

not decoded and DEVSEL# is not generated. No action takes

place inside the chip for these codes. Device 0 Offset 3-2 - DEVICE 1D ooovooooooooeoooooooo RO

15-0 ID Code (reads 9398h to identify the VT8501
graphics controller)

Table 6. Supported PCI Command Codes

Command Code [Command
0010 I/O Read
0011 I/O Write
0110 Memory Read
0111 Memory Write
1010 Configuration Read
1011 Configuration Write
1100 Memory Read Multiple
(treated as simple memory read)
1110 Memory Read Line
(treated as simple memory read)
1111 Memory Write and Invalid
(treated as simple memory write)
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Device 0 Offset 5-4 - CommMaNd........ocuuiiieniiieniiieeiiieenneees RW Device 0 Offset 7-6 - StatUS ....oeeuiieeeuiereeieeeereeeareeeiieeens RWC

15-10 ReServed .....cccccccceeiiiiiiiieeiiiaies alwaysreads 0 15
9 Fast Back-to-Back Cycle Enable....................... RO
........... default set from inverse of MA??
0 Fast back-to-back transactions only allowed to
the same agent
1 Fast back-to-back transactions allowed to 14
different agents
8 SERR#Enable.........ccocooiiiiii RO 13
0 SERR# driver disabled.............cccceeennn... default
1 SERR# driver enabled
(SERR# is used to report parity errors if bit-6 is set).
7  Address / Data Stepping........ccccvevevevvvviiinieeeeenn, RO 12
0 Device never does stepping........ccceeeee.... default
1 Device always does stepping
6  Parity Error ReSponse........ccccocvieveieiiniiniieeeennis RO
0 Ignore parity errors & continue............... default 11
1 Take normal action on detected parity errors
5 VGA Palette SN00R......ccceeeeeeeeeiciiee e RW 10-9
0 Treat palette accesses normally.............. default
1 Don't respond to palette accesses on PCI bus
4  Memory Write and Invalidate Command.......... RO
0 Bus masters must use Mem Write........... default
1 Bus masters may generate Mem Write & Inval 8
3 Special Cycle Monitoring..........ccccoeeeeeveveeevvinnnnnn. RO
0 Does not monitor special cycles............. default
1 Monitors special cycles 7
2  BUSMaASIEr ...ooooiiiiiiiii e RW
0 Never behaves as a bus master............... default
1 Can behave as a bus master
1 MEMOrY SPACE.......cceeveereerierreieereeteereeie e RW 6
0 Does not respond to memory space 5
1 Responds to memory space...........ccc..... default 4
0 /O SPACE .ooeiiiiiiiiiiee e RW 3-0

0 Does not respond to I/O space
1 Responds to /O space .......cccccovvuvveeeeennne default

Detected Parity Error
0 No parity error detected............oeeeeeeerenn. default
1 Error detected in either address or data phase.
This bit is set even if error response is disabled
(command register bit-6). ...... write one to clear
Signaled System Error (SERR# Asserted)
........................................ always reads 0
Signaled Master Abort (Bus Master Only)
0 No abortreceived ...........cccooeviiiiiininnns default
1 Transaction aborted by the master
.................................... write one to clear
Received Target Abort (Bus Master Only)
0 No abortreceived .........ccccoovevvveinnerennne default
1 Transaction aborted by the target......................
....................................... write 1 to clear
Signaled Target Abort...........ccccuveeee. always reads 0
0 Target Abort never signaled
DEVSEL# Timing
00 Fast
01 Medium.....cccovvvvieieeeieeeeeeeeeeeen, always reads 01
10 Slow
11 Reserved
Data Parity Error Detected (Bus Master Only)
0 No data parity error detected .....always reads 0
1 Error detected in data phase
Fast Back-to-Back Capable...............ccccoevvvviivvnnnnnnn.
........... default set from inverse of MA??
0 Not capable

1 Capable
Reserved .....ocoocciiiiii always reads 0
66MHz Capable.......ccccvveevveeiiiinnnann, always reads 1
Supports New Capability list............ always reads 0
Reserved ....cccocceeeiiiiiieee, always reads 0
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Device 0 Offset 8 - ReVisSion ID........cccvvveeeeeieiiiiiieieeeeee. RO Device 0 Offset 3C — Interrupt Line...........cccovvveeeeeeeee... RW
8-0 VT8501 Graphics Controller Revision Code 7-0 Interrupt LiN€ ....cevvvviiiiiiiiiiiiieieeeeeee, default = 0Bh
Device 0 Offset 9 - Programming Interface...................... RO Device 0 Offset 3D — Interrupt Pin.............ccccccveeeeeennnn RO
7-0 Interface Identifier..............cccuvueeee always reads 00  7-0 Interrupt Pin .................... always reads 01h (INTA#)
Device 0 Offset A - Sub Class COde .......ccceeeeeeeeeeeeeeeeeee... RO
7-0 Sub Class Code........ocoeiuivriviiriinnen. always reads 00 |nterrupts

There are several interrupt sources and their corresponding

Device 0 Offset B - Base Class Code ............cccceeeeveeennnne.. Rocontrols in the MVP4 as shown in the following table:
7-0 Base Class Code
Reads 03 to indicate Graphics Controller Table 7. Interrupt Sources and Controls
Source Mask Clear Status
Capturé CR9B[7]| CR9B[6]| CR9IB[4]
Device 0 Offset 13-10 - Graphics Memory Base 0........... RW Capture VSYNC 2
31-0 Graphics Memory Base 0........default = EO00 0000 Capture Even Field 2
Defines an 8MB space for display memory Capture Odd Field
. _ Capture Blank z
Device 0 Offset 17-14 - Graphics Memory Base 1 .......... RW GE* 2122[7]| 2122[7]| 2120[4
31-0 Graphics Memory Base O........ default = E080 0000 VGA® CR11[5]| CR11[4]
Defines a 128KB space for memory mapped I/O 1) Write O to clear.

RW 2) Selected by CROE[7:6]

3) Video capture logic can generate an interrupt which is
selected from one of four sources determined by
CROE.[7:6]. This interrupt is enabled by CR9B[7]. To
clear this bit write 0 to CR9B[6]. Whether an interrupt is
generated can be determined from CR9BJ[4].

Device 0 Offset 1B-18 - Graphics Memory Base 2..........

31-0 Graphics Memory Base OQ........ default = E040 0000
Defines an 8MB space for off-screen video overlay

Device 0 Offset 2D-2C — Subsystem Vendor ID.............. RW 4) The GE interrupt is similar to the capture interrupt.
15-0 Subsystem Vendor ID............cc.ccoeunene. default =00 5) The VGA interrupt is similar to the capture interrupt except
that there is no status bit.
Device 0 Offset 2F-2E - Subsystem ID.........ccoovvvvvvvvnnnennn, RW
15-0 Subsystem ID..........oooiiiiiiiiiiiiiiiiieeeeen, default = 00
Device 0 Offset 33-30 —Graphics ROM Base................... RW
31-0 Graphics ROM Base................ default = 0000 0001
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PCI Device-Specific Config Regs — Graphics Accelerator

Offset 93-90 — Power Management 1

................................ RO Offset 97-94 — Power Management 2 ..........oooevvvveeeeeeee... RW

31-27 Reserved
PME# not supported
D2 State (Suspend) Supported....... always reads 1
The D2 state is supported
25 D1 State (Standby) Supported........ always reads 1
The D1 state is supported
24-22 Reserved .......occcecvcciniiiiiinineeneeeee always reads 0
21 Device Specific Initialization............ always reads 1
Special DSl is required from the video BIOS
20 ReSserved ....cccccccciiiiiiieiieeeeeeeeeen always reads 0
Auxiliary power source not supported
19 Reserved ..o always reads 0
PME# generation not supported

26

18-16 PCIPM Version #......ccccccevveeennn.. always reads 001b
15-8 Next Item Pointer............ccccvveveerinnne always reads 0
7-0 PCIPM Capable.............cccccnvnnnns always reads 01lh

This device is PCI PM capable

........................................ always reads 0 31-24 Reserved

........................................ always reads 0
Power dissipation reporting not supported
23-16 Reserved ......ccccccoeiiiiiiiiiieniiiieeen always reads 0
15 D3 Cold Supported...........ccvvveeernnne always reads 0
D3 cold not supported
14-13 Data Scale ......cccccvvvvvvvveeieiiiiieeeeeeennn, always reads 0
Power dissipation reporting not supported
12-9 Power Consumed / Dissipated......... always reads 0
Power dissipation reporting not supported
8 Reserved ..o, always reads 0
PME# for D3 cold not supported
7-2 Reserved ..o always reads 0
1-0 Power State
00 FUlly ONueeevveeieeeeeeeeeeee e default
01 Standby
10 Suspend
11 D3hot, similar to suspend
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Graphics Accelerator PCl Bus Master Reqgisters

Port 2300 — Graphics Bus Master Control ..............c...... RW

The MVP4 PCl Bus Master controller
read/write and scatter/gather. Software can take advantage of 15
this feature to transfer data between system memory and the
frame buffer. After software sets the proper registers and
commands, the PCI master begins to transfer data
automatically between system memory and the frame buffer.
This allows the CPU to do other jobs at the same time, thus

. . 10
increasing performance.

Software should use the PCI Bus Master functionality to
transfer big chunks of data such as video capture data for 9
video conferencing applications or texture data for 3-D
applications. For small chunks of data, direct CPU access to
the Frame Buffer is the preferred method.

The software sequence used to control bus master operation is g
as follows: Software first sets registers such as the system
memory starting address, page table starting address / height /
width, and frame buffer starting address and line offset. 7.g
Software finally sets the bus master control register where 4
either bit 1 (for reads) or bit 2 (for writes) is set as the
command bit. After the command bit is set, the hardware will
begin to transfer data automatically based on the parameters 3
specified. After the transfer is finished, the hardware will
issue an interrupt. Software can then poll the status bit to get
the transfer status. The hardware will clear the command bit 2
after the transfer is finished. Software cannot issue new
commands until the previous command is completed.

All Registers are memory mapped. The memory address base

is defined in PCI configuration register “Memory Base 1" 1
(offset 17h-14h).
Port 2204 — Graphics Bus Master Status ............cccc......... RO

0

31-3 Reserved
2  Bus Master Interrupt Status
1 End of Transfer
0  Still processiNg .....cceeeveeeeeeiiiiiiiiiiiiiieee default
1 End of Transfer (ldle)
0  Bus Master Error Status
0 NOrmMal ....ccvveiiieiiie e default
1 Error Detected
This error is ususlly detected because the total page
table size is less than the size defined in the
“Graphics Bus Master Height” register at index
2314h.

supports  both 31-16 Reserved

PCI Master Read Data to GE SRCQ
O Disable.....ccooveeeiiiiieii e, default
1 Enable

14-11 Bytes in DW to be Cleared

When enabling block transfer with clear, one bits
define which byte(s) in the DW will be cleared
Enable Bit with Clear
O Disable.....ccccocveeiiiiiiieiii default
1 Enable
Invert C / Z Position
0 Hardware assumes C is located in bits 15:0 and
ZiNbits 31:16....ccciiiiiiieeeeieiee e, default
1 Hardware assumes C is located in bits 31:16
and Z in bits 15:0
Enable Z Stripping

0 Disable.........oooociii e, default
1 Enable
Reserved ..o always reads 0
Bus Master Interrupt
0 Disable.........coooiie, default
1 Enable
Master Latency
0 Disable.......cccocviiiiiiiiiiiiie, default
1 Enable
Write Command............ooovvvvvvviiiiiinieeeeeee, default =0

Writing this bit to 1 will trigger the hardware to begin
a write operation. After finishing the operation,
hardware will automatically clear this bit.
Read Command.......ccccccceeeeeeeiiiiiiiiiiiiiinns default =0
Writing this bit to 1 will trigger the hardware to begin
a read operation. After finishing the operation,
hardware will automatically clear this bit.
Scatter / Gather
0 Disable......cccouiiii default
1 Enable
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Port 2310 — Graphics Bus Master System Start Addr...RW  Port 2314 — Graphics Bus Master Height....................... RW
31-0 System Start Address 15-10 Reserved .....ccccccvvviiiiiiiiiiiiieeeeeeeen, always reads 0
If scatter / gather is enabled, bits 31:12 point to the 9-0 Source Data Height
physical region translation table (the page starting . )
address must be aligned on 4KB address boundarieé,?ort 2316 — Graphics Bus Master Width........................ RW
and bits 11:0 are the offset within a page. 15-12 Reserved .......ooovvvviiiiiiieieeeeeeeeeeeas always reads 0

11-0 Source Data Width(in bytes)
Physical Region Descriptor Table

While system memory is allocated in a non-contiguous space,

software needs to provide a physical region description tabléort 2318 — Graphics Bus Master FB Start Addr/Pitch RW

in system memory and pass the table's starting address t031-22 Frame Buffer Line Offset(FB pitch) in quadwords
hardware. 21-20 RESEIVEA oooveeeveeeereeeeeeeeeeeeeieeas always reads 0
19-0 Frame Buffer Start Address(quadword aligned)

The table size must less than or equal to 4K bytes and the

table cannot cross the 4K boundary. Port 231C — Graphics Bus Master System Pitch............ RW
. . . . 15-12 Reserved .......ooovvvviiiiiiieieeeeeeeeeeees always reads 0
Figure 5. Physical Region Descriptor Table Format 11-0 System Row Byte Offsepitch) in bytes y
BYTE3 | BYTE2 | BYTE1 | BYTEOQO
Page 0 physical address [EQIT
Page 1 physical address [EQIT Port 2320 — Graphics Bus Master Clear Data................ RW
""" . 31-0 Clear Data Value
Page n physical address [EOT Used as the “clear” value for “block transfer with

EOT = End of Table clear”

Each table entry is 4 bytes in length. Hardware assumes that
the physical page is always 4K. Bits 31:2 indicate the
physical page starting address. Bit O of the first byte indicates
the end of the table. Bus Master operation terminates when
the last descriptor has been retired.

Figure 6. PCI Bus Master Address Translation

System Start Address
Register at 2210

A\ 4

Physical Region
Description Table

Physical Memory
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Graphics Accelerator AGP Registers Command List Format

The default base I/0 address for the AGP registers is 2300h. The command list is stored in AGP memory in groups. Each

. group has the following format:
The AGP control unit has 3 channels. These channels can

. . . Bit Bit
\év;)r;t;ﬂic:izzgndently and in parallel. Each channel has its own QuadWord 63 48 32 31 16 0
P ) 0 Data 0 Header
Channel 0: Execution mode texture access. 1 Data 2 Data 1
Channel 1: Command List Operation. Executes command 2 Data 4 Data 3
Vst from AGE memory. n/i2+1 Pad/Data n-1 Datan—1/2

Channel 2: Data Move. Moves data from AGP memory t0OThe header is a 32-bit word that contains information about
frame buffer or to the Capture/MPEG2 FIFO. thjs group, such as the amount of useful data in the group. A
Also moves data from the frame buffer to AGP group is always padded to a quadword boundary. Padding
memory. DWORDs are discarded by the channel. The format of the
header is as follows:

Graphics AGP Configuration Reqisters . .
2 4 g 31 Consecutive Addressing

Port 2304 — Graphics AGP Capability LiSt...........c......... RW 0 Disabled (all data in this group will be written
31-0 XX to the register with the destination address
specified in the “ADDR” field in bits 29-8)
Port 2334 — Graphics AGP Capability List Address...... RW 1 Enabled (All data in this group will be written
31-0 xx to registers ADDR, ADDR+4, ... ADDR+4 *
(LEN-1) sequentially
30 Wait
0 Don't Wait (send data to the Graphics Engine
Graphics AGP Operation Registers as long as it can receive it)

3 . . 1 Wait (until the GE is idle, then send data)
Port 2340 — Graphics AGP FB Command List Start...... RW 20-8 Register Address of the First Data (ADDR)

31-19 Reserved R PR PSR P N always reads 0 15-0 Number of DWORDSs of Data in this Group (LEN)
18-0 Frame Buffer Command List Start Address

Port 2344 — Graphics AGP FB Command List Size........ RW
31-19 Reserved .......occcccciiiiiiiiiiieeeeeeeeeeenn always reads 0
18-3 Frame Buffer Command List Sizgin quadwords)
Value programmed is the desired size minus one
2-0 Reserved ......cccooiciiiiiiie always reads 0
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Port 2348 — Graphics AGP Channel 1 FB Start/Pitch ...RW

Port 2364 —Channel Arbitration Counter Threshold .... RW

31-22 Frame Buffer Line Offset(in quadwords)
21-19 Reserved always reads 0
18-0 Frame Buffer Starting Address

Port 234C — Graphics AGP Channel 1 FB Size

31-13 X Direction(in quadwords minus one)
12-10 Reserved
9-0 Y Direction (in pixels minus one)

always reads 0

31-28 Reserved ... always reads 0
26-24 Channel 2 System Arbitration Threshold
23-20 Channel 2 System Arbitration Threshold
19-16 Channel 2 System Arbitration Threshold
15-12 Reserved ...ccoccocvviiiiiiieenieeeeee always reads 0

Port 2350 — Graphics AGP Channel 1 System Start...... RW

31-3 Channel 1 System Memory Start Address
(quadword aligned)

2-1 Reserved

0 Command List Operation Trigger

This bit is the same as bit-19 of register 2368h
(Channel 1 Read Enable). It is used to trigger
command list operation and force bit-17 of register
2368h (Channel 1 Destination Select) to 1 (to select
the GE Command FIFO).

always reads 0

Port 2354 — Graphics AGP Chan 1/2 System Pitch......... RW
31-27 Reserved always reads 0
26-16 Ch 2 System Memory Line Offsefin quadwords)
15-11 Reserved always reads 0
10-0 Ch 1 System Memory Line Offsefin quadwords)

Port 2358 — Graphics AGP Channel 2 System Start...... RW

31-3 Channel 2 System Memory Start Address
(quadword aligned)
2-0 Reserved

always reads 0

Port 235C — Graphics AGP Channel 2 FB Start/Pitch .RW
31-22 Frame Buffer Line Offset(in quadwords)
21-19 Reserved always reads 0
18-0 Frame Buffer Starting Address

Port 2360 — Graphics AGP Channel 2 FB Size............... RW
31-27 Reserved always reads 0
26-16 Ch 2 System Memory Line Offsefin quadwords)
15-11 Reserved always reads 0
10-0 Ch 1 System Memory Line Offsefin quadwords)

11-8 ??
7-0 ??

Port 2368 — Graphics AGP_Channel I/O Control........... RW
31-27 Reserved ... always reads 0
26 Reserved (Do not Program)..................... must be 0
25 Reserved ..., always reads 0
24 Reserved (Do not Program)............c........ must be 0
23-22 Reserved ... always reads 0

21-20 Reserved (Do not Program)................... must be 01
19 Channel 1 Read Enable
0 Disable......cccooeeeiiiiiii e, default
1 Enable
18 Channel 1 Interrupt Enable
0 Disable......ccccoiiiiiiiiiiiii default
1 Enable
17 Channel 1 Destination Select
0 Frame BUffer......cccoceeeeieiiiiiiiiiinn, default
1 GE Command FIFO
16 Channel 1 Enable
0 Disable......ccccoiiiiiiiiiiiii e default
1 Enable
15-1 Reserved .....ccccccccveiiiiiiiiiieeniiieeenn always reads 0
0 Channel 0 Enable
0 Disable.....cccccoiiiiiiiiiiiii default
1 Enable
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Port 236C — Graphics AGP Global & Chan 2 Control..RW

Port 2370 —AGP Status.................

31-26 Reserved ........cccccciiiiiiiiiiieiieeeeeeennn always reads 0
25-24 Sideband Address (SBA) Standby Latency Timer

23

22

21
20
19
18
17
16
15-5

1-0

High Priority Command Enable

O Disable ...cccoooeiviiiiiiiiiiii default
1 Enable

Long Read Command Enable
0 Disable ..., default
1 Enable

System Side Channel 2 Priority
System Side Channel 1 Priority
System Side Channel O Priority
Reserved .....cccccciiiiiiiiiieiieeeeeeeeen always reads 0
Frame Buffer Channel 2 Priority
Frame Buffer Channel 1 Priority

Reserved .....ccoccceiiiiiiiiiieee always reads 0
Channel 2 Read Operation Select
00 Disabled .......cocoveveeiiiiiiiiee e default

01 Read from Frame Buffer to AGP
10 Write from AGP to Capture / MPEG / FB
11 -reserved-

Channel 2 Interrupt Enable

O Disable ....oooieviiiiiiiiiiei e default
1 Enable

Channel 2 Write Target Select
00 Write to Frame Buffer..........ccccooooeeeee. default

01 Write to Capture / MPEG / FB
1x -reserved-

31-18 Reserved ......coccoevnnnnenn.

17 Channel 2 Interrupt Status
0 Nointerrupt pending.........ccccovcuvveeeeennns default

1 Interrupt Pending
16 Channel 2 Busy Status

0 Idle .iriiin,

1 Busy

15-10 Reserved .....ccocoveeeeennn.

................... always reads 0

9 Channel 1 Interrupt Status
0 No interrupt pending.......ccccccevveveeneennnnn. default

1 Interrupt Pending
8 Channel 1 Busy Status

0 Idle .cooorrervinnnnnnn.

1 Busy

7-2 Reserved .....oooeeiieennnns

............................... default

................... always reads 0

1 Channel O Interrupt Status
0 Nointerrupt pending......cccccvvvveeeieeeennnnnn. default

1 Interrupt Pending
0  Channel 0 Busy Status

O 1dle e default
1 Busy
Graphics AGP Configuration Reqisters
Port 2380 — Graphics AGP Capability Identifier........... RW
31-0 xx
Port 2384 — Graphics AGP StatusS .........cooeiieeuiiieniiieeneeee.. RW
31-0 xx
Port 2388 — Graphics AGP Command ...........cceueiieennnnee.. RW

31-0 xx
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Command List Operation Port 23B0 —Command Buffer Start Address.................. RW
The MVP4 implements an internal block called the 31-30 Command List Mode
00 Disable Command Buffer ...................... default

“Command List Control Unit” to process command lists.
Command list operation is invisible to software. After
initialization of the Command List Control Unit, software can
set registers as if there is no Command List Control Unit. If
o . ) command buffer)
an engine is idle and there are no pending commands in the
. . 11 -reserved-

command buffer, data will be passed to the corresponding

. . . . 29-24 Reserved .......cccociiiiiicieeeee always reads 0
register directly. Otherwise, address and data will be stored
into the command buffer to be processed later. When the 230 Command Buffer Start Address .

ine is idle. the C d List Control U 't. il fetch Starting address of the command buffer in bytes
engine '(Sj ! fe, ?h omman q 's ff on rﬁ. h n \INI tedc' (quadword aligned). Writing to this register will set
commands from the command bufier which 1s located in the internal buffer start and end pointers to this
video memory and send it to the engine. There are two

01 Enable Command Buffer
10 Flush Command Buffer Then Disable (after
first completing any commands in the existing

registers that determine the lower and upper bounds of the address.

command buffer, the Command Buffer Start and CommandPort 23B0 —Command Buffer End Address.................... RW
Buffer End registers. The Command List Control Unit USES 31-24 ReServed ........ccccooeovevevevevevevevennn. always reads 0
the command buffer in a round robin fashion, i.e., the address 23-0 Command Buffer End Address

is wrapped around when it passes the end of the buffer. End address of the command buffer in bytes

(quadword aligned). This address should be
programmed to one more than the address of the last
byte of the command buffer.

Registers in the Setup Engine, Rasterization Engine, Pixel
Engine, Memory Interface, and data from the host CPU and
the drawing environment can be buffered by the Command
List Control Unit. Command List Control registers and VGA
extension registers cannot be buffered. Every entry in the
command buffer is 64-bit with the lower 32 bits for the
register address and the higher 32 bits for register data. In
order to optimize memory bandwidth usage, the Command
List Control Unit maintains one read and one write FIFO in its
interface to memory in order to burst information from the
read/write command list.
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VGA Standard Registers - Introduction where extended functions are provided in all indexed register

The standard VGA register set consists of five sets of indexeroups except the Attribute Controller (due to the unusual
registers plus several individually addressed registers. ~Alnature of Attribute Controller indexing using a single I/O port

VGA registers are addressed at specific /0 port addresse¥hich makes access to this register group more cumbersome).
defined by the VGA legacy standard. This document will detail the functions of all the standard

i } VGA registers first. All extended functions will then be
The non-indexed registers (also called the “Status / Enablegeparately documented in following sections.

registers) are:

Regarding notation used in this document, indexed registers

Input Status Register 0 Read at 3C2 (including extended registers) may be referenced using a 2-
Input Status Register 1 Read at 3BA or 3DA letter mnemonic from the following table followed by the
Miscellaneous Register Read at 3CC, Write at 3C2 index number:
Video Subsystem Enable Read/Write at 3C3 .
Display Adapter Enable Read/Write at 46E8 Attribute Controller AR
. . _ _ Graphics Controller GR
The indexed register sets each control different functional CRT Controller CR
blocks inside the hardware VGA logic. These register sets Sequencer SR
are:

) _ For example, index register 26h of the 3CE / 3CFh indexed
Attribute Controller 21 registers (0-14h) at 3C0/1 register group could also be referred to as GR26. Bit-7 if this

Sequencer 5 registers (0-4h) at 3C4/5 register, using this notation, would be GR26[7].

Graphics Controller 9 registers (0-8h) at 3CE/F

CRT Controller 25 registers (0-18h) at 3x4/5 Register groups, for the most part, are included in this
RAMDAC 256 24-hit registers at 3C7-3c9 ~ document in order by I/O port address. Some registers are

] ) _ _ included out of order with other registers in the same
Indexed registers typically require two sequential portfnctional block. Refer to the table of contents and the
addresses, the first of which is the index and the second Qlagister summary tables at the beginning of the register section
which is the data. In other words, the index is written 10 theot this document for further information and help in finding

first port address and then the data corresponding to thaélescriptive information for a specific register.
indexed register is read from or written to the second port

address. The exceptions to this are the Attribute ControlleFor standard VGA registers, primarily only the bit definitions
and the RAMDAC. For the Attribute Controller, the index is @re provided here. Since the operation of these bits was
written at 3CO as expected. Data reads (but not writes) can bdandardized long ago, full explanation of the operation of
performed from port 3C1 in the standard way. However,these bits is not provided in this document.  Detailed
generally most data read and all data write operations use tHexplanation of these bits is provided by many fine indiustry
same 3CO port as used for the index. Data and address ap&lblications (check your local computer book store or the
accessed on alternate operations to 3CO with an internal flatpternet for further information).

to keep track of where the next operation is to be performed

(reads from 3BA or 3DA reset the flag to point at the index

register). The other exception to the 2-port index/data

structure is the RAMDAC which uses three port addresses. In

this case, there are two locations provided for the index, 3C7

and 3C8, with the data at 3C9. There is actually only one

index register, but automatic pre / post incrementation is

performed differently depending on whether the index is

written at the “Read” address (3C7) or the “Write” address

(3C8). The current index value may be read at 3C8. Refer to

the RAMDAC register group for further explanation of the

operation of the index registes and sequential access to the

three data bytes of each indexed data location.

The number of registers listed above for each indexed register
group is the number of registers defined by the VGA standard.
The operation of these “base” registers will always be exactly
the same from one vendor’s implementation of the VGA to
another.  Typically, however, there are additional non-
standard / extended functions implemented in higher
numbered index values. That is the case for this chip as well,
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Capture / ZV Port Registers

Port 2200 — Capture / ZV Port Command ...................... RW

31-28 Reserved ........cccccciiiiiiiiiiieeeeeeeeeeenn always reads 0
27-24 Address 1
23-20 Reserved ........cccccciiiiiiiiiieeeeeeeaeeeenn always reads 0
19-16 Address 0

15-8 Datal

7-0 Data 0
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DVD Reqisters

Port 2280 — MC Version ID.........oeiiiiiiiiiiiiiiiieeeeiiiieeess RO Port 2282 — MC Frame Buffer Configuration................ RW
7-0 Version ID 7 Interlaced Display
6 TV Flicker Filter Bypass
Port 2281 — MC Control ......c.uuiiiiiiiieiiiieeeeieeieeeieeeennee, RW 0 UseTVCRTC..ooo default
7  Debug Mode 1 UseVGACRTC
0 Disable ......cccovriiiiici, default 5 Request Threshold of Display Command Queue
1 Enable 4  Request Threshold of PBF
6 MC Completion Interrupt 3 Request Threshold of PFF
0 Disable ..eeeveeieieeee, default 2  Hardware SP RL-Decode Disable
1 Enable O ENABIE....cooeviiiciee e, default
5 VO Completion Interrupt 1 Disable
O Disable ....coueeiieeiiiieeeiee e default 1-0 Frame Buffer Configuration
1 Enable 00 4-frame.....ccceeeeieiiiieeieiee e default
4  Host Bus Identification 01 3.5-frame
0 AGP i, default 10 3.5-frame HHR
1 PCI 11 3-frame
3 Decode Overwrite
0O Enable....ooooiciiiiiiie e default
1 Disable
2-1 IDCT Data Format
00 -reServed-........cccccevvvvvviiieiieeeeeeeeeeevriiinnn default
01 9 bits
10 8 hits
11 16 bits
0 MC Mode
O Disable ....ccooovvvviieiiiiiiieeiiieeee, default
1 Enable
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Port 2287-2284 — MC Command Queue

31-12 Page Table Address

11 SP Command Present

0 SP Command is Absent
1 SP Command is Present
10-9 Video Output Display Fields

default

15 Task Pop Out Done Status

14-12 FIFO Status

11 MC Decode Done Status

10-9 Video Output Display Fields

00 -reServed-........ccccevvvvviiiiieiieeeeeeeeeeeevviiann default 00 -reServed-.......cccoccccieeeeeieeeeeieeeeeenn, default
01 Top 01 Top
10 Bottom 10 Bottom
11 Both 11 Both
8-6 Video Output Display Buffer 8-6 Video Output Display Buffer
000 FO e, default 000 FO e default
001 F1 001 F1
010 F2 010 F2
011 F3 011 F3
100 HO 100 HO
101 H1 101 H1
110 H2 110 H2
111 -reserved- 111 -reserved-
5-4 MC Buffer 2 5-4 MC Buffer 2
Bit-1=1 Bit-1=0 Bit-1=1 Bit-1=0
00 HO top 00 HO top
01 H1 bottom 01 H1 bottom
10 H2 both 10 H2 both
11 NoBuf2 n/a 11 NoBuf2 n/a
3-2 MC Buffer 1 3-2 MC Buffer 1
Bit-1=1 Bit-1=0 Bit-1=1 Bit-1=0
00 HO FO 00 HO FO
01 H1 F1 01 H1 F1
10 H2 F2 10 H2 F2
11 n/a F3 11 n/a F3
1 MC Buffer is Field 1 MC Buffer is Field
0O NoOtField ...ccooovvieieeiiieeeiieecceee e default 0 NotField...ccccooeeeeei e default
1 Field 1 Field
0 MC Command in Queue 0 MC Status
0 Disable .......ccovviiiiiii default O NOLIN ProgreSsS....ceeeeeiiiriieeeeiiiiieeeeeenens default
1 Enable 1 InProgress

This register changes definition when written with bit-O = 1. The bit definitions above are valid only when bit-0 is equal to
This address then becomes “MC Status” with the definition ofl. When hardware clears bit-0, bit definitions revert to those
the bits matching the following bit definitions until MC-Status defined by the “MC Command Queue” register defined in the

bit-0 is cleared by hardware.

left hand column of this page.
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Port 228B-2288 — MC Y-Reference Address .................. RW Port 22AB-22A8 — Color Palette Entries........................ RW
31-20 Reserved .......ccccccciiiiiiiiiiieeieeeeeeennn always reads 0
19-0 Y-Reference Start Addresgquadword aligned)

Port 228F-228C — MC U-Reference Address.................. Rw Port 22B3-22B0 — SP BUFO Pixel Start Address............ RW
31-20 Reserved ......ccccocviiiiiiiiieiiiiiieeeees always reads 0 Port 22B7-22B4 — SP BUF1 Pixel Start Address ... RW

19-0 U-Reference Start Addresgquadword aligned)

Port 2293-2290 — MC V-Reference Address ...................

31-20 Reserved always reads 0
19-0 V-Reference Start Addresgquadword aligned)

Port 2297-2294 — MC Display Y-Address Offset

31-20 Reserved always reads 0
19-0 Y Address Offset
Y address offset (quadword aligned) of first display
pixel relative to the first pixel (top left hand corner)
of the picture.

Port 229B-2298 — MC Display U-Address Offset RW

Port 22BB-22B8 — SP BUFO Command Start Address . RW

Port 22BF-22BC — SP BUF1 Command Start Address. RW

Port 22C1-22C0 — SP Y Display Offs€t.......c.cceuuiiieennnnee.. RW
Port 22D0 — Digital TV Encoder Control ....................... RW
Port 22D3-22D1 — Digital TV Encoder CFC .................. RW

31-20 Reserved always reads 0
19-0 U Address Offset
U address offset (quadword aligned) of first display
pixel relative to the first pixel (top left hand corner)
of the picture.

Port 229F-229C — MC Display V-Address Offset........... RW
31-20 Reserved always reads 0
19-0 V Address Offset
V address offset (quadword aligned) of first display
pixel relative to the first pixel (top left hand corner)
of the picture.

Port 22A0 — MC H Macroblock Count
7-0 Number of Horizontal Macroblocks

Port 22A2 — MC V Macroblock Count..........ccceeuiiiennnneee.
7-0 Number of Vertical Macroblocks

Port 22A5-22A4 — MC Frame Buffer Y Length
15-0 Number of Pixels in a Y Frame
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VGA Status / Enable Reqisters

For this indexed register group, the index is accessed at 3CPort 3C2 — VGA INput Status 0...oceecevvveiviiniiiiciiniieen, RO
as expected. However, although data operations can be 7  \jertical Retrace Interrupt Pending

performed using port 3C1 in the standard way, data iS .5 Reserved ... always reads 0
generally accessed at 3CO as well. In other words, data and 4  sSwitch Sense

address are accessed on alternate operations to 3CO with an3.0 Reserved ..........ccccoccoecveeeennnnn. always reads 0
internal flag to keep track of where the next operation is to be

performed. The state of the internal flag may be read back iort 3xA —VGA Input Status 1........ooeveevienienienninnnennnen, RO
the extended registers (see CR24). To set the internal flag tohis register is accessible at either 3BA or 3DA (shorthand
select the index (i.e., to set the flag so that the next access twmtation 3xA) depending on the setting of Miscellaneous
port 3COh points to the index register), read port 3BAh orOutput Register at 3C2[0].

3DAh (depending on the state of the color / mono bit in the 7-6 Reserved ........ccccooiiviiiiieinienenn always reads 0
Miscellaneous Output Register at 3C2[0]). Attribute  5-4 Diagnostic
Controller register data may be read at 3C1 (the internal flagis 3  Vertical Retrace
not toggled) but must be written at 3CO. 2-1 Reserved ..., always reads 0
0 Display Enable (Inverted)
Port 3C0O — VGA Attribute Controller Index................... RW
7-6  Reserved ..o always reads 0

5 Palette Address Source

Port 3C2 — VGA Miscellaneous Output Register (Write)WO

Port 3CC — VGA Miscellaneous Output Register (Read)RO

4-0 Attribute Controller Index
Only the lower 5 bits are implemented to allow access
to Attribute Controller registers 0-14h. 7
Port 3C0/3C1 Index 0-F — Attr Ctrir Color Palette ....... RW 6

7-6 Reserved ..., always reads 0 S

Vertical Sync Polarity
Horizontal Sync Polarity
Page Bit for Odd / Even

5-0 Color Value 4 Reserved ..o always reads 0
3-2 Clock Select
Port 3C0/3C1 Index 10 — Attr Ctrir Mode Control ....... RW 1 Enable RAM
7  P5/ P4 Select 0 /O Address Select
6  Pixel Width 0 CRTC registers at 3Bx, Input Status 1 at 3BA
5  Pixel Panning Compatibility 1 CRTC registers at 3Dx, Input Status 1 at 3DA
4  Reserved ..., always reads 0
3 Select Background Intensity or Enable Blink
2 Enable Line Graphics Character Mode Port 3C3 — VGA Video Subsystem Enable ..................... RW
1 Dlsplay Type 7-1 Reserved always reads 0
0 Graphics/Text Mode 0 Video Subsystem Enable
Port 3CO/SC1 Index 11 — Attr Cirlr Overscan Color....RW b 46ran _ vGA Display Adapter Enable ... RW
7-0 Overscan Color
7-4 Reserved ..o always reads 0
Port 3C0/3C1 Index 12 — Attr Ctrlr Color Plane Ena ...RW 3 Display Adapter Enable
7-6  RESErVed ....cocoocoeieieiiieirieinana. always reads 0 2-0 Reserved ... always reads 0

5-4 Video Status Mux
3-0 Color Plane Enable for Color Planes 3-0

Port 3C0/3C1 Index 13 — Attr Ctrlr H Pixel Panning....RW

7-4 Reserved ..., always reads 0
3-0 Horizontal Pixel Pan

Port 3C0/3C1 Index 14 — Attr Ctrlr Color Select........... RW

7-4 Reserved ..o always reads 0
3-0 Color Select Bits 7-4
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VGA Sequencer Registers (SR) VGA RAMDAC Reaqisters
Port 3C4 — VGA Sequencer INdeX ....ceeeeeeeiiieceeiiieiineeee, RW Port 3C6 — VGA RAMDAC Pixel MasK........c.covcvveeeenns RW
7-0 Sequencer Index 7-0 Palette Address Mask

Only the lower 3 bits are implemented in a standard
VGA to point to Sequencer registers 0-4. However,
all 8 bits are implemented here to allow for extended

registers up to index FF. Port 3C6.— VGA RAMDAC Command........... S RW.
This register is a non-standard VGA register (“extension
Port 3C5 Index 0 — Sequencer Reset..........cocccevveieennnneeee, RW register”) located at the same port address as the VGA
7-2 ReSEIVed ..coccooooeieeeieeeeeeeeeeeeen, always reads 0 RAMDAC Pixel Mask register. In order to maintain
1  Synchronous Reset compatibility with standard VGA operations, access to this
0  Asynchronous Reset register is restricted: access is enabled by performing four
successive accesses to the Pixel Mask register at 3C6 (i.e.,
Port 3C5 Index 1 — Sequencer Clocking Mode................ RW  read 3C6 four times).
7-6 Reserved ..o alwaysreads 0 7.4 color Mode Select
5  Screen Off 0000 Pseudo-Color Mode.......cc.eeveeveeeeraen. default
4 Shift 4 0001 Hi-Color Mode (15-bit direct interface)
3 Dot Clock 0010 Muxed Pseudo-Color Mode (16-bit pixel bus)
2 Shift Load 0011 XGA Color Mode (16-bit direct interface)
1 Reserved ..o always reads 0 01xx -reserved-

o

8/9 Dot Clocks 10xx -reserved-

RW 1100 -reserved-
1101 True Color Mode (24-bit direct interface)
111x -reserved-

Port 3C5 Index 2 — Sequencer Map Mask ........o.oeeeenneeee.

7-4 Reserved ..o always reads 0
3 Enable Map 3

2 Enable Map 2 3 Reservgd ........................................ always reads 0
1  Enable Map 1 2 DAC Disable .

0 Enable Map 0 0 DACON (if SR20[0] = 1) cevvvveeeeaeeaann. default

P 1 DAC Off
Port 3C5 Index 3 — Sequencer Character Map Select....RW 1 Reserved .o, always reads 0

7-6 RESEIVEA  voeeeeeeeeeeeeeeeeeeeeeee, alwaysreads0 0 RAMDAC Enable

5  Character Map Select A 0 Disable (Bypass) RAMDAC.................. default
4  Character Map Select B 1 Enable RAMDAC

3-2 Character Map Select A
1-0 Character Map Select B

Port 3C5 Index 4 — Sequencer Memory Mode................ RW Port 3C7 — VGA RAMDAC Read IndeX .......cocvvviieennnnee. WO
7-4 Resgrved ........................................ always reads O Port 3C8 — VGA RAMDAC Write IndeX ..ovvvinvioei, WO
3 Chain4
2 0Odd/Even Port 3C8 — VGA RAMDAC Index ReadbackK.................. RO
1 Extended Memory 7-0 RAMDAC Index
0 Reserved ..o always reads 0
Port 3C9 Index 0-FF — RAMDAC Color Palette............ RW

7-0 RAMDAC Color Data
There are 768 data entries in the palette consisting of 256
three-byte entries. R, G, and B 8-bit values are accessed on
successive operations to this port with the index
autoincremented after every 3 accesses. Refer to a VGA
programmers guide for further information.
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VGA Graphics Controller Registers (GR)

Port 3CE — VGA Graphics Controller IndeX.................. RW  Port 3CF Index 5 — Graphics Controller Mode.............. RW
7 Reserved ..., always reads 0 7 Reserved ... always reads 0
6-0 Graphics Controller Index 6 256 Color Mode..........ccccevvviiieieeiiiiieenn, default =0
Only the lower 4 bits are implemented in a standard 5  Shift RegiSter...........ccocvveviiveiiiiee e, default = 0
VGA to allow access to Graphics Controller registers 4 Odd/ EVEN ..oooveeeeiiiiieeeeeeeeeeeeeeeeeeeeee default =0
0-8. However, 7 bits are implemented here to allow 3  Read Mode ........cc.cooveiiiireeiiiciieee e default =0
for extended registers up to index 7F. 2 Reserved ......cccccviiiiiiiieeeeeeea always reads 0
) 1-0  WIrite MOAE ...ovveiiiiiiiiiiiiiieiee default =0
Port 3CF Index 0 — Graphics Controller Set / Reset....... RW
7-4 ReServed ....ccccooeieiiieieieieeeins always reads 0 Port 3CF Index 6 — Graphics Controller Miscellaneous RW
3-0 Set/Reset Planes 3-0 7-4 Reserved ..., always reads 0

. 3-2 Memory Map
Port 3CF Index 1 — Graphics Controller Set / Reset EnaRW 1 Chain Odd Maps to Even

7-4 Reserved ..., alwaysreadsO0 g  Graphics Mode
3-0 Enable Set/ Reset Planes 3-0

. Port 3CF Index 7 — Graphics Ctrlr Color Don'’t Care .. RW
Port 3CF Index 2 — Graphics Controller Color CompareRW 7-4 Reserved ...occccccciiiiee always reads 0

7-4 Reserved ... alwaysreads O 3.0 Color Don't Care Planes 3-0
3-0 Color Compare Planes 3-0

Port 3CF Index 8 — Graphics Controller Bit Mask........ RW
Port 3CF Index 3 — Graphics Controller Data Rotate ...RW 7.0 Bit Mask
7-4 Reserved ..., always reads 0
3 Function Select
2-0 Rotate Count

Port 3CF Index 4 — Graphics Ctrlr Read Map Select....RW

7-2 Reserved ..o always reads 0
1-0 Map Select
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VGA CRT Controller Registers (CR) Port 3x5 Index A — VGA CRTC — Cursor Start ............ RW
CRTC registers are accessible at either 3B4 / 3B5 or 3D4 / 7.6 Reserved .........ccoeoviimrinininns always reads 0
3D5 (shorthand notation 3x4 / 3x5) depending on the SEMinG 5 CUrSOr ON/OFF ..........cccoerrsccrrrcrree default = 0
of Miscellaneous Output Register 3C2 bit-0 4-0 Cursor Row Scan Start...........cc.coceeeene. default = 0
Port 3x4 — VGA CRT Controller INdeX .......c...ccoeeeeeee.. RwW  Port 3x5 Index B — VGA CRTC — Cursor End............... RW
7-0 CRT Controller Index 7  Reserved ... always reads 0
Only the lower 5 bits are implemented in a standard 6-5 Cursor SKEW............ccceeeviiiiiiiiicnnn, default = 0
VGA to allow access to CRTC registers 0-18h. 4-0 Cursor Row Scan End............................ default =0

However, all 8 bits are implemented here to allow for

extended registers up to index FF. Port 3x5 Index C / D — VGA CRTC Start Addr Hi/Lo.. RW

.............................................. default =0

Port 3x5 Index 0 = VGA CRTC —H Total c.ooooiviiiiiiiiiness RW
7-0 Horizontal Total.......coovvvvivieieiiiieeieeeennn. default =

0 Port 3x5 Index E / F — VGA CRTC Cursor Loc Hi/Lo . RW
.............................................. default =0

Port 3x5 Index 1 — VGA CRTC — H Display Ena End...RW

Port 3x5 Index 10 — VGA CRTC — V Retrace Start...... RW

7-0 Horizontal Display Enable End.............. default =0 =
7-0 Vertical Retrace Pulse Start................... default =0
Port 3x5 Index 2 — VGA CRTC — H Blank Start............ RW
7-0 Horizontal Blanking Start..........ccc.......... default=0 POrt3x5Index11 — VGA CRTC — V Retrace End........ RW
CRO-7 Write Protect.............oo oo default = 0
Port 3x5 Index 3 — VGA CRTC —H Blank End.............. RW 6 Reserved ..., always reads 0
7 ReServed ..o always reads 0 5 Vertical Interrupt Enable ........................ default = 0
6-5 Display Enable SkeW.........ccccccveevivvinnenn. default =0 4 Vertical Interrupt Clear .........ccccceevvnnnen. default =0
4-0 Horizontal Blanking End..........ccccccvevu.n. default =0 3-0 Vertical Retrace Pulse End.................... default = 0
Port 3x5 Index 4 — VGA CRTC — H Retrace Start......... RW  Port 3x5 Index 12 — VGA CRTC — V Display Ena End RW
7-0 Horizontal Retrace Pulse Start........ default = OFFh 7-0 Vertical Display Enable End................... default = 0
Port 3x5 Index 5 — VGA CRTC — H Retrace End .......... RW  Port 3x5 Index 13 — VGA CRTC — Offset...........ccccevnn.... RW
7  Horizontal Blanking End...........c............ default = 0 7-0 Display Screen Logical Line Width....... default = 0
6-5 Horizontal Retrace Delay....................... default = 0 . .
4-0 Horizontal Retrace Pulse End............... default =0 EOML3X5 Index 14 — VGA CRTC — Underline Location RW
7 Reserved ... always reads 0
Port 3x5 Index 6 —VGA CRTC —V Total.....cccceeeenn.ee... RW 6 Double Word Mode...........cceeeevviviiiicnnnns default =0
7-0 Vertical Total ......ceveeevveiieeeeeeeeieeeee e, default =0 5 CountBy 4 .. default =0
4-0 Underline Location..........ccccoevvvvereennnnnne default =0
Port 3x5 Index 7 — VGA CRTC — Overflow.................... RW
7  Vertical Retrace Start Bit-9.................... default =0 Port 3x5 Index 15 — VGA CRTC — V Blank Start ......... RW
6 Vertical Display Enable End Bit-9......... default =0 7-0 Vertical Blanking Start..........cccccoovvvveeen. default =0
¢ Lo Compare 88" Gefaut - POIL3S Index 16 = VGA CRIC -V BIank ENG v RW
3 Vertical Blank Start Bit-8 ...ovvoeoeeoei, default = 0 7-0 Vertical Blanking End................ccoceee default = 0
2  Vertical Retrace Start Bit-8 ................... default =0
1 Vertical Display Enable End Bit-8......... default = 0 Port73x5|_l|r::gv>\</;r7e—R\;SeA CRTC — Mode Control defalJFTtVZ 0
0  Vertical Total Bit-8 .........ccoooiiiiiiiiiiiiinee default = 0 6 WOrd / Byte Mode. ... default = 0
Port 3x5 Index 8 — VGA CRTC — Preset Row Scan....... RW 5  Address Wrap......cccccceeeeeeeeiesieeeciiniieeee default =0
7  ReSeIVed ...cccoooeveieieieeeeeeeei always reads0 4  VSYNC Update Selec{VGA Extended Capability)
6-5 Byte Panning........cccooveeeveereeerenieenenen, default =0 0 Base may only be updated during Vsyncdef
4-0 Preset ROW SCaN........cccoeoveuveeeeveeareanna. default =0 1 Base address may be updated during Hsync
3 CoUNtBY 2 ..ot default =0
Port 3x5 Index 9 — VGA CRTC — Max Scan Line.......... RW 2 Horizzontal Retrace Select..................... default = 0
7 200 to 400 Line Conversion...........o....... default = 0 1 Select Row Scan Counter..............c.c...... default =0
6  Line Compare Bit-O.........cccccoveeeverennnn, default =0 0  Compatibility Mode Support................... default = 0
£0 Masimum Scan Une -~ Gefaui 0 BOILS Index 18 = VGA CRTC = Line COMDAre wuw. RW
7-0  Line COMPAre........uuuvveeeeeeiiaiiaaaaaaaaaeaiaaae default = 0
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Extended Registers — Non-Indexed 1/O Ports

Port 3D8 — Alternate Destination Segment Addr ........... RW  Port 3xB — Alternate Clock Select ..........ooveeeeecveeeieeeen. RW

7  Reserved ... always reads 0 3xB notation indicates that this register is accessible at either

6-0 Alternative Destination Segment Addressdef = 00 3BB or 3DB depending on the setting of the color / mono bit.
Read / write of this register is enabled by GRF[2]. 7-5 New Mode Control Register Bits 3-1........ def = 00
This register becomes active when GR6[3-2] are not 00. These bits have the same function as SRD[3-1]
4-2 Reserved ... always reads 0

Port 3D9 — Alternate Source Segment Address.............. RW 1.0 Video CloCk SEIECE..........vvveorrreeerrerree. def = 00

7 Reserved ... always reads 0

6-0 Alternative Source Segment Address....... def =00
Read / write of this register is enabled by GRF[2].
This register becomes active when GR6[3-2] are not 00.
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Extended Registers — VGA Sequencer Indexed

SR8 —OId /New StatusS ......ooeeeeeieeeeeeeeeeeeee ROSRD — Mode Control 2 (Old) ...oooeeeeeeeeeiieee RW
7 Old/ New Status(see SRB, SRC, SRD, SRE, GRE) 7-6 Reserved ..., always reads 0
0 Old e default 5 Reserved ..o, always reads 1
1 New 4  Reserved ... always reads 0
6 Interlace Scan Field 3 CPU Bandwidth Select
0 Odd e default 0 NoOrmal......coooivieeeiiiiee e, default
1 Even 1 Non-interrupted CPU access during VBLANK
5 Reserved ... alwaysreads 0 2-0 Reserved .......ccccoovieeeiiiiiieeeeennns always reads 0
4  Command FIFO Empty
(O =1 7o) Y2 default SRD —Mode Control 2 (New) ...ooooveeiseieeinnisisniinieninnne, RW
1 Not Empty 7-4 Display FIFO Memory Request Threshold Ctrl
3-0 ReServed ....ccocoveeveeeeieeeenennn, always reads 0 0000 Empty O level
0001 Empty 4 1evel......cccccuveviiiiiiiiiiiiiiieeeeeeenn default
0010 Empty 8 Irevel
SR — Graphics Controller Version ...........c.c.coeeeveiieeeen.. RO 0011 Empty 12 :eve:
7-0 Version Number...........ccccovviinennn. always reads 58h 8182 Emgg ;8 gg
SRB — Version / Old-New Mode Control ........................ RW 0110 Empty 24 level

7-0 Graphics Controller Version #..... always reads F3h
A write to this register will change the Old / New Mode
Control registers (SRD, SRE, and GRE) to the ‘“old”
definition. A read from this register will change the Old / New
Mode Control registers to the “new” definition.

SRC — Configuration POrt 1 ......ccoeeeeeeiiiiceiiiiciiiiieeeee, RW
Access to this register is enabled by SRE_OId[5] = 1 (“Select 3
Configuration Port 1”) and writes are enabled by SRE_New[7] 2-1
=1 (“Configuration Port Write Enable”).

7 Reserved
6  Memory Bus Width
0 32-bit Memory BUS .........cceeeeeeviiiinennnn. default
1 64-bit Memory Bus
Note:  Although the MVP4 integrated graphics
controller does not control memory directly (the
system memory controller is used to access graphics
memory as a portion of system memory), some
functional blocks in the graphics controller (such as
video) use this bit to manage their data bus widths.
5 Reserved ..., always reads 1
4  Video Subsystem Enable

0O 46ES8

1 3C3 s default
3 Video BIOS Size

0 BAK default

1 32K

2-0 Reserved

SRC — Configuration POrt 2 ......ooveiiieeiiiiiiiiiiieiiiieneee, RW

Access to this register is enabled by SRE_OId[5] = 0 (“Select
Configuration Port 2”) and writes are enabled by SRE_New][7]
=1 (“Configuration Port Write Enable”).

7-0 Reserved for BIOS

0111 Empty 28 level
1000 Empty 32 level
1001 Empty 36 level
1010 Empty 40 level
1011 Empty 44 level
1100 Empty 48 level
1101 Empty 52 level
1110 Empty 56 level
1111 Empty 60 level
Reserved ..o, always reads 0
Video Clock Divide
00 Divide by 1 ....coviiiiiiiiiieiiiiieeee e default
01 Divide by 2
10 Divide by 4
11 Divide by 1.5
Reserved ..., always reads 0
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SRE — Mode Control 1 (Old)

RW SRF — Power-up Mode 2

7 Reserved ... alwaysreads 1  This register is write protected by SRE_New[7].
6 IRQ Polarity Select 7 Reserved .. always reads 1
0 Active High ... default 6 BIOS Control
1 Active Low O Disabled........ccooooiiiiiiee e, default
5 Configuration Port (SROC) Select 1 Enabled
0 Select Port 2 5 Palette Mode
1 SelectPort L......ocoviieiiiiiiiiiieeneiien, default 0 Master Abort Mode
4 Reserved ..o, always reads 0 1 Intel Retry Mode........ccccceevviiiiiiinnennnns default
3 MemOry BUS.....cccciiiiiiiiiiieeeeeete e RO 4  Linear / Bank Addressing Control
0 8-hit 0 Linear Only
1 16-Dit e always reads 1 1 Linear/BanK.......ccccoooviiiiiieininieenninn. default
2-1 256K Bank Select 3-0 Reserved for BIOS .........coovvvvieieeenn. default =1111
00 BanK O ...coovviiiiiieeiiiiiiiiee e default
01 Bank1
o SZEE 2 SR10 — VESA™ Big BIOS CONIOl.evvvoviiirnnnne RW
Note: an inverted value will be written to bit-1 ! Extendgd VESA™ Big BIOS Enable
. . O Disabled .......ccooooiiiiii e, default
These bits (and 302[5])_ are write enabled when 1 Enabled
GRO6[3-2] = 00. 3C2[5] is used as a page select to 6-5 Video Address Select.........ccccceeeeeiiiiiiiiiiiiiiiieeee, RO
select one of the two 64KB pages. 00 AOO00-A7EEE default
0 RAMDAC Pixel Clock nvert 00 AOO0C-ATFFF ....oooooirniiiiiiiii
QT T 71 1= [ default 2(1) ggggz)v-%d{FFF
1 Invert pixel clock to RAMDAC 11 B800O-BEEEE
These bits are decoded from GR6[3-2]
4-1 Reserved .....coccceviiiiiceeeee always reads 0
SRE — Mode Control 1 (NEW) .. ..cvuuvuueiiiiiiiiiiiiiiiiieeieieeeen, RW 0 Page Select
7  Configuration Port Write Enable............ default =0 0 Select the original CO000-C7FFF access..... def
0 Write Protect 1 Select extended access defined by bits 6-5
1 Write Enable Bit-0 of this register is write protected by SRE_New([7].
Ports effected: SRC, SRF, CR28-2A, SRE_New[6-4]
(this register), and SR10[0]
6 CPU Bandwidth Select for Text Mode SR11 — Protection  ......cccccoeiviiiiiiiiiiiiiiiiiiiiene, RW
0 132-Column Text 7-0 Register Protection Enable................... default = 00
1 Other TeXt ............................................ default 87 Unprotect a” extended regiSterS except those
5-0 64K Bank Select.............coooviiiiiiiiiiiiiinee default =0

Bit-1 should be inverted when performing writes
These bits are enabled when GRO6[3-2] are written
with any value other than 00.

which may still be protected by SRE_New][7]
92 Unprotect all extended registers independent
of SRE_New[7]
If any value other than the ones listed above is
programmed into this register, all extended registers
will be write protected.

SR12 — Threshold
7-4  Queue Threshold Playback and Capture...def =2
Threshold of the display queue when both playback
and capture are enabled (for definition see SRD.new).
3-0 Queue Threshold Playback or Capture def=1
Threshold of the display queue when either playback
or capture are enabled (for definition see SRD.new)
The old threshold is used when neither playback nor capture is
enabled. All three thresholds cannot be set to 0. Other
definitions are the same as the original.
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Graphics Clock Synthesizer Control

SR18 — VCLK1 Frequency Control Q..........eeeeeeeeeeeeeeee... RW SR20 — Clock Synthesizer /| RAMDAC Setup................. RW
7-0 VCLK1 Frequency Generator Numerator.... def=0 7 Reserved ... always reads 0
6  Multiplex Mode Sync Mechanism
SR19 — VCLK1 Frequency Control L...cooeveeeieeiniieeienns, RW 0 Normal Mode.........ccoveereeeeeeeeeeereenene default
7-6 VCLK1 Frequency Generator K-Factor ....... def=0 1 Enable synchronization in multiplexed mode
5-0 VCLK1 Frequency Generator Denominator. def=0 for high VCLK tracking

5  Simultaneous VAFC and Playback
0 Simultaneous VAFC / playback display default

SR1A — VCLK2 Frequency Control O..........coooevvvveveeenens RW 1 Playback only

7-0 VCLK2 Frequency Generator Numerator.... def=0 4 VAFC and Playback Display Overlay
0 VAFCIiS ONtOP..cccccvvrriiiiiiiiieieeieeeaeeeeenn, default

SR1B — VCLK2 Frequency Control 1 ......cccoveeevveveeennnee.. RW 1 Playback is on top
7-6 VCLK2 Frequency Generator K-Factor ....... def=0 3 DAC Test Mode

5-0 VCLK2 Frequency Generator Denominator. def=0 O Disable.....ccoovveeiiiiiiiiiie e, default
1 Enable

2 Video Mode
O Disable.....cccovvveeeiiiiiieiiii default
1 Enable

1-0 Video Mode Select
X0 5-5-5 Hi-COlOr.....cccvvvieieiiiiiiiiieeeee, default =0
x1 5-6-5 XGA-color
0x Video Playback, True-color
1x Video Playback, 256-color

Table 8. Graphics Clock Frequencies — 14.31818 MHz Reference

Denominator | Numerator Actual Expected Frequency
Value Value N M K Frequency | Frequency | Error %

88 3E 62 8 2 25.057 25.175 -0.0047
89 4F 79 9 2 28.311 28.322 -0.0004
88 5D 93 8 2 36.153 36.000 0.0043
83 30 48 3 2 40.091 40.000 0.0023
85 4A 74 5 2 41.932 42.000 -0.0016
84 42 66 4 2 44,148 44.000 0.0034
84 43 67 4 2 44.744 44.900 -0.0035
84 48 72 4 2 47.727 48.000 -0.0057
43 1B 27 3 1 50.114 50.350 -0.0047
46 33 51 6 1 52.798 52.800 0.0000
42 18 24 2 1 57.273 57.270 0.0000
43 21 33 3 1 58.705 58.800 -0.0016
43 23 35 3 1 61.568 61.600 -0.0005
4A 63 99 10 1 63.835 64.000 -0.0026
48 53 83 8 1 65.148 65.000 0.0023
46 43 67 6 1 67.116 67.200 -0.0012
44 33 51 4 1 70.398 70.400 0.0000
44 34 52 4 1 71.591 72.000 -0.0057
42 22 34 2 1 75.170 75.000 0.0023
44 39 57 4 1 77.557 77.000 0.0072
44 3B 59 4 1 79.943 80.000 -0.0007
44 42 66 4 1 88.295 88.000 0.0034
44 44 68 4 1 90.682 90.000 0.0076
44 4A 74 4 1 97.841 98.000 -0.0016
04 22 34 4 0 100.227 100.000 0.0023
07 3C 60 7 0 108.182 108.000 0.0017
02 19 25 2 0 118.125 118.000 0.0011
03 22 34 3 0 120.273 120.000 0.0023
05 3A 58 5 0 135.000 135.000 0.0000
05 4B 75 5 0 169.773 170.000 -0.0013
05 hA 90 5 Q 200.455 200.000 0.0023

The clock frequency can be derived by multiplying the reference frequency times (N+8) / [(M42) x 2
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Graphics Signature Analyzer Reqisters

Graphics Connector Control Registers

SR21 — Signature Control..........oueeeeeeeiieieeeiieeeeee RW SR25 — MONItOr SENSe .....ccveeeeeeeiiiiiieeeeeeeiee e RO
7  Signature Generator Enable 7-3 Reserved ..., always reads 0
0 Disable (readback 0 indicates done)....... default 2-0 Monitor Sense Result: [red, green, blue]
1 Enable (readback 1 indicates busy) .
6  Signature Source Select SR37 — Video Key Mode ....covveeeeeiiiiiiiiiiiiiceieii, RwW
[ I YA @ = 3 R default 7 Feature Connector Input Clock Polarity
1 LCD 0 NOrMAal....cueeeiieiiieieeeeee e default
5-0 Bit SEleCt ..ooveeeeeeeeieeeee e default = 0 1 Inverted
6  Signal Output (AFC Processing)
SR23-22 — Signature Data ........eveiiiiiiiiiiiiiiiiiee RO 0 Signal output is sent before AFC processingdef
15-0 Signature Data 1 Signal output is sent after AFC processing
5-4 Feature Connector Input Pixel Clock Tuning
00 O NS e default
] ) 01 4ns
Graphics Power Management Control Registers 10 8ns
SR24 — Power Management CONtrol .........cococoveiveieieeiens RW 11 12 ns delay of pixel clock with respect to data
7 RAMDAC Clock During RAMDAC Powerdown 30 %nga\x;gzypgtpgmy default
(1) ijgigll\ng\;Hzmwdedbyz .................... default 0001 Color Key & Video Key
) : 0010 Color Key & not Video Key
6 Enable VCLK2 VCO Directly 0011 Color Key
(W'(t)hmgnv;abEUP sequence) 0100 Not Color Key & Video Key
1 Don't Enable default 0101 Video Key .
5.4 Clock ot ey 0110 Color Key XQR Video Key
Divisor for 14.318 MHz clock input to MCLK to gééé Egioég?rlkg)l/dgecoNl;te)\//ideo Key
cr:::)v(;aeSF)RAM refresh cycles in power managed 1001 Color.Key XNOR Video Key
00 1 default 1010 Not Video Key _
S — 1011 Color Key | Not Video Key
10 4 1100 Not Color Key
11 8 1101 Not Color Key | Videol Key
3 Power Management Slow MCLK ﬂﬂ \Ij%te%olzl)%rrtKoe%ILNot Video Key
0 Use divided MCLK during standby & suspend
1 Use MCLK during standby & suspend...def ~ SR38 — Advanced Feature Connector (AFC) Control... RW
2 Enable MCLK VCO Directly 7 ReServed .oocccoeiieeeeeeeeen always reads 0
(without warmup sequence) 6 DCLK Rate (set after other bits for syncronization)
0 Enable 0 PCLK oo default
1 DontEnable......cccoooiiiin. default 1 PCLK/?2
1 Enable MCLK VCO Directly 5  DCLK Phase Selectif bit-6 = 1)
(without warmup sequence) 0 180 degree phase shift .............ccevveeneeee. default
0 E”aP'e 1 Inphase
1 DontEnable......cccoooiiiin. default 4  DCLK Output Polarity
0  DAC Power 0 Normal when bit-6 = 0........cccccevevveeennn, default
0 Off default 1 Inverted
1 On 3 VCLK Input Polarity
0 NOMMAl. ..o default
1 Inverted
2-1 Reserved ..o always reads 0
0 Pixel Data Bus Output Enable Control
0 Disable Output Drive.........cccccovcuvvveeeennns default
1 Disable drive only when EVIDEO# is low
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Graphics Playback Control Registers

Graphics Second Playback Control Reqisters

SR52-50 — Playback ColorKeyData............oeeeeeeeeeeee RW SR62-60 — & Playback Color Key Data ............cococee.e. RW
23-16 Playback Color Key for True Color Mode 23-16 Playback Color Key for True Color Mode
15-8 Playback Color Key for High Color Mode 15-8 Playback Color Key for High Color Mode
7-0 Playback Color Key for 256 Color Mode 7-0 Playback Color Key for 256 Color Mode
SR56-54 — Playback Color Key Mask ............ccccceeeennneee. RW SR66-64 — 2 Playback Color Key Mask ........c.c............ RW
23-16 Playback Color Key Mask for True Color Mode 23-16 Playback Color Key Mask for True Color Mode
15-8 Playback Color Key Mask for High Color Mode 15-8 Playback Color Key Mask for High Color Mode
7-0 Playback Color Key Mask for 256 Color Mode 7-0 Playback Color Key Mask for 256 Color Mode
SR57 — Playback Video Key Mode Function.................. RW

7-0 Overlay Key Type

Defines all 256 defferent types of mixing among
VGA Color Key, Playback Window Key, and Video
Chroma Key (very similar to ROP3 code). Below
are some common combinations:

00 VGA Port Only

FO Color Key Only

CC Playback Key Only

AA Chromakey Only

88 Playback Key & Chromakey

CO Colorkey & Playback Key

80 Colorkey & Playback key & Chromakey

FF Video Port Only

Graphics BIOS Scratch Pad Reqisters

SR5A —ScratchPad 0......cocveveiiceiiiiiiiiiciiiicceeciceie RW

SREB—ScratchPad 1 ........cccevveviiiiiiiiiiiiiiiiciiieii RW

SR5C —ScratchPad 2......ceeiveiiiiiiiicieiiiciieiei RW

SR5D —ScratchPad 3 .....oeeeieeeiiiiiiiiiiiiiiiiieii RW

SR5E —ScratchPad 4 .....ccccvcveeiiiciiiiiceiiiiiiiiiieii RW

SR5F — Scratch Pad 5 ...ooeeevieeeeiiiiiiiiiiieiiciiieii RW
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Graphics Video Display Registers

SR82-80 — Window 1 U-Plane FB Start Address............ RW SR8C-8B — Window 2 Vertical Scaling Factor .............. RW
23-20 Reserved ........cccccciiiiiiiiiiieieeeeaeeennn always reads 0 15 W2 Vertical Minify / Zoom Select
19-0 W1 U-Plane FB Start Address 0 ZOOM it default
When operating in planar mode, this field defines the 1 Minify
frame buffer starting address for the U-plane for the 14 W2 Vertical Filtering
first live video window 0 Off default
1 On

SR85-83 — Window 1 V-Plane FB Start Address............ RW
23-20 Reserved always reads 0
19-0 W1 V-Plane FB Start Address

When operating in planar mode, this field defines the
frame buffer starting address for the V-plane for the
first live video window

SR88-86 — Window 2 Frame Buffer Start Address......... RW
23-20 Reserved always reads 0
19-0 Window 2 Frame Buffer Start Address

Frame buffer starting address for the second live
video window (packed YUV format only)

SR8A-89 — Window 2 Horizontal Scaling Factor........... RW
15 W2 Horizontal Minify / Zoom Select
O ZOOM e default
1 Minify

Zoom Selected (Bit-15 = 0)

14 Reserved

13-0 W2 Horizontal Zoom Factor
Same format as for the first live video window as
defined in CR80 and CR81

Minify Selected (Bit-15 = 1)
14-13 W2 Tap
12-10 W2 Horizontal Minify Integer (Inverter)
9-0 W2 Horizontal Minify Factor

Zoom Selected (Bit-15 = 0)

13-0 W2 Vertical Zoom Factor
Same format as for the first live video window as
defined in CR82 and CR83

Minify Selected (Bit-15 = 1)
13-10 Reserved
9-0 W2 Vertical Minify Factor

SR90-8D — Window 2 Live Video Start

31-28 Reserved
27-16 W2 Vertical Starting Point
15-12 Reserved
11-0 W2 Horizontal Starting Point

SR94-91 — Window 2 Live Video ENd......cooocvveeeeeennnne.,
31-30 W2 Line Buffer Level Bits 8-7(see SR95)
29-28 Reserved ......cccccccccciiiieiieeeis always reads 0
27-16 W2 Vertical Ending Point
15-12 Reserved ......ccooccceieeiiiiiieeeee e always reads 0
11-0 W2 Horizontal Ending Point

SR95 — Window 2 Live Video Line Buffer Level

7  Reserved ..o always reads 0
6-0 W2 Line Buffer Level Bits 6-0(see SR91[31-30])
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SR96 — New Live Video Window Control O.................... RW SR98 — New Live Video Window Control 2 ................... RW
7 W2 Horizontal Interpolation 7-6  Two Live Window Chroma Key Select
0 Interpolation .........cccccceeiiiiiiiiiiiiiiiiies default 00 Chromakeyonly..........ooooiiiiiiiiiiiiiiennen. default
1 Duplication 01 Window 1 & chroma key
6 W1 Vertical Interpolation U and V Components 10 Window 2 & chroma key
0 Enable.....ccooiiiiiiiiic e default 11 (Window 1 | Window 2) & chroma key
1 Disable 5-4 W1 Anti-Flicker Removal
This bit is effective only if window 1 vertical Y 00 Disable.......ccooviiiiiiiiieiere e default
interpolation is enabled (CR8E[12] = 1) 01 One field is shifted up 1 line
5 Reserved ... always reads 0 10 One field is shifted up 2 lines
4 656 11 One field is shifted up 3 lines
0 Disable .....coccouvvieiiiii default 3 W1 Anti-Flicker Removal Field Selection
1 Enable 0 Odd field is shifted UP ........ccovviviiieeeennns default
3 W2 Color Space Converter (CSC) Bypass 1 Evenfield is shifted up
0 Disable ... default 2-1 W2 Anti-Flicker Removal
1 Enable 00 Disable.....ccoeeiiiiiiiiiiiiiiiiieee e default
2 Reserved ..., always reads 0 01 One field is shifted up 1 line
1 MC Even/Odd Inverter 10 One field is shifted up 2 lines
0 Disable ..o default 11 One field is shifted up 3 lines
1 Enable 0 W2 Anti-Flicker Removal Field Selection
0  MC Interlace Display 0 Odd field is shifted UP .....oevvveveevieeennnnnn, default
0 Disable .....ccccouvvieiiiiii default 1 Even field is shifted up
1 Enable
SR99 — New Live Video Window Control 3 ................... RW

SR97 — New Live Video Window Control 1

7 Reserved ... always reads 0
6 Planar Mode X (Horizontal) Y/UV Ratio
02X default
1 4x
5-4 Planar Mode Y (Vertical) Y/UV Ratio
00 2X (YPA20) cciiiiiiiaeiieiiiiiiieieeeee e default

01 4x(Yp410)
1x 1x (Yp422)

3 Reserved ..o, always reads 0
2-0 Window Mode.........ccoeevvvviiieeiiiiiiennns default = 000b
Format Interpolation Line Buffers
000 Yuv422 H-V (96+48) x 64
001 Planar H-V (96+48) x 64
01x YUV FIFOH 96 x 64
100 MPEG2 YUV422 H-V 2x(96+48)x64
101 MPEG2 Planar H-V 2x(96+48)x64

11x YUV422 H-V (V-YUV) 2x(96+48)x64
For 1xx, only one h/w overlay window is supported

7 Reserved ..o always reads 0

6  Capture Addres Swap Enable
0 Disable......cccciiiiiiiiiii, default
1 Enable

5 Capture Address Swap
O NOSWAP ...ttt e e default
1 Swap

4-2 W2 HDE Delay Adjust...........ccccceeevnnnnnen. default = 0

1-0 Reserved always reads 0

SR9B-9A — Window 1 UV Video Row Byte Offset RW

15-14 Reserved always reads 0
13-0 W1 UV Plane Video Row Byte Offsefthe bytes in
a row)

SR9D-9C — Window 2 Y Video Row Byte Offset

15-14 Reserved always reads 0
13-0 W2 Y Plane Video Row Byte Offsefthe bytes in a
row)

SR9E — Line Buffer Request Threshold...............c.......... RW
7 Reserved ..., always reads 0
6-0 Line Buffer Request Threshold Level......... def=0
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SRIF — VBI CONIOl ..vveeeeeeieeeeeieeiieeeeeeeeee e RW SRAD-AC — VBI Vertical Interrupt Position................. RW
7 VBl Interrupt Status........ccooeeeeeiiiiiiiiiiiee RO 15 Reserved ..., always reads 0
6 Reserved ..., always reads 0 14-12 Dithering Mode
5 VBIBit-8 000 Bypass dithering .........ccccceevvviviieeeennnne default
4 VBI IV BIt-8 001 -reserved-
3 VBl Interrupt 010 24 bpp dither to 16 bpp
0 Disable .....ccccoooiieiiiieiiee e, default 011 24 bpp chop to 16 bpp
1 Enable 100 24 bpp dither to 15 bpp
2 VBl Enable 101 24 bpp chop to 15 bpp
0 Disable ......cccouvvieiiiiii default 110 24 bpp dither to RGB8
1 Enable 111 24 bpp chop to RGB8
1-0 VBI Data Format in Frame Buffer 11 Capture CSC
00 Every field data overwrite ...................... default 0 Disable.......ccocuviiieiiiiiiiee e default
01 Data in even/odd format 1 Enable

10 Every two field data write contiguous
11 -reserved-

SRA3-A0 - VBI Frame Buffer ADdress .......cooeeevviieennneee. RW

31-20 VBI Row Byte Offset
19-0 VBI Start Address

SRA7-A4 — VBI Capture Start......ccoooeeeeieeeiiiiiiiieiieeeens RW
31-27 Reserved
26-16 VBI Vertical Start
15-11 Reserved
10-0 VBI Horizontal Start

SRAB-A8 — VBI Capture End........coovvvveiiiiiiiiiiiiiiiiiiieeees RW
31-27 Reserved
26-16 VBI Vertical End
15-11 Reserved
10-0 VBI Horizontal End

10-0 VINST[10-0]
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SRAF-AE — Capture Row Byte Offset ........cveiiivniiiennnnee. RW SRBD — Dual View MUuxX Control .........coceeiieeniiieeiieiennnees RW

15 Reserved ..., always reads 0
14  Capture Address Initial Control
13-0 Capture Row Byte

SRB1-BO — Window 1 HSB Control ......cceeeeeeiiiieeeeeennnes RW
15-10 Brightness
9-5 Sin(Hue) * Saturation * 8 (bit-9 is the sign bit)
4-0 Cos(Hue) * Saturation * 8(bit-4 is the sign bit)
Hue range is 0-360 degrees (default = 0)
Saturation range is 0-1.875 (default = 1)

SRB3-B2 — Window 2 HSB Control ......cceeeeeeeiiieiieeennns RW
15-10 Brightness
9-5 Sin(Hue) * Saturation * 8 (bit-9 is the sign bit)
4-0 Cos(Hue) * Saturation * 8(bit-4 is the sign bit)
Hue range is 0-360 degrees (default = 0)
Saturation range is 0-1.875 (default = 1)

SRB6-B4 — Second Display Address Select..................... RW
23-20 Reserved .......ccccccciiiiiiiiiiieeeneeeeeeenn always reads 0
19-0 Second Display Address for Double Buffering
Second display address for double buffering instead
of capture address

SRB7 — Video Sharpness.......couueeeeiieiiiiiiiiiiiiiciieeeee RW
7-0 Video Sharpness Factor

SRBA-B8 — Second Capture Address Select................... RW
23-20 Reserved .....cccccocviiiiiiiiieniiiieeees always reads 0
19-0 Second Capture Address for Double Buffering
Second capture address for double buffering instead
of display address

SRBC — Contrast CoONtrol........ouueueiiiiiiiiiiiiiiiiiiiiiesneass RW

7-4 Window 2 Contrast
3-0 Window 1 Contrast

7-3 Reserved ... always reads 0
2-0 CRT/ TV View Multiplexing Control

00x Color key 1 determines top window (1=W1)def
010 Video window 1 overlay

011 Video window 2 overlay

10x Window key defines window 1 on top

11x Window key defines window 2 on top

SRBE — Miscellaneous Control BitS.......cceeeveiiiiiiiiieeeeeees RW
7  Planar Capture
0 Off default
1 On
6-5 Capture Start Address W/R Control (CR98[19-
0])
OX WI/RY addressS.......cccevveeeeiiiiiiieeeeiiiieeeees default

10 W/R U address
11 W/RV address

4  Video Engine Power Saving Mode
0 ON default
1 On

3 Reserved ... always reads 0

2 Interpolation Bypass
0 Interpolation ........cccevvvveiieeieeeiiiiiieiiins default
1 Bypass

1 Window 2 HSCB Enable
O BYPASS ...ooiioiii e default
1 Enable

0 Window 1 HSCB Enable
0 BYPASS .ccoiiiiiccicirrrrrr e default
1 Enable

SRCE — Window 2 Live Video Control ...........cccccvve..... RW

7  Reserved ... always reads 0

6 W2 Vertical Interpolation
0 Disable.....ccccoiiiiiiiiiii e default
1 Enable

5 Planar Mode X (Horizontal) Y/UV Ratio
02X default
1 4x

4-3 Planar Mode Y (Vertical) Y/UV Ratio

00 2X (YPA20) ccueeiiiiiiiiiiiieeieeeeeeeeeeeeeee default
01 4x(Yp410)
1x 1x (Yp422)

2-0 Window Mode..........coeeveevivrieieeeeennnnn. default = 000b
Format Interpolation Line Buffers
000 Yuv422 H-V (96+48) x 64
001 Planar H-V (96+48) x 64
01x YUV FIFOH 96 x 64

100 MPEG2 YUV422 H-V 2x(96+48)x64

101 MPEG2 Planar H-V 2x(96+48)x64

11x YUv422 H-V (V-YUV) 2x(96+48)x64
For 1xx, only one h/w overlay window is supported
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SRD1-D0O — Window 2 UV Row Byte Offset ................... RW SRDB-DA — Window 2 V-Count StatuS............ceeeeeeeeeee... RO
15-14 ReServed .....ccccccccceiiiiiiieieiiaeis alwaysreads 0 15-0 W2V Count Status
13-0 W2 UV Plane Video Row Byte Offsefthe bytes in .
a row) SRDD-DC — Dual View Control ........cccueeeeeeieeeeeiieeenes RW
15-11 ReServed ......ccccccciiiiiiiiiiiiiis always reads 0

10-9 Dual View Control - SHIF

. 8 Dual View Control — G Window Enable
SRD4-D2 — Window 2 U-Frame Start Address .............. RW 7  Dual View Control — W2 Double Buffer Enable
23-20 RESErved ..ooovveieeeeiieee e always reads 0 6 Dual View Control — W1 Double Buffer Enable
19-0 W2 U-Frame Start Address 5 Dual View Control — W2 Address Trans Enable
i 4  Dual View Control — W1 Address Trans Enable
SRD7-D5 — Window 2 V-Frame Start Address.............. RW 3 Dual View Control — Digital TV Enable
23'20 Reserved ........................................ aIWayS I’eadS 0 2 Dual V|ew Control — Dlgltal Vldeo LUT W”te
19-0 W2 V-Frame Start Address 1 Dual View Control — Digital Video LUT Read
0 Dual View Control — Digital Video CRT
SRD9-D8 — Digital TV Interface Control...............eeueen..s RW SRDE-DE — Window 1 V-Count Status ....emeemmeeeeeeeeeeeni RO
(see also CRDO, VGA / Digital TV Sync Control) 15-13 RESEIVEd ..oooveveeeeeeeeeeeeeeeeeens always reads 0
15-14 ReServed .....cccccccccciiiiiiiieiaiis always reads 0 12 DVV Sync
13 DIVS I/O Control 11-0 W1V Count Status
12 DTVI Signal Output Control, except DIVS
(Vsync)

11 Dual View Clock Inversion Control
10 Dual View Clock Control for DTVI
9 DICLK Inversion Control
8 DIVS Inversion Control
7  DIHS Inversion Control
6-5 YUV Order Inversion Control
4,1 Data Out Control
00 VGA/Video Overlay Data
x1 TV Data
10 Data Direct from Video Engine
3-0 HS/VS/CLK Control
0000 VGAHS, VGAVS, and PCLK
x100 VGAHS, VGAVS, and SPKTV
1000 VGAHS, VGAVS, and PCLK x 2
xxx1 DVHS, DVVS, and LCDCLK
xx10 TVHS, TVVS, and TVCLK
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Extended Registers — VGA Graphics Controller Indexed

GRE — Old Source Segment AddressS........cccvveeeeeeeeeeenn... RW GRF — Miscellaneous Extended Function Control ........
7-3 Reserved ..o always reads 0 7 Reserved ..., always reads 0
2-1 Source Segment Address Select.......... default =0 6  Character Clock Division Control Bit-1 (see bit-3)

0 Reserved always reads 0

GRE — New Source Segment AJdressS.......ooeeeeeeeeeiieneenn,
7 Reserved always reads 0
6-0 Source Segment Address Select.......... default =0
Bit-1 is written inverted

00 No division
01 Divide by 2
10 Divide by 3
11 -reserved-
5  Symmetric / Asymmetric DRAM Address
0 SYMMELIIC ..ottt
1 Asymmetric
4  Compressed Chain 4 Mode for CPU Path
0 Disable....coooiiiiiiiiiiie e
1 Enable
Character Clock Division Control Bit-0 (see bit-6)
2 Alternate Bank & Clock Select
0 Disable 3D8, 3D9, and 3xB...................
1 Enable 3D8, 3D9, and 3xB
1 Compressed Chain 4 Mode Display Path
0 Disable......ccccuiiiiiiiiiii,
1 Enable
0  Source Segment Address Register Enable
0 Disable GRE.........ccccvvveviiiiiiiie i,
1 Enable GRE
All bits except 2 and 0 are write protected by SRE_New][7]

default

default

default

w

default

default

default
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Power Management Registers

GR20 — Standby Timer Control..........ccccceeeeieieeeeeeee RW GR22 — Power Management Control 2........ccccccevveveeeee... RW
7  Timer Initialize & Enable 7  Timer Test Mode
0 Enable TIMer.....ccooueeeeiieiiiiiiiiiis default 0 Disable......ccccuiiiiiiiiiii, default
1 Initialize and hold standby and DPMS timer 1 Enable
6-4  TIMer TESHNQG covveveeeeee e RO 6 Refresh Clock Select
3-0 Reserved ..o always reads 0 0 Crystal input or external clock (XMCLK)
provides refresh clock during suspend... default
GR21 — Power Management Control 1 ..............ccoeeeeeeee. RW 1 REFCLK is used as refresh clock during
7  Power Management Pin Polarity suspend for 64ms refresh (ignore “Suspend
0 Active High ... default DRAM Refresh Mode” bits 5-4 below)
1 Active Low 5-4 Suspend DRAM Refresh Mode
6 PCIl Power Management 00 NOTrefreSh...ccceeeeiiiiiiiieee e default
0 Disable ......ccocceiviiiii default 01 Self refresh
1 Enable 10 Crystal clock provides rate for 8ms refresh
5 Suspend Mode 11 Crystal clock provides rate for 64ms refresh
0 Normal mode.........ccoocvvvveeiiiiiiiiieeee default 3 Disable GPIO
1 Enter Suspend Mode 0 Allow GPIO 7-0 pins to drive data in.... default
4 Suspend Input Pin 1 Disable GPIO 7-0 pins (and their shared
0 Disable ....cccccooieeiiiiie default functions) from driving data. Tristates input
1 Enable buffers on pins so no power is consumed if
3 D3to DO Reset GPIO pins are set to input mode.
0 Disable ... default 2 RESEIVE always reads 0
1 Enable 1 Hardware / Software Oscillator Select
2  Standby Input Pin 0 Software controls oscillator off with bit-0
0 Disable ....cccccoiieiiiie default (prevents automatic  oscillator  shutdown
1 Enable without direct software control of the
1 CLKRUN# Mechanism “Oscillator Disable” bit) .........c..cccccevveevenne.n. def
0 Disable......ccccriiiiiiii, default 1 Hardware controls oscillator off (allow
1 Enable oscillator shutdown when power states are
0 Consistent Standby / Suspend entered using hardware mechanisms)
0 The bits in the PCI PM configuration registers 0 Oscillator Disable

will be OR’ed with bits 5 and 3 of this register
for connection to the internal PM state
MACKINE ......uiiiiiiiiii e default

1 The bits in the PCI PM configuration registers
will be the same as bits 5 and 3 of this register
to allow software coherency

0 Enable normal function...........ccceeeevunneee. default
1 Disable (oscillator off)
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GR23 — POWEr STatUS .....eeeeeeeeeeeeee e RW GR24 — Software Power Control..........ccoeeeeeeeeiiiiiieeeee. RW
7 Power Management Pin Polarity(see GR21[7]) 7 VCLK
6-5 Chip Power Status 0 Disable
00 Ready 1 Enable.......ooooiieeeeeee e, default
01 Standby 6 MCLK
10 Suspend 0 Disable
11 -reserved- 1 Enable ... default
4  LCD Power Sequence Status 5 CPU & DRAM Data Bus
0 LCD power sequencing is not occurring at this 0 Disable
time 1 Enable .. default
1 LCD power sequencing is occurring at this 4  Reserved ... always reads 0
time 3 ENPBLT (Panel and/or Backlight Enable)
3-2 Panel Power Sequencing Control
00 Fast panel power sequencing.................. default Software Power Control
01 -reserved- 0 Drive ENPBLT LOW......cccvvvvveeeiiiiiinnnnn, default
10 -reserved- 1 Drive ENPBLT High
11 Slow panel power sequencing Hardware Power Control (timers, pin, register bit)
1-0 DPMS Power Status 0 ENPBLT is active [oW.........ccccceeeeeeennn. default
00 On Mode (CRT interface is active and 1 ENPBLT is active high
RAMDAC is full on) ......coovviiiiiieiiiinnen. default 2 Panel VDD
01 Standby Mode (Hsync disabled, Vsync active, 0 Disable.....ccccoiiiiiiiiiii e default
DAC off, RAMDAC color palette lookup 1 Enable
table (LUT) video data path is off but LUT 1 Panel Interface Signals
I/O is allowed) 0 Disable.......coocviiiiiiiiiiiiii default
10 Suspend Mode (Vsync disabled, Hsync active, 1 Enable
RAMDAC is off but contents are retained) 0 Panel VEE
11 Off Mode (Hsync and Vsync disabled, DAC 0 Disable......ccoveiiiiii default
LUT is full off) 1 Enable
In hardware mode, these bits indicate the status of
GR25 — Power Control Select ... RwW

CRT Hsync and Vsync as well as the internal
RAMDAC power state (the “off” mode state can be
read only in CRT only mode). In software mode,

these bits control the state of the CRT Hsync and Power management engine.

When any of bits 7-6 or 3-0 are set to 1, the corresponding
power control bit reads back the logic state of the internal

For all bits below, 0 selects

Vsync signals but not the power state of the internal hardware power control and 1 selects software power control.

RAMDAC. In simultaneous display modes, the
power state of the RAMDAC is not controlled by the
DPMS Power State (bits 1-0), but by the Chip Power
State (bits 6-5).

7

6
5
4

w

=N

Power Control for VCLK ........cccoeevvvviieeenennn. def=1
Power Control for MCLK ...........cooevvvviinnnnn. def=1
Power Control for the Data Bus................... def=1
Power Control for the RAMDAC ................ def=1

The RAMDAC is software enabled in GR26[7-6]
Power Control for Panel Enable / Backlightdef = 1
(see GR24[3)])

Power Control for Panel VDD ..................... def=1
Power Control for Panel Interface Signals.def =1
Power Control for Panel VEE ...................... def=1
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GR26 — DPMS CONrOl .. ittt iiiiiiieiieisiiaeeeenaaaes RW
7-6 RAMDAC Internal Power Control
00 NOMMAl ..ccvvniiiiiiie e default

01 DAC off (used in LCD only mode)
10 Standby (DAC off, LUT in low power mode,
I/O allowed to LUT). May be used in LUT

bypass mode.

11 Suspend (DAC off, LUT access disallowed
but LUT contents are preserved)

5-4 Reserved .....coccciviiiiiiieeeeee,
3  DPMS Control

always reads 0

0 Software Control Mode: DPMS controlled by
GR23[1-0] in simultaneous display and CRT-

only modes (may be used to

decouple the

power modes of the CRT and LCD during

simultaneous display) ..............

............ default

1 Hardware Control Mode: DPMS controlled

by internal power states.
2-0 Reserved ...,

always reads 0

DPMS Control Modes
DPMS Software Control Mode

In simultaneous display mode, the software control mode can
be used to control DPMS low power states independent of the
chip power states. In CRT display mode, software mode
gives total DPMS control to software. Pseudo-standby may
be controlled by bits 7 and 6, as well as BLANK# timing.

DPMS Hardware Control Mode

Table 9. DPMS Sequence - Hardware Timer Mode

Power Level DPMS Mode

High - Activity detected On
Moderate - 16 min inactivity Standby
Low - 32 min inactivity Suspend

Lowest - 64 min inactivity Off

DPMS hardware timer mode is defined as CRT only mode
with the DPMS control mode bit set to hardware (bit 3 =1).
Activity detection is set by register GR21[2:0]. Status is
indicated in bits 1 and 0. The timer may be controlled by
software from GR20[7].

Table 10. DPMS Sequence - Hardware Mode in
Simultaneous Display Mode

Power Level DPMS Mode

High - Chip on state On
Moderate - Chip standby off
Low - Chip suspend Off
Lowest - Chip off state Off

In simultaneous display mode with hardware DPMS
set, DPMS states are sequenced by the timer, pin|] and
register bits that control the chip power states.
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GR28-27 — GPIO COoNtrol ...cceeeeeeieeeeeeeeeeeeeeeee RW GR2F — Miscellaneous Internal Control..............cc..e...... RW
15-8 GPIO Direction 7-0 7 PCLK Control
0 Read ..o, default 0 VGA Compatible.........ccceeiiiiiiiiiiiiinns default
1 Write 1 PCLK equals VCLK
7-0 GPIO Data 7-Q..cccevvvvveeeeeiiiiiiiiiiiines default =0 6 Reserved ..., always reads 0

5  Hsync Skew Control
0 One skew in graphics, two skew in text. default

- 1 No skew
GR2A — Su§penq Pin Timer ....ccoooeviiiieeeieiieeeieeveeeee RW 4.3 Reserved ... always reads 0
7  Motion Video Port Suspend 2 Double Logical Line Width
O Disable ....ccvuviieeiiiiieiee default 0 Disable.....o default
1 Enable 1 Enable
6-0 Reserved .....cccccccciiiiiiiiieen always reads 0 1 Text Mode Display FIFO Prefetch Cycles Select
0 Multiple Of 8..cceeeeeeieieee e, default
1 Multiple of 4
GR2C — Miscellaneous Pin Control...........ccocoevevererirenee, RW 0 EngbI%pisgllay FIFO Threshold Control detault
ISADIE ...uviii e efau
g Egge;\gidN y pmaSGP |05 ................... always reads 0 1 Enable (can also be enabled by AR10[0])
0 Disable ..ccvvveveiiieie default
1 Enable
5-4 Reserved ..o always reads 0
3 Use INT# pin as PSTATUS
0 Disable .....coocoveiiiiiii default
1 Enable
2  Tristate P35-0, DE, SFCLK, LP, FLM
O Tristate ....ooeeeiiiieecce e, default
1 Enable
1 Tristate ENPVEE, ENPVDD, ENPBLT
0 THStAE .eoveeiiieiee e default
1 Enable
0 Reserved ..o always reads 0

Preliminary Revision 1.0December 9, 1998 92- Register Descriptions



\'// Ny VT8501 Apollo MVP4

Scratch Pad Registers

These registers are reserved for use by software.

GR5A —ScratchPad O ...o.eeeeeiieiiiiiiiiiiieeeeee RW
GR5B —ScratchPad 1 ......ccoocecveiiiiiiiiiiiiiiiiiiiiiiiee, RW
GR5C —ScratchPad 2 ......cceviveeeiiiiiiiieiiiicieeeiieee RW
GR5D —ScratchPad 3 ...ooooveeeieiiiiiiiiciiiieiiiie i, RW
GRSE —ScratchPad 4 ........coccveeeeiiiiiiiiiiiiciieiiiiceeeeen, RW
GR5F —Scratch Pad 5.....cceeeveeiiiiiiiiiiiiciiiieieiciii RW
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Extended Registers — VGA CRT Controller Indexed

CRE —CRT MOAUIE TeSt. .. iuuiiieiiieiiiiiiieieiieieeiieieiieeeess RW CRI1A — Arbitration Control 1 ......ceeuiiiveiiiiiiieeiiieieeeen, RW

7 Extended Memory Access Above 256KB
0 Disable ........ccoviiviiii default
1 Enable

6 VGA Misc Output Register (3C2) Write Protect

0 Writes to 3C2 Allowed...........ccoevvvvneenens default

1 Write Protect 3C2
5 CRT Start Address Bit-16

4-3 ReServed ....cccccccciiiiiiiiiieeieeeeeeen alwatys reads 0
2 Interlaced Mode
0 Disable......cccoviiiiiii, default
1 Enable

1-0 Reserved for Test (Do Not Program)... default = 0

CR19 — CRT Interlace Control ........ceeuiiieuiiieeieieeiiieeneeens RW

7-0 Interlaced Vsync Adjust Value

7-0 Display Queue Kill Counter.................... default = 0

Controls how many requests can be accepted by the
arbiter before changing the owner to another agent
(00 disables the counter).

CR1B — Arbitration Control 2..........oiiieuiiiiiiiieeiiiieieieene. RW

7-0 High Priority Arbiter Kill Counter ........ default =0

Controls how many requests can be accepted by the
arbiter before changing the owner to another agent
(00 disables the counter).

CR1C — Arbitration Control 3 ......iiieeiiieeiiieiieiiiieines RW

7-0 Low Priority Arbiter Kill Counter ......... default =0

Controls how many requests can be accepted by the
arbiter before changing the owner to another agent
(00 disables the counter).
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CRI1F — Software Programming .............ooeeeeeeeeiiiieeenee RW CR29 — RAMDAC MOd€ ...oovveiiiiieeeieeeeeeeee i RW
7-4 Reserved ..., always reads 0 7  External DAC
3-0 Display Memory Size 0 Disable.......cccoiviiiiiiii defaul
0011 1MB 1 Enable
0111 2MB 6 Reserved ..., always reads 0
1111 4MB 5-4 CRTC Offset[9:8] for High or True Color Modes

0100 8MB 3

GE 1/0 Decode

All other codes are reserved 0 Disable.....ccooiiiiiiiiiiii e defaul
Memory size is automatically detected during system setup. 1 Enable
2 RAMDAC
CRZO — Command F”:O ................................................... RW 0 External __________________________________________________ defaul
7-6 Reserved ....ccccccciiiiiiiies always reads 0 1 Internal
5  Write Buffer 1-0 RS[3-2] for RAMDAC (if register access definition
O DisabIe e defaul is selected)
1 Enable This register is write protected by SRE_New[7]
4  16-Bit Planar Mode
O DISADBIE oo defaul CR2A — Interface Select........ccvvvvveeeeieiiiiiiiiiiiiiiiene RwW
1 Enable 7 Reserved ..., always reads 0
3-0 Reserved ..o always reads 0 6 Internal Data Path Width
] ) 0 8/16-Dit..cccoiiiii defaul
CR21 — Linear Addressing .........ceuvvveiieiiiiiieiiiiieeeeeiiienenn, RW 1 32-bit
7-6 Reserved ........................................ always reads 0 5 RESEIVEA .o always reads 1
5 Linear Memory Access 4  Power Down Mode Using ROMCS#
0 Disable ..o, defaul O ENADIC .ot defaul
1 Enable 1 Disable
4-0 Reserved ... always reads 0  3-0 RESEIVEA  woeeeeeeeeeeeeee e, always reads 0

This register is write protected by SRE_New[7].

CR22 — CPU Latch ReadbacK......cooovveiiieiiiiiiiieiiieenes. RO

7-0 Latched Data
Pointed to by GR4 (VGA Read Map Select Register

)
CR24 — VGA Attribute State...........ooeeeeeiiiieeeeeeeee RO
7  VGA Attribute State
O INAEX oo defaul
1 Data
6-0 Reserved ... always reads 0
CR25 — RAMDAC Read/Write TimMiNg........cccceeveennnee... RW
7 PCLK/ P[7-0] BufferTristate Control
0 ENable.....cuuviiiiiiiieiieeieec e defaul
1 Disable
6-4 Reserved ..o always reads 0
3-0 RAMDAC Read / Write Wait States.... def =1111b
CR27 — CRT High Order Start Address ........cccceeeunee... RW
7  Vertical Total Bit-10 .........cccooovivvieeeeennnn. default =0
6  Vertical Blanking Start Bit-10 ............... default = 0
5 Vertical Retrace Start Bit-10 ................. default =0
4  Vertical Display Enable End Bit-10....... default = 0
3 Line Compare Bit-10 ......cccceevvvveeeernnnnnn. default =0
2-0 Start Address Bits 19-17..........cccoeeiinneee default = 0

This register is write protected by SRE_New([7]
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CR35-34 — Graphics Engine 1/O Linear Address Base . RW

CR2B — Horizontal Parameter Overflow........................ RW
7-5 Reserved ..., always reads 0
4  Horizontal Blank Start Bit-8 ................... default =0
3 Horizontal Retrace Start Bit-8 ............... default =0
2  Horizontal Interlace Parameter Bit-8 ... default = 0
1 Horizontal Display Enable Bit-8 ............ default =0
0 Horizontal Total Bit-8 ...........cceeevvveeeeees default =0
CR2D —GE Timing Control.......coooiiiiiiiiiiiiiiriiiiiiiiininnne, RW

7-5 Reserved

........................................ always reads 0

4-3 GE Sample Clock Delay Selection........ default =0
2-0 GE Frame Buffer Read Delay Cycles... default = 0

CR2F — Performance Tuning .........ceviieeiiiiciiiiciiiiieeeens RW
7 Reserved ..., always reads 0
6 DRAM Refresh Cycle Control Bit-1

(Bit-0 is CR11[6])
00 3 refresh cycles per horizontal line
01 5 refresh cycles per horizontal line
10 1 refresh cycles per horizontal line
11 2 refresh cycles per horizontal line
5 Blank TimingSelect
0 Normal blank..........ccocovvviiiiiiinieee default
1 Blank is the inverse of display enable
4  Display FIFO Depth Control

O 32 dEEP . i default
1 8deep

3-2 Memory Read Ready Control

1

0

00 -reserved.......ccccceeiviiiiieieeiiiieee e default
01 Fastread cycle (same as 10)
10 Fast read cycle (same as 01)
11 Normal read cycle
Clock Source

0 VCLK2
1 VCLKI e default
Pin Scan (Test Only).......ccocvvvviieieeneneenn. default =1

15-0 Graphics Engine Linear Address Base. default = 0

CR36 — Graphics Engine / Video Engine Control.......... RW
7  Graphics Engine
0 Disable.....ccccoiiiiiiiiiii e default
1 Enable
6 PCI Video Minifier
O BYPASS oot default
1 Go through minifier
5  Video Aperture
0 Disable.....coooviiiiiiiiiiiie default
1 Enable
4  Graphics Engine Software Reset
Writing a one to this bit resets the graphics engine
3 Graphics Engine I/0O
0 Disable.....ccooiiiiiiiiiiiiee e default
1 Enable
2 String Write
0 Disable......cccouiiiiiiiiiii, default
1 Enable

1-0 Graphics Engine Register Mapping

00 1/O mapped at 21XXh .....cevvvvvvieeeeeeeeennnn, default
01 Memory mapped at B7Fxxh

10 Memory mapped at BFFxxh

11 Memory mapped using the GE base register

CR37 — PC/ SMB CONrol oo RW
7  SMBCLK Buffer is Open Drain........ always reads 1
6 1°C SMBCLK StatuS .......covvrvrrerriireirieieieeiaen. RO
5-4 Reserved ..o always reads 0
3 I°C Operation
[T =T Uo [ default
1 Write
2 Reserved ... always reads 0
1  1°C SMBCLK Signal
0 Low
1 High o default
0 I°C SMBDAT Signal
L T o St default
1 High
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CR38 — Pixel BUS MOAE .....cvvveiieiiiiiiiiiiiieeeeie e, RW CR3A — Physical Address Control ...........cooovvvvevevvevennnn... RW
7-6 Reserved ..., always reads 0 7  Reserved ... always reads 0
5 Packed 24-Bit True-Color Mode 6 AGP/PCI Select
0 Disable ......ccccoviiiiiiiii, default 0 PCl default
1 Enable 1 AGP
4  Standard VGA Mode in 64-Bit Configuration 5 Both IO
0 Disable......cccoriiiiiiii . default 0 Disable.....ciiiiiiii e, default
1 Enable 1 Enable
3 True Color Mode 4  Memory Address Linearization
0 Disable ......cocovviviiiiii default 0 Disable.....ccoooiiiiiiiiiiiiie default
1 Enable 1 Enable
2 High Color Mode 3 Reserved ... always reads 0
0 Disable .......cccvviiiieiiiiiiiie e default 2  AGP Software Reset
1 Enable 0 NOMAl......ooiiiiiiiiiee e default
1 Reserved ...cccccocviiiiiiieee s always reads 0 1 Reset
0 16-Bit Pixel Bus 1 PCI Configuration Subsystem ID Write
0 Disable......cccooiiiiiiii . default 0 Disable.....iiiiiiiie e default
1 Enable 1 Enable
This register is protected by SRE_New[7] 0 Enhanced Register /O Scheme
0 Disable....ccooviiiiiieiiiiiiee e default
1 Enable
CR39 — PCl Interface Control ..........cccevveveeeeeiiiiiiiene RW CR3B —Clock and TUNING .........ovveeeeeeeeeeeeeeeeeeaeeeennnss RW
7 Pixel Data Format 7  Observe Clock Source
0 Little Endian........cooviiiinnnninnns default 0 VCLKL oot default
1 Big Endian 1 VCLK2
6-5 Memory Data with Big Endian Format 6-4 Clock Source Mode Select
00 Pass Through (PT) ...coocciiiiiiiieieeeeeeies default Oxx Internal Clock Chip
01 Word Swap (WS) 000 V/MCLK test mode, observe MCLK
10 Half Swap (HS) 001 V/MCLK test mode, observe VCLK1
11 Full Swap (FS) 010 V/MCLK test mode, observe VCLK2
4-3 BE[3-0J# With Big Endian Format 011 Normal operation
00 Pass Through (PT) ..ccovviiiieeiiiiieeeee default 1xx External Clock Chip
01 Word Swap (WS) Bit 6 default is set from MA?? inverted
10 Half Swap (HS) Bits 5-4 default to 00
11 Full Swap (FS) 3 Clock Control
2 PCI Burst Write 0 When bits 6-4 = 00x, clock is normal.... default
0 Disable ..o, default 1 When bits 6-4 = 00x, clock is divided by 2
1 Enable 2-1 Reserved ..o, always reads 0
1 PClBurst Read 0 Vertical Retrace Memory Refresh
0 Disable ......ccocoeiviiiiiiii default 0 Disable
1 Enable 1 ENabIE...coiieieciciecccciee e default
0 MMIO Control.....default set from Inverted MA?? This register is protected by SRE_New[7]
0 Disable
1 Enable (64KB VGA I/O space can be memory CR3C — Miscellaneous Control..........c.ocooevvieiiieieiienneen, RW
mapped within the 4GB memory space) 7-3 Same Definition as GRF[7-3]................. default = 0
This register is protected by SRE_New[7] 2 Reserved ..o, always reads 0
1 Same Definition as GRF[1]..................... default = 0
0 ModeSeleCt L......coeeeereiiiiiiiiiieiiieiieeee, default=0
0 This register has no function.................. default

The original GRF[7-0] bits are used

1 GRF[7-3, 1] accessed via this register only
GRF[2, 0] accessed at original register only
Original GRF[3] is R/W but has no function

This register is protected by SRE_New[7]
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Hardware Cursor Registers CR50 — Hardware Cursor Control ............oeeeeeeeeeeeennees RW
The MVP4 supports a Windows® compatible hardware 7 Ha(;dwg_re (t.)‘,lursor Enable detaul
cursor. The hardware cursor operates only in extended planar 0 ElsabI B ettt efault
and packed pixel modes. The cursor size can be selected Hard naCe Mod
between 32x32 and 64x64. Two 2-bits-per-pixel images aOr Wlarsewlijrrzg\r/vsf'\)" gom atible default
define the cursor shape. The table below shows how these i PALDIE ..o
. . 1 X11 Compatible
two bits operate on each pixel. The hardware cursor pattern
. X 5 Hardware Cursor Color Control 3
is stored in off-screen memory. .
0 Disable ....cccuvviiiiiiiii default
. . 1 Enable
Table 11. Hardware Cursor Pixel Operation 4 Hardware Cursor Color Control 2
Plane QPlane 1| Pixel Operation Pixel Operation 0 Disable.......ccooeiiiiiii default
. 1 Enable
(AND) | (XOR) (Windows®) (X11) 3-2 Reserved ..o always reads 0
1 0 Transparent Cursor BG Colo 1-0 Hardware Cursor Size
1 1 VGA Data Inversiom Cursor FG Colo 00 128X128 ....coviiiiieiieieiee s default
01 64x64
0 1 Cursor FG Color Transparent 10 32x32
0 0 Cursor BG Color Transparent 11 -reserved-
CRA43-40 — Hardware Cursor Position ...........cccceeeeeeeee.... RW

31-28 Reserved ........cccccciiiiiiiiiieeeeeeeeeeeenn always reads 0
27-16 Hardware Cursor Position Y Dimension
15-12 ReServed .....ccccccceeeiiiiiieaanaaieies always reads 0
11-0 Hardware Cursor Position X Dimension

CR45-44 — Hardware Cursor Pattern Location.............. RW

15-12 Reserved .....cccoovvviieiiiiiiieeee e always reads 0
11-0 Hardware Cursor Map Mask Storage Location
1KB aligned in the frame buffer

CR47-46 — Hardware Cursor Offset.........ccceeiiiiiievinnen.es RW
15 Reserved
14-8 Hardware Cursor Position Y-Offset

7 Reserved
6-0 Hardware Cursor Position X-Offset

CR4F-48 — Hardware Cursor Color........oouvveeiiiiieeenninees RW

63-56 Reserved
55-32 Hardware Cursor Background Color
31-24 Reserved
23-0 Hardware Cursor Foreground Color
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Additional CRTC Extended Registers

CR51 — Bus Grant Termination Control......................... RW  CR5E — Capture / ZV Port Control ..........cevvveeieieeennn.... RW
7-0 Bus Grant Termination Position 7 Capture ldle ... RO
This regiester is active if CR52[6] = 1 6  Capture Command Port
0 Disable......ooovviiiiiiiiiiiiie, default
CR52 — Shared Frame Buffer Control ...........cveeeeennn.... RW 1 Enable new command port (2203-2200h)
7,5 Shared Frame Buffer (SFB) 5-3 ReServed ...occcoceeiciieiieee e always reads 0
00 Disable ......ccevviviiiiiieiie e, default 2 PCI /O Write Retry
01 Enable SFB slave mode 1 (8ma I/O buffer) 0 DiSADIE ... default
10 Enable SFB master mode 1 Enable
11 Enable SFB slave mode 2 (16ma I/O buffer) 1 PCI /O Read Retry
6 Bus Grant Termination Position Control 0 DisSable.....c.ceoveiereieieeceeeeee e default
0 Disable ......cccovvieiiiiiii default 1 Enable
1 Enable 0 Capture Interface
4 Reserved ..., always reads 0 0 DiISADIC ...t default
3-0 Bus Grant Low Pulse (MCLKS) ........... def = 0010b 1 Enable
CR55 — PCI REtry CONIOl oveeeeeeeeeereeeiinssssssseeseseceeceee RW This bitis protected by SRE_New{7]
7  PCI Retry in Memory Write Command CR5F —Test Control ......oeeeeieeiieeeieiieeeeeeeen RW
O Disable ....cooiiiieeiiieiiee e default 7  Internal Control Test Output
1 Enable 0 NOMAl...uueeeeeiieieeieeeeeeeeeee e default
6 PCI Retry in Memory Read Command 1 Internal control signals are output to P15-0
0 Disable .......ccociiiiiiii default P15 GEREQ
1 Enable P14 GEBUSY
5-0 Number of PCICLKs * 2 for STOP#....... def = OFh P13 CMDIN
Number of PCICLKSs, multiplied by 2, for generating P12 GEWAIT
STOP# during the first data phase P11 CMATCH
CR56 — Display Pre-end Fetch Control..........ccccceeenn...... RW géo \I/(V(;EC%YC
7-2 Reserved ..o, always reads 0 P8 GERTRY
1 Display Queue Pre-end Fetch P7 BLANKTV
0 Disable ... default P6 WRSTY
1 Enable P5 WRSTU
0 Display Queue Pre-end Fetch Parameter Bit-8 P4 WRSTV
Used With CR57 ........cocviiiiiiic default = 0 P3  WRST1
CR57 — Display Pre-end Fetch Parameter ............co........ RW P2 YOEN
7-0 Display. Queue Pre-end Fetch Parameter Bit-8 Eé $E\N/EN
Used with CR56[0] ........cocoverrieeiirinenineene default n/a 6 Capture Input Interrupt Polarity Select
0 Normal.......ccovviiicee e, default

5-1 Reserved

0

1 Test data is output to pixel bus P15-0
........................................ always reads 0
Stop DISPQ REQ Test
0 Normal.......ccooviiiiie e, default
1 Stop DISPQ REQ

Preliminary Revision 1.0December 9, 1998 99-

Register Descriptions



v, Tﬂﬂ%ﬂlﬂ!iﬂ&', Ine.

VT8501 Apollo MVP4

CR62 — Enhancement O.......coooiiiiiiiiiiiieiiieiieieieeeeesieeeeees RW CR63 —Enhancement 1 ......cccoceeeeiiiiiiiiiiiiiiiiiiieeeeeeeeeee, RW
7 Pause GE Operation (GEPAUSE) 7-6 Reserved ..o always reads 0
0 Normal GE Operation ..........ccccceeeeernnen. default  5-4 Memory Folding Control
1 Pause GE Operation 00 NOMA@L.....ccoiiiiiiiieiiiiie e default
6 PCI Retry for GE (ENGERTRY) 01 FOLD®6
0 Disable ......cccovviviiiii default 10 FOLD7
1 Enable 11 -reserved-
5 Short Command (ENSHRT) 3-2 Reserved ..., always reads 0
0 Disable ......cccooueeiiiiiii e, default 1-0 Extended FIFO Latency Control (LATV[5-4])
1 Enable Combined with CR30
4  Direct Read Even if GE is Busy (ENDIRRD)
0 Disable ......ccoceveviiiiii default
1 Enable
3 Reserved always reads 0 CR64 —DPA EXIra  .iiiieeeiiiiieiee e eeieiia e RW
2 Low Priority Arbitration Policy 7 DPA On/Off
0 Fixed Priority 0 ON default
1 Round RoObin.....c..ocooooviiiiiiiiiiiceee. default 1 oOff
1 High Priority Arbitration Policy 6 DPA Bypass
0 FiXed POMIY rvoveeeeeeoeeeeeeseeeeese s, default 0 NOrmal....coeeeeeeieeiieieeee e default
1 Round Robin 1 Bypass
0  Frame Buffer Memory Size Select 5-3 Reference Feedback Clock Delay
0 8BMB i default MaXIMUM 2NS...oiiis default = 0
1 4MB 2-0 Reference Internal Clock Delay
Maximum 2NS......cccvveeeeeiiiiieee e default =0
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Video Display and Capture Engine Registers used. If W1 is in planar mode, then W1-Y is the first live
The MVP4 integrates video display and capture engines, video Y-component storage area, and W1-U (V) is the first
which support YUV 4:2:2, YUV12 (planar) or YUV 4:1:1 live video U (V) -component storage area. In the following
data formats to accelerate software playback and video register definitions, a register with W1 (W2) indicates that
capture functions. Video images can be captured through athis parameter is applicable to the first (second) live video
special video capture port or the PCI bus. Dual apertures onwindow only.
the PCI bus enable graphics and video data to be transported
simultaneously without any software involvement. The video

image can be smoothed through a programmable multi-tap Graphics
filter to reduce the jig-jag effect after minification. The video
data can be minified to save bus bandwidth or memory space
and written into offscreen memory. The video display engine

Frame Buffer

fetches YUV 4:2:2 or planar video data from offscreen 3D5.94-92

memory and can be scaled up with linear interpolation in both W1 (YUV)
X and Y directions. The video data stream is converted into a 3D5.9A.98 wi1-y
True Color RGB24 data stream and multiplexed with the '

graphics data. Two live video windows can be supported. wt’
The graphics data and video data can be handled smoothly in

different color depths with color key support. A hardware 3C5.82-80

anti-tear mechanism prevents the tearing effect due to frame wi-U
buffer update and eases the burden of software to flip the

page. Since the hardware synchronizes the capture or PCI 3C5.85-83

video address pointer with the playback VSYNC, the built-in wi-v

algorithm ensures the playback frame buffer is free from the
frame update. For the parameters defined here, refer to the 3c

L 5.88-86
following figures. w2

Note that W1’ is defined for the anti-tearing function. W1 is
the first live video storage area and W2 is the second live
video storage area. W1 could be in either packed pixel or Figure 7. Frame Buffer Parameters
planar format, while W2 can only be packed pixel mode. If

W1 is in packed pixel mode, then W1-U and W1-V are not

1 - VSYNC
2 »
5678

3 - .
4 ————»
_I1
HSYNC

w1

]
\
w2
Graphics v

1: CR92-CR91, 2: 3X58E-CR8D, 3: CR8B-CR8A, 4: CR87-CR86, 5: CR89-CR88, 6: CR8D-CR8C, 7: SR90-SR8F, 8: SR94-SR93

Figure 8. Live Video Display Parameters
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CR81-80 — Window 1 Horizontal Scaling Factor ........... RW CR89-86 — Window 1 Video Window Start.................... RW
15 Horizontal Minify / Zoom Enable 31-28 Reserved ... always reads 0
0 Horizontal Zoom Enable......................... default 27-16 Video Window Vertical Start
1 Horizontal Minify Enable In pixel delays from the edge of VSYNC
15-12 Reserved ....occccceviiiiiieeenieeee e always reads 0
Minify Enabled: 11-0 Video Window Horontal Start
14-13 Tap 1 In pixel delays from the rising edge of HSYNC

12-10 Horizontal Minify Integer (Inverter), Hsrc/Hdst — 1
9-0 Horizontal Minify Factor, (Hdst/Hsrc) * 1024

Zoom Enabled: CR8D-8A — Video Window End ......c.uiiieeiiiieiiiiiiieenneees RW

13-0 Horizontal Zoom Factor, (Hdst/(Hsrc-2)-1) * 1024 31-28 R_eserveq SRR R S PRSP always reads 0
27-16 Video Window Vertical End

In pixel delays from the edge of VSYNC

CR83-82 — Window 1 Vertical Scaling Factor................ RW  15-12 Reserved .....cccccooviiiiieeeiiiiiiieeeens always reads 0
15 Vertical Minify / Zoom Enable 11-0 Video Window Horontal End
0 Vertical Zoom Enable ...........ccccoeeenrene. default In pixel delays from the rising edge of HSYNC

1 Vertical Minify Enable
14  Vertical Filtering

0 Disable......cccoriiiiiii . default
1 Enable
13-10 ReServed ....cccccvcveeeiiieiinieeeeeeennenien, always reads 0

9-0 Vertical Minify / Zoom Factor (Vdst/Vsrc) * 1024
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CRS8F-8E — Video Display Engine Flags........cccevuiiieennnes

15 Planar Capture Mode
0 Planar 420 Capture........cceeeeeeeeeeeeeeeeaennn.
1 Planar 422 Capture
VSYNC Test / Graphics Engine Reset
0 Disable
1 Enable
Edge Recovery Algorithm Control
0 Disable
1 Enable
Window 1 Vertical Interpolation
0 Disable
1 Enable
Window 1 Horizontal Interpolation
0 Disable
1 Enable
CSC / Bypass Select
0 CsC
1 Bypass
9 Line Toggle for Line Buffer
0 Normal
1 Toggle (Reversed)
8 Reserved
Window 1 HDEO Delay Adjust..............
4  Video Window 1
0 Disable
1 Enable
3 CCIR-/ DTV Input Video Data Control

14

13

12

11

10

default

default

7

Line Buffer Level Bit-8 (used with CR96)

6-0 W1 /W2 Line Buffer Request Threshold Value

When the line buffer is less than this value, a memory
request will be issued. The value programmed in this
register must be less than the line buffer level (see bit-
7 and CR96).

default CR96 — Window 1 / W1-Y Line Buffer Level Control .. RW
7-0 Line Buffer Levels(bit-8 is in CR95[7])

default

default

................................................... default

always reads 0

=4

default

O CCIRFOmMAt.......cooeviiiiiiiieieeee e, default

1 DTV Format
2-1
00 8 levels
01 16 levels
1x 32 levels
0 Video Window 2
0 Disable
1 Enable

CR91-90 — Window 1 / W1-Y Row Byte Offset.............

W1 /W2 Line Buffer Page Break Level Control

default

15-14 Reserved
13-0 Video Row Byte Offset
Programmed with the number of bytes in a row

CR94-92 — Window 1/ W1-Y Video Start Address........ RW

23-21 Reserved
20 Used with CR97 bit-7
19-0 Video Start Addres (in bytes)

always reads 0

CR97 — Video Display Engine Flags........coovvevveiiiiiiiennnnen.

RGBS8: (pixel # + 2) / 8 rounded up

YUV 4:2:2: (Pixel # + 2) / 4 rounded up

For W1-U or W1-V, the level is this value divided by
4 or 16, depending on the panar format (YUV12 or
YUV9)

7

4

N W

CR9A-98 — Capture Video Start AAdress..........ccevveunnness

Start Address Reload Control
0 CR94[4]=0 address can be reloaded any time
1 CR94[4]=0 only reloaded during Vsync
X CR94[4]=1 address not reloaded

Video Start Reference Select
0 HSYNC/VSYNC default
1 Use fixed signals (fixed relationship with HDE

and VDE) as video start reference
Address Point Invert

0 Normal........oovvvvviiiiiieie e, default
1 Invert

Odd / Even Invert (Anti-tearing)
O NOrMmMAal....coooeiiiieieeeeiee e default
1 Invert

Playback Test Mode Select (RGB Data Select)
Playback Test Mode
O Disable.....ccoovviiiiiiiiiiiiiiie e,
1 Enable
Anti-tearing Sync Select
0 VGAVsync
1 Playback Vsync
Anti-tearing
O Disable....cocooveeriiiiiiiiiieeee e
1 Enable
This bit is automatically disabled if there is only one
video stream and dual live video mode is enabled. In
this mode, the even field is used for one live video
stream and the odd field is used for the other live
video stream.

default
default

default

23-20 Reserved

19-0 Capture Video Start Address

Controlled by SRBE (3C5 index BE).
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CR9B — Video Display Status ..........cccouveveeeeiiiiiiiieiee RWC CR9C — Capture Control 1 ........coeevieieieeeeeeieiieiieeieces RW
7  Capture Interrupt 7-6 Frame Capture Control
0 Disable ... default 00 Interlace Capture........cceeeeeeeeiieieeeeenannnnn, default
1 Enable 01 Even/odd 60fps capture
6  Capture Interrupt Clear .................. Write 1 to Clear 10 Even field 30fps capture
5 VGA Vertical BlanK .........cccceeeiiiiiiiiiiieniiiiieeeee RO 11 Odd field 30fps capture
4  Capture Interrupt Status........ccevveeeeeeeieniiiininns RO External HDE Select
3 Display Double Buffer Status...........cccccvvveeeenns RO 0 Use Internal HDE ........cccccevviiiiiieeinne, default
2 VDQ (Capture FIFO) EMpty ....ccceeeevveiiiiiinnnns RO 1 Use External HDE
1 Capture VSYNC Status........ccoovvvemiiiiniiiiiieieeeen, RO Capture Enable
0 Capture Video Display Enable (VDE) Status...RO 0 Disable.....cccocveeeiiiiii default
1 Enable
Genlock Enable
0 Disable.......ccooveiiiiiii e default
1 Enable
Motion Effect Algorithm
0 SKIP21INES.cccciiiiiiiiieiiiiiiiieee e default

1 Skip 1line
Capture Hsync Polarity

0 NOrmal.......cooovviiiieeiecce e, default
1 Invert

Capture Vsync Polarity
O I (o] 11 4= | P default
1 Invert
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CR9D — Capture Control 2..........eeeeeeeieieeeeeeiiiiiiieiiies RW CR9F — Capture Control 4 .....oooeeeeeeeiieieeeeeeee RW
7 Capture DTV / CCIR Format Select 7-6 Capture Interrupt Source
0 CCIR i default 00 Capture VSYNC ......eeveeeeeeeiiiaaeaaaaaeiaeiaees default
1 DTV 01 Capture even field
6-4 Horizontal Filter Tap 10 Capture odd field
OXX BYPASS ..iiiiieeeeieii ittt a e e default 11 Capture blank
100 2 Tap 5 IBM MPEG2 Mode Enable
101 3Tap L0 T o] 4 13- | . default
110 5 Tap 1 IBM MPEG2 Mode
111 9 Tap 4  Production Test Mode for Capture
3 UV Swap 0 Normal.......cccoooiiiiiiiiii e default
0 NOrmal .....oooiii e default 1 For test purposes, the ESYNC# pin is used
1 Swap instead of capture Vsync and EDCLK# is used
2 YUV Swap instead of external CLK
0 Normal ..o default 3-1 Capture Clock Divide Factor Select
1 Swap Capture clock divide factor when the internal pixel
1  Philips 9051 Format Select clock is source:
0 NOrmal .....ooooiii e default 000 Divide by 1 ...ovveeeeeiiiiiiieieeeeeec e, default
1 UV9051 Format 001 Divide by 2
0 TV 8-Bit Control 010 Divide by 3
0 16-bit capture input........cceevveeevvevieeeeeennn, default 011 Divide by 4
1 8-bit capture input 100 Divide by 5
101 Divide by 6
CROE — Capture Control 3 ... ..iieiieiieiieiieiieiiiereenieenreens RW 110 Select 14.318 MHz Clock
7-6  Capture Input Data Mode 111 Select 28.636 MHz Clock
00 YUV 4:2:2 e, default 0 Capture ClOCk Se|ect
01 Yuv4ll 0 Use external capture clock..................... default
10 RGB 565 1 Use internal pixel clock divided by the factor
11 -reserved- above

5

4

CGS Clock Double
0 NoOrmal .....oovvviiiiiiiiiee e, default
1 Double

Capture Clock Polarity
O NOMAl ..vvviiieeeieieeeeeeeeeeeee default
1 Invert

3-2 Capture Clock Delay Select

1

0

00 NOdelay......eeeeeeeeeiiiiiiaiiaaiieiii s default
01 3ns
10 6ns
11 9ns

Hsync Delay
0 NOrmal ....ccoevvveiiiiiiiie e default
1 Delay

PCI Frame Start and Busy
0 PCI Video NOt BUSY........ccuvvveveeiiiininennn. default
1 PCI Video Busy
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CRA1-AQ — Capture Vertical Total.......oocvuiiieeiiiinieiennnes RW CRAE — Capture CRTC Control .......oeveuiiieeeiiiiiiiieennnnees RW

15-11 ReServed .....cccccceeeiiiiiiieaaaiiaies always reads 0
10-0 Capture Vertical Total

CRA3-A2 — Capture Horizontal Total ........cooeiiiiievennnnnees RW

15-9 Reserved
8-0 Capture Horizontal Total

CRAB5-A4 — Capture Vertical Start ......cooooeevviveeiiiiieennn.., RW

15-11 Reserved
10-0 Capture Vertical Start

CRA7-A6 — Capture Vertical ENd.......ooovveiiiviiiiiiiiieennnees RW

15-11 Reserved
10-0 Capture Vertical End

CRA9-A8 — Capture Horizontal Start............ceeivennnnee... RW

15-10 Reserved
9-0 Capture Horizontal Start

CRAB-AA — Capture Horizontal End........cooooovivvennnnnneee.. RW

15-10 Reserved
9-0 Capture Horizontal End

7

6]

4

CRAF — Capture CRTC Control

Time Base
0O OneTimeBase.......ccccceevvveeeeiiiviieeenennn, default
1 Two Time Base

Frame Reset
O Field reset.......vieieiiiiieeeeeeeeeeein, default
1 Frame reset

Capture Clock Divide by 2
0 Select original capture clock.................. default
1 Select inverted capture clock before divide by

two

Odd / Even Field Invert
0 Normal.......coovvveiiiiiiiieeieeeeeeeeeeeee, default
1 Invert

CRTC Hsync Load
O Enable....iciiiiiieieee default
1 Disable

CRTC Vsync Load
O ENABIe....cooevviiiiiieeiieeeeeeeeeiee default
1 Disable

CRTC Horizontal Reset
O Enable....oiiciieiiieeeee e default
1 Disable

CRTC Vertical Reset
0 Enable....viiiiiiii e, default
1 Disable

CRAC — Capture Vertical Sync Pulse Width

7-4 Reserved
3-0 Capture Vertical Sync Pulse Width

CRAD — Capture Horizontal Sync Pulse Width............. RW

7-6 Reserved
5-0 Capture Horizontal Sync Pulse Width

7

H Ol

Video Exist Select
0 Video exist capture .........cccvveveeviivineennn. default
1 Always capture

Capture Sync and Direct

O INPUL e default
1 Output
Reserved ..o always reads 0
Capture CRTC Input Clock Mode
0 NOMMAL.....uuiiiiiiiiiieiiiiieee s default
1 Clock divided by 2 when in 8-bit pixel bus
mode
External CRTC Input Clock Mode
0 Clockdevided by 1.....c.ccccvvvrvrrvivrennnnnnnn. default

1 Clock devided by 2
External Pixel Clock Mode

0 Clockdevided by 1........ccouvvvveiiiiiiinennenn. default
1 Clock devided by 2

CRTC Mode
0 TargaMode ....cccccceeeeeeiiiiiiiiiceveeee, default

1 XPCV Mode

MPEG2 Vsync Select
0 Original VSYNC......coovviviiiieiiiiiiiieeeee default
1 FieldID
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CRB1-B0 — Capture Horizontal Minify Factor.............. RW CRBB-BA — Chromakey Comp Data O Low .................. RW
15 Reserved ..., always reads 0 15-0 Chromakey Compare Data 0 (Lower Threshold
14-10 Planar Capture FIFO Level(for both U and V)
9-0 Capture Horizontal Minify Factor

CRBD-BC — Chromakey Comp Data 0 High ................. RW
15-0 Chromakey Compare Data 0 (Higher Threshold

CRB3-B2 — Capture Vertical Minify Factor................... RW
15 Reserved ..., always reads 0
14-10 Planar Capture FIFO Threshold(for both U & V) CRBE — Capture COntrol .........ccooieieeiiiiiieeiesisisaeenss RW
9-0 Capture Vertical Minify Factor
7-6 Reserved ..o always reads 0
5  Video WBUF Status ..........ccceeeeeieieieeeieceeeiiiinn, RO
O EMPLY oo default
CRB5-B4 — DST Pixel Width Count.......ccveeeeiiiiciiieeenns RW 1 Not empty
15-12 RESEIVEA ..oovvvviiiiiieiiiieieeeeeeeeeeeeenaens always reads 0 4  Second Aperture Direct Access(bypass video
11-0 DST Pixel Width Count capture)
. . 3 Interpolation Control
CRB7-B6 — DST Pixel Height Count............ccccvvvveinennn.... RW 2 Video Engine Clock Enable
15-11 Reserved .....cooeeveiiiiiiiieeiiieeeeeeeian, always reads 0 0 Off oo default
10-0 DST Pixel Height Count 1 On
1  Flicker-Free Function
0 Disable........cooveiiiiiiiiiii, default
CRB8 — Capture FIFO COMIOI 1 oo RW L Fhdkerfieewheninputis ininterlace mode
76 Capture FIFO Page Break O Reserved \%
00 BleVel..coooeeiieiieiiieee e, default CRBF — Display Endine FladS 4 ..........ocoocveeeveeenneaenn... RW
01 16 level 7  Video Line Buffer Read Reset Select...default = 0
Ix 32 level _ 6-4 Window 2 Video Data Format
5 Interlace Double Buffering 000 YUV 422 ..o default
0 Disable ......occouvveiiiiiii default 001 -reserved-
1 Enable 010 RGB 16
4-0 Capture FIFO Level Control 011 -reserved-
0 TargaMode.....cccoeeieiiiiiiiiiiiieee default 1xx -reserved-
1 XPCV Mode 3 Interpolation Bypass 1 .......c..cccceeveveurnnne. default =0
CRB9 — Capture FIFO Control 2 ........oooevieeeeeee RW 2-0 Window 1 Video Data Format
7 ENNENZOOM 000 YUV 422 ..ooviiiiiiiiiiiee et default
X 001 -reserved-
6  Planar 422 Display 010 RGB 16
O Disable ..., default 011 -reserved-
1 Enable

5 Planar Mode Window Indicator Ixx -reserved-

Indicate which window is in planar mode
4-0 Capture FIFO Request Threshold Control
0 TargaMode........ococcvvvviiiiiiiieee e, default
1 XPCV Mode
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Digital TV Control Reqgisters Extended Registers — CRTC Shadow

CRD3-DO0 — VGA / Digital TV Sync Control 1............... RwW Read/Write of Shadow registers is controlled by extended
31-27 RESEIVEd ..ocooveveeieeiereieieeeeeeeas always reads 0 register GR30[6] (port 3CE/3CF index 30h). If GR30[6]=1,
26-16 Vertical Data Load read/write operations to CRTC indices 0, 3-7, 10-11, and 16

15 VGA Slave Mode for DTV are performed to the shadow registers instead of to the normal
0 DiISADIE ..o default registers. Bit definitions for these registers are identical to the
1 Enable standard CRTC register set.
14 HV Dat.a Load CRO00 — Shadow Horizontal Total ........coocevveiiiiiiiiennnnsse.. RW
O Disable ..., default
1 Enable CRO03 — Shadow Horizontal Blank ENd .....ccocecveviieeeee.. RW
13 Digital Hsync Direction
0 Input ..................................................... default CR0O4 - Shadow Horizonta| Retrace Start..........ooouiii. RW
1 Output
12-9 Reserved ......cocovvvevvvrieiieeeeeeeeeeenn always reads 0 CR05 — Shadow Horizontal Retrace End ...........cccveeee.. RW
8-0 Horizontal Data Load
CRO06 — Shadow Vertical Total ......ooovvvvviiiiiiiiiiiiiiiiinnness RW
(see also CRD8, Digital TV Interface Control)
CRO7 — Shadow OVerfloW........ooiiiiiiiiiiiiiiiiiisieieieeeiieieeeees RW
CR10 — Shadow Vertical Retrace Start ............cocevvunen...s RW
CR11 — Shadow Vertical Retrace End..............ccevvvvnenen. RW
CR16 — Shadow Vertical Blanking End.........................s RW
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3D Graphics Engine Registers Operational Concept

This section describes how to program the MVP4 graphics=rom a programmer’s point of view, operations that can be
engine for different operations. When the Setup Engine is t@pplied to the MVP4 fall into the following categories:

be used, the following steps should be taken to perform the
drawing functions: .
» Software sets up the drawing environment. .
» Software issues a drawing command.
» Software continuously sends triangles to Setup engine. ¢
» Software sends a triangle with last flag set or a null

triangle to Setup engine to signal end of operation. .

Reset: This operation resets the GE to default status.
Status: This operation returns the GE status.

Drawing Environment: The operations set environment
for drawing.

Frame Buffer Control: The operations set control for the
frame buffer.

Drawing: Draw an object.

Geometry Primitives: Describe a geometry primitive.

Drawing Environment defines a set of conditions that decide
the operations to be applied to each pixel. Drawing
Environment operations are straight-forward. There is a
group of registers that defines the drawing environment. By
directly setting these registers, a program can control the
drawing environment.

Frame Buffer Control decides how to access the frame buffer.
Like the Drawing Environment, there is a group of registers
that define the frame buffer access. By directly setting these
registers, a program can control frame buffer access.
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Drawing

Bitblt - Frame Buffer to Frame Buffer A Note on CPU as the Source of Operation

Blt operation may involve a pattern. If it does, and the patternAny operation that uses the CPU as the source of operation
is stored in the frame buffer, the pattern parameters (P1, P4such as the BIt shown in section x) requires the host CPU to
P3) must also be set. The following registers must be set téeed data into data registers Ill and IV (BA+56 and 60). Since
provide the source and destination rectangles of blt: Psl1, Pdithe MVP4 is using the 64-bit internal data path, any data (32-
Ps2, and Pd2. These registers can be set in any order. Ifldt) from the CPU will be packed into 64-bit before use.
register is set several times, only the last one is effectiveTherefore, there are two registers for the CPU to write. These
After all the registers are set, the program starts blting bytwo registers are arranged as shown in the following diagram.
writing a blt command to Command Register. Data Register IV Data Register Iil

31 BA+60 o 31 BA+56 o

Bitblt - CPU to Frame Buffer | | | | | | | | | |

63 32 31 o

The operation for blting from the CPU is similar to the blting Writing to Data Register IV triggers data in both registers to
from the frame buffer except that Ps1 and Ps2 are not needggh, sent to the engine for processing. However, the hardware
and. the data from the CP_U must immediately follow the may expose the two registers as a mapped space to save
setting of the Command Register. software from toggling between the two registers.

For all commands that require data from the CPU, the —

command and data are considered atomic; i.e., the data shou%wm

follow the command immediately and no other command orTo draw a geometry primitive, the host must issue a drawing
parameter can be placed in between. The data can be writtefommand by writing to the Command Register first and then
to Data Register Il and IV. Alternatively, it can be written to set up the geometry as described in later in this document.

a memory-mapped space designated by MVP4 apertures. The

same rule applies to drawing text from the CPU to the frame

buffer.

Text

Text glyph can be from the CPU or the frame buffer. When
the glyph is from the CPU, the registers to be set are Pd1 and
Pd2 for text location. When the glyph is stored in the frame
buffer, the registers to be set are Psl, Ps2, Pdl, and Pd2 to
provide both the glyph and text locations. These registers can
be set in any order. If a register is set several times, only the
last one is effective. After all the registers are set, the program
starts blting by writing a text command to Command Register.

The major difference between text and Blt is that a text source
data is 8-bit aligned while the bitblt is 64-bit aligned. That is,
for text, each new line starts at the byte boundary, while for a
bitblt, at the 64-bit boundary.
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Geometry Primitives

The MVP4 supports the following geometry primitives: line,
and polygon. Each geometry primitive can be further
modified for 3D, shading, and texture mapping. A different
mechanism, called sequential loading, performs the geometry
primitive set up operation.

Loading Mechanism

There are two ways to set up a geometry primitive, random
loading and sequential loading. Like the random access, the
order is not important in random loading, but the address is.
Writing to a certain address in the register space causes a
certain pre-determined action. On the other hand, like
sequential access, the order decides the data semantics in
sequential loading. The MVP4 uses sequential loading in the
Rasterization Engine and the Setup Engine.

In the MVP4, parameters don't have to be the fixed addresses.

MVP4 parameters are treated as a data stream and interpreted
based on the type of primitive. Parameters must be set in a

stream as follows:

Stream Bytes 0 4 4+P1 4+P2 . 4+Pn

Data Stream Head Parameter 1 Parameter 2 Parameter 3 ------ Parameter n+1

P1 is the number of bytes for parameter 1, P2-P1 for
parameter 2, etc.

For the Rasterization Engine, there are 9 kinds of parameters:
Bresenham Edge, DDA Edge, Z, Texture, Perspective, Color,
Specular/fog Start, Specular, and Fog. Parameters must
appear in the following order:

Edge(Major), Texture, Perspective, Color, Specular/fog Start,
Specular, Fog, Z, Edge(Minor)

There are two kinds of edges and only one kind can appear in
a parameter stream. Bresenham Edge can only appear in 2D
primitives (without values for iterators).

For the Setup Engine, there is only one kind of parameter:
vertex. However, each primitive could have one or three
vertices. The size of each vertex is variable depending on
triangle attribute.

Only polygon and line primitives can use this sequential
loading feature. In the following sections, each primitive is
addressed in detail.
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Polygon

General polygons can only be drawn by directly using theThe following example shows how to draw two shaded
Rasterization Engine. In the MVP4, all polygons must be Y-polygons.

monolithic, meaning, when walking from the vertex with
minimal Y to the vertex with maximum Y, the Y coordinates| Sequenceg Content

of the vertices are monolithically increased. A polygonid 0 Drawing Command

drawn by drawing a series of segments: 1 Full Segment including

Primitive Type: Re-loading, Major & minor edge, color
Major edge L1

Color Parameter for L1

Sequencg Content

0 Drawing Command (Polygon) Minor edge L2

2 Partial Segment including
! Full Polygon Segment Primitive Type: minor edge
2 Polygon Segment (Full or Partial) Minor Edge L3
3 Polygon Segment (Full or Partial) 3 Full Segment including

Primitive Type: Major edge, color
Major Edge L4

n Polygon Segment (Full or Partial) or a Null Primitije Color for L4
4 Partial Segment including
Primitive Type: Minor edge

A partial segment consists of only one primitive type and ong Minor Edge L5
minor edge parameter. A full segment consists of onp 5  |Full Segmentincluding: _
primitive type, edge parameter(s), and interpolatior] zi:'g;'tti';’ﬁ Type: Major & minor edge, color, negative s¢an
parameters (Z, color, texture, etc.). The rule is whenever |a Major edge L6
new major edge is in the segment a full segment must be usgd, Color Parameter for L6
otherwise a partial segment has to be used. Minor edge L7

6 Partial Segment including:

Most bit fields in primitive type define the data to be loaded tq Primitive Type: Minor edge, “Last”
Rasterization Engine. If the “Re-load” bit is set, they alsd Minor Edge L8 '
define the data set to be passed to Pixel Engine. The primitive
type of the first and only the first segment must have the “Re-

load” bit set to signal Rasterization Engine the data set to be L2

passed to Pixel Engine. The primitive type of the last and

only the last segment must have the “Last” bit set to signal the |,

end of the sequence. The last of the primitive can be a Null

primitive (others must be polygon). Null primitive has no L3 L6
parameter.

This mechanism can be used to draw a single polygon, as well

as multiple polygons with the same attributes (e.g. 3D texture

mapped). All that is required is that somewhere in the L4 L5

sequence we pass a full segment with starting edges of a new

polygon. The following sections are about complete segments (a full
segment with both major and minor edges) with different
attributes. A normal full segment may not have the minor
edge parameter. A partial segment has no other parameters
except the minor edge.
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or

or

2-D 3-D Shaded
Sequence| Content Sequenceg Content
0 Primitive Type 0 Primitive Type
1 Major Edge Parameter 1 Major Edge Parameter
2 Minor Edge Parameter 2 Z Parameter
3 Color Parameter
3D 4 Alpha Parameter (optional)
Sequence) Content 5 Minor Edge Parameter
0 Primitive Type
1 Major Edge Parameter Texture Mapped Shaded
2 Minor Edge Parameter Without perspective correction:
Texture Mapped Sequence (?or.n.ent
. . . 0 Primitive Type
Without perspective correction: 1 Major Edge Parameter
Sequence| _Content 2 Texture Coordinate Parameter
0 Primitive Type 3 Optional Auxiliary Texture Data Parameter
1 Major Edge Parameter linear interpolation
2 Texture Coordinate Parameter 4 Color Parameter
3 Optional Auxiliary Texture Data Parameter for 5 Minor Edge Parameter
linear interpolation } . .
2 Minor Edge Parameter With perspective correction:
- - - Sequenceg Content
With perspective correction: 0 Primitive Type
Sequence| _Content 1 Major Edge Parameter
0 Primitive Type 2 Texture Coordinate Parameter
1 Major Edge Parameter 3 Auxiliary Texture Data Parameter
2 TeXture Coord|nate Parameter 4 Perspective Factor Parameter
3 Auxiliary Texture Data Parameter 5 Color Parameter
4 Perspective Factor Parameter 6 Alpha Parameter (optional)
5 Minor Edge Parameter 7 Minor Edge Parameter
Shaded 3-D Texture Mapped Shaded
Squence P(?or)t.entT Without perspective correction:
r|r_n|t|ve ype Sequenceg Content
1 Major Edge Parameter —
0 Primitive Type
2 Color Parameter -
1 Major Edge Parameter
3 Alpha Parameter
4 Minor Edge Parameter 2 Z Parameter -
3 Texture Coordinate Parameter
3-D Texture Mapped 4 thional Auxilie_lry Texture Data Parameter
Without perspective correction: linear inerpolation
Seauencd  Content 5 Color Parameter
qO ST 6 Alpha Parameter (optional)
nr_mtwe ype 7 Minor Edge Parameter
1 Major Edge Parameter - - :
2 7 Parameter With perspective correction:
3 Texture Coordinate Parameter Sequenceg Content
4 Optional Auxiliary Texture Data Parameter for 0 Primitive Type
linear interpolation 1 Major Edge Parameter
5 Minor Edge Parameter 2 Z Parameter
With perspective correction: 3 Textwe Coordinate Parameter
4 Auxiliary Texture Data Parameter
Sequenceg Content -
) Srmitve T 5 Perspective Factor Parameter
1 Mrell?:)Ir“I/E%gg ITDearameter 6 Color Parameter
7 Alpha Parameter ional
2 Z Parameter pha Parameter (optional
3 Texture Coordinate Parameter
4 Auxiliary Texture Data Parameter
5 Minor Edge Parameter
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Triangle Synchronization

Triangles can be drawn using the Polygon MechanismReset and status operations can be performed in any order and
described above. Additionally, triangles can also be drawn byat any time including in the middle of another operation.
using the Setup Engine if they meet certain criteria. TriangledHowever, be aware of the consequence (reset) and what to
and polygons can also be freely mixed in a drawing sequencexpect (status).

The MVP4 supports stand-alone triangles as well as a triang|

o ) %enerally, Drawing Environment and Frame Buffer Control
list in a sequence as follows:

operations should be performed before the drawing operation
Sequence| Content to take effect.
0 Drawing Command (Polygon)

The primitive operation is considered atomic; i.e., no other

1 Tr?angle pr?m?t?ve operation (except for status and reset) can be performed inside
2 Triangle primitive a Geometry Primitive operation.
3 Triangle primitive

Functional Blocks

1 Triangle primitive

The MVP4 hardware is divided into 6 major functional
Each primitive consists of a triangle attribute and one or thredlocks. They are:

vertices. The order of the data in each primitive is: Triangle,
Attribute, Vertex 0, Vertex 1 (optional), Vertex 2 (optional).
Whether vertices 1 and 2 are to be loaded depends on the
Triangle Attribute. Writing to BA+192 triggers a loading
sequence in the Setup Engine. The order of the data in a
vertex is: Z, RGBA, UV, W, XY. Not every one has to appear i
in every vertex. Whether a particular item is present in a
vertex is decided by the Triangle Attribute. For example, theEach functional block conceptually works independently of
Data in a stream for a texture mapped triangle strip may lookther blocks. The term "Graphics Engine (GE)” indicates the
like: Triangle Attribute, UOVO, X0OYO. combination of the Setup Engine, the Rasterization Engine,
Sand the Pixel Engine.

Bus Interface (BI)

VGA core (VGA)

Setup Engine (SE)
Rasterization Engine (RE)
Pixel Engine (PE)
Memory Interface (Ml)

Due to the limited precision of the setup engine, only triangle
smaller than a certain size will be passed. Software will only Interf
pass triangles smaller than 64x128 or 128x64 to the hardwargusn—eraCe

Also, delta values of RGBAUVZ across a triangle will be less The bus interface block connects the AGP bus on one side and
than 128. There is no limitation on the delta of W since it isthe GE and VGA on the other side.
impossible to exceed 1.

Line

Parameters for line primitives are very similar to their polygon
counter-parts. The differences are as follows:

There are only major edge parameters.
All the dXm values (dRm, dUm, etc.) are ignored.

The following example shows these differences for a texture
mapped primitive:

Sequencg Polygon Content Line Content
0 Drawing Command Drawing Command
1 Primitive Type Primitive Type
2 Major Edge Major Edge
3 Texture Parameter Texture Parameter
4 Minor Edge

Using the same mechanism for multiple polygons, multiple
lines can also be drawn by issuing one drawing command.
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Span Engine

PS1, PS2, PD1, and PD2 are used in blt and text operations to
define source and destination rectangles.

GEbase + 0 - Parameter Source 1

.................................... RW GEbase + 8 - Parameter Destination 1............ccccccceeeeee.... RW
31-28 Reserved ........cccccciiiiiiiiiiieeeeeeeeeeenn always reads 0 31-28 Reserved ..........ccoooiiiiiiiiiiiiiiieeeen. always reads 0
27-16 Y-coordinate Parameter Source 1 Start 27-16 Y-coordinate Parameter Destination 1 Start
High 12 bits of parameter source 1 starting address in High 12 bits of parameter destination 1 starting
Y coordinate address in Y coordinate
15-12 Reserved .....ccccoovviiiiiiniiieeeeee always reads 0 15-12 ReServed .......occccceeeeiiiiiieeeennnnnnnn, always reads 0
11-0 X-coordinate Parameter Source 1 Start 11-0 X-coordinate Parameter Destination 1 Start
Low 12 bits of parameter source 1 starting address in Low 12 bits of parameter destination 1 starting
X coordinate address in X coordinate
GEbase + 4 - Parameter Source 2 ........ccooeeeeeieicceeneennee., RW GEbase + C - Parameter Destination 2...........cccccee......... RW
31-28 Reserved .....cccccocvviiiiiiiiieniiiieeees always reads 0 31-28 Reserved .......ccccceceveeiiiiiieneeninnnnnn, always reads 0
27-16 Y-coordinate Parameter Source 2 Start 27-16 Y-coordinate Parameter Destination 2 Start
High 12 bits of parameter source 2 starting address in High 12 bits of parameter destination 2 starting
Y coordinate address in Y coordinate
15-12 RESEIVEA ...ovvvvviieiieiiiieieeeeeeeeee e always reads 0 15-12 Reserved .........cccccevvvcvvnvvninnnnennnnnn always reads 0
11-0 X-coordinate Parameter Source 2 Start 11-0 X-coordinate Parameter Destination 2 Start
Low 12 bits of parameter source 2 starting address in Low 12 bits of parameter destination 2 starting
X coordinate address in X coordinate
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Graphics Engine Core

GEbase + 10 - Right View Display Base Address........... RW GEbase + 18 — Block Write Start Address...................... RW
31 Right View Active 31 Linear Mode
0 Inactive (use VGA style for display start 0 Fillarectangle area..............ccecuvvvvvnnneen. default
AAAIESS) .evveviiieeieeiiieeee e default 1 Fillalinear area
1 Active (use the base register address in this 30-24 Reserved ........cccocceevviiiiieeninnnnnn, always reads 0
register for the display starting address) 23-0 Starting Address(in multiples of 64 bytes)
30-24 Reserved ......ccoccccniiiiiiiiieeneee e always reads 0

23-0 Right View Display Starting Address
Writing to this register sets Status Register bit-21 to 0. Later .
when the address is used to display a frame, the status bit %Ebase + 1C — Block Write Area / End ADdress.......... RW
changed to 1.

Rectangle Area Fill Mode

31-28 Reserved ......ccccccceiiiiiiiiiieeiieeen always reads 0
27-16 Height of the Area
GEbase + 14 - Left View Display Base Address.............. RW 15-12 Reserved ......ccccccooviiiiiiiieeniiiiienenn, always reads 0
31 Left View Active 11-0 Wi_dth _of the Area (in by_tes)_
0 Disable (only Right View Display Starting Stride is Destination Stride in port 21C0Oh

Address is USed) .........evveeieeiiieiiiiiiinaeeennn. default ]
1 Enable (Right View Display Starting Address Linéar Area Fill Mode . , _
is used for the right view and this register for 31-0 End Address(in multiples of 64 bytes inclusive)

the left view; hardware will use these two » ) ) ) )
addresses alternately) Writing to this register triggers a Memory Set operation.

30-24 ReSEIVEd .ooovoeeeeeeeeeeeeeeeeens always reads 0 Color for this operation is specified in the Foreground register.

23-0 Left View Display Starting Address
Writing to this register sets Status Register bit-20 to 0. Later
when the address is used to display a frame, the status bit is
changed to 1.
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GEbase + 20 — Graphics Engine Status
Writing to this register resets the GE.

31

RO

Bresenham Engine Status
0 Idle
1 Busy
Setup Engine Status
0 Idle
1 Busy
SP / DPE Status
0 Idle
1 Busy
Memory Interface Status
0 Idle
1 Busy (access for screen refresh doesn’t count)
Command List Processing Status
0 Idle
1 Busy
Block Write Status
0 Idle
1 Busy
Command Buffer Status
0 Not full
1 Ful
Reserved ......ccccciiiiiiiiiieee
PCI Write Buffer Status
0 Empty
1 Not empty
Z Check Status
0 Engine busy: All Z tests performed so far have
failed in the command being executed.
Engine idle: All Z tests performed in the last
command have failed.
1 Otherwise
Logically, this bit is the OR of all Z test results
performed in the latest command
Effective Status
0 Current display base register is not yet
effective (the frame is not displayed)
1 Itis effective
Left View Status
0 Current display base register is not yet
effective (the frame is not displayed)
1 Itis effective
Last View Displayed / Being Displayed
0 Right View
1 Left View
18-11 Reserved ...,
10-0 Scan Line Currently Being Displayed

30

29

28

27

26

25

24
23

always reads 0

22

21

20

19

always reads 0

There are two input FIFOs to buffer data and commands from
the host, the Command FIFO (8 levels deep) and the
Bresenham FIFO (2 levels deep). Drawing commands,
Drawing Environment, and Frame Buffer Control are routed
through the Command FIFO. Primitive Type and Geometry
Primitives are routed through the Bresenham FIFO.
Commands in the Command FIFO don't take effect until a
prior command is executed or the task in progress is finished.
Parameters in the Bresenham FIFO don't take effect until a
prior parameter is phased out (reaches the end of an edge).
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GEbase + 24 — Graphics Engine Control ....................... WO GEbase + 2C — Graphics Engine Wait Mask ................. RW

7 Reset
0

1 Reset all internal registers and pointers. Reset

Normal operation .............cccccceevveeieenannnn, default

is performed by setting this bit to 1 and then
back to 0.

6-4 Reserved ..., always reads 0
3-0 Debug Module Select...........c.oocuvveveeennns default =0
Module to Debug GE Reqister 28
000 None undefined
001 Setup Engine SE Status
010 Rasterization Engine RE Status
011 Pixel Engine PE Status
100 Memory Interface MI Status
101 Cmd List Ctrl Unit Cmd List Start Address
110 Cmd List Ctrl Unit Cmd List End Address
111 -reserved- n/a
GEbase + 28 — Graphics Engine Debug.............ccceeeeennne.. RO
31-0 Engine Module Status

(See register 24 bits 3-0 above)

31-0 Wait Mask

When writing to this register, hardware will monitor
the value of M (Wait Mask & Status). If M is not 0,
the Graphics Engine (including the RE, SE, PE, and
MI) will not accept new registers from the host CPU
or AGP bus. This register is cleared by the hardware
when M = 0. Only bits 31-28, 26, 23, and 21-20 are
effective (all other bits are ignored).
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Graphics Engine Organization

The MVP4 Graphics Engine consists of the following units: When the Setup Engine is to be used, the following steps
Setup Engine, Rasterization Engine, and Pixel Engine. Thesshould be taken to perform drawing functions:

units are organized as follows: . .
g e S/W sets up the drawing environment.

AGP » S/Wissues a drawing command.
‘ e S/W continuously sends triangles to the Setup Engine (or
primitives to the Rasterization Engine).
S/W sends a triangle with last flag set or a null triangle to
the Setup Engine to signal the end of the operation (or its
equivalent to the Rasterization Engine).

‘ Setup Engine ‘ .

I
Rasterization Engin#

Triangles sent to the Setup Engine can be interleaved with

Pixel Engine primitives sent to the Rasterization Engine in step 3 above.

The Setup Engine uses the same sequential loading
mechanism as in the Rasterization Engine. The order of
loading is: Triangle Attribute, Vertex 0, Vertex 1 (optional),
Vertex 2 (optional). Whether vertex 1 and 2 are to be loaded
» AGP to Pixel Engine: Set drawing environment registers. depends on the Primitive Type. Writing to BA+4Ch triggers a
*+ AGP to Rasterization Engine: Set primitives: edge loading sequence to the Setup Engine. The order of data in a

Memory Interface

The interfaces among the components are:

walking, slopes. vertex is: RGBA, SrgbF, W, UV, Z, XY. Not every one will
* AGP or Setup Engine: Set vertices, culling info. appear in every vertex. Whether a particular item will be
+ Setup Engine to Rasterization Engine: Set primitives:present in a vertex is decided by the Triangle Attribute. For
edge walking, slopes. example, the data in a stream for a texture mapped triangle

* Rasterization Engine to Pixel Engine: Pixel Data, strip may look like: Triangle Attribute, UOVO, X0YO.
addresses and coordinates.

* Pixel Engine to Memory Interface: Addresses and
coordinates, pixel data.

GEbase + 2C — Setup Engine Status...............oooeeveeinnene.. RO
Each unit performs the following functions: 31-0 Overflow Status
. Setup Engine: Back face culling, slope calculation. This register records setup engine overflow status. For every

. Rasterization Engine: Edge walking, color interpolation triangle, the entire register is shifted left one bit with bit-0 then
Z, texture coordinates, perform perspective correction. set to reflect whether the triangle has slope overflow. This

» Pixel Engine: Generate addresses and coordinate for anegister is usefuil for debugging purposes.  This register
memory accesses: readiwrite Z, read texture readeSideS in the VGA address space and is not decoded by the

source/destination, write destination (draw buffer), 2-D setup engine.
functions, bi/tri-linear interpolation, blending and
modulation, ROP, Z test, alpha test, transparency, etc.
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Setup Engine Registers

GEbase + 30 — Setup Engine Primitive Attribute........... RW
31 Z Parameter
O ADSEN....covniiieiiieeeee e default

1 Present (Setup Engine calculates Z slope)
Texture Parameter
0 Absent
1 Present (SE calculates Z slope)
Perspective Factor Parameter
0 Absent
1 Present (SE calculates W slope)
Color Parameter
0 Absent
1 Present (SE calculates color slope)
Specular Color Parameter
0 Absent
1 Present (SE calculates specular slope)
Fog Parameter
0 Absent
1 Present (SE calculates fog slope)
Step Mode
0 Disable default
1 Enable (SE will process the next primitive only
when it finishes the current primitive. There is
no parallelism between primitives)
24-20 Reserved always reads 0
19-15 LOD Adjust default =0
3.2 signed # to be added to calculate the LOD value
14-7 Reserved always reads 0

30

29
default

28
default

27
default

26
default

25

6  Z Normalization (Setup Engine Only)
0O Disable.......ccoooiii, default
1 Enable
5 Flat Mode (applies to diffuse color, alpha, specular
color, and fog)
0 Smooth color or no color..............eeeeee.e. default
1 Flat color. SE sends only starting values to RE
4  Full Vertex Info
O Disable........ooooiciee default
1 Enable. Indicates that all vertex data are
needed for the triangle. Software still needs to
set bits 31-25. However in this case, the data
order in a vertex is: X, Y, Z, W, RGBA,
SrgbF, U, V. Even though the vertex actually
contains all the data, software doesn't
necessarily set this bit. When this bit is not
set, hardware decodes vertex data as described
in the Vertex Register descriptions.
3 Sub-Pixel Precision (Rasterization Engine Only)
0 Disable.......oooo, default
1 Enable
2  Anti-Aliasing (RE Only)
0 Disable (walk at pixel precision) ........... default
1 Enable (walk at sub-pixel precision)
1  Auto Direction for Scan Line Ends (RE Only)
0 Disable.......cccciiiii default
1 Enable. Bits 31-2 must be 0. Scan order is
passed to the Pixel Engine based on the
comparison result of two end points instead of
the bit in the Primitive Type register. Software
should only use this bit for 2D polygons with
Bresenham edge walking.
0 Bresenham Edge Walking (RE Only)

0 Use DDA to walk through edges default
1 Use Bresenham algorithm to walk through
edges

This register is decoded by the Setup Engine and passed to the
Rasterization Engine by the Setup Engine. This register and
its equivalent part in the Rasterization Engine are “partially”
pipelined in the sense that there are only two levels of pipe for
this register in both engines while there are many levels for
other data. The two levels are the decoding level and the
execution level. Both the Rasterization Engine and the Setup
Engine use this register to decide what kind of operation to
perform and what kind of data stream to expect. It must be set
before any parameter can be loaded.
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GEbase + 3C —Setup Engine Primitive Type ................. WO Vertex Reqisters

Writing to this register signals the Graphics Engine 1o beginngiqe the setup engine, one set of registers is provided to
se_quent_lal loading. Th? engine V\."” mterprgt the cont_ents Ofstore the three vertices is is currently working on and an
this register and the Primitive Attribute register to decide theadditional set is provided to store three pending vertices. Note

amount and types of parameters to expect. Like vertices, thert‘?]at it doesn't always require 3 vertices to define a triangle

is a FIFO for Triangle Attributes. The queue has three entrieié

Writing to this register adds it to the queue. The Setup Engin depending on the Triangle Attribute Register, it may be either

i i ; ; : r 3 verti .
starts working whenever a triangle attribute is received an or 3 vertices)
stops after it is finished processing a triangle with L = 1. Vertex information includes coordinate, texture, color, and
31-30 Loading Target depth. Some may be absent in a data stream. If any appear in

00 Rasterization Engine. Send bits 19-0 to the@ vertex, they must be present in the following order: Color,
RE. Sequential loading data will also be sent Specular Color, W, U, V, Z, X, Y. The formats are shown

tOthe RE....ccicieieeececeee e default below:
01 Setup Engine. Send bits 29-0 to the SE.
Sequential loading data will also be sent to the
SE. Internally, a flag is set to prevent the SE
from decoding the data and sending it to the
RE. The SE will clear this flag when it is idle.
1x -reserved-
29 Null Primitve Vertex Register 2 - Specular Color Value
0 Regulgr I?rlmmve ................................... default ~ 5, 5, Fog Value
1 N_uII_ I_3r|m|t|ve 23-16 SpecularRed Value
28  Last Primitive 15-8 SpecularGreen Value

Vertex Reqister 1 - Color Value
31-24 Alpha Value
23-16 Red Value
15-8 Green Value
7-0 Blue Value

0 Regula_r P_r_imitive ................................... default - SpecularBlue Value
1 Last Primitive
27-26 Culling Attribute (Setup Engine Target Only) Vertex Register 3 - W Value
00 NO CUNING...tveiiieiiiiiiiiee e default 31.0 Texture W Coordinate 32-bit floating # in (0, 1.0)
01 Clockwise culling
10 Counter-clockwise culling Vertex Register 4 - U Value
11 No culling 31-0 Texture U Coordinate 32-bit floating number
25 Reserved ..., always reads 0
24 (V2, VO) Edge Anti-Aliasing Flag.......... default =0  Vertex Reqister 5 - V Value
23 (V1, V2) Edge Anti-Aliasing Flag.......... default = 0 31-0 Texture V Coordinate 32-bit floating number
22 (V1, V1) Edge Anti-Aliasing Flag.......... default =0

21  Full Vertices Information Vertex Reqistert?-ZVaIue. _
0 Partial Vertices Information. Two of the  31-0 ZCoordinate 32-bit floating number

vertices are from the previous triangle. Only Vertex Register 7 - X Value

one vertex is to be loaded from the vertex ) . .
gueue to the working registers................. default 31-0 X Coordinate 32-bit floating number

1 All vertices are new. All three working \/aortex Register 8 - Y Value

;igéifrs are to be loaded from the vertex 31-0 Y Coordinate 32-bit floating number

20-19 Working Vertex '“Fjex . Floating Point Number Format
Index of the working vertex that is to be replaced. Aj'fioating point numbers are converted by on-chip hardware
This field is always O if F = 1. into internal fixed point integer format. All floating point

18-3 Reserved .......ccccccciiiiiiiiiieeeieeeeeen always reads O humbers are specified in IEEE 32-bit floating point number
2 Debug Control - format (shown below):
0 Discard triangle on overflow.................. default )
1 Draw triangle on overflow 1 Sign
1-0 Flat Color Vertex Index 30-23 Exponent(excess-127 format)

22-0 Mantissa (fractional part of a number in “1.nn”

Vertex index for flat color (Index of vertex whose i )
format where the integer part is always 1)

color is passed to the RE as the starting color)
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Rasterization Engine Reqisters

The major responsibilities of the Rasterization Engine are: Both Rasterization and Setup Engines share one interface to
® Receive data from host: Set registers, sequential Ioadin%]e AQP ) Write .Buffer. The flrs_t reason is that b‘?th
of parameters. asterization Engine and Setup Engine use stream decoding to
) _ receive data from the host. Once they are inside a stream,
® Edge walking: Generate end points of polygon edges Okhey must act quickly to grab data to prevent other

pixels on a line. components from taking the data. Having two stream
® Interpolation: Calculate values such as texturedecoders in the graphics engine is a potential source for
coordinates on a polygon / line. problems. The second reason is that both the Rasterization

«  Perspective correction: Perform perspective correction. Engine and Setup Engine handle the same types of data.
o ) Coupling them tightly makes the design easier and reduces

'P the' MVP4, t_he Rastgrlzatlon Engme. performs colpr problems that arise from synchronization. The third reason is

(including alpha) |n'terpolat|0n, t'exture. coordmgte (perspectives ) patter synchronization between the two engines.

corrected) generation, Z coordinate interpolation, and texture

gradient (perspective corrected) calculations. The engine interfaces to the host through both random access

registers and sequential loading. There are two random access
gisters: Primitive Attribute and Primitive Type. The
rimitive Attribute register consists of most parameter

Host access to the Rasterization Engine is by sequential writ
to minimize AGP bandwidth requirements. This is not neede

for the Setup Engine to access the Rasterization Engine. Iﬁﬁormation from the Rasterization Engine’s Primitive Type

addition, if sequential parameters were used to interfaceand the Setup Engine’s Triangle Attribute register
between the Setup Engine and the Rasterization Engine, it '

would incur extra cost for the Setup Engine to pack data and’he address space that can be used by sequential loading

would also reduce performance. Therefore, the Setup Enginparameters is from Base Address + 40h to Base Address +

accesses working registers in the Rasterization EngindgFh. Software should not use addresses outside this space for

directly. To synchronize operation, hardware must wait untilparameters.Sequential loading must use the address in this

the Setup Engine becomes idle to accept data from the host gpace starting at 0x40H in ascending order.For example,

the Rasterization Engine. the first address must be 40h, the next must be 44h, etc. In
order to give time to notify the other component to stop
decodingaddress 40h is exclusively reserved for sequential
loading.
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GEbase + 30 — RE Primitive Attribute .............cccceeeee..... RW

31 Z Parameter
O ADSENL ...ttt default
1 Present (Rasterization Engine calculates Z

slope)

30 Texture Parameter
0 ADSENL ...ciiiiiiiiiiiee default
1 Present (RE calculates texture info)

29 Perspective Factor Parameter
O ADSENt ...ttt default
1 Present (RE performs perspective correction)

28 Color Parameter
0 ADBSENt ...oiiiiiiiiiiee default
1 Present (RE -calculates Gouraud color

(RGBA))

27 Specular Color Parameter
0 ADSENt ...ttt default
1 Present (RE calculates specular color)

26 Fog Parameter
0 ADBSENt ..eeiiiiiiiiiiiiee e default
1 Present (RE calculates fog)

25 Step Mode
0 Disable ..o default

1 Enable (RE will process the next primitive
only when it finishes the current primitive. No
parallelism exists between primitives)

24-20 Reserved always reads 0

19-15 LOD Adjust default =0
3.2 signed # to be added to calculate the LOD value

14-7 Reserved always reads 0

6  Z Normalization (Setup Engine Only)
0 Disable.......ccoooiiii, default
1 Enable
5 Flat Mode (applies to diffuse color, alpha, specular
color, and fog)
0 Smooth color or no color..............eeeeeeee. default
1 Flat color. RE forces deltas to 0.
4  Full Vertex Info
0 Disable........coooocii e, default
1 Enable. Indicates that all vertex data are
needed for the triangle. Software still needs to
set bits 31-25. However in this case, the data
order in a vertex is: X, Y, Z, W, RGBA,
SrgbF, U, V. Even though the vertex actually
contains all the data, software doesn't
necessarily set this bit. When this bit is not
set, hardware decodes vertex data as described
in the Vertex Register descriptions.
3 Sub-Pixel Precision (Rasterization Engine Only)
0 Disable......cccooveeeiiiiii default
1 Enable
2  Anti-Aliasing (RE Only)
0 Disable (walk at pixel precision) ........... default
1 Enable (walk at sub-pixel precision)
1  Auto Direction for Scan Line Ends (RE Only)
0 Disable.......cccovvviiiiiiiiiiii, default
1 Enable. Bits 31-2 must be 0. Scan order is
passed to the Pixel Engine based on the
comparison result of two end points instead of
the bit in the Primitive Type register. Software
should only use this bit for 2D polygons with
Bresenham edge walking.
0 Bresenham Edge Walking (RE Only)

0 Use DDA to walk through edges default
1 Use Bresenham algorithm to walk through
edges

This register is decoded by the Setup Engine and passed to the
Rasterization Engine by the Setup Engine. This register and
its equivalent part in the Rasterization Engine are “partially”
pipelined in the sense that there are only two levels of pipe for
this register in both engines while there are many levels for
other data. The two levels are the decoding level and the
execution level. Both the Rasterization Engine and the Setup
Engine use this register to decide what kind of operation to
perform and what kind of data stream to expect. It must be set
before any parameter can be loaded.
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GEbase + 3C — RE Primitive TYPe ......ccccoevveeeeeeiieeeen.... WO
Writing to this register signals the Graphics Engine to begin
sequential loading, but doesn’'t cause anything to be drawn..
The engine will interpret the contents of this register and
decide the amount and types of parameters to expect.

31-30 Loading Target
00 Rasterization Engine. Send bits 19-0 to the
RE. Sequential loading data will also be sent
tOthe RE. ..o default
01 Setup Engine. Send bits 29-0 to the SE.
Sequential loading data will also be sent to the
SE. Internally, a flag is set to prevent the SE
from decoding the data and sending it to the
RE. The SE will clear this flag when it is idle.
1x -reserved-
29  Null Primitive
0 Regular Primitive ..........ccccceiiiiiiaannnnnnn, default
1 Null Primitive
28 Last Primitive
0 Regular Primitive .......cccccevvvevvieneeeennnnnnn, default
1 Last Primitive
27-26 Operation Code (RE Target Only)
00 LiNE oo default
01 Polygon
1x -reserved-
25 Major Edge Parameter
0 Parameter is Absent (parameter stream doesn’t
include values for the iterators)............... default
1 Parameter is Present (parameter stream also
includes values for the iterators)
24 Major Edge Anti-Aliasing
0 Don't anti-alias major edge .................... default
1 Anti-alias major edge (effective only if E = 1)
23  Minor Edge Parameter

0 ADBSENL....oiiiiiiiiiicce default
1 Present

22 Minor Edge Anti-Aliasing
0 Don't anti-alias minor edge..................... default

1 Anti-alias minor edge (effective only if M = 1)
21 Scan Direction

0 Positive (Major edge = left edge)............ default
1 Negative (Major edge = right edge)
20-16 Reserved .......cccccoviiiiiiiiiiiiiiieeeeens always reads 0
15-0 End Coordinate..........ccccccuvvvvvviiiieiieeeeenn. default -= 0

End coordinate of the primitive (inclusive). 12.4
signed integer.
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Bresenham Edge Parameters DDA Edge Parameters
Bresenham Edge parameters describe an edge of a primitive @DA Edge parameters describe an edge of a primitive or a
a line. line.
DoubleWord 0 — Start Coordinates DoubleWord 0 — Start Coordinates
31-16 Start YS1 31-16 Start YS1
Starting coordinate of the line in the Y direction Starting coordinate of the line in the Y direction
(signed 12.4 number). The fractional part must be 0. (signed 12.4 number). The fractional part must be 0.
This parameter is ignored in minor edges. This parameter is ignored in minor edges.
15-0 Start XS1 15-0 Start XS1
Starting coordinate of the line in the X direction Starting coordinate of the line in the X direction
(signed 12.4 number). The fractional part must be 0. (signed 12.4 number). The fractional part must be 0.
DoubleWord 1 — Drawing Direction / Bresenham Constant  DoubleWord 1 — Drawing Direction / Edge Slope
31 YS Drawing Direction 31 YS Drawing Direction
0 Positive 0 Positive
1 Negative 1 Negative
30 XS Drawing Direction 30 XS Drawing Direction
0 Positive 0 Positive
1 Negative 1 Negative
29 Swap 29 Swap
0 Normal (X /Y not swapped) 0 Normal (X /Y not swapped)
1 X/Y swapped 1 X/Y swapped
28-16 Bresenham (or Modified) Constant 28-26 Reserved .......cccccoiiiiiiiee e ignored
15-13 Reserved ... ignored 25-0 Edge Slope
12-0 Bresenham (or Modified) Constant 12.14 signed number
DoubleWord 2 — Error Term / Strip Length When a DDA edge is used as a polygon boundary, the
31-29 Reserved ... must be written as zero fractional bits should round up to the next integer.
28-16 Initial Error Term Interpolation values should be adjusted accordingly. DDA
15-12 Reserved .......cccoceeenennas must be written as zero €dge walking shares the same logic as Bresenham edge
11-0 Strip Length walking by using an error advance method. In DDA walking,
Strip length of modified Bresenham line. fractional bits should be rounded up to the next integer.

Rounding up is performed by changing drawing convention
according to whether the fractional parts are 0 as follows:

« Left fractional is O: Left inclusive.
» Left fractional is not O: Left exclusive.
» Right fractional is 0: Right exclusive.

* Right fractional is not 0: Right inclusive.

Because the error advance method is used for DDA walking,
the fractional part is always one step ahead of the coordinate.
For the starting point of a line, the fractional part is assumed
to be 0.
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Color Parameters Z Value Parameters
Color parameters are used for Gouraud shading. They consi$b the Rasterization Engine, the Z value is always a 25.8
of starting values, incremental along the X and Y akisflat signed integer internally regardless of Z buffer depth. It
color mode, this parameter only has the starting value. always passes a 24-bit unsigned integer to the Pixel Engine. It
is the Pixel Engine’s responsibility to scale Z to the depth of
DoubleWord 0 — Initial Values the Z buffer. Z parameters are used to calculate depth
31-24 Initial Alpha Value information. Z values consist of starting values, incremental

Initial Alpha value on main edge (left edge of alongthe Xand Y axis.
trapezoid or long edge of triangle). Unsigned integer.

23-16 Initial Red Value DoubleWord 0 — Initial Z Value

Initial Red value on main edge (left edge of trapezoid 31-0 Initial Z Value

or long edge of triangle). Unsigned integer. Initial Z value on main edge (left edge of trapezoid or
15-8 Initial Green Value long edge of triangle). Signed 25.7 integer.

Initial Green value on main edge (left edge of
trapezoid or long edge of triangle). Unsigned integer.

7-0 Initial Blue Value . .
Initial Blue value on main edge (left edge of DoubleWord 1 — X-Axis Z Gradient

trapezoid or long edge of triangle). Unsigned integer. 31-0 X-Axis Z Gradient _ o
Gradient of Z along the X axis over the primitive

surface. Signed 25.7 number.

DoubleWord 1 — X-Axis Blue Gradient

31-0 X-Axis Blue Gradient DoubleWord 2 — Y-Axis Z Gradient
Gradient of Blue along the X axis over the primitive  31.0 Y-Axis Z Gradient
surface. Signed 20.12 number. Gradient of Z along the Y axis over the primitive
DoubleWord 2 — Y-Axis Blue Gradient surface. Signed 25.7 number.

31-0 Y-Axis Blue Gradient
Gradient of Blue along the Y axis over the primitive

surface. Signed 20.12 number. DoubleWord 3 — Minimum Z Threshold
. : 31-24 ReServed ....occccccciiiiiiiie e ignored
DoubleWord 3 — X-Axis Green Gradient 23-0 Minimum Z Threshold
31-0 X-Axis Green Gradient Minimum of Z threshold. Unsigned 24-bit integer.
Gradient of Green along the X axis over the primitive
surface. Signed 20.12 number. DoubleWord 4 — Maximum Z Threshold
DoubleWord 4 — Y-Axis Green Gradient 31-24 Reserved ....occcccciiiiiii e ignored
31-0 Y-Axis Green Gradient 23-0 Maximum Z Threshold _ N
Gradient of Green along the Y axis over the primitive Maximum of Z threshold. Unsigned 24-bit integer.

surface. Signed 20.12 number.

DoubleWord 5 — X-Axis Red Gradient
31-0 X-Axis Red Gradient
Gradient of Red along the X axis over the primitive
surface. Signed 20.12 number.
DoubleWord 6 — Y-Axis Red Gradient
31-0 Y-Axis Red Gradient
Gradient of Red along the Y axis over the primitive
surface. Signed 20.12 number.

DoubleWord 7 — X-Axis Alpha Gradient
31-0 X-Axis Alpha Gradient
Gradient of Alpha along the X axis over the primitive
surface. Signed 20.12 number.
DoubleWord 8 — Y-Axis Alpha Gradient
31-0 Y-Axis Alpha Gradient
Gradient of Alpha along the Y axis over the primitive
surface. Signed 20.12 number.
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Texture Coordinate Parameters
Texture parameters are used for texture mapping.

DoubleWord 0 — Initial U Value
31-0 Initial U Value

Initial U value on main edge (left edge of trapezoid or

long edge of triangle). Signed 16.16 integer.

DoubleWord 1 — Initial U Value
31-0 Initial U Value

Initial U value on main edge (left edge of trapezoid or

long edge of triangle). Signed 16.16 integer.

DoubleWord 2 — X-Axis U Gradient

31-0 X-Axis U Gradient
Gradient of U along the X axis over the primitive
surface. Signed 16.16 number.

DoubleWord 3 — Y-Axis U Gradient

31-0 Y-Axis U Gradient
Gradient of U along the Y axis over the primitive
surface. Signed 16.16 number.

DoubleWord 4 — X-Axis V Gradient

31-0 X-Axis V Gradient
Gradient of V along the X axis over the primitive
surface. Signed 16.16 number.

DoubleWord 5 — Y-Axis V Gradient

31-0 Y-Axis V Gradient
Gradient of V along the Y axis over the primitive
surface. Signed 16.16 number.

Perspective Factor Parameters

Theyerspective factor
consist of starting values, incremental along the X and Y axis. corrected texture mapping. They consist of W starting values

parameters are used for
incremental along the X and Y axis.

DoubleWord 0 — Initial W Value

31-0 Initial W Value
Initial W value on main edge (left edge of trapezoid
or long edge of triangle). Signed 4.28 integer.

DoubleWord 1 — X-Axis W Gradient

31-0 X-Axis W Gradient
Gradient of W along the X axis over the primitive
surface. Signed 4.28 number.

DoubleWord 2 — Y-Axis W Gradient

31-0 Y-Axis W Gradient
Gradient of W along the Y axis over the primitive
surface. Signed 4.28 number.

Preliminary Revision 1.0December 9, 1998

127-

Register Descriptions

perspective



v, Tﬂﬂ%ﬂlﬂ!iﬂ&', Ine.

VT8501 Apollo MVP4

Specular / Fog Start Value

Fog Parameters

The specular / fog start value is used for specular shading dfog parameters are used for fogging. These parameters are

fogging.

not present in flat color mode and consist of starting values

incremental along the X and Y axis.

DoubleWord 0 — Start Value
31-24 Initial Fog Value

DoubleWord 0 — X-Axis Fog Gradient

Initial Fog value on main edge (left edge of trapezoid 31-0 X-Axis Fog Gradient

or long edge of triangle). Unsigned integer.
23-16 Initial Red Value

Gradient of Fog along the X axis over the primitive
surface. Signed 20.12 number.

Initial Red value on main edge (left edge of trapezoid poubleWord 1 — Y-Axis Fog Gradient

or long edge of triangle). Unsigned integer.
15-8 Initial Green Value
Initial Green value on main edge (left edge of
trapezoid or long edge of triangle). Unsigned integer.
7-0 Initial Blue Value
Initial Blue value on main edge (left edge of
trapezoid or long edge of triangle). Unsigned integer.

Specular Parameters

Specular parameters are used for specular shading. These
parameters are not present in flat color mode and consist of
starting values incremental along the main direction ((dx, dy) =
(M1, 1)), and incremental along the X axis.

DoubleWord 0 — X-Axis Blue Gradient
31-0 X-Axis Blue Gradient
Gradient of Blue along the X axis over the primitive
surface. Signed 20.12 number.
DoubleWord 1 — Y-Axis Blue Gradient
31-0 Y-Axis Blue Gradient
Gradient of Blue along the Y axis over the primitive
surface. Signed 20.12 number.

DoubleWord 2 — X-Axis Green Gradient
31-0 X-Axis Green Gradient
Gradient of Green along the X axis over the primitive
surface. Signed 20.12 number.
DoubleWord 3 — Y-Axis Green Gradient
31-0 Y-Axis Green Gradient
Gradient of Green along the Y axis over the primitive
surface. Signed 20.12 number.

DoubleWord 4 — X-Axis Red Gradient
31-0 X-Axis Red Gradient
Gradient of Red along the X axis over the primitive
surface. Signed 20.12 number.
DoubleWord 5 — Y-Axis Red Gradient
31-0 Y-Axis Red Gradient
Gradient of Red along the Y axis over the primitive
surface. Signed 20.12 number.

31-0 Y-Axis Fog Gradient

Gradient of Fog along the Y axis over the primitive
surface. Signed 20.12 number.
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Pixel Engine Reqisters Data from the Host

The major responsibilities of the Pixel Engine are to performThe Pixel Engine can accept data from the host through either
per-pixel operations and to control data flow and its sequencethe 32-bit data port register at 9Ch or data in the 1xxxh

The Pixel engine interfaces to the Rasterization Engine an(ig?(;\?vzsr:pacessoom :r;e pdzsjsr?ton;)é:knozg?aD\:zORE’SIZ_S»bittO

the host to accept dgta. It also mterf_aces N t.he Mem.o%oundaries. It only packs to 32-bit boundaries.For bitblts,
Interface to access video memory. Inside the Pixel Engine

i . cking is done per-scanline. l.e., for every scanline, the host
there are several blocks: the Span Engine, the Data Path, arsva?” send just enough DWORDS to the engine. For text,

the Texture Engine. Operation of the Data Path and the L .
acking is done per-command. |l.e., the scanline may be

Texture Engine are under control of the Span Engine. Thé;roken inside a DWORD. For a string of texts, the number of
Memory Interface accepts memory access requests from thB

Pixel Engine, translates the address into a linear address, an(}NORDS of data passed to the Graphic Engine can be odd
numbers except for the last character. For the last character,
executes the requests.

software should pass either an even number of DWORDs (by

AGP e padding a garbage DWORD as necessary) or by setting a
l—l_—' R’lastenzatmn drawing environment register after all data is sent.
v v ¥
| Span | | Data Path |< | Texture Enginel
A D A D

Memoly Interface

The 0 - FFh “Engine” register address space is partitioned
into six sections:

0 - OFh Span Engine
10 - 2Fh VGA core
30 - 3Fh Unified Rasterization and Setup Engines
44 - 9Fh Pixel Engine
AO — AFh  Texture Engine
BO—-BFh  Command List Control Unit
CO-FFh  Memory Interface

Addresses 40h - FFh are also used for sequential loading
overlapping with other registers in this space. Addresses
10000 - 1FFFFh are used as a data port area.
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GEbase + 44 — Drawing Command.........ccoeeeuiiieniiieenneneen. RW

Writing to the Drawing Command register starts a drawing
operation. When this register is set, the drawing environment
registers and memory interface registers are locked in. Any
change to these registers will not affect this drawing
operation. Furthermore, the Pixel Engine will not accept any
data from the host or from the Rasterization Engine without a
drawing command. After a drawing command is issued, the
Pixel Engine will selectively accept data from the host or
Rasterization Engine depending on the command.
Specifically, the Pixel Engine only accepts data from the host
if the command is text or blt and the BS field indicates the

(scanlines, Z, color, etc.) from the Rasterization Engine if the
command is line or polygon.

31-28 Operation Code

0000 Null Command .........ccccuvviimieeeieeieeieeaenn. default

0001 -reserved-

0010 Line

0011 -reserved-

01xx -reserved-

1000 Bit-Blt (see note below)

1001 Text (see note below)

1010 (See BitBIt)

1011 Trapezoid / Polygon

1100 (See Bit BIt)

1101 (See Text)

1110 Trapezoid / Polygon

1111 -reserved-

Note: for Text and BitBIt opcodes, bit 29 indicates
whether the PE can accept data from the host
while bit-30 indicates whether the PE can
accept data from the RE.

27 Line Style
0 No style, solid line, or other operation (blt,
polygon, text)
1 Style line
26 Z Operations
0 Disable Z operations (must be 0 for text, blt)
1 Enable Z operations
25 Alpha Test
0 Disable (must be 0 for text)
1 Enable
24 Texture Function
0 Disable (must be O for blt, text)
1 Enable
23 Alpha Blending
0 Disable (must be 0 for text)
1 Enable
22 Specular Color
0 Disable (must be O for blt, text)

1 Enable

21 Fog
0 Disable (must be 0 for blt, text)
1 Enable

20

19

18-17

source is from the host. The Pixel Engine only accepts data 16-15
2 Source Offset

11

10

Source Color Expansion

0 Disable

1 Enable (bits 26-21 must be 0)
Source Color

0 Transparent (applies to mono source and
constant color line)

1 Opaque (should be enabled for any operation
with a “solid Source”, such as Gouraud
shading, constant color fill, color to screen blt,
texture mapping, etc.)

Source Surface ID
Destination Surface ID

Mono source pixel offset. Bit-19 must be 1.
Double Specular Color
0 Disable
1 Enable. Specular color (RGB) is doubled
before being added to diffuse color.
Texture Transparency
0 Disable texture color key
1 Enable texture color key

Lit-Texture
0 Disable
1 Enable
Dither
0 Disable
1 Enable. Use 4x4 dither matrix (including fog
and alpha)
Source Color Key
0 Disable

1 Enable (Keyis FG)
Destination Color Key

0 Disable

1 Enable
Bit Mask

0 Disable

1 Enable
ROP

0 Disable

1 Enable

Blt Source or Constant Color Line or Polygon
00 Source from host (bits 26-20 must be 0 for blt)
01 Source from frame buffer
10 Source is constant (FG). Includes constand
line and constant polygon.
11 Block write fill
This field must be set to 00 for text / line / polygon.
Blt Direction (BLT Only)
0 Positive direction in X and Y
1 Negative direction in X and Y
Must be set to O for polygons, lines, and text.

Clipping
0 Disable
1 Enable
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GEbase + 48 — Raster Operation (ROP) .........

31-8 Reserved ....cooccoeeiiiiiiiiieeieee
7-0 ROP3 Code

................ RW GEbase +4C —Z Function ..........coccvveeieiiiiiiieeeiiiiieeeeeeeee. RW
31 Z-Bias
0 Disable
1 Enable
30-17 Reserved ......ccccccoeiiiiiiiiiee e, always reads 0
16-7 Z-Bias Value
6 Test Alpha
0 Disable
1 Enable
5  Z-Buffer Write
0 Disable
1 Enable
4-3 Reserved ......ooocooiiiiiiiceee always reads 0
2-0 Z-Buffer Compare

000 Compare False. Z and RGB values will not be
written to memory.

001 Compare Less Than. Z and RGB values will
be written to memory if the current Z value is
less than the Z value in memory.

010 Compare Equal. Z and RGB values will be
written to memory if the current Z value is
equal to the Z value in memory.

011 Compare Less Than or Equal. Z and RGB
values will be written to memory if the current
Z value is less than the Z value in memory.

100 Compare Greater Than. Z and RGB values
will be written to memory if the current Z
value is greater than the Z value in memory.

101 Compare Not Equal. Z and RGB values will
be written to memory if the current Z value is
not equal to the Z value in memory.

110 Compare Greater Than or Equal. Z and RGB
values will be written to memory if the current
Z value is greater than or equal to the Z value
in memory.

111 Compare True. Z and RGB values will be
written to memory.
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GEbase + 50 — Texture Function...........oooeeeeveeiieecceeenee RW GEbase + 60 — Color 0 (Foreground) ........ooeeeeieeiineeeeeees RW
31-22 Maximum U 31-0 Foreground Color Value
21-12 Minimum U
11-5 ReSEVEd ..ococoeeeeieiiieieieieieieieias always reads 0 GEbase + 64 — Color 1 (Backaround) .........ooooeeveveeieeneee, RW
4 Mask 31-0 Background Color Value
0 Disable Note: In 16- and 8- bit modes, the color must be duplicated to
1 Enable fill an entire 32-bit word. 32-bit color is in ARGB format
3-2 T%>(()tur$ Alpha (i.e., Alpha, Red, Green, and Blue in bytes 3-0 respectively)
exel alpha and 16-bit color is in RGB 565 format (5 bits of Red, 6 bits of
01 Source alpha Green, and 5 bits of Blue)
10 Modulated alpha: texel alpha x source alpha ’ '
11 -reserved-
1-0 Texture Color
00 Texel color GEbase + 68 — ColOr K&V ....uuveeiiiiiiiiiiiiiiciiieiiie, RwW
01 Source color 31-26 ReSErVed ...cccocoeeeeereeeeeeeeeeeinns always reads 0
10 Modulated color: texel color x source color 25 Destination Polarity
11 -reserved- 0 Draw on Equal
1
24 Source Polarity
GEbase + 54 — Clipping Window 0 .....oooeeveeeeeeiieeiieeeeee RW g_) Draw on Equal
31-28 Rgserved e always reads 0 23.0 Destination Color Kev Color
gig (élelrSJer\]/ge(\lendow TOP v é .I;/\(/jaeyfglﬁleta:dgo Unlike foreground an):j background, the color is not
11-0 Clipping Window Left ..........cccceeeeininnen. default =0 replicated in 16-bit or 8-bit modes.
GEbase + 58 — Clipping Window 1 .......cccevveecveeieennnneee, RW
31-28 Reserved .....cccccocvviiiiiiieiiiiiiieeeeens always reads 0
27-16 Clipping Window Bottom........................ default = 0
15-12 Reserved .....cccocvvviiiieiiiiiiieeeee e always reads 0
11-0 Clipping Window Right .............ccceeeeee default =0
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GEbase + 6C — Patternand Style..........ccceeeeeeieiiieiiiiieens RW GEbase + 74 — Pattern Foreground ColOf ......ccceeeenn....... RW

31 Pattern Color Expansion 31-0 Foreground Color Value......................... default = 0

0 Disable......ccccvriiiiii, default

1 Enable GEbase + 78 — Pattern Background Color..................... RW
30 Pattern Transparency 31-0 Background Color Value..............ceeeeeeee.. default =0

(1) _(I'_)paque ..... t ............................................. defaultyste: In 16- and 8- bit modes, the color must be duplicated to
29  Patt rgnsparen fill an entire 32-bit word. 32-bit color is in ARGB format

aO erg xlée ivels default (i.e., Alpha, Red, Green, and Blue in bytes 3-0 respectively)

1 32x 3p2 p|xe|s(monoon|y) """"""""""" and 16-bit color is in RGB 565 format (5 bits of Red, 6 bits of
28 Pattern Register Segment Green, and 5 bits of Blue).

0 LowSegment.........ccooevcviviiineiieieeeeeeenenn default

1 High Segment

Note: The pattern cache is divided into two segments
for double pattern purposes. This bit serves two
purposes: First as the starting segment for loading a
pattern into the pattern cache, the corresponding
address is latched into an internal register which will
automatically increase by one when data is loaded.
Second as the segment base of the current pattern
when applying a pattern.

27-24 Reserved ... always reads 0

23-16 Pattern Style Step
The # of pixels each mask bit should be mapped to:

00 1 Pixel per mask bit............ccoovvvivvnnnnnnnnn. default
01 2 pixels per mask bit
02 3 pixels per mask bit

FF 256 pixels per mask bit
15-0 Pattern Style Mask

Determines the line drawing style (e.g., dotted line).
Bit-0 maps to the first pixel. Writing to the low byte
of ths register (GEbase + 6C) causes the internal style
count to be reset to 0. When 3D operations are
enabled (smooth shading, texture, Z), style line must
be transparent and style applies to color as well as Z.

GEbase + 70 — Pattern Color........iivveiiiieiiiiiiiiiiieeees RW

31-0 Pattern Color Value
Must follow the command. The pattern data could be
repeated up to 64 times to fill out the pattern register

file.

Preliminary Revision 1.0December 9, 1998 133- Register Descriptions



v, Tﬂﬂ%ﬂlﬂ!iﬂ&', Ine.

VT8501 Apollo MVP4

GEbase + 7C — Alpha

RW GEbase + 80 — Alpha Function

31-16 Reserved

15-8 Source Constant Alpha 23
7-0 Destination Constant Alpha
22
21
20
GEbase + 84 —Bit MasK........oooeeeeeeeeeiiiii i RW
31-0 Bit Mask
One bits indicate that the corresponding color bit will 19-16
not be written to the frame buffer.
15-8
7-4
3-0

always reads 0 31-24 Reserved

Alpha Write
0 Disable.......ccoooiciii default
1 Enable. Draw each pixel with a blended alpha
value if alpha blending is enabled. Otherwise
draw with source alpha (the upper byte of the
Foreground Color register if not available).
This bit should be set in 8-bit and 16-bit color modes.
Constant Source Alpha
0 Disable
1 Enable
Constant Destination Alpha
0 Disable
1 Enable
Result Alpha
0 The result of blending
1 Source alpha
Alpha Test Function
0000 Never accept the pixel
0001 Accept if alpha < reference alpha
0010 Accept if alpha == reference alpha
0011 Accept if alpha <= reference alpha
0100 Accept if alpha > reference alpha
0101 Accept if alpha != reference alpha
0110 Accept if alpha >= reference alpha
0111 Always accept the pixel
1xxx -reserved-
Reference Alpha Value
Destination Blending Factor
0000 (0,0,0,0)
0001 (1,1,1,1)
0010 (RS,GS,BS,AS)
0011 (1,1,1,1) - (RS,GS,BS,AS)
0100 (AS,AS,AS,AS)
0101 (1,1,1,1) — (AS,AS,AS,AS)
0110 (AD,AD,AD,AD)
0111 (1,1,1,1) - (AD,AD,AD,AD)
1xxx -reserved-
Source Blending Factor
0000 (0,0,0,0)
0001 (1,1,1,1)
001x -reserved-
0100 (AS,AS,AS,AS)
0101 (1,1,1,1) — (AS,AS,AS,AS)
0110 (AD,AD,AD,AD)
0111 (1,1,1,1) — (AD,AD,AD,AD)
1000 (RD,GD,BD,AD)
1001 (1,1,1,1) - (RD,GD,BD,AD)
1010 (F,F,F,1); F=min (AS, 1-AD)
1011 -reserved-
11xx -reserved-

default

default

default
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Texture Engine Registers

The texture Engine handles texture access and filtering. It is
controlled by the Span Engine. It accepts texture coordinates
from the Rasterization Engine, generates and passes addresses
to the Memory Interface, accepts raw texel data from the
Memory Interface, does filtering, and passes the results to the

Data Path.

GEbase + AQ — Texture Control............eieieniiieeiiiieiiieeennes

Textures are aligned to 64-bit boundaries on a scanline basis. 19 Tiling

31 Texture Access Control

0 Disable (use cache)

1 Enable (bypass cache)
30 Filtering Control

0 Filter with color key. Treat alpha value for

keyed texels as 0
1 Downgrade filtering function based
fractional bits of UV and key test result.
alpha to 0 for keyed texels.
29-28 Texture U Boundary Checking Function
00 Texture U wraparound
01 Texture U mirroring
10 Texture U clamping
11 -reserved-
27-26 Texture V Boundary
00 Texture V wraparound
01 Texture V mirroring
10 Texture V clamping
11 -reserved-
25 Texture in System Memory
0 Texture is stored in graphics memory
1 Texture is stored in system memory
24  Reserved (must be 0)

23  MipMap
0 Disable
1 Enable
22 Intra-map Filter
0 Disable

1 Enable (do filtering inside a LOD level)
21 Inter-map Filter

0 Disable
1 Enable (do filtering inside a LOD level)
M must be 1.

20 Magnify Filter (when LOD < 0)
0 Point Sample
1 Bi-linear

0 Texture is not tiled

1 Texture is tiled.
Tile size is determined by texel depth:
Texel Depth (bpp) _Tile Size

1 16 x 16
2 8x16
on 4 8x8
Set 8 4x8
16 4x4
32 2x4

Inside each tile, texels are organized into 2x2
subtiles in row major
18 Texture Color Key

0 Disable
1 Enable
17  Texture Anisotropy
0 Disable
1 Enable
16-15 Palette Data Format
00 565 RGB

01 1555 ARGB
10 4444 ARGB
11 -reserved-

14-12 Texel Depth
000 1-bpp palettized
001 2-bpp palettized
010 4-bpp palettized
011 8-bpp palettized
100 16-bpp 565 RGB
101 16-bpp 1555 ARGB
110 16-bpp 4444 ARGB
111 32-bpp ARGB

11-8 Texture Map Levels (TML) (Range 0-8)
The number of maps in the MipMap (0 = 1 map)

7-4  Y-Axis Texture Memory Size (TRY)(Range 0-8)

This field determines the number of Isb’s (2**TRY)
of parameter V to be used in the Y axis. Any bit
higher than this will be ignored (wraparound).

3-0 X-Axis Texture Memory Size (TRX)(Range 0-8)
This field determines the number of Isb’s (2*TRX)
of parameter U to be used in the X axis. Any bit
higher than this will be ignored (wraparound).

Note: For MipMap textures, TRX/TRY is the size of the
original texture (1:1 map)
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GEbase + A4 — Texture Color ......ocoiueiiiieiiieiiiieiiieiieeeen, RW Texture Filtering

31-24 Alpha ) _ Texture data read back from the Memory Interface first goes
Constant alpha value when there is no alpha in they, 01 palette translation if the texture is palettized. The
texture format texture is then converted into common internal 8888 ARGB

23-0 Texture Color Key format. If the texture doesn't have alpha data, then a constant
Texture transparency color (888 RGB) alpha value is used. If the texture color key is enabled and the

texture color matches the key, set alpha to 0. Bi-linear or tri-
linear filtering is then performed on RGB and alpha. If the

GEbase + A8 — Texture Palette Data ...........cceeveeeeeeene.... WO color key is enabled and the result alpha is 0, the
31-16 Texel n+1 corresponding pixel should be discarded. This is done by
15-0 Texeln attaching a validity bit with texture data passed from the

An internal counter is used in loading the texture palette.Texture Engine to the Data Path. It should be noted that
Writing to the Texture register (GEbase+A0) resets thefiltering depends on the LOD value. When LOD < 0, a
counter to 0. Writing to the Texture Palette Data registerdifferent filter may be applied. In bi-linear filtering, if the
writes the data to the place pointed to by the counter themexel nearest to the texture coordinate is masked by the color
increments the counter by 1. Each write writes two entries intkey, then the texel is considered as masked. Otherwise, the
the palette. texel is considered not masked.

GEbase + AC — Texture Boundary ..........cooeoieeeiiieeieiennnns RW

31-22 Maximum V
21-12 Minimum V

11-8 Reserved ......ccccccciiiiiiieieiiiiiieeeenne always reads 0
7 Reverse Texture Format
0 Disable
1 Enable
6  Texture Cache
0 Disable
1 Enable
5 Texture Map Shift
0 Disable
1 Enable

4-3 Compressed Texture Format
00 No compression
01 DXT1 format
10 DXT2 format
11 -reserved-

2-0 Dither Shift
000 Disable LOD dithering
001 100% LOD dithering
010 80% LOD dithering
011 60% LOD dithering
100 40% LOD dithering
101 20% LOD dithering
11x -reserved-
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Memory Interface Registers

The registers in this group include stride and buffer baseThere are 9 texture base registers for up to 9 levels of
address registers for frame buffer control. There are thredMipMaps: level 0 (1:1 map) up to level 8 (smallest). The
base addresses: source base address (added to blt sourdexture may be in the frame buffer or in system memory.

destination base address (added to color destination), and Z ,
base address (added to Z addresses). GEbase+DC — Texture Base MipMap Level 0 (1:1 Map)RW

GEbase + B8 — Destination Stride / Buffer Base O.......... RW GEbase + EQ — Texture Base MipMap Level1 .............. RW
GEbase + BC — Destination Stride / Buffer Base 1......... RW GEbase + E4 — Texture Base MipMap Level 2 .............. RW
GEbase + C0O — Destination Stride / Buffer Base 2 ......... RW GEbase + E8 — Texture Base MipMap Level3.............. RW
GEbase + C4 — Destination Stride / Buffer Base 3 ......... RW GEbase + EC — Texture Base MipMap Level 4 ............. RW
GEbase + C8 — Source Stride / Buffer Base 0.................. RwW GEbase + FO — Texture Base MipMap Levels .............. RW
GEbase + CC — Source Stride / Buffer Base 1 ................ RW GEbase + F4 — Texture Base MipMap Level6 .............. RW
GEbase + DO — Source Stride / Buffer Base 2.................. RwW GEbase + F8 — Texture Base MipMap Level 7 .............. RW
GEbase + D4 — Source Stride / Buffer Base 3 ................. RW GEbase+FC — Texture Base MipMap Level 8 (Smallest)RW
All eight of the above registers have the same bit definitions: All nine of the above registers have the same bit definitions:
31-29 Bits Per Pixel 31-0 Texture Base Addressin bytes)
000 8 bits per pixel Base addresses always start on QWORD boundaries
001 16 bits per pixel (565 format) so bits 2-0 are always 0.

010 32 bits per pixel
011 -reserved-
100 -reserved-
101 16 bits per pixel (555 format)
11x -reserved-
28-20 Stride(pixels divided by 8) Data Port Area

19-0 Buffer Base Addresgin quadwords) GEbase + 10000-1FFFFh — Data Port Area ............... RW

GEbase + D8 — Z Depth / Z Buffer Base ..........cc..ce.......... RW
31-30 Z Depth
00 16 bits
01 24 bits (32 bits are allocated in the frame
buffer with the MSB not used)
1x -reserved-
29 Reserved ... always reads 0
28-20 Z Stride
19-0 Z Buffer Base Addresgin quadwords)
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FUNCTIONAL DESCRIPTIONS

System Configuration

The Apollo MVP4 has several modes that are required to be

determined at reset time. This includes DFP monitor modes

for selecting the correct display device and test modes to assist
in board debug and trouble-shooting for manufacturing.

DFP Interface Configuration

The Apollo MVP4 uses the MA[6} pin in conjunction with the
RESET# pine to select if the DFP interface is ON or OFF.
This is primarily used for test purposes.

LCD On/Off Mode | MA[6]

LCD OFF 0

LCD ON 1

The LCD type is selected by MA[5-3]:

LCD Type LCD Resolution MAJ[5-3]
TFT 1024 x 768 x 18-bit 000
TFT 1280 x 1024 x 18-bit 001
TFT 800 x 600 x 18-hit 010
TFT 1024 x 600 x 18-bit 011

DSTN 1024 x 768 x 16-bit 100
DSTN 1024 x 600 x 24-bit 101
DSTN 800 x 600 x 16-bit 110
DSTN 1024 x 768 x 24-bit 111
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Graphics Controller Power Management Power Management Redgisters

The MVP4 Graphics Controller power mangement feature sePower management control for the MVP4 Graphics Controller
complies with AGP and PClI power managementis provided by extended registers SR24 (Power Management

requirements. Control), GR20 (Standby Timer Control), GR21 (Power
Management Control 1), GR22 (Power Management Control
Power Management States 2), GR23 (Power Status), GR24 (Soft Power Control), GR25

Power management states (D0-D3) for both ACPI and PcfPower Control Select), GR26 (DPMS Control), GR27-28
Bus Power Management (PCI PM) refer to the same statefGPIO Control), GR2A  (Suspend Pin  Timer), GR2C

described in the Device Class PM Reference Specification fOFMisceIIaneous Pin Control), GR2F (Miscel_laneo.us Intgrnal
Display Devices, which are equivalent to the VESA™ DPMS Control), and Graphics Controller PCI Configuration Indices

power states. System software should access the Mvp420-97 (PCI Power Management Registers 1 and 2).
configuration registers to perform PCI PM state transitions.

Table 12. PCI Power Management States

PCI PM Desktop Notebook
State Graphics Graphics
State 0 DPMS State 0 Proprietary State 0
(D0) Fully On Fully On
State 1 DPMS State 1 Proprietary State 1
(D1) Standby Standby
(Hsync Off) (VCLK Off)
State 2 DPMS State 2 Proprietary State 2
(D2) Suspend Suspend
(Vsync Off) (MCLK/VCLK Both Off)
State 3 DPMS State 3 Same as State 2
(D3) Off
(H/Vsync Both Off)

Power Management Clock Control

If the system “South Bridge” sends a request to the MVP4 to
power down the memory controller, the MVP4 first uses
CLKRUN# (the same signal appearing external to the MVP4)
to check to see if the internal graphics controller needs to
access main memory. The graphics controller logic will
detect CLKRUN# high for 2 or 3 PCICLK's and check if
there are any:

Internal buffers not emptied
PCI Master or AGP Master actions pending

If either condition exists, the graphics controller logic will
assert CLKRUN# low for 2 PCICLK'’s to signal the clock
generator to keep PCICLK running.

PME# is not implemented since there are no wake-up
conditions.
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ELECTRICAL SPECIFICATIONS

Absolute Maximum Ratings

Table 13. Absolute Maximum Ratings

Symbol | Parameter Min Max Unit | Notes
Ta Ambient operating temperature 0 70 oc 1
Ts Storage temperature -55 125 oc 1
VN Input voltage -0.5 YL + 10% Volts 1,2
Vour Output voltage -0.5 Ya + 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.Vga. is defined as the )¢ 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. Flat Panel can be 3.3V only.

DC Characteristics
TA = 0-7CPC, VRAIL = VCC +/- 5%, VCORE: 2.5V +/- 5%, GND=0V

Table 14. DC Characteristics

Symbol | Parameter Min Max | Unit | Condition
Vi Input Low Voltage -0.50 0.8 \%
Vi Input High Voltage 2.0 ¥ct+0.5 \%
Voo Output Low Voltage - 0.55 \Y di=4.0mA
Vo Output High Voltage 2.4 - V | dp=-1.0mA
I Input Leakage Current - +/-10 uA OsW¥Vee
loz Tristate Leakage Current - +/-20 UuA 0.5564<Vcc
lec Power Supply Current - mA

AC Timing Specifications
AC timing specifications provided are based on external zero-pf capacitance load. Min/max cases are based on the flllowing tab

Table 15. AC Timing Min / Max Conditions

Parameter Min Max Unit
5.0V Power 4.75 5.25 Volts
3.3V Power 3.135 3.465 Volts
2.5V Power 2.375 2.625 Volts
Temperature 0 70 oc

Drive strength for selected output pins is programmable. See Rx6D for details.

Preliminary Revision 1.0December 9, 1998 140- Electrical Specifications



\'// Ny VT8501 Apollo MVP4

Table 16. AC Characteristics — Clock Timing

Parameter Min Max | Unit | Notes
HCLK Cycle Time 10 ns

HCLK High Time 3.0 ns

HCLK Low Time 3.0 ns

HCLK Rise Time 0.15 15 ns

HCLK Fall Time 0.15 15 ns

HCLK Period Stability +/- 250 ps 1
PCLK Cycle Time 30 ns

PCLK High Time 11 ns

PCLK Low Time 11 ns

PCLK Rise Time 1.2 0.3 ns 2
PCLK Fall Time 1.2 0.3 ns 2

Note 1: Jitter frequency power spectrum peaking must occur at frequencies greater than HCLK/3 or less than 500 KHz.
Note 2. Edge rate = 1-4 V/ns

Table 17. AC Characteristics — Reset Timing

Parameter Min | Max | Unit | Notes
RESET# Low Time after Power Stable 1 ms$
RESET# Low Time after HCLK and PCLK Stable 100 us
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Table 18. AC Characteristics — Host CPU Timing

Parameter Min | Max | Unit |Notes
ADS# Setup Time to HCLK Rising 3.5 ns| Opf
WR# Setup Time to HCLK Rising 3.3 ns
M/10# Setup Time to HCLK Rising 1.7 ns
D/C# Setup Time to HCLK Rising 1.0 ns
HITM# Setup Time to HCLK Rising 3.6 ns
CACHE# Setup Time to HCLK Rising 1.6 ns
LOCK# Setup Time to HCLK Rising 3.1 ns
BE[7:0]# Setup Time to HCLK Rising 2.8 ns
HA[31:3] Setup Time to HCLK Rising 2.5 ns
HD[63:0] Setup Time to HCLK Rising 1.6 ns
ADS# Hold Time from HCLK Rising 0 ns
WR# Hold Time from HCLK Rising 0 ns
MIO# Hold Time from HCLK Rising 0 ns
DC# Hold Time from HCLK Rising 0 ns
HITM# Hold Time from HCLK Rising 0 ns
CACHE# Hold Time from HCLK Rising 0 ns
BE[7:0]# Hold Time from HCLK Rising 0 ns
HA[31:3] Hold Time from HCLK Rising 0 ns
HD[63:0] Hold Time from HCLK Rising 0 ns
BRDY# Valid Delay from HCLK Rising 0.9 1.7 ns
NA%# Valid Delay from HCLK Rising 0.9 1.7 ns
AHOLD Valid Delay from HCLK Rising 0.8 1.7 ns
BOFF# Valid Delay from HCLK Rising 1.0 2.0 ns
EADS# Valid Delay from HCLK Rising 1.2 25 ns
KEN#/INV#  Valid Delay from HCLK Rising 1.0 1.9 ns
BE[7:0]# Valid Delay from HCLK Rising 29 3.6 ns
HA[31:3] Valid Delay from HCLK Rising 1.2 3.8 ns
HD[63:0] Valid Delay from HCLK Rising 0.9 2.2 ns

Table 19. AC Characteristics — L2 Cache Timing
Parameter Min | Max | Unit |Notes
COE# Valid Delay from HCLK Rising 1.8 3.6 ns| Opf
TA[7:0] Valid Delay from HCLK Rising 1.7 4.3 ns
TWE# Valid Delay from HCLK Rising 1.0 2.2 ns
GWE# Valid Delay from HCLK Rising 0.8 1.6 ns
BWE# Valid Delay from HCLK Rising 0.8 1.6 ns
CADS# Valid Delay from HCLK Rising 0.9 1.8 ns
CADV# Valid Delay from HCLK Rising 0.9 1.8 ns
TA[7:0] Setup Time to HCLK Rising 3.7 ns
TA[7:0] Hold Time from HCLK Rising 0.0 ns
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Table 20. AC Characteristics — Memory Interface Timing

Parameter Min | Max | Unit [Notes
RASI[5:0]# Valid Delay from Clock t Rising (EDO) 4.3 ng Opf
CS[5:01# Valid Delay from Clock t Rising (SDRAM) 1.9 ng
CAS[7:0]# Valid Delay from Clock t Rising (EDO) 1.9 ng
DQM[7:0]# Valid Delay from Clock 1 Rising (SDRAM) 1.8 ns
SRAS[AB,C]# Valid Delay from Clock T Rising (SDRAM) 7.4 ng
SCAS[AB,C]# Valid Delay from Clock T Rising (SDRAM) 8.2 ng
SWE[A,B,C}# Valid Delay from Clock t Rising (SDRAM) 8.9 ns
SWE[A,B,Cl# Valid Delay from Clock t Rising (EDO) 5.6 ng
MA[13:2] Valid Delay from Clock T Rising (first clock after RAS# asserts) 5.8 ns
MA[1:0] Valid Delay from Clock t Rising (Burst) 4.2 ns
MD[63:0] Valid Delay from Clock t Rising (EDO / SDRAM Write) 2.9 NS
MD[63:0] Setup Time before Clock T Rising (SDRAM Read) 1{7 ns
MD[63:0] Hold Time after Clock T Rising (SDRAM Read) 0.4 ng

T Note: Memory system timing may be programmed to be synchronous with either the CPU (66 / 100 MHz) or the internal AGP
bus (66 MHz).
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Table 21. AC Characteristics - PCI Bus Cycle Timing

Parameter Min |Max [Unit [Notes
AD[31:0] Setup Time to | PCLK Rising 7 ns| 50pf
CBE[3:0]# Setup Time to | PCLK Rising 7 ns
FRAME# Setup Time to | PCLK Rising 7 ns
TRDY# Setup Time to | PCLK Rising 7 ns
IRDY# Setup Time to | PCLK Rising 7 ns
STOP# Setup Time to| PCLKRising 7 ns
DEVSEL# Setup Time to | PCLK Rising 7 ns
REQI[3:0]# Setup Time to [ PCLK Rising 12 ns
ADJ[31:0] Hold Time  from | PCLK Rising 1 ns
CBE[3:0]# Hold Time  from| PCLK Rising 1 ns
FRAME# Hold Time  from| PCLK Rising 1 ns
TRDY# Hold Time  from| PCLK Rising 1 ns
IRDY# Hold Time  from | PCLK Rising 1 ns
STOP# Hold Time  from| PCLK Rising 1 ns
DEVSEL# Hold Time  from| PCLK Rising 1 ns
REQ[3:0]# Hold Time  from| PCLK Rising 1 ns
AD[31:0] Valid Delay from | PCLK Rising (Address Phase) 2 1 ng
AD[31:0] Valid Delay from | PCLK Rising (Data Phase) 2 1] n$
CBE[3:0]# Valid Delay from| PCLK Rising 2 11 ns
FRAME# Valid Delay from| PCLK Rising 2 11 ns
TRDY# Valid Delay from | PCLK Rising 2 11 ns
IRDY# Valid Delay from | PCLK Rising 2 11 ns
STOP# Valid Delay from| PCLK Rising 2 11 ns
DEVSEL# Valid Delay from| PCLK Rising 2 11 ns
GNTI[3:0]# Valid Delay from| PCLK Rising 2 11 ns
CBE[3:0]# Float Delay from| PCLK Rising 2 11 ns
FRAME# Float Delay from| PCLK Rising 2 11 ns
TRDY# Float Delay from| PCLK Rising 2 11 ns
IRDY# Float Delay from| PCLK Rising 2 11 ns
STOP# Float Delay from PCLK Rising 2 11 ns
DEVSEL# Float Delay from{ PCLK Rising 2 11 ns
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Table 22. AC Characteristics — Video Interface Timing

Parameter Min | Max | Unit [Notes
VIDD[15-0] Valid Delay from VIDCLK Rising 0.5 | 10.0 ns| Opf
VIDHS Valid Delay from VIDCLK Rising 50| 10.0 ns| Opf
VIDVS Valid Delay from VIDCLK Rising 50| 10.0 ns| Opf
VIDCLK Cycle Time 35 ns | Opf
VIDD[15-0] Setup Time before VIDCLK Rising 5.0 ns| Opf
VIDHS Setup Time before VIDCLK Rising 5.0 ns| Opf
VIDVS Setup Time before VIDCLK Rising 5.0 ns| Opf
VIDDJ[15-0] Hold Time after VIDCLK Rising 0.0 ns | Opf
VIDHS Hold Time after VIDCLK Rising 0.0 ns| Opf
VIDVS Hold Time after VIDCLK Rising 0.0 ns | Opf
Table 23. AC Characteristics — TV Interface Timing
Parameter Min | Max | Unit [Notes
TVDI[7-0] Valid Delay from TVCLK Rising 0.5 10.0 ns| Opf
TVHS Valid Delay from TVCLK Rising 50| 10.0 ns| Opf
TVVS Valid Delay from TVCLK Rising 50| 10.0 ns| Opf
TVCLK Cycle Time 35 ns | Opf
Table 24. AC Characteristics — Panel Interface Timing

Parameter Min | Max | Unit [Notes
PD[23-0] Valid Delay from HCLK Rising 3.0 ns| Opf
SHFCLK Valid Delay from HCLK Rising 3.0 ns| Opf
DE Valid Delay from HCLK Rising 3.0 ns| Opf
LP Valid Delay from HCLK Rising 3.0 ns| Opf
FLM Valid Delay from HCLK Rising 3.0 ns | Opf
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Figure 9. Mechanical Specifications - 492-Pin Ball Grid Array Package
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