64300 / 301

Wingine® DGX

Data Sheet

November 1993

P R E L I M I N A R Y




Copyright Notice
Copyright © 1993 Chips and Technologies, Inc. ALL RIGHTS RESERVED.

This manual is copyrighted by Chips and Technologies, Inc. You may not reproduce,
transmit, transcribe, store in a retrieval system, or trandate into any language or
computer language, in any form or by any means, electronic, mechanical, magnetic,
optical, chemical, manual, or otherwise, any part of this publication without the express
written permission of Chips and Technologies, Inc.

Restricted Rights L egend

Use, duplication, or disclosure by the Government is subject to restrictions set forth in
subparagraph (c)(1)(ii) of the Rights in Technical Data and Computer Software clause at
252.277-7013.

Trademark Acknowledgement

CHIPS Logotype, CHIPSlink, CHIPSPort, ELEAT, LeAPSet, NEAT, NEATsX, PEAK,
SCAT, and Wingine are registered trademarks of Chips and Technologies, Inc.

PrintGine, SuperState, SuperMath, SuperMathDX, WinPC and XRAM are trademarks of
Chips and Technologies, Incorporated.

IBM®, AT, XT, PS/2, Micro Channel, Enhanced Graphics Adapter, Color Graphics
Adapter, Video Graphics Adapter, IBM Color Display, and IBM Monochrome Display are
trademarks of International Business Machines Corporation.

Herculesis atrademark of Hercules Computer Technology.

MS-DOS and Windows are trademarks of Microsoft Corporation.

MultiSync is atrademark of Nippon Electric Company (NEC).

Brooktree is atrademark of Brooktree Corporation.

Inmos s atrademark of Inmos Corporation.

TRI-STATE® isaregistered trademark of National Semiconductor Corporation.
VESA isatrademark of Video Electronics Standards Associations.

VL-Busisatrademark of Video Electronics Standards Associations.

Disclaimer

This document is provided for the general information of the customer. Chips and
Technologies, Inc., reserves the right to modify the information contained herein as
necessary and the customer should ensure that it has the most recent revision of the data
sheet. CHIPS makes no warranty for the use of its products and bears no responsibility
for any errors which may appear in this document. The customer should be on notice that
the field of personal computers is the subject of many patents held by different parties.
Customers should ensure that they take appropriate action so that their use of the products
does not infringe upon any patents. It is the policy of Chips and Technologies, Inc. to
respect the valid patent rights of third parties and not to infringe upon or assist others to
infringe upon such rights.



Chips and Technologies, Inc. Title: 64300/ 301 Data Sheet
2950 Zanker Road

San Jose, California 95134

Phone: 408-434-0600 Publication No.: DS167.2
Telex: 272929 CHIPS UR Stock No.: 010167-003
FAX: 408-434-0412 Revision No.: 1.2



64300/ 301
Wingine® DGX
DRAM Graphics Accelerator

m High performance accelerator for computer |
graphic intensive applications, such as graphical
user interface, word processor, spreadsheet and

CAD/CAM programs.

m XRAM™ Technology (Patent Pending)

(64300 only)

m The 64300 / 301 are identical except for one
feature: the 64301 does not include XRAM

technology

m  Optimized interface to multiple bus architectures:

« VESA Local Bus (32-Bit)

» 386D X and 486SX/DX Loca Bus (32-Bit) [ ]

* |SA Peripheral Bus (16-Bit)
m Three Operand BITBLT

* Supports all 256 logical combinations of ]

Source, Destination and Pattern

Hardware Assisted Line Draw
64x64x2 Hardware Cursor
32-Bit Color Expansion

2MB selectable)

Zero Wait State Peripheral Bus Operation
Direct linear mapping to system memory (up to ™

m A complete high performance local bus graphics ™
system requires only the addition of DRAM and

BIOS
m Full VGA compatibility

Supports the VESA Display Power Management
Signaling (DPMYS) Protocol for desktop computer
power management

RAMDAC power-down and programmable clock
provide additional power management capability

Supports a wide variety of monitor resolutions
and color depths (bits per pixel):

* 640x480, 4bpp to 24bpp
 800x600, 4be to 16be
* 1024x768, 4bpp to 16bpp
* 1280x1024, 4bpp to 8bpp

Integrated RAMDAC

» Up to 16.7 Million Colors (24 bits per pixel)
» 256x18 LUT

Integrated Clock Synthesizer

* Programmable MCLK up to 72MHz
 Programmable PCLK up to 85MHz

Flexible display = memory  configurations
supporting 512K B to 2MB:

* Four, eight or sixteen 256Kx4 DRAMs
* One, two or four 256Kx16 DRAMs

Support for Color Key and video overlay with
external video datainput

'Flash" ROM support for in-circuit BIOS
upgrades

208-pin PFP pinouts optimized for PCB layout

IMBIt/2MBit

gg ~|Address RGB———— ToCRT
~ ~|Data H/V Sync Display
ROM 64300 / 301
~| Control
16 or 32 4
System —
Interface Display Memory XRAM (64300 only)

(512KB - 2MB)

(optional)

System Diagram
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I ntroduction

The 64300 / 301 Wingine® DGX combines three
powerful elements amed a addressing the
requirements of mainstream desktop PC designs. 1)
state of the art techniques for optimizing
performance in computer graphic intensive
applications, graphical user interfaces (GUI) and
operating systems, such as Windows; 2) cost saving
features such as integrated palette DAC and clock
synthesizer, integrated support for multiple bus
interfaces and flexible DRAM-based display
memory configurations; and 3) differentiating
factors such as optional XRAM Accelerator Cache
(64300 only), desktop computer  power
management, Flash ROM support, linearly mapped
display memory, and Multimedia support for color
key and video overlays.

PERFORMANCE
XRAM Accelerator Cache (64300 only)

The XRAM Accelerator Cache (patent pending) isa
breakthrough in performance technology. By using
one standard 256Kx4 Fast Page DRAM, a
proprietary algorithm implemented in the 64300
significantly increases graphics system
performance. The result is performance never
before achieved in standard DRAM-based graphics
architectures. For added flexibility, the XRAM
Accelerator Cacheis optional.

L ocal Bus

To address the requirement of high performance
(particularly in GUI  environments) while
maintaining a cost effective bill of materials for the
graphics system, the 64300 / 301 offers the
industry's most optimized price/performance/feature
mix. A variety of industry standard 32-bit local bus
interfaces are integrated on chip, including: VESA
Local Bus (VL-Bus), 386DX and 486SX/DX CPU
buses. The key is that local bus interfaces are 32-
bit wide. This means full local bus performance
potential is realized and no externa TTL devices
are required for multiplexing or demultiplexing bus
signals. In addition to local bus support, ISA /
EISA standard peripheral buses are also supported.

Scalability

A benefit provided by the 64300 XRAM
technology is scalability. When a system's host
CPU is upgraded (e.g. from a 486DX-25 to a
486DX-33 or from a 486DX-33 to a 486D X2-66)
the 64300 Wingine DGX performance will scale
with the processor and a significant improvement
will be observed in the display. Other DRAM-
based graphics accelerators gain some degree of
performance which, while measurable, is not as
significant nor as noticeable on the display.

Misc Hardware Cursor Clock
Control Synthesizer
Linear Frame Buffer
> CRT
CPU+——— %:t?;eus BitBLT RAMDAC
VGA
ROM Live Video Video
Control Display Memory Overlay [le———1 Windowing
Interface Controller
A Y (PC-Video™
*
Display Memory| [ XRAM (64300 only)
512K, 1M, 2M 1MBIt/2MBit
DRAM (optional)
(' 64300/ 301 Internal Block Diagram h
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Acceleration Features

Several functions traditionally performed by
software have been implemented in hardware to
further improve performance.  Three-Operand
BITBLT logic supports al 256 logical
combinations of Source, Destination and Pattern.
Line drawing is accelerated with hardware
assistance. A programmable-size 64x64x2
hardware cursor alows flexible cursor size and
flicker free cursor display. The presence of the
hardware cursor frees software from continuously
generating the cursor image on the display. A 32-
Bit Color Expansion engine allows the host CPU to
transfer monochrome "maps" of color images over
the system bus at high speeds to the 64300 / 301,
which decodes the monochrome images into their
color form.

For ISA implementations, the 64300 / 301
additionally supports Zero Wait State memory
acCesses.

COST OPTIMIZATION
High Integration

The 64300 / 301 integrates a Graphics Accelerator
Engine together with a True-Color palette DAC and
clock synthesizer. The integrated palette DAC
supports 24-Bit direct color and features a 256x18
LUT. The integrated dual clock synthesizer alows
full programmability of MCLK (memory clock) and
PCLK (pixel clock). The integrated clock
synthesizers support frequencies from 390KHz to
120MHz.

DRAM Display Memory

The 64300 / 301 supports from 512KB to 2MB of
DRAM display memory. Both 256Kx4 and
256K x16 Fast Page Mode DRAM organizations are
supported. Display memory is linearly mapped up
to 2MB, simplifying development of device drivers
and optimizing driver performance.

DIFFERENTIATING FEATURES

The 64300 / 301 True-Color GUI Accelerator
permits a high degree of differentiation at low cost.
For example, in the 64300 the XRAM Accelerator
significantly increases performance for the price of
one standard 256Kx4 DRAM (for 1MByte video
memory systems). However, the ability to
differentiate does not end there. The VESA display
power management signalling (DPMYS) standard is
supported, enabling stand-by, suspend, and "off"
power saving modes. Color Key and video overlay
are supported for optimal Multimedia applications.

Flash ROMs (PEROMs) are supported for in-
system BIOS upgrades. Pinouts are optimized for
PCB board layout such that a 64300 / 301 GUI
accelerator design can be implemented in less than
9 square inches (5800 sg mm). Additionally, the
64300 / 301 offers integrated palette DAC and dual
clock synthesizer, but also allows use of these
devices externally. The package may be checked
for correct insertion viaitsin-circuit test features.

DESKTOP POWER MANAGEMENT

The 64300 / 301 supports the VESA DPMS
(Display Power Management Signalling) protocol.
This includes the ability to independently stop
HSYNC or VSYNC and hold them at a static level.
Additionally the RAMDAC may be powered-down
and the clock frequencies lowered for further power
savings.

MINIMUM CHIP COUNT / BOARD SPACE

The 64300 / 301 was designed to integrate as many
functions as economically possible to minimize
chip count and board space. The 64300 / 301
integrates a VGA core, True-Color palette DAC,
and dua programmable clock synthesizer and
employs separate address and data buses so that no
external buffers are required (VL-Bus).

Using the 64300 / 301, a complete 32-bit, VGA-
compatible, local bus GUI accelerator design for
motherboard applications can be built with just 2
ICs, including display memory, as shown in the
following bill of materialstable:

Qty Chip Type
1 64300/ 301 Wingine DGX
1  256Kx16 Fast Page Mode DRAM

2 Totd

For add-in board applications, external bus drivers
may be required for additional signal drive and a
PEROM may be required for BIOS storage.
Improved performance or other optional features
may require implementation of more than one
memory chip. In the 64300, the XRAM
Accelerator Cache option, for example, would add a
single 256K x4 Fast Page Mode DRAM to the above
bill of materials.

DISPLAY MEMORY INTERFACE

The 64300 Wingine DGX can employ multiple
display memory configurations providing the OEM
with flexibility to use it in several designs with dif-
fering cost and performance criteria.
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The 64300 / 301 supports the following display
memory configurations using Fast Page Mode
DRAMs:

One 256Kx16 DRAM (512 KBytes)
Four 256K x4 DRAMSs (512 KBytes)
Two 256Kx16 DRAMs (1 MByte)
Eight 256K x4 DRAMSs (1 MByte)
Four 256K x16 DRAMs (2 MBytes)
m  Sixteen 256Kx4 DRAMSs (2 MByte)

In the 64300 performance is significantly improved
when optional memory is added to support the
XRAM. For 1MByte configurations one additional
256K x 4 DRAM is required. For 2MByte
configurations, two 256K x 4 DRAMSs are required.
In al configurations the 64300 / 301 supports all
standard VGA display modes.

The entire display memory (512 KBytes to 2
MBytes) is aways available to the CPU in regular
four-plane mode, chained two-plane mode, and
super-chained one-plane mode.

Display memory control signals are derived from
the memory clock (MCLK) input.

The 64300 / 301 serves as a DRAM controller for
the system's display memory. It handles DRAM re-
fresh, fetches data from display memory as required
to refresh the screen, interfaces the CPU to display
memory and supplies all necessary DRAM control
signals. For VGA compatibility, the display
memory is arranged as four planes of 64 KBytes
each. Each planeis eight bits wide for a total of 32
bits. All planes share a common address bus. Each
plane has a separate CAS signal and share a
common write enable (except when using 256K x
16 DRAMs with 2 WE# / 1 CAS# which separates
byte accesses based on WE#). Planes 0/1 and 2/3
have separate RAS signas which operate
independently only when in text modes. In 2MByte
configurations the second bank is a duplicate of the
first with an additional set of CAS control signals.

CPU BUSINTERFACE

The 64300 / 301 provides on-chip support for
interface to VESA Local Bus (VL-Bus), 486 SX
Local Bus, 486 DX Loca Bus, 386 DX Local Bus,
and EISA/ISA Bus. Strap options allow the user to
configure the chip for the type of interface desired.
Control signals for all interface types are integrated
on chip. Support is provided for 8-bit, 16-bit, and
32-bit cycles for both memory and /0. All
parameters necessary to ensure proper operation in
these various environments are handled in a fashion
transparent to the CPU. These include interna
decoding of al memory and I/O addresses, bus
width trandations, and generation of the necessary
control signals. In ISA/EISA bus implementations
the 64300 / 301 must be placed in a 16-bit slot for

proper operation. The 64300 / 301 also provides a
linear addressing' feature which alows display
memory to be accessed in any area of upper
memory up to 2MB in size.

DISPLAY INTERFACE

The 64300 / 301 supports high resolution fixed
frequency and variable frequency analog monitors
in interlaced and non-interlaced modes of operation.

The 64300 / 301 supports resolutions up to
1280x1024 pixels with 256 colors or 1024x768
pixels with 65K colorsin a2 MB display memory
configuration and supports Super-VGA resolutions
such as 640 x 480 16.7M colors, 800x600 65K
colors, and 1024x768 256 colors in IMB display
memory configurations.

FULL COMPATIBILITY

The 64300/ 301 is fully compatible with the IBM ™
VGA standard at the hardware, register, and BIOS
level. Mode initialization is supported at the BIOS
and register levels, ensuring compatibility with all
application software.

Write Protection

The 64300 / 301 has the ability to write protect the
overscan or border color for European ergonomics
display requirements.

Extension Registers

The 64300 / 301 employs an "Extension” Register
set to control its enhanced features. These
Extension Registers provide control of the CRT
parameters for extended modes and control of the
additional hardware features in the 64300 / 301.
These registers are aways accessible as an
index/data register set at 1/0 port addresses 3D6-
3D7h. None of the unused bits in the regular VGA
registers are used for extensions. There are also 32-
bit registers (DRXX) which control the BitBIt
engine and hardware cursor.

Context Switching

For support of multi-tasking, windowing, and
context switching, the state of the 64300 / 301
(internal registers) is readable and writable. This
feature is fully compatible with IBM's VGA.
Additional registers are provided to allow read back
of internal latches not readablein the IBM VGA.
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RESET, SETUP, AND TEST MODES
Reset Mode

When this mode is activated by pulling the RESET
pin high, the 64300 / 301 is forced to VGA-
compatible mode and is disabled. It must be ena-
bled after deactivating the RESET pin by writing to
the Global Enable Register (46E8h). The RESET
pin must be active for at least 1.5us for the 64300 /
301 to enter a stable state.

Setup Mode

In this mode, only the Global Enable register is
accessible.

Setup mode is entered by writing a 1 to bit-4 of port
46E8h. This port is incorporated in the 64300 /
301. While in Setup mode, the video output is
active if it was active prior to entering Setup mode
and inactive if it was inactive prior to entering
Setup mode.

After power up, video BIOS can optionally disable
the video 46E8h register (via XR70) for compati-
bility in case other non-IBM-compatible peripheral
devices use those ports.

Tri-State M ode

In this mode, most output pins of the 64300 / 301
chip may be disabled for testing of circuitry
external to the chip. The 64300/ 301 will enter Tri-
State mode during RESET. The 64300 / 301 will
exit Tri-State mode when RESET goes inactive.

Pin 59 Pin 60

G

ICT (In-Circuit Test) Mode

In this mode, pins on the 64300 / 301 chip may be
tested individually to determine if they are properly
connected. The 64300 / 301 will enter ICT mode
when RESET is active (high) and MBD15 (pin 58)
is low as shown below. In ICT mode, al digital
signal pins except WE#, XA4:1 and MA4:1 become
inputs which are part of a long path starting at pin
59 (MDD6) and proceeding around the chip to pin
56 (OE#). On the 64301, XWE pin 134 is ado not
connect and thus is not part of the ICT test path.
ICT mode tests all pins except XTALO, RED,
GREEN, BLUE, COMP, RSET, XA4:1, MA4:1,
LCLK, MCLK, VCC and GND. All other pins are
part of aNAND ring as shown below. The result of
the NAND ring is output on pin 57 (WE#). A
typical test environment will place all test ring input
pins at a logical high level after enabling the test
ring with RESET high and MBD15 low. Pinsinthe
test ring (starting at pin 59 and moving counter-
clockwise around the chip) are sequentially brought
low. Upon each high to low transition, the output
of the test ring (pin 57) should toggle.

Warning: This method is subject to change on
future revisions of the 64300/ 301. Alwaysrefer to
the most current data sheet for this device.

Pin 61 Pin 56

>

Pin 58 {>o :) jc

B B

(4

T T
=

2/

( 64300/ 301 NAND Test Ring '
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CHIP ARCHITECTURE

The 64300 / 301 integrates eight major internal
modules:

Sequencer

The Sequencer generates al CPU and display
memory timing. It controls CPU access of display
memory by inserting cycles dedicated to CPU
access. It also contains mask registers which can
prevent writes to individual display memory planes.

CRT Controller

The CRT Controller generates al the sync and
timing signals for the display and also generates the
addresses used for both display refresh and CPU
access of display memory.

Graphics Controller

The Graphics Controller interfaces the 16 or 32-bit
CPU data bus to the 32-bit internal data bus used by
the four planes (Maps) of display memory. It also
latches and supplies display memory data to the
Attribute Controller for use in refreshing the screen
image. For text modes this data is supplied in
parallel form (character generator data and attribute
code); for graphics modes it is converted to seria
form (one bit from each of four bytes form a single
pixel). The Graphics Controller can also perform
any one of several types of logical operations on
data while reading it from or writing it to display
memory.

Attribute Controller

The Attribute Controller generates the 4-bit-wide
VGA video data stream used to refresh the display.
Thisis created in text modes from afont pattern and
an attribute code which pass through a parallel to
serial conversion. In graphics modes, the display
memory contains the 4-bit pixel data. In text and
16 color graphics modes the 4-bit pixel data acts as
an index into a set of 16 internal color look-up
registers which generate a 6-bit color value. Two
additional bits of color data are added to provide an
8-bit address to the VGA color palette. In 256-
color modes, two 4-bit values may be passed
through the color look-up registers and assembled
into one 8-bit video data value. In high-resolution
256-color modes, an 8-bit video data value may be
provided directly, bypassing the attribute controller
color lookup registers. Text and cursor blink,
underline and horizontal scrolling are also the
responsibility of the Attribute Controller.

VGA Color Palette/DAC

The 64300 / 301 integrates an industry standard
VGA-compatible palette DAC for support of
analog-output CRT displays.

The on-board VGA color palette contains a pixel
mask register, 256x18 color lookup table (LUT),
and triple 8-bit DACs for driving anaog CRTs
directly. The 'LM339" comparator function is
implemented internally to generate the SENSE
signal. The voltage reference for the internal DACs
is also implemented on-chip.

True Color Support

Each DAC analog output provides 8-bit resolution
(256 shades of color on each of the analog R, G,
and B outputs). The internal DAC supports
generation of 15 bit/pixel TARGA format (5R + 5G
+ 5B + 1 unused), 16 bit/pixel (5R + 6G + 5B), and
24bpp (8R + 8G + 8B) graphics output to analog
CRT displays. 15bpp (also caled '555'" mode) is
compatible with Sierra RAMDACs and 16 bpp
(also called '565' mode) is compatible with XGA
high-color mode.

BitBIt Engine

The BitBIt engine performs awide range of tasksin
graphics modes. In its simplest form it transfers
blocks of data from one area of the screen to
another without CPU supervision. It isalso capable
of performing address generation for system to
screen transfers.  All 256 Microsoft Windows
Raster Operations are supported. It may also be
used for font and monochrome bitmap expansion to
full color depth from bitmaps stored in either
system memory or display memory. The BitBIt
engine contains a Windows compatible
monochrome or full color (8x8) pattern register and
a 3-operand logical raster operation block. The
BitBIt engine is controlled by a set of 32-bit wide
registers.
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Har dwar e Cur sor

Hardware cursors are commonly used in windowing
environments such as OS2, X-Windows, and
Microsoft Windows. The 64300 / 301 incorporates
a 64x64x2 hardware cursor for support of these
environments. The format isan AND plus an XOR
plane which select between transparency, highlight
(invert), and two user definable colors. The cursor
RAM may aso be divided up into quarters
supporting storage for up to four cursors
simultaneously. This has the advantage of allowing
pseudo-dynamic cursor icons (rotating cartwheels,
sand falling through an hourglass, etc.) and aso
eliminates the flashing which may occur when the
active cursor's shape and position (hotspot) change
simultaneously.

Clock Synthesizer

A dua programmable clock synthesizer complete
with charge pumps and filters is integrated into the
64300/ 301. On reset the clock synthesizer defaults
to VGA compatible values. It requires a
14.31818MHz crystal or oscillator input to generate
a reference frequency. If a crystal is used it does
not require other passive components externally (no
additional resistors or capacitors). Both clocks are
programmable to function across the full specified
operating range of both PCLK and MCLK.

CONFIGURATION SWITCHES

The 64300 / 301 can read up to sixteen configura-
tion bits. These signals are sampled on memory
data bus bits MAD15:0 on the faling edge of
RESET. The state of MAD1:0 on RESET deter-
mines the bus interface type. MAD?2 is currently
undefined. In ISA interffaces MAD3 chooses
between MCLK and MCLK+2 for the internal Host
Clock (HCLK). MAD4 determines where the video
and memory clocks are located (internal or
external). If the internal clock synthesizer is
selected, MAD5 determines if the reference is
connected to a crystal or TTL oscillator input.
MADG6 determines if the local bus controller
expects a tri-state LDEV# signal or a straight
unlatched decode. In VL-Bus mode MAD7
determines if the cache controller owns the RDY #
signal during the first T2 of a local bus cycle. In
ISA bus mode MAD7 chooses between an external
HCLK or internal HCLK (see MAD3). All eight
bits of the lower configuration byte (on MAD7:0)
are latched into an extension register (XR01) on
RESET so software may determine the hardware
configuration.

A second configuration byte is latched on reset
from MAD15:8 and may beread in XR74. These

bits have no interna hardware function and may be
used for any desired purpose by software.

Memory data lines MAD15:0 for the corresponding
bits must be externally connected to 47KW pullups
or pulldowns (or driven to the desired O or 1 level
while RESET is high) so that they may be latched
on the faling edge of RESET. The 64300 / 301
does not implement pullup or pulldown resistors on
these pinsinternally.

GENERAL PURPOSE I/O

There are five general purpose 1/0 (GPIO) pins
which are controlled via XR71 and XR72. Severa
of these pins are multiplexed with optional
functions such as external clock synthesizer and
feature connector support. If these features are not
used then the corresponding pins may become user
definable I/0O pins. Additional features can be
added to the 64300 / 301 by using these pins. These
features include; reading the IBM monitor 1D bits,
controlling the programming voltage on a Flash
ROM device, or as an interface to a serial Non-
Volatile Memory (EEPROM).

CLOCK SELECTION

The 64300 / 301 will typically be configured to use
its internal clock synthesizer. On RESET the
internal MCLK is set to 60MHz. A 60MHz MCLK
is within the operational specification for 80ns
DRAMs and is high enough to operate all standard
VGA modes. The fixed Video CLK registers
(Video CLK selects 0 and 1) are set as close as
possible to the standard VGA freguencies
(25.175MHz and 28.322MHz). These are the
required frequencies for VGA compatible designs.
The CLKSEL1.:0 bits in the MISC Status Register
are aso cleared on RESET thus selecting Video
CLKO (25.175MHz). The internal  clock
synthesizer accepts either a TTL 14.31818MHz
oscillator input on XTAL IN or a 14.31818MHz
crystal on its XTAL IN / XTAL OUT pins. The
internal clocks may be programmed to within 0.5%
of any frequency between 10MHz and 80MHz.
Standard video frequencies in this range are
achieved to within the VESA recommended
accuracy.

If an external clock synthesizer is used (e.g.
82C404C) the pixel clock isinput on XTAL IN; the
memory clock on MCLK.

The MCLK frequency is dependent upon the access
speed of the DRAMSs connected to the 64300 / 301.

DRAM's with access times of 60ns are matched
with an MCLK frequency of approximately
72MHz. The maximum video data rate for a given
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MCLK  frequency is approximately  1.2x
(Bytes/sec). Hence the maximum video data rate
for 60ns DRAMs s about 90M Bytes/sec.

BIOSROM INTERFACE

The video BIOS is implemented as an 8-hit
(32Kx8) ROM. Typically a system will shadow the
BIOS in system memory and thus it will only be
read at boot time.

In al ISA and VL-Bus add-on cards the video
BIOS is physically on the card and the BIOS ROM
requires a buffer to drive its data onto the bus. For
ISA bus designs the 64300 / 301 generates control
signals for the BIOS and turns on its external
drivers. In VL-Bus add-in card designs the 64300 /
301 does not respond to BIOS accesses on the VL-
Bus (no DEVSEL# is issued). Rather, the 64300 /
301 monitors accesses on the VL-Bus and performs
the transfers across the ISA bus. This allows byte
alignment tranglation to occur in the system logic
interface rather than requiring four transceivers on
the VL-Bus card. For implementation information
refer to the circuit examples in the Application
Schematics section.

In al motherboard direct processor interfaces it is
presumed that the video BIOS is part of the system
BIOS.

Chips and Technologies, Inc. supplies avideo BIOS
optimized for 64300 / 301 hardware. The BIOS
supports the extended functions of the 64300 / 301,
such as extended resolution modes. It is DPMS
compatible and supports the VESA 'Super VGA'
BIOS mode extensions. The BIOS Modification
Program (BMP) enables OEMs to tailor their
feature set by programming the extended functions.
CHIPS offers the BIOS as a standard production
version, a customized version, or as source code.

FLEXIBLE ARCHITECTURE

The 64300 / 301's flexible architecture enables
OEMs to differentiate their products with enhanced
features. OEMs can design one VGA sub-system
and implement a wide range of features by selecting
the display memory configuration, the XRAM
accelerator option, and a live video overlay option.
A single VGA sub-system design can provide:

m Lowest cost: use one 256Kx16 DRAM (512
KBytes) for aminimum VGA subsystem

m Standard Performance 1MByte subsystem: use
two 256Kx16 DRAMs

m Highest Performance 1IMByte DRAM system:
use two 256K x16 DRAMSs plus a single 256K x4
DRAM for XRAM acceleration

m Extended Resolution: use four 256Kx16
DRAMs plus two 256Kx4 DRAMs for
acceleration

m Add live video via RGB 5-6-5 synchronized
live video window (CHIPS 69001 PC-Video™)

The 64300 / 301 is an excellent option for main
system motherboards which must support a wide
range of processor performance. The 64300, with
its XRAM option, provides a scalability not
available from any other DRAM based video
controller.

PACKAGE

The 64300/ 301 is available in a 208-pin plastic flat
pack (PFP).

APPLICATION SCHEMATIC EXAMPLES

Included in this document are the following appli-
cation schematic examples:

1. BusInterface: 16-bit EISA/ISA Bus
Bus Interface: 32-bit VL Bus

2. Memory Interface: 1, 2,4 256Kx16 DRAMs
2-CASH

Memory Interface: 1, 2, 4 256Kx16 DRAMs
2-WE#

3. CRT/Video Interface: 8-bit Video Output
CRT/Video Interface: 16-bit Video Output

Revision 1.2

13

Preliminary 64300/ 301



Revision 1.2

14

Preliminary 64300/ 301



Pin Diagram
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Pin List - BusInterface

Pin# Type| PU loH loL | Load VL Bus 386 DX ISA Bus
183 In — — — LCLK CLK2X —
162 In — — — RESET RESET RESET
169 1/O 4 4 50 VGARD VGARD VGARD
171 | 1/O —4 4 50 ROMCSH CRESET ROMCSH
170 | 1/O -12 12 50 IRQ9 IRQ9 IRQ9
26 I/O0 -8 8 50 LDEV# LDEV# MEMW#
25 /O -12 12 50 LRDY# LRDY# RDY
24 In — — — RDY RTN# RDYRTN# RFSH#
28 In — — — W/R# W/R# MEMR#
29 In -8 8 50 M/IO# M/IO# AEN
23 In — — — ADSH ADSH ALE
30 In — — — BE1# BE1# BHE#
11 In — — — BE3# BE3# —
41 In — — — BEO# BEO# AO
22 In — — — BE2# BE2# Al
173 In — — — A2 A2 A2
174 In — — — A3 A3 A3
175 In — — — A4 A4 A4
176 In — — — A5 A5 A5
177 In — — — A6 A6 A6
178 In — — — A7 A7 A7
179 In — — — A8 A8 A8
180 In — — — A9 A9 A9
185 In — — — A10 A10 A10
186 In — — — All All All
187 In — — — Al12 Al12 Al12
188 In — — — A13 Al13 A13
189 In — — — Al4 Al4 Al4
190 In — — — A15 A15 A15
191 In — — — A16 A16 A16
192 In — — — Al7 Al7 LA17
193 In — — — A18 A18 LA18
194 In — — — A19 Al19 LA19
195 In — — — A20 A20 LA20
196 In — — — A21 A21 LA21
197 In — — — A22 A22 LA22
198 In — — — A23 A23 LA23
199 In — — — A24 A24 —
200 In — — — A25 A25 —
202 In — — — A26 A26 —
203 In — — — A27 A27 IORD#
204 In — — — A28 A28 IOWR#
205 1/O 12 12 50 A29 A29 Z\WSH
206 @ 1/O -12 12 50 A30 A30 |OCS16#
207 | 1/O 12 12 50 A3l A3l MCSI16#

Note: 10L/IOH are specified in mA; Load is specified in pF; «in'PU' column indicates high value (50KW) internal pullup at RESET
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Pin List - BusInterface

Pin# Type| PU | oH oL Load VL Bus 386 DX | SA Bus
51 I/O -8 8 50 DO DO DO
50 /O -8 8 50 D1 D1 D1
49 I/O -8 8 50 D2 D2 D2
48 1/O -8 8 50 D3 D3 D3
46 /O -8 8 50 D4 D4 D4
45 1/O -8 8 50 D5 D5 D5
43 I/O -8 8 50 D6 D6 D6
42 I/O -8 8 50 D7 D7 D7
40 I/O -8 8 50 D8 D8 D8
39 I/O -8 8 50 D9 D9 D9
37 /O -8 8 50 D10 D10 D10
36 I/O -8 8 50 D11 D11 D11
34 /O -8 8 50 D12 D12 D12
33 I/O -8 8 50 D13 D13 D13
32 1/O -8 8 50 D14 D14 D14
31 /O -8 8 50 D15 D15 D15
21 /O -8 8 50 D16 D16 —
20 /O -8 8 50 D17 D17 —
19 /O -8 8 50 D18 D18 —
18 /O -8 8 50 D19 D19 —
16 /O -8 8 50 D20 D20 —
15 /O -8 8 50 D21 D21 —
13 /O -8 8 50 D22 D22 —
12 /O -8 8 50 D23 D23 —
10 /O -8 8 50 D24 D24 —
9 /O -8 8 50 D25 D25 —
7 /O -8 8 50 D26 D26 —
6 /O -8 8 50 D27 D27 —
4 /O -8 8 50 D28 D28 —
3 /O -8 8 50 D29 D29 —
2 /O -8 8 50 D30 D30 —
1 I/O -8 8 50 D31 D31 —

Note: 10L/IOH are specified in mA; Load is specified in pF; «in'PU' column indicates high value (50KW) internal pullup at RESET
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CHIFS
Pin List - Display Memory Interface
Pin# Type PU lox loL Load Function Alt Pin# TypePU loH loL Load Function Alt
137  Out 8/ 8 50 MAO XAO0 97  1/0 4 4 50 MADO | CFGO
138 Out -16 16 50 MA1 — % 1/0 4 4 50 MAD1 CFG1
%j% 8ug —%g %g 28 Mﬁ% — 95 1/0 -4 4 50 MAD2 CFG2
u - — 94 1/O 4 4 50 MAD3 CFG3
%gg 8”}: —_186 186 gg Mﬁg AS 93  1/0 4 4 50 MAD4 CFG4
u 92 1/0 4 4 50 MAD5 CFG5

153  Out -8 8 50 MA6 XAB

91 1/0 4 4 50 MAD6 | CFG6
154 Out 8 8 50 MA7 XA7
155  Out 8 8 50 MAS XA8 90 1I/O 4 4 50 MAD7 CFG7

85 1/0 4 4 50 MAD8 | CFG8
gg 83: . _182 182 28 ciAsifﬁ# WE_AL# 83 | 1O =4 50| MADIO | CFG10
88 Ou 12 12 50 CASAHO# WEAR#| | o /S =4 2 ) Mabil Credl
87 Out —12/ 12 50 CASBLO# WEBL# 29 1/0 4 4 50 MADI3 CEG13
86 Out —12/ 12 50 CASBHO# WEBH#

78  1/0 4 4 50 MAD14 CFGl14
131 Out —12 12 50 CASAL1# CASAO#
130 Out 12 12 50 CASAH1# CASA1#| | 76  1/O -4 4 50 MAD15 CFGI15
55 Out —12 12 50 CASBL1# CASB1# 75  1/0 4 4 50 MBDO —
54 Out —12/ 12 50 CASBH1# CASBO# 7431 |§8 4 4 58 MBD% —

7 | 4 4 5 MBD —
57 Out —12 12 50 WE# MA9 0 4 4 50 MBD3 —
56 Out -12/ 12 50 OE# — 7110 4 4 50 MBD4 —
140 Out -16 16 50 XAl — 70 1/0 -4 4 50 MBD5 —
144 Out -16 16 50 XA2 — 69 1/0 -4 4 50 MBD6 —
148 Out -16 16 50 XA3 — 68 1/0 4 4 50 MBD7 —
151 Out -16 16 50 XA4 — gg :;8 j i 28 MEBS —
136 | Out 4 4 50 XCASO# — 64 1/O 4 4 50 MBD10 :
135 Out O 4| 4 50 XCASI1# — 62 | 1/O 4 4 50 MBD11L _
134 Out 0 -4 4 50 XWE# — 61 1/O -4 4 50 MBD12 —
boow o Boxem - 1R 218 Ve =
139 1/0 -4 4 50 XDO — -
1311/ 44 50 XD1 — 58  1/0 -4 4 50 MBD15 —
147 | 1/0 4 4 50 XD2 —
150 1/0 4 4 50 XD3 —

Note: 10L/IOH are specified in mA; Load is specified in pF; «in'PU' column indicates high value (50KW) internal pullup at RESET
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Pin Lists

Crmra
Pin List - CRT Interface Pin List - Clock
Pin # TypePU ToH | ToL Load Function | AIT Pin# Type PU ToH oL Load Function|  AIt
127 Out 12 12 50 HSYNC — 182 1/0 -2 2 50 MCLK —
128 Out -12 12 50 VSYNC — 158  In — | —  — | XTALI @ VCLK
105 — — = — RSET — 159  Out -1/ 1] 25| XTALO —
104 — — — — | COMmP — 160 VCC — — — | cvceo —
99 Out R p—— RED — 161 VCC — — — | cvca —
101 Out —  — — | GREEN — 157 GND —  — — CGNDO —
102 Out —  — — | BLUE — 163 GND — | — — | CGND1 —
100 VCC — — — | AVCC —
103 GND —  —  — | AGND —
Pin List - Video Port Pin List - Power and Ground
Pin # Type PU loH| loL [Load Function Alt Pin # TypePU ToH| T'oL [Load Function Alt
125 1/0 -4 4 50 KEY  BLANK# 5 VCC — — | —  BVCC —
124 Out -8 8 50 PCLK — 14 VCC — — | —  BVCC —
107 1/0 -4 4 50 VIDO PO 38 VCC — — | —  BVCC —
108 1/0 -4 4 50 VID1 P1 47 VCC — — | —  BVCC —
109 1/0 -4 4 50 VID2 P2 66 VCC — — | —  MVCC —
110 1/0 -4 4 50 VID3 P3 80 VCC —_ - — IVCC —
111  1/0 -4 4 50 VID4 P4 126 VCC — —  —  Dbvcc —
112 1/0 -4 4 50 VID5 P5 145 VCC — — | —  XVCC —
113  1/0 -4 4 50 VID6 P6 181 VCC — - — IVCC —
114  1/0 -4 4 50 VID7 P7 201 VCC — — | —  RVCC —
116 In — | — 50 VID8 —
117 In — — 50 VID9 — 8 GND — — | —  BGND —
118  In — — | 50 VID10 — 17 GND — — — | BGND —
119 In — | — | 50 | VIDl11 — 27 GND — — — | BGND —
120  In — | — | 50 | VID12 — 35 | GND — — | — BGND —
121 In — — 50  VID13 — 44  GND — — | —  BGND —
122 | In — | — 50 | VID14 — 52 | GND — —  — BGND —
123 In — — 50 VID15 — 63 GND — — | —  MGND —
77 GND — — | — IGND —
98 GND — — | —  MGND —
106 GND — — | —  RGND —
115 GND — —  — DGND —
129 GND — — | — XGND —
141 GND — — | — XGND —
156 GND — — | — XGND —
172 GND — — | —  BGND —
184 GND — — | — IGND —
208 GND — — | —  BGND —
Pin List - General Purpose /O
Pin# 1ypePU [oH oL Load Function Alt
164 1/0 -4 4 50 GPIO2 EVIDEO#
165 1/0 4 4 50 GPIO3 ESYNCH#
166 1/0 -4 4 50 GPIO5 ECLK#
167 1/0 <4 4 50 GPIO6 CSELO
168 1/0 -4 4 50 GPIO7 CSEL1

Note: 10L/IOH are specified in mA; Load is specified in pF; «in'PU' column indicates high value (50KW) internal pullup at RESET
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Pin Descriptions

PIN DESCRIPTIONS

CPU Direct/VL-BusInterface

Pin# Pin Name Type Active Description
51 D00 /O High  System Data Bus.
28 88% :58 E:gﬂ In 32-bit CPU Local Bus designs these data lines
48 D03 1/O High connect directly to the processor datalines. OntheVL-
46 D04 1/O High Bus they connect to the corresponding buffered or
45 D05 1/O High unbuffered data signal.
43 D06 /0 High
42 D07 /O High
40 D08 /0 High
39 D09 /O High
37 D10 /0 High
36 D11 /O High
34 D12 /0 High
33 D13 /O High
32 D14 /0 High
31 D15 /O High
21 D16 /O High
20 D17 /O High
19 D18 /O High
18 D19 /O High
16 D20 /O High
15 D21 /O High
13 D22 /O High
12 D23 /O High
10 D24 /0 High
9 D25 /O High
7 D26 /O High
6 D27 /O High
4 D28 /0 High
3 D29 /O High
2 D30 /O High
1 D31 /O High
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PIN DESCRIPTIONS

CPU Direct/VL-Bus Interface (continued)

Pin# Pin Name Type Active Description

41 BEO# In Low ByteEnableO. Indicatesdatatransfer on D7:DO0 for the
current cycle.

30 BE1# In Low Byte Enable 1. Indicates data transfer on D15:D8 for
the current cycle.

22 BE2# In Low Byte Enable 2. Indicates data transfer on D23:D16 for
the current cycle.

11 BE3# In Low Byte Enable 3. BE3# indicates that datais to be trans-
ferred over the data bus on D31:24 during the current
access.

173 A2 In High  System Address Bus

174 A3 In High

175 A4 In High  In both VL-Bus and 32-bit CPU address interfaces the

176 A5 In High  pinsare connected directly to the bus.

177 A6 In High

178 A7 In High

179 A8 In High

180 A9 In High

185 A10 In High

186 All In High

187 Al2 In High

188 A13 In High

189 Al4 In High

190 A15 In High

191 A16 In High

192 Al7 In High

193 A18 In High

194  A19 In High

195 A20 In High

196 A2l In High

197 A22 In High

198 A23 In High

199 A24 In High

200 A25 In High

202 A26 In High

203 Az27 In High

204 A28 In High

205 A29 In High

206 A30 In High

207 A3l In High
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Pin Descriptions

PIN DESCRIPTIONS

CPU Direct/VL-Bus Interface (continued)

Pin# Pin Name

Type Active

Description

162

RESET

In

High

Reset. Connect directly to the system reset signal. In
direct CPU loca bus interfaces, RESET should be
connected to the system reset which is generated by the
motherboard system logic for all peripherals. It is not
connected to the RESET# pin of the processor.

25

LRDY#

oC

Low

Loca Ready. Driven low during VL-Bus and CPU
local bus cycles to indicate the current cycle should be
completed. Thissigna isdriven high at the end of the
cycle, then tristated. In VESA local bus cycles the end
of the cycleis acknowledged with RDY RTN#.

24

RDYRTN#

Low

Handshaking signal in the VL-Bus interface indicating
synchronization of RDY# by the local bus
master/controller to the processor. Upon receipt of this
HCLK synchronous signal the 64300 / 301 will stop
driving the bus (if aread cycle was active) and terminate
the current cycle. For processor interfaces other than
VL-Bus the RDYRTN# pin should be connected to
LRDY#.

26

LDEV#

Out/OC

Low

In VL-Bus and CPU local bus interfaces indicates that
the 64300 / 301 owns the current cycle based on the
memory or |/O address which has been broadcast. It
may be an output buffer or an open collector driver
sharing a common control signal with other local
devices.

23

ADSH

Low

InVL-Bus and CPU local businterfacesindicates valid
address and control signal information is present. Itis
used for al decodes to indicate the start of abus cycle.

29

M/IO#

Both

In VL-Bus and CPU loca bus interfaces indicates
memory or 1/O cycle: 1 = memory, 0 = 1/0. It is
sampled on the rising edge of the (internal) 1x CPU
clock when ADS# is active.

28

W/R#

Low

This control signal indicates awrite (high) or read (low)
operation. It is sampled on the rising edge of the
(internal) 1x CPU clock when ADS# is active.

169

VGARD

Out

High

In interfaces requiring external bus drivers, controls the
direction of bi-directional transceivers, 0 = VGA write
or other bus transaction, 1 = VGA read (Drive trans-
ceiverson to bus).
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Pin Descriptions

PIN DESCRIPTIONS

CPU Direct/VL-BusInterface (continued)

Active Description

Local Clock. InVL-Busand CPU local bus interfaces
it is connected to the CPU 1x clock. Most 386DX, and
all 486 chipsets generate the required 1x clock. Note
that the frequency of LCLK must be less than or equal
to the internal memory clock:

flok £ fmerk

Frame Interrupt Output. Interrupt polarity is program-
mable. Set when interrupt on VSYNC is enabled.
Cleared by reprogramming register 11h in the CRT
Controller. See a'so XR14 bit-7.

Pin# Pin Name Type
183 LCLK In Both
170 IRQ# (IRQ) Out Both
171 ROMCSH# Out Low

For VL-Busadd-on cardsindicatesvalid ROM accessin
memory address range 00C0000-00C7FFFh. Note that
the 64300 / 301 does not respond with LRDY#. It is
expected that if aROM isimplemented it will transfer its
data across the ISA bus. This permits the I1SA
controller to handle the byte steering to the CPU. For
direct interface planar designs not requiring a VGA
ROM simply do not connect this pin.
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Pin Descriptions

PIN DESCRIPTIONS

| SA BusInterface

Pin# Pin Name Type Active Description
51 D00 /O High  System Data Bus.
50 D01 /O High
49 D02 /O High  The 64300 / 301 data bus should be buffered using
48 D03 /1O High  74LS245 bus drivers to meet the required drive level of
46 D04 /O High  thelSA bus.
45 D05 /O High
43 D06 /O High
42 D07 /O High
40 D08 /O High
39 D09 /O High
37 D10 /O High
36 D11 /O High
34 D12 /O High
33 D13 /O High
32 D14 /O High
31 D15 /O High
21 n/c Do Not Connect
20 n/c (Do not connect any signals to these pins. They are
19 n/c used internally for other purposes.)
18 n/c
16 n/c
15 n/c
13 n/c
12 n/c
10 n/c
9 n/c
7 n/c
6 n/c
4 n/c
3 n/c
2 n/c
1 n/c
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\-"'F: Pin Descriptions
PIN DESCRIPTIONS | SA BusInterface (continued)
Pin# Pin Name Type Active Description

41 A0 In High  System Address Bus

22 Al In High

173 A2 In High  For the ISA bus interface the system address pins are
174 A3 In High  connected directly to the respective | SA bus signal.
175 A4 In High

176 A5 In High

177 A6 In High

178 A7 In High

179 A8 In High

180 A9 In High

185 A10 In High

186 All In High

187 Al12 In High

188 A13 In High

189 Al14 In High

190 A15 In High

191 A16 In High

192 LA17 In High

193 LA18 In High

194 LA19 In High

195 LA20 In High

196 LA21 In High

197 LA22 In High

198 LA23 In High

11 n/c Do Not Connect

199 nlc

200 n/lc

202 nlc

183 nlc

30 BHE# In Low ByteHighEnable. Indicatesvalid datato betransferred

on D15:8 during current cycle.

205 ZWSH oC Low Zero Wait State. Indicates that the current 16-bit 1SA
bus memory cycle may be terminated. This pin should
be connected to the OWS# signal on the ISA bus.

206 10CSsl16# oC High  1/0O Select 16. Indicates that the 64300 / 301 is capable
of handling a 16-bit 1/0 cycle at the current address.
This pin should be connected to the I/O CS16# signal.

207 MCSsle# oC High  Memory Select 16. Indicates that the 64300 / 301 is
capable of handling a16-bit memory cycleat the current
address. This pin should be connected to the MEM
CS16# signal.
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Pin Descriptions

PIN DESCRIPTIONS

| SA BusInterface (continued)

Pin# Pin Name

Type Active

Description

162

RESET

In High

Reset. Connect directly to the ISA reset signal (RESET
DRV).

25

RDY#

OC  High

Ready. Driven low during a 64300 / 301 cycle to
indicate that the current cycle should be extended (not
ready). This pin should be connected to the 1/O CH
RDY# signa on the ISA bus.

24

RFSH#

In Low

Refresh. Indicates that the current memory read access
isarefresh cycle.

23

ALE

In High

Address Latch Enable. Indicates a valid address
available on LA23:17 and SA16:0. Internaly thisis
used to transparently latch the unlatched addresses
LA23:17. The SA16:0 addresses are not latched.

28

MEMR#

In Low

Indicates a Memory Read cycle. This pin should be
connected to the MEMR# signal on the 16-bit ISA bus
extension.

26

MEMW#

In Low

Indicates a Memory Write cycle. This pin should be
connected to the MEMW# signal on the 16-bit ISA bus
extension.

203

|ORD#

In Low

Indicates an I/O Read Cycle. This pin should be
connected to the IOR# signal on the ISA bus.

204

|IOWR#

In Low

Indicates an 1/0O Write Cycle. This pin should be
connected to the IOW# signal on the ISA bus.

169

VGARD

Out High

VGA Read. Indicatesthat a 64300 / 301 register, VGA
display memory, or the VGA ROM BIOS is being read
during the current cycle. This signal may be used to
control the direction of data bus transceivers (eg.
741.S245) which are driving the |SA data bus.

29

AEN

In High

Address Enable. Defines a vaid (non-DMA) 1/0
address.

0=Valid /O address

1=Invalid I/O address (DMA active)

170

IRQ#

Out Both

Frame Interrupt Output. Interrupt polarity is program-
mable. Set when interrupt on VSYNC is enabled.
Cleared by reprogramming register 11h in the CRT
Controller.

171

ROMCSH#

Out Low

For ISA add-on cards indicate valid VGA ROM access
in memory address range 00C0000-00C7FFFh. It is
gualified with the address only. ROM data must share
the low byte ISA data bus transceiver with the 64300 /
301. See schematic examples for implementation.
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Pin Descriptions

PIN DESCRIPTIONS

Display Memory Interface

Pin# Pin Name Type Active Description

137  MAO (XAO0) Out High DRAM addressbus. If an accelerator RAM isinstalled

138 MA1 Out High it uses address lines XA8:5,0 which are shared with

142 MA2 Out High  MAS8:5,0 in conjunction with XA4:1.

146 MA3 Out High

149 MA4 Out High

152  MA5 (XAD) Out High

153 MA6 (XAB) Out High

154  MA7 (XA7) Out High

155 MAS8 (XAB) Out High

132 RASA# (XRASH) Out Low Row address strobe for memory bus "A" (planes 0-1)
and accelerator RAM if installed.

53 RASB# Out Low Row address strobe for memory bus"B" (planes 2-3).

89 CASALO# (WEAL#H) Out Low  Column address strobe for Bank O/Plane O in configura-
tions using 2 CAS#/1 WE#. In configurations using 2
WE#/1 CASH this pin is the Write Enable for plane O.

88 CASAHO# (WEAH#) Out Low  Column address strobe for Bank O/Plane 1 in configura-
tions using 2 CAS#/1 WE#. In configurations using 2
WE#/1 CASH this pin is the Write Enable for plane 1.

87 CASBLO# (WEBL#) Out Low  Column address strobe for Bank O/Plane 2 in configura-
tions using 2 CAS#/1 WE#. In configurations using 2
WE#/1 CASH this pin is the Write Enable for plane 2.

86 CASBHO# (WEBH#) Out Low  Column address strobe for Bank O/Plane 3in configura-
tions using 2 CAS#/1 WE#. In configurations using 2
WE#/1 CASH this pin is the Write Enable for plane 3.

131 CASAL1# (CASAOH) Out Low  Column address strobe for Bank 1/Plane O in configura-
tions using 2 CAS#/1 WE#. In configurations using 2
WE#/1 CASH this pin is the Column Address Strobe
for Bank O/Plane O+1.

130 CASAH1# (CASA1l%) Out Low  Column address strobe for Bank 1/Plane 1 in configura-
tions using 2 CAS#/1 WE#. |In configurations using 2
WE#/1 CAS# this pin is the Column Address Strobe
for Bank 1/Plane O+1.

55 CASBL1# (CASB1#) Out Low  Column address strobe for Bank 1/Plane 2 in configura-
tions using 2 CAS#/1 WE#. In configurations using 2
WE#/1 CASH this pin is the Column Address Strobe
for Bank 1/Plane 2+3.

54 CASBH1# (CASBO#) Out Low  Column address strobe for Bank 1/Plane 3in configura

tions using 2 CAS#/1 WE#. |In configurations using 2
WE#/1 CAS# this pin is the Column Address Strobe
for Bank O/Plane 2+3.

Note: Pin namesin parentheses (...) indicate alternate functions
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Pin Descriptions

PIN DESCRIPTIONS

Display Memory Interface (continued)

Pin# Pin Name Type Active Description
57 WE# (MA9) Out Low  Write Enable in configurations using a common Write
Enable and one CAS per plane.
56 OE# Out Low  Output Enable
97 MADO  (BusType) /O High  Plane 0 Memory Data
96 MAD1  (BusType) /O High  Onthetrailing edge of RESET the chip configurationis
95 MAD2  (Reserved) /1O High latched from these pins. The state of the configuration
94 MAD3  (Reserved) /O High issavedin XROL1.
93 MAD4  (Int Clock) /O High
92 MAD5  (Crysta) /O High
91 MAD6  (LDEV#) /O High
90 MAD7  (Cache Dday) /O High
85 MAD8  (CFGB8) /O High  Plane1 Memory Data
84 MAD9  (CFG9) /O High The upper 8 configuration bits are latched from
83 MAD10 (CFG10) /O High MADZ15:8 on the trailing edge of RESET. This data
82 MAD11 (CFG11) /O High  may beread in XR74.
81 MAD12 (CFG12) /O High
79 MAD13 (CFG13) /0 High
78 MAD14 (CFG14) /O High
76 MAD15 (CFG15) /O High
75 MBDO /1O High Plane2 Memory Data
74 MBD1 /O High
73 MBD2 /O High
72 MBD3 /O High
71 MBD4 /O High
70 MBD5 /O High
69 MBD6 /O High
68 MBD7 /O High
67 MBDS8 /O High  Plane 3 Memory Data
65 MBD9 /O High
64 MBD10 /O High
62 MBD11 /O High
61 MBD12 /O High
60 MBD13 /O High
59 MBD14 /O High
58 MBD15 /O High

Note: Pin namesin parentheses (...) indicate alternate functions
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Pin Descriptions

PIN DESCRIPTIONS

Display Memory Interface (continued)

Pin# Pin Name Type Active Description

140 XAl Out High  Memory address for optional accelerator RAM. XA4:1
144  XA2 Out High  in combination with MA8:5, and MAO define the nine
148 XA3 Out High  hit addressfor the accelerator RAM.

151 XA4 Out High

136  XCASO# Out Low  Column address strobe for bank O accelerator RAM

135 XCASl# Out Low  Column address strobe for bank 1 accelerator RAM

134 XWE# Out Low  Write Enablefor accelerator RAM

133  XOE# Out Low  Output Enablefor accelerator RAM

139 XDO /1O High  Acceerator RAM Memory Data

143 XD1 /O High

147  XD2 /O High

150 XD3 /O High

Note: Theabove XRAM control signals are applicable to the 64300 only and should not be connected
when using the 64301.
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Pin Descriptions

PIN DESCRIPTIONS

CRT Video Interface

Pin# Pin Name

Type Active

Description

127

HSYNC

Out

Both

CRT Horizontal Sync pulse (programmable polarity).

128

VSYNC

Out

Both

CRT Vertica Sync pulse (programmable polarity).

125

KEY

(BLANK#)

In

Out

High

Both

Live Video Key. If an external palette is not enabled
(XRO06[0]=0) then thispinisan input (KEY) which can
be used to qualify live video overlays.

Blanking signal for an external color palette chip
(polarity is programmable: see XR28 hit-0). This pin
may also be redefined as a Display Enable signal (see
XR28 bit-1). External RAMDAC support may be
enabled via XR06[0] and XR73[4]. BLANK# may
also be used by an external secondary video source for
synchronization.

164

GPIO 2 (EVIDEO#)

1/0

Both

This pin is a general purpose I/O pin. It is controlled
through extended registers XR71 and XR72. When the
feature connector is enabled, this pin becomes the
EVIDEO# input. When low, it tri-states the P7:0 data.

165

GPIO 3 (ESYNCH)

1/0

Both

This pin is a general purpose 1/O pin. It is controlled
through extended registers XR71 and XR72. When the
feature connector is enabled, this pin becomes the
ESYNC# input. When low, it tri-states the VSYNC,
HSYNC, and BLANK# outputs.

124

PCLK

Out

Both

Pixel Data clock. Pixel data is valid on P7:0 on the
rising edge of PCLK while BLANK# is inactive.
BLANK# is aso sampled on the rising edge of PCLK.

105

RSET

n/a

Analog reference.  The internal RAMDAC has an
internal voltage reference to set its maximum output
current. A resistor value of 383Wis required between
RSET and AGND to correctly set the maximum output
voltage to 713mV assuming 150W output |oad resistors
on the RGB outputs (atotal |oad of 50W).

99
101
102

RED
GREEN
BLUE

Out
Out
Out

High
High
High

RGB analog outputs. These current sources have a
maximum output current set by the internal voltage
reference. They are PS/2 compatible (no sync on green;
50WIoad when connected to a 75Wmatchedimpedance
cable).

Note: Pin namesin parentheses (...) indicate alternate functions
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PIN DESCRIPTIONS

Pin Descriptions

CRT Video I nterface (continued)

Pin# Pin Name Type Active Description

107  VIDO (PO) /O High  8-bit CRT pixel datato external RAMDAC if XR06[0]

108 VID1 (PL) /O High =1. If XR06[0] = 0, these pins are used to input the

109 VID2 (P2 /O High  low byte of the 16-bit RGB live video overlay.

110 VID3 (P3) /O High

111 VID4 (P4) /O High

112 VID5 (P5) /O High

113  VID6 (P6) /O High

114  VID7 (P7) /O High

116  VID8 In High  These pins input the high byte of the 16-bit RGB live

117  VID9 In High  video overlay.

118 VID10 In High

119 VID11 In High

120 VID12 In High

121 VID13 In High

122 VID14 In High

123  VID15 In High

100 AvVCC VCC -- Analog power for the internal RAMDAC. This power
should be isolated from the digital VCC as described in
the Functional Description of the internal RAMDAC.

103 AGND GND -- Analog ground for the internal RAMDAC. The analog
ground should be common with the digital ground but
must be tightly decoupled to the AV CC power pin. See
the Functional Description of theinternal RAMDAC for
a compl ete description.

104 COMP In -- Decoupling node for internal DAC reference current.

Connect a 0.1pf capacitor between this pin and AVCC
as close to the 64300/ 301 as possible.

Note: Pin namesin parentheses (...) indicate alternate functions
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Pin Descriptions

PIN DESCRIPTIONS

Misc, Clock, Power, and Ground

Pin# Pin Name

Type Active

Description

166

GPIO5  (ECLK#

1/0

Both

General Purpose 1/0. When the feature connector is
enabled, this pin becomes the ECLK# input. When
low, it will tri-state the output of the pixel clock
(PCLK).

167
168

GPIO6  (CSELO)
GPIO7  (CSEL1)

1/0
1/0

Both
Both

These pins are general purpose outputs when using the
internal clock synthesizer. If an external clock synthe-
sizer is used (XR01[4]=0) they reflect the state of
MSR[3:2] clock select hits.

182

MCLK

1/0

n/a

When using the internal clock synthesizer this pin
outputs the memory clock. If an external clock synthe-
sizer is used (XR01[4]=0) then thisis the input pin for
the memory clock.

158

XTALl  (VCLK)

n/a

When using the internal clock synthesizer this pin
should be connected directly to a series resonant
14.31818MHz crystal (XR01[5]=1) or a 14.31818MHz
reference source (XRO1[5]=0). If an external clock
synthesizer is used (XR01[4]=0) then thisis the video
clock input.

159

XTALO

Out

n/a

For internal clock synthesizer use with an externa
crystal (XR01[5:4]=11) this pin should be connected
directly to one of the pins of a series resonant
14.31818MHz crystal. If an externa 14.3818MHz
source or external clock synthesizer is used this pin
must be |eft unconnected.

160
161
157
163

CVCCO
CvCCl
CGNDO
CGND1

VCC
VCC
GND
GND

Analog Power pins for the internal clock synthesizer.
These power and ground pins must be carefully
decoupled individually. Read the section on clock
ground layout in the Functional Description.

Note: Pin namesin parentheses (...) indicate alternate functions
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Pin Descriptions

PIN DESCRIPTIONS

Digital Power and Ground

Pin# Pin Name Type Active Description
5 BVCC VCC -- Power (Bus)

14 BVCC VCC - Power (Bus)

38 BVCC VCC -- Power (Bus)

47 BVCC VCC - Power (Bus)

66 MVCC VCC -- Power (Memory)

80 IVCC VCC -- Power (Internal Logic)
126 DVCC VCC -- Power (Display)

145 XVCC VCC - Power (XRAM)

181 IVCC VCC -- Power (Internal Logic)
201 RvVCC VCC -- Power (Reference)

8 BGND GND -- Ground (Bus)

17 BGND GND -- Ground (Bus)

27 BGND GND -- Ground (Bus)

35 BGND GND -- Ground (Bus)

44 BGND GND -- Ground (Bus)

52 BGND GND -- Ground (Bus)

63 MGND GND -- Ground (Memory)

77 IGND GND -- Ground (Internal Logic)

98 MGND GND -- Ground (Memory)

106 RGND GND -- Ground (Reference Current - DAC)
115 DGND GND -- Ground (Display)

129 XGND GND -- Ground (XRAM)

141  XGND GND - Ground (XRAM)

156 XGND GND -- Ground (XRAM)

172 BGND GND -- Ground (Bus)

184 IGND GND -- Ground (Internal Logic)
208 BGND GND -- Ground (Bus)

Note: Pin namesin parentheses (...) indicate alternate functions
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CAirs /0 Map
/O Map
Port Address Read Write
[0102 [Global Enable [Global Enable
03BO Reserved for MDA/Hercules Reserved for MDA/Hercules
03B1 Reserved for MDA/Hercules Reserved for MDA/Hercules Mono
0sB2 Resarved Tor MDA/Hercules Reserved tor MDA/Hercules Mode
03B3 Reserved for MDA/Hercules Reserved for MDA/Hercules
03B4 CRTC Index CRTC Index
03B5 CRTCDdaa CRTCDdaa
03B6 Reserved for MDA/Hercules Reserved for MDA/Hercules
03B7 Reserved for MDA/Hercules Reserved for MDA/Hercules
03B8 Reserved for Hercules Mode Register Reserved for Hercules Mode Register
03B9 -- Set Light Pen FF (ignored)
03BA Status Register (STAT) Feature Control Register (FCR)
03BB -- Clear Light Pen FF (ignored)
03BC
0SBD Reserved for system parallel port
03BE
03BF Reserved tor Hercules Configuration Reg  [Reserved tor Hercules Configuration Reg
03CO0 Attribute Controller Index / Data Attribute Controller Index / Data
03C1 Attribute Controller Tndex 7 Data Attribute Controller Tndex 7 Data
03C2 Feature Control Register (FCR) Miscellaneous Output Register (MSR)
03C3 Reserved Reserved
03C4 Sequencer Tndex Sequencer Tndex
03Ch Sequencer Data Sequencer Data
03C6, 83C6 [Color Paette Mask Color Palette Mask
03C7, 83C7 [Color Pdette State Color Pd ette Read Mode Tndex
03C8, 83C8 [Color Paette Write Mode Tndex Color Palette Write Mode Tndex
03C9, 83C9 [Color Pdette Data Color Pdette Data
03CA Feaiure Read Register (FEAT) --
03CB -- --
03CC MiscelTaneous Output Register (MSR) --
03CD -- --
03CE Graphics ControlTer Tndex Graphics ControlTer Tndex
03CF Graphics Controller Data Graphics Controller Data
N3DOT CHIPS™ DR Register Extensions CHIPS™ DR Register Extensions
N3DIT CHIPS™ DR Register Extensions CHIPS™ DR Register Extensony Color
N3D2T CHIPS™ DR Register Extensions CHIPS™ DR Register Extensony Mode
N3D3T CHIPS™ DR Register Extensions CHIPS™ DR Register Extensons— |
03D4 CRTC Index CRTC Index
03D5 CRTC Daa CRTC Daa
03D6 CHIPS™ Extensions Index CHIPS™ Extensions Index
03D7 CHIPS™ Extensions Data CHIPS™ Extensions Data
03D8 Reserved for CGA Mode Register Reserved for CGA Mode Register
03D9 Reserved for CGA Color Register Reserved for CGA Color Register
03DA Status Register (STAT) Feature Control Register (FCR)
03DB -- Clear Light Pen FF (ignored)
03DC -- Set Light Pen FE= (Ignored)
[46E8 [-- [Setup Control

Note: T Addresses may be of the form 'bnnn nnlb bbbb bb00" where bbbbbbbb is specified by 1/0 Base register XR07 and nnnnn
specifies 1 of 32 DR registers.
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Register Summary

| REGISTER SUMMARY - CGA, MDA, AND HERCULES MODEs |

Register Register Name Bits Access|/O Port - MDA/Herc 1/0 Port - CGA Comment
STOO (STAT)  Display Status 7 R 3BA 3DA ref only
CLPEN Clear Light Pen Flip Flop 0 W(na 3BB (ignored) 3DB (ignored)  ref only: no light pen
SLPEN Set Light Pen Flip Flop 0 W(na) 3B9 (ignored) 3DC (ignored)  ref only: no light pen
MODE CGA/MDA/Hercules Mode Control 7 R/W 3B8 3D8 ref only
COLOR CGA Color Select 6 R/W na 3D9 ref only
HCFG Hercules Configuration 2 W 3BF n/‘a ref only

RX, RO-11 '6845' Registers 0-8 RW 3B4-3B5 3D4-3D5 ref only
REGISTER SUMMARY - EGA MODE

Register Register Name Bits  Access 1/0O Port - Mono 1/0O Port - Color Comment
MSR Miscellaneous Output 7 W 3C2 3C2 ref only

FCR Feature Control 3 w 3BA 3DA ref only

STOO (FEAT)  FeatureRead (Input Status 0) 4 R 3C2 3C2 ref only

STO1 (STAT)  Display Status (Input Status 1) 7 R 3BA 3DA ref only
CLPEN Clear Light Pen Flip Flop 0 W(n/a) 3BB (ignored) 3DB (ignored)  ref only: no light pen
SLPEN Set Light Pen Flip Flop 0 W(n/a) 3B9 (ignored) 3DC (ignored)  ref only: no light pen
SRX, SRO-7 Sequencer 0-8 R/W 3C4-3C5 3C4-3C5 ref only

CRX, CR0O-24 CRT Controller 0-8 R/W 3B4-3B5 3D4-3D5 ref only

GRX, GR0O-8  Graphics Controller 0-8 R/W 3CE-3CF 3CE-3CF ref only

ARX, ARO-14  Attributes Controller 0-8 R/W 3C0-3C1 3C0-3C1 ref only

| REGISTER SUMMARY - VGA MODE

Reqister Register Name Bits  Access |/O Port - Mono |/O Port - Color Comment
SETUP Setup Control 2 w 46E8 46E8 Disabled by XR70 hit-7
ENABLE Global Enable 1 R/W 102 102 Setup Only

MSR Miscellaneous Output 7 W 3C2 3C2

R 3CC 3CC
FCR Feature Control 3 w 3BA 3DA
R 3CA 3CA

STO0 (FEAT)  FeatureRead (Input Status 0) 4 R 3C2 3C2

STO1 (STAT)  Display Status (Input Status 1) 6 R 3BA 3DA

CLPEN Clear Light Pen Flip Flop 0 W(n/a) 3BB (ignored) 3DB (ignored) ref only: no light pen
SLPEN Set Light Pen Flip Flop 0 W(n/a)  3B9 (ignored) 3DC (ignored) ref only: no light pen
DACMASK Color Palette Pixel Mask 8 R/W 3C6, 83C6 3C6, 83C6

DACSTATE Color Palette State 2 R 3C7, 83C7 3C7, 83C7

DACRX Color Palette Read-Mode Index 8 w 3C7, 83C7 3C7, 83C7

DACWX Color Palette Write-Mode Index 8 R/W 3C8, 83C8 3C8, 83C8

DACDATA Color Palette Data 0-FF 3x6or3x8 R/W 3C9, 83C9 3C9, 83C9

SRX, SRO-7 Sequencer 0-8 R/W 3C4-3C5 3C4-3C5

CRX, CR0-24 CRT Controller 0-8 R/W 3B4-3B5 3D4-3D5

GRX, GR0O-8  Graphics Controller 0-8 R/W 3CE-3CF 3CE-3CF
ARX, AR0-14  Attributes Controller 0-8 R/W 3C0-3C1 3C0-3C1

XRX, XR0-7F Extension Registers 0-8 R/W 3D6-3D7 3D6-3D7

DROO-DROC  32-Bit Registers 32 R/W X3D0-X3D3 X3D0-X3D3
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Register Summary

| REGISTER SUMMARY - INDEXED REGISTERS (VGA)

Register Register Name Bits Register Typt Access (VGA) Access (EGA) /0 Port

SRX Sequencer Index 3 VGA/EGA R/W 3C4

SRO Reset 2 VGA/EGA R/W 3C5

SR1 Clocking Mode 6 VGA/EGA R/W 3C5

SR2 Plane Mask 4 VGA/EGA R/W 3C5

SR3 Character Map Select 6 VGA/EGA R/W 3C5

SR4 Memory Mode 3 VGA/EGA R/W 3C5

SR7 Reset Horizontal Character Counter 0 VGA n/a 3C5

CRX CRTC Index 6 VGA/EGA R/W 3B4 Mono, 3D4 Color
CRO Horizontal Total 8 VGA/EGA R/W 3B5 Mono, 3D5 Color
CR1 Horizontal Display End 8 VGA/EGA R/W 3B5 Mono, 3D5 Color
CR2 Horizontal Blanking Start 8 VGA/EGA R/W 3B5 Mono, 3D5 Color
CR3 Horizontal Blanking End 5+2+1 VGA/EGA R/W 3B5 Mono, 3D5 Color
CR4 Horizonta Retrace Start 8 VGA/EGA R/W 3B5 Mono, 3D5 Color
CR5 Horizontal Retrace End 5+2+1 VGA/EGA R/W 3B5 Mono, 3D5 Color
CR6 Vertical Tota 8 VGA/EGA R/W 3B5 Mono, 3D5 Color
CR7 Overflow 5 VGA/EGA R/W 3B5 Mono, 3D5 Color
CR8 Preset Row Scan 5+2 VGA/EGA R/W 3B5 Mono, 3D5 Color
CR9 Character Cell Height 5+3 VGA/EGA R/W 3B5 Mono, 3D5 Color
CRA Cursor Start 5+1 VGA/EGA R/W 3B5 Mono, 3D5 Color
CRB Cursor End 5+2 VGA/EGA R/W 3B5 Mono, 3D5 Color
CRC Start Address High 8 VGA/EGA R/W 3B5 Mono, 3D5 Color
CRD Start Address Low 8 VGA/EGA R/W 3B5 Mono, 3D5 Color
CRE Cursor Location High 8 VGA/EGA R/W 3B5 Mono, 3D5 Color
CRF Cursor Location Low 8 VGA/EGA R/W 3B5 Mono, 3D5 Color
LPENH  Light Pen High 8 VGA/EGA R 3B5 Mono, 3D5 Color
LPENL Light Pen Low 8 VGA/EGA R 3B5 Mono, 3D5 Color
CR10 Vertical Retrace Start 8 VGA/EGA W 3B5 Mono, 3D5 Color
CR11 Vertical Retrace End 4+4 VGA/EGA W 3B5 Mono, 3D5 Color
CR12 Vertical Display End 8 VGA/EGA R/W 3B5 Mono, 3D5 Color
CR13 Offset 8 VGA/EGA R/W 3B5 Mono, 3D5 Color
CR14 Underline Row Scan 5+2 VGA/EGA R/W 3B5 Mono, 3D5 Color
CR15 Vertical Blanking Start 8 VGA/EGA R/W 3B5 Mono, 3D5 Color
CR16 Vertical Blanking End 8 VGA/EGA R/W 3B5 Mono, 3D5 Color
CR17 CRT Mode Control 7 VGA/EGA R/W 3B5 Mono, 3D5 Color
CR18 Line Compare 8 VGA/EGA R/W 3B5 Mono, 3D5 Color
CR22 Graphics Controller Data Latches 8 VGA n/a 3B5 Mono, 3D5 Color
CR24 Attribute Controller Index/Data Latch 1 VGA n/a 3B5 Mono, 3D5 Color
GRX Graphics Controller Index 4  VGA/EGA R/W 3CE

GRO Set/Reset 4 VGA/EGA R/W 3CF

GR1 Enable Set/Reset 4 VGA/EGA R/W 3CF

GR2 Color Compare 4 VGA/EGA R/W 3CF

GR3 Data Rotate 5 VGA/EGA R/W 3CF

GR4 Read Map Select 2 VGA/EGA R/W 3CF

GR5 Mode 6 VGA/EGA R/W 3CF

GR6 Miscellaneous 4 VGA/EGA R/W 3CF

GR7 Color Don't Care 4 VGA/EGA R/W 3CF

GR8 Bit Mask 8 VGA/EGA R/W 3CF

ARX Attribute Controller Index 6 VGA/EGA R/W 3C0 (3C1)

ARO-F Internal Palette Regs 0-15 6 VGA/EGA R/W 3C0 (3C1)

AR10 Mode Control 7 VGA/EGA R/W 3C0 (3C1)

AR11 Overscan Color 6 VGA/EGA R/W 3C0 (3C1)

AR12 Color Plane Enable 6 VGA/EGA R/W 3C0 (3C1)

AR13 Horizontal Pixel Panning 4 VGA/EGA R/W 3C0 (3C1)

AR14 Color Select 4 VGA n/a 3C0 (3C1)

AR14 Color Select 4 VGA n‘a 3C0 (3C1)
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| EXTENSION REGISTER SUMMARY: 00-2F Chips VGA Product Family
Reg Register Name BitsAccess Port Reset 450 451 452 453 64200 65510 65530 65535
XRX Extension Index 7 R/W 3B6/3D6 -xxxxxxx O O O 0O ad O O
XR00 Chip Version 8 RO 3B7/3D7 10l1lirrrr 0O O 0O O O O O O
XR01 Configuration 1 (Config Bits 0-7) 8 RO 3B7/3Db7 dddddddd O O O 0O O ad ad O
XR02 CPU Interface Control 1 5 RW 3B7/3D7 x0000--- 0O 0O O O O O O O
XR03 CPU Interface Control 2 (Master Ctt 2 R/W 3B7/3D7 ----- - ox . . . O .
XR04 Memory Control 1 6 RW 3B7/3D7 -00-0000 O O O 0 g | g
XR05 Memory Control 2 1 RW 3B7/3D7 ---0---- . . . . . . . O
XR06 Palette Control (DRAM Intfc) 5 R/W 3B7/3D7 ---00000 . . O . . O O O
XRO7 1/0O Base 8 R/W 3B7/3D7 11110100
XR08 Linear Base Low 5 R/W 3B7/3D7 XXXXX---
XR09 Linear Base High 8 R/W 3B7/3D7 XXXXXXXX
XROA XRAM Mode 6 R/W 3B7/3D7 - -XXXXXX . . . . .
XROB CPU Paging 4 R/W 3B7/3D7 ---0-000 O g 0O O O O O
XROC Start Address Top 6 R/W 3B7/3D7 -0-00000 0O . O O O O O O
XROD Auxiliary Offset 4 RW 3B7/3D7 ----0000 O 0O O O O O O O
XROE Text Mode Control 3 RW 3B7/3D7 ----00-0 O ad O O O O
XROF Software Flags 0 8 R/W 3B7/3D7 XXXXXXXX ad ad O
XR10 Single/Low Map 8 R/W 3B7/3D7 xxxxxxxx 0O o d O a O O
XR11 High Map 8 R/W 3B7/3D7 xxxxxxxx 0O o 0O O O O O
XR12 -resarved- -- -  3B7/3D7
XR13 -resarved- - - 3B7/3D7 . .
XR14 Emulation Mode 2 R/W 3B7/3D7 OxOxxxxx 0O O O 0O O a O O
XR15 Write Protect 8 R/W 3B7/3D7 00000000 0O O O O O O O O
XR16 Vertical Overflow 5 RW 3B7/3D7 -0-0-000 O
XR17 Horizontal Overflow 8 R/W 3B7/3D7 00xO0x000 . . . . . . . O
XR18 -reserved- (AlternateH DispEnd) -- R/W 3B7/3D7 xxxxxxxx 0O 0O O O O a O O
XR19 HalflineCompare (AltH SyncSta 8 R/W 3B7/3D7 xxxxxxxx 0O 0O 0O 0O O ad O O
XR1A -reserved- (AlternateH SyncEnd) -- R/W 3B7/3D7 xxxxxxxx 0O 0O 0O O O a O O
XR1B -reserved- (AlternateH Total) -- R/W 3B7/3D7 xxxxxxxx 0O 0O 0O O O ad O O
XR1C Alternate H Blank Start (H Panel Sze) -- R/W 3B7/3D7 xxxxxxxx 0O 0O 0O 0O O a O O
XR1D -reserved- (Alternate H Blank End) -- R/W 3B7/3D7 Oxxxxxxx 0O 0O O O O O O O
XRI1E -reserved- (Alternate Offset) -- R/W 3B7/3D7 xxxxxxxx 0O 0O 0O 0O O a O O
XR1F -reserved- (Virtual EGA Switch) -- R/W 3B7/3D7 0---xxxx 0O O O O O
XR20 -reserved- (453 Interfacell)/(SUD) -- -  3B7/3D7 g 0O
XR21 -reserved- (SidingHold A) - --  3B7/3D7 g
XR22 -reserved- (SidingHoldB) -- - 3B7/3D7 a .
XR23 -reserved- (HO)/WBM Ctrl)  --  --  3B7/3D7 o 0O .
XR24 -reserved- (Alt Max Scan/WBM Patt) -- - 3B7/3D7 g 0O O O O
XR25 -reserved- (FP AltTxtHVirtPanelSz) -- -  3B7/3D7 O O O
XR26 -reserved- (Alt HsyncStartOffset) - - 3B7/3D7 O O
XR27 -reserved- - - 3B7/3D7 . .
XR28 Video Interface 8 R/W 3B7/3D7 +000¢000 0O O 0O O O O O O
XR29 -reserved- (Function Control) - - 3B7/3D7 ad
XR2A -reserved- (Frame Intrpt Count) - - 3B7/3D7 .. O . .
XR2B Software Flags 1 (Default Video) 8 R/W 3B7/3D7 00000000 0O 0O O O O O O
XR2C -reserved- (FLM Déeay) - - 3B7/3D7 .. O O O O
XR2D -reserved- (LP Dday) - - 3B7/3D7 O O O O
XR2E -reserved- (LP Ddlay) - - 3B7/3D7 O . O O
XR2F -reserved- (LP Width) - - 3B7/3D7 T . O O O
Reset Codes: x = Not changed by RESET (indeterminate on power-up) —= Not implemented (always reads 0)
d = Set from configuration pin on falling edge of RESET *= Not implemented (read/write, reset to 0)
0/1 = Reset to 0/1 by falling edge of RESET r = Chip revision # (starting from 0000)

Note: Check marksin the table above indicate the register listed to the left isimplemented in the chip named at the top of the column
Note: 450-453 & 64xxx VGAs drive CRTsonly, 65xxx VGAs drive both CRT and Flat Panel displays (Plasma, EL, and LCD)
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| EXTENSION REGISTER SUMMARY: 30-5F Chips VGA Product Family
Reg Register Name BitsAccess Port Reset 450 451 452 453 64200 65510 65530 65535
XR30 Clock Divide Control (452 CursAdH 4 R/W 3B7/3D7 ----xxxx . . 0O . . O
XR31 Clock M Divisor  (452CursAddr L. 7 R/W 3B7/3D7 - XXXXXXX g 0
XR32 Clock N Divisor (452 CursEndAddr 7 R/W 3B7/3D7 - XXXXXXX ad O
XR33 Clock Control  (452CursXPosH) 5 R/W 3B7/3D7 --x0-000 ad O
XR34  -reserved- (452 CursXPosL) -- -- 3B7/3D7 O
XR35 -reserved- (452CursYPosH) -- -- 3B7/3D7 ad
XR36 -reserved- (452 CursYPosL) -- -- 3B7/3D7 O
XR37 -reserved- (452 Cursor Mode) -- -- 3B7/3D7 g
XR38 -reserved- (452 Cursor Mask) -- - 3B7/3D7 ad
XR39 -reserved- (452 Cursor Color 0) -- --  3B7/3D7 O .
XR3A Color Key Data0 (452 CursColorl) 8 R/W 3B7/3D7 XXXXXXXX ad O
XR3B Color Key Data 1 8 R/W 3B7/3D7 XXXXXXXX . . . . . O
XR3C Color Key Data2 (Seria/RowCnt) 8 R/W 3B7/3D7 XXXXXXXX . . . . O O
XR3D Color Key Mask 0 (MuxMode 8 R/W 3B7/3D7 XXXXXXXX . . . . U O
XR3E Color Key Mask 1 8 R/W 3B7/3D7 XXXXXXXX O
XR3F Color Key Mask 2 8 R/W 3B7/3D7 XXXXXXXX g
XR40 BitBIt Configuration 2 RW 3B7/3D7 ------ XX ...
XR41 -reserved- (Virtual EGA SwitchReg) -- - 3B7/3D7 .. .0
XR42 -reserved- - - 3B7/3D7
XR43  -reserved- -- --  3B7/3D7 e . : . .
XR44 Software Flags 2 8 R/W 3B7/3D7 XXXXXXXX . . . 0O . ad O O
XR45 -reserved- (SWFlag2/FGColor) -- - 3B7/3D7 .. . 0O . . . O
XR46  -reserved- - - 3B7/3D7
XRA7  -reserved- - - 3B7/3D7
XR48  -reserved- - - 3B7/3D7
XR49  -reserved- - - 3B7/3D7
XR4A -reserved- - - 3B7/3D7
XR4B  -reserved- - - 3B7/3D7
XRAC -reserved- - - 3B7/3D7
XR4D -reserved- - - 3B7/3D7
XR4E  -reserved- - - 3B7/3D7 .
XRAF  -reserved- (Panel Format2) -- -- 3B7/3D7 O
XR50 -reserved- (Pandel Format) -- -- 3B7/3D7 ad O O
XR51 -reserved- (Display Type) -- -- 3B7/3D7 ad O O
XR52 Refresh Control (PwrDnCtr 4 R/W 3B7/3D7 0----000 ad O O
XR53 -reserved- (Line Gr Override) -- -- 3B7/3D7 ad O O
XR54  -reserved- (FPIntfc) -- - 3B7/3D7 g g 0
XR55 -reserved- (HComp) - -- 3B7/3D7 ad O O
XR56  -reserved- (H Centering) -- -- 3B7/3D7 O O O
XR57 -reserved- (VComp) - - 3B7/3D7 ad O O
XR58  -reserved- (VCentering) -- -- 3B7/3D7 O O O
XR59 -reserved- (VLinelnsertiony -- -- 3B7/3D7 ad O O
XR5A  -reserved- (V Line Replication) -- -- 3B7/3D7 g g 0
XR5B  -reserved- (Power Sequencing) -- --  3B7/3D7 ad O O
XR5C -reserved- (Activity Timer Ctrl) - --  3B7/3D7 0
XR5D -reserved- (FP Diagnosticy -- -- 3B7/3D7 e . . . O
XR5E  -reserved- (ACDCLK Ctrl) -- --  3B7/3D7 . . O O O
XR5F  -reserved- (PwrDnMode Rfshy -- - 3B7/3D7 O O
Reset Codes: x = Not changed by RESET (indeterminate on power-up) —= Not implemented (always reads 0)
d = Set from configuration pin on falling edge of RESET *= Not implemented (read/write, reset to 0)
0/1 = Reset to 0/1 by falling edge of RESET r = Chip revision # (starting from 0000)

Note: Check marksin the table above indicate the register listed to the left isimplemented in the chip named at the top of the column
Note: 450-453 & 64xxx VGAs drive CRTsonly, 65xxx VGAs drive both CRT and Flat Panel displays (Plasma, EL, and LCD)

Revision 1.2 39 Preliminary 64300/ 301



hirEs

Register Summary

| EXTENSION REGISTER SUMMARY: 60-7F

Reg Register Name BitsAccess Port Reset
XR60 Blink Rate Control 8 R/W 3B7/3D7 10000011
XR61 -reserved- (SmartMap™ Ctrl) -- -- 3B7/3D7

XR62 -reserved- (SmartMap™ Shift Parm) -- - 3B7/3D7

XR63 -reserved- (SmartMap™ ColorMap Ctrl -- - 3B7/3D7

XR64  -reserved- (FPAtVTotal) -- -- 3B7/3D7

XR65 -reserved- (FPAtOM) - --  3B7/3D7

XR66 -reserved- (FPAItVSync Sart) - - 3B7/3D7

XR67 -reserved- (FPAItVSyncEnd) -- --  3B7/3D7

XR68 -reserved- (FP V panelsize/Alt VDEend) -- - 3B7/3D7

XR69 -reserved- (FPVDisplaySart350) -- -- 3B7/3D7

XR6A -reserved-  (FPVDisplayEnd350) -- --  3B7/3D7

XR6B -reserved- (FPV Overflow2) - -- 3B7/3D7

XR6C -reserved- (Prog Output Drive/WclkC) -- - 3B7/3D7

XR6D -reserved- (FRC Contral) -- -- 3B7/3D7

XR6E  -reserved- (Polynomial FRC Ctrl) -- - 3B7/3D7

XR6F  -reserved- (Frame Buffer Ctrl) - - 3B7/3D7

XR70 Setup / Disable Control 1 RW 3B7/3D7 0-------
XR71 GPIO Control 8 R/W 3B7/3b7 00000000
XR72 GPIO Data (External Devidel/O) 8 R/W 3B7/3D7 XXXXXXXX
XR73 Misc Control 8 R/W 3B7/3D7 00000x0x
XR74 Configuration 2 (Config Bits 8-15) 8 R/W 3B7/3b7 dddddddd
XR75 Software Flags 3 8 R/W 3B7/3D7 XXXXXXXX
XR76 -reserved- - - 3B7/3D7

XR77  -reserved- -- -- 3B7/3D7

XR78 -reserved- - - 3B7/3D7

XR79 -reserved- - - 3B7/3D7

XR7A  -reserved- - - 3B7/3D7

XR7B -reserved- -- -- 3B7/3D7

XR7C -reserved- - - 3B7/3D7

XR7D Diagnostic (FP CompDiag) 8 --  3B7/3D7

XR7E -reserved- (CGA/HerculesColor Select) -- R/W  3B7/3D7 - - XXXXXX
XR7F Diagnostic 8 R/O 3B7/3D7 00xxxx00

Reset Codes: x = Not changed by RESET (indeterminate on power-up)
d = Set from configuration pin on falling edge of RESET

0/1 = Reset to 0/1 by falling edge of RESET

Chips' VGA Product Family
450 451 452 453 64200 65510 65530 65535

e e e e e s s
e e e e e s s
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o o 0O
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O o o0 o O
O

. o O
oooo o o o o
o oo . 0O o 0o 0O

—= Not implemented (always reads 0)
«= Not implemented (read/write, reset to 0)
r = Chip revision # (starting from 0000)

Note: Check marksin the table above indicate the register listed to the left isimplemented in the chip named at the top of the column
Note: 450-453 & 64xxx VGAs drive CRTsonly, 65xxx VGAs drive both CRT and Flat Panel displays (Plasma, EL, and LCD)
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Register Summary

| 32-BIT EXTENSION REGISTER SUMMARY

Reg Group Reqgister Name Bits Access Port Reset

DROO BitBIt BitBIt Offset 16/32 83D0-3 - ---XXXX XXXXXXXX =---=-XXXX XXXXXXXX
DRO1 BitBIt BitBIt Pattern ROP  16/32 87D0-3 -------- S A XXXXX O OXXXXXXXX XXXXXXXX
DR02 BitBIt BitBIt BG Color 16/32 8BD0-3 XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX
DRO0O3 BitBIt BitBIt FG Color 16/32 8FD0-3  XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX
DR04 BitBIt BitBIt Control 16/32 93D0-3 -------- S - sOXXXX O XXXXXXXX XXXXXXXX
DRO5 BitBIt BitBIt Source 16/32 97D0-3 -------- S A XXXXX O XXXXXXXX XXXXXXXX
DR06 BitBIt BitBIt Destination 16/32 9BD0-3 -------- S o EXXXXX O OXXXXXXXX XXXXXXXX
DRO7 BitBIt BitBIt Command 16/32 9FDO0-3 ----0000 00000000 ----XXXX XXXXXXXX
DR08 Cursor Cursor R/W Index 16/32 A3D0O-3 ------- X XXXXXXXX ==------- 00000000
DR0O9 Cursor Cursor Color 0 16/32 A7TDO-3 -------- XXXXXXXX XXXXXXXX XXXXXXXX
DROA Cursor Cursor Color 1 16/32 ABDO-3 -------- XXXXXXXX XXXXXXXX XXXXXXXX
DROB Cursor Cursor Position 16/32 AFDO-3 X ----XXX XXXXXXXX X----XXX XXXXXXXX
DROC Cursor Cursor Data 16/32 B3D0-3 XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX

Reset Codes: x = Not changed by RESET (indeterminate on power-up)

= Not implemented (always reads 0)

d = Set from configuration pin on falling edge of RESET «= Not implemented (read/write, reset to 0)

0/1 = Reset to 0/1 by falling edge of RESET r = Chip revision # (starting from 0000)
Note: Check marksin the table above indicate the register listed to the left isimplemented in the chip named at the top of the column
Note: 450-453 & 64xxx VGAs drive CRTsonly, 65xxx VGAs drive both CRT and Flat Panel displays (Plasma, EL, and LCD)
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Registers

Registers

GLOBAL CONTROL (SETUP) REGISTERS

The Setup Control Register and Video Subsystem
Enable registers are used to enable or disable the
VGA. The Setup Control register is also used to
place the VGA in normal or setup mode (the Global
Enable Register is accessible only during Setup
mode). The Setup Control register is used in both
ISA and local businterfaces. The various interna
'disable’ bits 'OR' together to provide multiple ways
of disabling the chip; al 'disable’ bits must be off to
enable access to the chip. When the chip is
'disabled’ in this fashion, only bus access is
disabled;  other functions remain operational
(memory refresh, display refresh, etc).

Note: In setup mode in the IBM VGA, the Globa
Setup Register (defined as port address 102h)
actually occupies the entire 1/0O space. Only the
lower 3 bits are used to decode and select this
register. To avoid bus conflicts with other
peripheras, reads should only be performed at the
10xh port addresses while in setup mode. To
eliminate potential compatibility problemsin widely
varying PC systems, the 64300 / 301 decodes the
Global Setup register at 1/0 port 102h only.

GENERAL CONTROL REGISTERS

Two Input Status Registers read the SENSE pin (or
Virtua Switch Register or internal comparator
output), pending CRT interrupt, display enable /
horizontal sync output, and vertical retrace / video
output. The Feature Control Register selects the
vertical sync function while the Miscellaneous
Output Register controls I/O address select, clock
selection, access to video memory, memory page,
and horizontal and vertical sync polarity.

SEQUENCER REGISTERS

The Sequencer Index Register contains a 3-bit index
to the Sequencer Data Registers. The Reset Register
forces an asynchronous or synchronous reset of the
sequencer. The Sequencer Clocking Mode Register
controls master clocking functions, video
enable/disable and selects either an 8 or 9 dot
character clock. A Plane/Map Mask Register enables
the color plane and write protect. The Character
Font Select Register handles video intensity and
character generation and control sthe display memory

plane through the character generator select. The
Sequencer Memory Mode Register handles all
memory, giving access by the CPU to 4/ 16 / 32
KBytes, Odd / Even addresses (planes) and writing
of datato display memory.

CRT CONTROLLER REGISTERS

The CRT Controller Index Register contains a 6-bit
index to the CRT Controller Registers. Twenty eight
registers perform all display functions for modes:
horizontal and vertical blanking and sync, panning
and scrolling, cursor size and location, light pen, and
underline.

GRAPHICSCONTROLLER REGISTERS

The Graphics Controller Index Register contains a4-
bit index to the Graphics Controller Registers. The
Set/Reset Register controls the format of the CPU
data to display memory. It also works with the
Enable Set/Reset Register. Reducing 32 bits of
display data to 8 bits of CPU data is accomplished
by the Color Compare Register. Data Rotate
Registers specify the CPU data bits to be rotated and
subjected to logical operations. The Read Map Select
Register reduces memory data for the CPU in the
four plane (16 color) graphics mode. The Graphics
Mode Register controls the write, read, and shift
register modes. The Miscellaneous Register handles
graphics/text, chaining of odd/even planes, and
display memory mapping. Additional registers
include Color Don't Care and Bit Mask.

ATTRIBUTE CONTROLLER AND
COLOR PALETTE REGISTERS

The Attribute Controller Index Register containsab-
bit index to the Attribute Controller Registers. A 6th
bit is used to enable the video. The Attribute
Controller Registers handle internal color lookup
table mapping, text/graphics mode, overscan color,
and color plane enable. The horizontal Pixel
Panning and Pixel Padding Registers control pixel
attributes on screen.

Color palette registers handle CPU reads and writes
to /O address range x3C6h-x3COh. Inmos
IMSG176 (Brooktree BT471/476) compatible
registers are documented in this manual.
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Registers

EXTENSION REGISTERS

The 64300 / 301 defines a set of extension registers
which are addressed with the 7-bit Extension
Register Index. The 1/O port address is fixed at
3D6-3D7h and read/write accessisawaysenabled to
improve software performance.

The extension registers handle a variety of inter-
facing, compatibility, and display functions as
discussed below. They are grouped into the
following logical groups for discussion purposes.

1. Miscellaneous Registers include the Version
number, Dip Switch, CPU interface, paging
control, memory mode control, and diagnostic
functions.

2. General Purpose Registers handle video blanking
and the video default color.

3. Memory Control Registers control the type,
amount, and configuration of the memory
subsystem.

4. VideoOverlay Registers control the color keying
and overlay of live video information on the
graphics background.

5. Clock Registers set the frequencies for both the
pixel and memory clocks.

The 64300 / 301 aso has a group of 32-hit
doubleword extension registers (DRXX) which may
be mapped anywhere in I/O space. Typicaly these
registersare located at x3D0-x3D3h. Theseregisters
are used for control of the high-performance BitBIt
and Hardware Cursor subsystems.

Note: The state of most of the Standard VGA Registersis undefined at reset. All registers specific to the

64300/ 301 (Extension Registers) are summarized in the Extension Register Table.
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\."'F: Global Control (Setup) Registers

Global Control (Setup) Registers

Register 1/O Protect
Mnemonic Register Name Index Access Address Group Page
SETUP Setup Control - W 46E8h - 45
ENAB Global Enable - R/W  102h (Setup mode only) - 45
SETUP CONTROL REGISTER (SETUP) GLOBAL ENABLE REGISTER (ENAB)
Write only at 1/0 Address 46E8h Read/Write at 1/0 Address 102h
|D7|D6[D5[D4[D3[D2[D1[DO| [D7]D6]D5]D4[D3[D2]D1]DO]
|—_ VGA Sleep
Reserved
VGA Enable
VGA Setup - Reserved (0)
Reserved (0)
This register is accessable in all bus configurations. This register is only accessible in Setup Mode
Itisalsoignored if XR70 bit-7 is set to 1 (the default (enabled by register 46E8h).
s0. Bit-0 of this register is cleared by RESET.
Thisregister is cleared by RESET. 0 VGA Sep
2-0 Reserved 0 VGA isdisabled
These bits areignored and always read back 1 VGAisenabled
0. (BIOS may write non-zero values to 7-1 Reserved (0)

these bits because they are implemented on
8514/a compatible display adapters to select
which page of the ROM is mapped by the

display adapter).
3 VGA Enable

0 VGA isdisabled
1 VGA isenabled

4  Setup Mode

0 VGA isin Norma Mode
1 VGA isin Setup Mode

7-5 Reserved (0)
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s eneral Control Registers
LAirs General Control R
General Control & Status Registers
Register /0 Protect
Mnemonic Register Name Index Access Address Group Page
ST00 Input Status O — R 3C2h - 47
STO1 Input Status 1 - R 3BAN3DAh - 47
FCR Feature Control — w 3BAN3DAN 5 48
R 3CAh
MSR Miscellaneous Output — w 3C2h 5 48
R 3CCh
INPUT STATUS REGISTER 0 (ST00) INPUT STATUSREGISTER 1 (ST01)
Read only at I/O Address at 3C2h Read only at I/0O Address 3BAh/3DAh
| D7/ D6 D5| D4| D3[D2| D1] DO [D7]D6]D5]D4[D3[D2]D1]DO]
] - Display Enable Output
- Reserved (0) T Reserved (0)
| - Vertical Retrace
— Sense
- Video Feedback
I Reserved (0)
CRT Interrupt Pending T Reserved (0)
3-0 Reserved (0) 0 Display Enable Output
This bit reflects the state of the vertical
4 i(:?seb he St fthe i " retrace AND horizontal retrace.
is bit returns the Status of the intern , . N
SENSE comparator or the output of an O Indicates Display Enable inactive
external comparator input on GPIO5 if 1 Indicates Display Enable active
enabled by XR06[0] and XR71[5]. 21 Reserved (0)
6-5 Reserved (0) 3 Vertical Retrace
7 CRT Interrupt Pending The functionality of this bit is controlled by
0 Indicatesno CRT interrupt is pending the Emulation Mode register (XR14[3)).
1 IndicatesaCRT interrupt iswaiting to 0 Indicates VSYNC inactive
be serviced 1 IndicatesVSYNC active
5-4 Video Feedback 1, 0
These are diagnostic video bits which are
selected viathe Color Plane Enable Register.
7-6  Reserved (0)
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General Control Registers

FEATURE CONTROL REGISTER (FCR)
Write at 1/0 Address 3BAh/3DAh

Read at 1/0 Address 3CAh

Group 5 Protection

[D7|D6|D5|D4| D3| D2[D1| Do)

- Feature Control

— Resarved (0)
— Vsync Control

- Reserved (0)

1-0 Feature Control

These bits are read/write only and perform
no function in the 64300 / 301. Inthe IBM
VGA they control two external pins.

2 Reserved (0)

3  Vsync Control

Thisbit is cleared by RESET.

0 VSyncoutput onthe VSYNC pin
1 Logica 'OR' of VSync and Vertica
Display Enable output on the VSYNC

pin
This capability is not typically very useful,
but is provided for IBM compatibility.

7-4 Reserved (0)

MISCELLANEOUS OUTPUT REGISTER (MSR)
Wkite at 1/0 Address 3C2h

Read at 1/0 Address 3CCh

Group 5 Protection

[D7|D6|D5[D4|D3|D2[D1|DO|

1/0O Address Select
RAM Enable

Clock Select
Reserved (0)
Page Select
Hsync Polarity
Vsync Polarity

Thisregister is cleared by RESET.

0 I/O Address Select. This bit selects 3Bxh
or 3Dxh as the 1/0O address for the CRT
Controller registers, the Feature Control
Register (FCR), and Input Status Register 1
(STOL).

0 Sdect 3Bxh I/O address
1 Sdect 3Dxh I/O address

1 RAM Enable

0 Prevent CPU access to display memory
1 Allow CPU accessto display memory

3-2 Clock Select. These bits usually select the
dot clock source for the CRT interface:

MSR3:2 =00 = Select CLKO

MSR3:2 =01 = Select CLK1

MSR3:2 =10 = Select CLK2

MSR3:2 =11 = Select CLK3
See extension register XR01[4]
(Internal/External Clock) and Internal Clock
Functional Description for variations of the
above clock selection mapping.

4 Reserved (0)

5 Page Select. In Odd/Even Memory Map
Mode 1 (GR6), this bit selects the upper or
lower 64 KByte page in display memory for
CPU access. 0=select upper page; 1=select

lower page.

% 6 CRT Hsync Polarity. 0=pos, 1=neg

V H Displ HF VF < 7 CRT Vsync Polarity. O=pos, 1=neg

E E Zgg?_ll_r:ne 1\\,__/)85'3Kbll_|ez VGarolla_|bZIe (Blank pin polarity can be controlled viathe

Iné o Video Interface Register, XR28).

N P 350Line 21.8KHz 60Hz

P N 400Line 31.5KHz 70Hz

N N 480Line 31.5KHz 60Hz
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Sequencer Registers

Register /0 Protect

Mnemonic Register Name Index Access Address Group Page

SRX Sequencer Index — R/W 3C4h 1 49

SR00 Reset 00h R/W 3C5h 1 49

SRO1 Clocking Mode 01h R/W 3C5h 1 50

SR02 Plane/Map Mask 02h R/W 3C5h 1 50

SRO3 Character Font 03h R/W 3C5h 1 51

SR04 Memory Mode 04h R/W 3C5h 1 52

SR0O7 Horizontal Character Counter Reset 07h w 3C5h — 52
SEQUENCER INDEX REGISTER (SRX) SEQUENCER RESET REGISTER (SR00)
Read/Write at 1/0O Address 3C4h Read/Write at 1/0O Address 3C5h

Index 00h
Group 1 Protection
|D7|D6[D5[D4[D3[D2[D1[DO| [D7]D6]D5]D4[D3[D2]D1]DO]
] Async Reset
——— | Sequencer Index — Sync Reset
- Reserved (0) - Reserved (0)
Thisregister is cleared by reset. 0  Asynchronous Reset
0 Force asynchronous reset
2-0  Sequencer Index 1 Normal operation
These bits contain a 3-bit Sequencer Index Disol il if
value used to access sequencer dataregisters th'iipb;?’i S";;”Qgrg’er%"_"ta will be corrupted |

at indices O through 7.
1  Synchronous Reset

0 Force synchronous reset
1 Normal operation

Display memory datais not corrupted if this
bit is set to zero for a short period of time (a
few tens of microseconds).

7-3 Reserved (0)

7-2 Reserved (0)
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SEQUENCER CLOCKING MODE
REGISTER (SR01)

Read/Write at 1/0 Address 3C5h

Index 01h

Group 1 Protection

[D7[D6[DS[ D4 D3[D2[D1] DO

8/9 Dot Clocks
Reserved (0)

Shift Load

Input Clock Divide
Shift 4

Screen Off

:|~ Reserved (0)

0 8/9Dot Clocks

Thishit determineswhether acharacter clock
is8 or 9 dot clocks long.

0 Sdect 9 dots/character clock
1 Select 8 dots/character clock

1 Reserved (0)

Shift L oad

0 Load video data shift registers every
character clock

1 Load video data shift registers every
other character clock

SRO01[4] must be O for this bit to be effec-
tive.

3 Input Clock Divide

0 Sequencer master clock output on the
PCLK pin (used for 640 (720) pixel
modes)

1 Master clock divided by 2 output on
the PCLK pin (used for 320 (360)

pixel modes)
4  Shift4
0 Load video shift registersevery 1 or 2
character clocks (see SR01[2])
1 Loadshiftregistersevery 4th character
clock.
5  Screen Off

0 Normal Operation

1 Disable video output and assign all
display memory bandwidth for CPU
accesses

7-6 Reserved (0)

SEQUENCER PLANE/MAP MASK
REGISTER (SR02)

Read/Write at I/O Address 3C5h

Index 02h

Group 1 Protection

[D7|D6|D5|D4|D3|D2|D1|DO|

Color Plane 0 Enable
Color Plane 1 Enable
Color Plane 2 Enable
Color Plane 3 Enable

Reserved (0)

3-0 Color Plane Enable 3:0

0 Write protect corresponding color
plane

1 Allow write to corresponding
color plane

In Odd/Even and Quad modes, these bits
still control access to the corresponding
color plane [3:0].

7-4 Reserved (0)
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CHARACTER FONT SELECT The following table shows the display memory plane
REGISTER (SR03) selected by the Character Generator Select A and B
Read/Write at 1/0O Address 3C5h bits.

Index 03h

Code Character Generator Table Location

First 8K of Plane 2
Second 8K of Plane 2
Third 8K of Plane 2
Fourth 8K of Plane 2
Fifth 8K of Plane 2
Sixth 8K of Plane 2
Seventh 8K of Plane 2
Eighth 8K of Plane 2

where 'code' is:

Character Generator Select A (bits 3, 2, 5) when
bit-3 of the the attribute byte is one.

Character Generator Select B (bits 1, 0, 4) when
bit-3 of the attribute byteis zero.

Group 1 Protection

[D7]D6[D5][D4[D3[D2[D1]DO]

Font Select B hit-1
Font Select B hit-2
Font Select A bit-1
Font Select A bit-2
Font Select B bit-0
Font Select A hit-0

~NoOOh~_WNEFLO

:|» Reserved (0)

In text modes, bit-3 of the video data's attribute byte
normally controls the foreground intensity. This bit
may be redefined to control switching between char-
acter sets. This latter function is enabled whenever
there is a difference in the values of the Character
Font Select A and the Character Font Select B bits. If
the two values are the same, the character select
function is disabled and attribute bit-3 controls the
foreground intensity.

SR04[1] must be 1 for the character font select func-
tion to be active. Otherwise, only character fonts 0
and 4 are available.

1-0 High order bits of Character Generator
Select B

3-2 High order bits of Character Generator
Select A

4 Low order bit of Character Generator
Select B

5 Low order bit of Character Generator
Select A

7-6 Reserved (0)
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SEQUENCER MEMORY MODE
REGISTER (SR04)

Read/Write at 1/0O Address 3C5h
Index 04h

Group 1 Protection

[D7]D6[D5][D4[D3[D2[D1]DO]

Reserved (0)
Extended Memory
Odd/Even Mode
Quad Four Mode

Reserved (0)

0 Reserved (0)

1 Extended Memory

0 Restrict CPU access to 4/16/32
KBytes
1 Allow complete accessto memory

This bit should normally be 1.

2 Odd/Even Mode

0 CPU accesses to Odd/Even addresses
are directed to corresponding odd/even
planes

1 All planesare accessed simultaneously
(IRGB color)

SRO04[3] must be O for this bit to be effec-
tive. This bit affects only CPU write
accesses to display memory.

3  Quad Four Mode

0 CPU addresses are mapped to display
memory as defined by SR04[2]

1 CPU addresses are mapped to display
memory modulo 4. Thetwo low order
CPU address bits select the display
memory plane.

This bit affects both CPU reads and writes
to display memory.

7-4 Reserved (0)

SEQUENCER HORIZONTAL CHARACTER
COUNTER RESET (SR07)

Read/Write at I/O Address 3C5h

Index 07h

[D7][D6[D5]D4[D3[D2[D1]DO]

- Don't Care

Writing to SRO7 with any data will cause the
horizontal character counter to be held reset
(character counter output = 0) until a write to any
other sequencer register with any data value. The
write to any index in the range 0-6 clears the latch
that is holding the reset condition on the character
counter.

The vertical line counter is clocked by a signal
derived from horizontal display enable (which does
not occur if the horizontal counter is held reset).
Therefore, if thewriteto SRO7 occursduring vertical
retrace, the horizontal counter will be set to zero and
the vertical counter will not advance. A writeto any
other sequencer register may then be used to start
both counters with reasonable synchronization to an
external event via software control.

This is a standard VGA register which was not
documented by IBM.
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CAira eg
CRT Controller Registers

Register /0 Protect
Mnemonic Register Name Index Access Address Group Page
CRX CRTC Index ~ RW  3B4h3D4h - 54
CRO0O Horizontal Total 00h R/IW 3B5h/3D5h 0 54
CRO1 Horizontal Display Enable End 01h R/W 3B5h/3D5h 0 54
CRO2 Horizonta Blank Start 02h R/IW 3B5h/3D5h 0 55
CRO3 Horizontal Blank End 03h R/W 3B5h/3D5h 0 55
CRO4 Horizontal Sync Start 04h R/W 3B5h/3D5h 0 56
CRO5 Horizontal Sync End 05h R/W 3B5h/3D5h 0 56
CRO06 Vertica Tota 06h R/IW 3B5h/3D5h 0 57
CRO7 Overflow 07h R/W 3B5h/3D5h  0/3 57
CRO08 Preset Row Scan 08h R/W 3B5h/3D5h 3 58
CRO09 Maximum Scan Line 0%h R/W 3B5h/3D5h  2/4 58
CROA Cursor Start Scan Line OAh R/W 3B5h/3D5h 2 59
CROB Cursor End Scan Line 0Bh R/W 3B5h/3D5h 2 59
CROC Start Address High 0Ch R/W 3B5h/3D5h - 60
CROD Start Address Low ODh R/IW 3B5h/3D5h - 60
CROE Cursor Location High OEh R/W 3B5h/3D5h - 60
CROF Cursor Location Low OFh R/W 3B5h/3D5h - 60
CR10 Vertical Sync Start (See Note 1) 10h W or R’'W  3B5h/3D5h 4 61
CR11 Vertical Sync End (See Note 1) 11h Wor R'W 3B5h/3D5h  3/4 61
CR10 Lightpen High (See Note 1) 10h R 3B5h/3D5h - 61
CR11 Lightpen Low (See Note 1) 11h R 3B5h/3D5h - 61
CR12 Vertica Display Enable End 12h R/W 3B5h/3D5h 4 62
CR13 Offset 13h R/IW 3B5h/3D5h 3 62
CR14 Underline Row 14h R/W 3B5h/3D5h 3 63
CR15 Vertical Blank Start 15h R/IW 3B5h/3D5h 4 64
CR16 Vertica Blank End 16h R/W 3B5h/3D5h 4 64
CR17 CRT Mode Control 17h R/W 3B5h/3D5h  3/4 65
CR18 Line Compare 18h R/W 3B5h/3D5h 3 66
CR22 Memory Data L atches 22h R 3B5h/3D5h - 67
CR24 Attribute Controller Toggle 24h R 3B5h/3D5h - 67
Notel: IntheVGA, thelight pen registers (CR10 and CR11) are at index locations conflicting with the vertical

sync registers. This would normally prevent reads and writes from occurring at the same index. Since

the light pen registers are not normally useful, the VGA provides software control (CR0O3 bit-7) of

whether the vertical sync or light pen registers are readable at indices 10-11.
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CRTC INDEX REGISTER (CRX) HORIZONTAL DISPLAY ENABLE END
Read/Write at 1/O Address 3B4h/3D4h REGISTER (CR01)
Read/Write at I/O Address 3B5h/3D5h
Index 01h
[D7|b6[p5[D4[D3[D2|D1|DO| Group 0 Protection
— [D7|D6|D5|D4|D3|D2|D1|DO|
- CRTC Index |_-
| Resarved (0) - Horizontal Display
5-0 CRTC dataregister index

7-6 Reserved (0) i

7-0  Number of Characters displayed per scan
line— 1.

HORIZONTAL TOTAL REGISTER (CRO00)
Read/Write at 1/0O Address 3B5h/3D5h

Index O0h

Group O Protection

[D7|D6|D5|D4|D3|D2[D1|DO]

- Horizontal Total

7-0 Horizontal Total. Total number of character
clocks per line = contents of this register +
5. This register determines the horizontal
sweep rate.
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HORIZONTAL BLANK START
REGISTER (CR02)

Read/Write at 1/0O Address 3B5h/3D5h
Index 02h

Group 0 Protection

HORIZONTAL BLANK END
REGISTER (CRO03)

Read/Write at I/O Address 3B5h/3D5h
Index 03h

Group 0 Protection

[D7]D6]D5][D4]D3[D2]D1]DO] [D7][D6]D5][D4]D3[D2]D1]DO0]

- H Blank End

- H Blank Start

| DE Skew Control
Light Pen Register Enable

7-0 Horizontal Blank Start 4-0 Horizontal Blank End

These bits specify the beginning of
horizontal blank in terms of character clocks
from the beginning of the display scan. The
period between Horizontal Display Enable
End and Horizontal Blank Start is the right
side border on screen.

These are the lower 5 bits of the character
clock count used to define the end of
horizontal blank. The interval between the
end of horizontal blank and the beginning of
the display (a count of 0) is the left side
border on the screen. If the horizontal blank

width desired is W clocks, the 5-bit value
programmed in this register = [contents of
CR02 + W] AND 1Fh. The 6th bhit is
programmed in CRO5[7]. This bit = [(
CRO2 + W) AND 20h]/20h. The most sig-
nificant bit is programmed in XR17[5].
This bit = [( CR02 + W) AND 40h]/40h.
The most significant bit is not VGA-
compatible and is only enabled in extended
high resolution modes. For standard modes
only the standard 6 bits are programmed.
The 7th bit is enabled by XR17[6].

Display Enable Skew Control

Defines the number of character clocks that
the Display Enable signal is delayed to
compensate for internal pipeline delays.

7 Light Pen Register Enable

This bit must be 1 for normal operation;
when this bit is 0, CRTC registers CR10
and CR11 function as lightpen readback
registers.
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HORIZONTAL SYNC END
REGISTER (CRO05)

Read/Write at I/O Address 3B5h/3D5h
Index 05h

Group 0 Protection

HORIZONTAL SYNC START
REGISTER (CR04)

Read/Write at 1/0O Address 3B5h/3D5h
Index 04h

Group 0 Protection

[D7]D6[D5][D4[D3[D2[D1]DO] [D7][D6[D5]D4[D3[D2[D1]DO]

- Horizontal Sync End

- Horizontal Sync Start

- Horizontal Sync Delay
H Blank End Bit 5

7-0 Horizontal Sync Start 4-0 Horizontal Sync End

These bits specify the beginning of Hsyncin
teems of Character clocks from the
beginning of the display scan. These bits
aso determine display centering on the
screen.

A 9th bit is available in XR17[2] for non-
VGA high resolution modes. For VGA

Lower 5 bits of the character clock count
which specifies the end of Horizontal Sync.
If the horizontal sync width desired is N
clocks, then these bits = (N + contents of
CRO04) AND 1Fh.

A 6th bit, enabled by XR17[6], is available
at XR17[3]. Thisisonly used for non-VGA

compatible high resolution modes. It is
progranmmed = (N + contents of
CRO4/XR1A) AND 20h/20h.

compatibility its default value is zero and is
not expected to be programmed by VGA
software.

Horizontal Sync Delay

These bits specify the number of character
clocksthat the Horizontal Sync isdelayed to
compensate for internal pipeline delays.

7 Horizontal Blank End Bit 5

This bit is the sixth bit of the Horizontal
Blank End Register (CRO3).
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VERTICAL TOTAL REGISTER (CRO06) OVERFLOW REGISTER (CR07)

Read/Write at |/O Address 3B5h/3D5h Read/Write at 1/0 Address 3B5h/3D5h

Index 06h Index 07h

Group 0 Protection Group 0 Protection on bits 0-3 and bits 5-7

Group 3 Protection on bit 4
[D7|D6|D5|D4|D3|D2[D1[DO| [D7|D6|D5|D4|D3|D2[D1[DO|
] V Total Bit 8

V DE End Bit 8

V Sync Start Bit 8
- V Blank Start Bit 8
-V Total (Scan Lines) Line Compare Bit 8

(Lower 8 Bits) V Totd Bit 9
V DE End Bit 9

V Sync Start Bit 9

7-0 Vertical Total

These are the 8 low order bits of a 10/11-bit
register. The VGA-compatible 9th and 10th
bits are located in the CRT Controller Over-
flow Register. The 11th bit (XR16[Q]) is
only used in non-VGA compatible high
resolution modes. In VGA modes XR16[0]
is not programmed - it is assumed to be 0.
The Vertical Total value specifies the total
number of scan lines (horizontal retrace
periods) per frame.

Vertical Total Bit 8

Vertical Display Enable End Bit 8
Vertical Sync Start Bit 8

Vertical Blank Start Bit 8

Line CompareBit 8

Vertical Total Bit 9

Vertical Display Enable End Bit 9
Vertical Sync Start Bit 9

~N o o~ W N B+ O

Programmed Count = Actua Count —2
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PRESET ROW SCAN REGISTER (CRO08)
Read/Write at I/0O Address 3B5h/3D5h

Index 08h

Group 3 Protection

[D7]D6[D5][D4[D3[D2[D1]DO]

- Start Row Scan Count

- Byte Panning Control

MAXIMUM SCAN LINE REGISTER (CR09)
Read/Write at 1/0 Address 3B5h/3D5h

Index 09h

Group 2 Protection on bits 0-4

Group 4 Protection on bits 5-7

[D7][D6[D5]D4[D3[D2[D1]DO]

Scan Lines Per Character

V Blank Start Bit 9
Line Compare Bit 9

— Resarved (0) Double Scan
4-0 Start Row Scan Count 4-0 Scan LinesPer Character
These bits specify the starting row scan These bits specify the number of scan lines
count after each vertical retrace. Every inarow:
horizontal retrace increments the character _
row scan line counter. The horizontal row Programmed Value = Actual Value—1
scan counter is cleared at maximum row . . .
scan count during active display. This 5 Vertical Blank Start Register Bit 9
register is used for soft scrolling in text Overflow bit from CR15
modes.
_ 6 LineCompare Register Bit 9
6-5 Byte Panning Control _
_ ] _ Overflow bit from CR18
These hits specify the lower order bits for
the display start address. They are used for 7  Double Scan
horizontal panning in Odd/Even and Quad _
modes. 0 Normal Operation
1 Enable scan line doubling
7 Reserved (0) The vertical parameters in the CRT
Controller (even for a split screen) are not
affected, only the CRTC row scan counter
(bits 0-4 of this register) and display
memory addressing screen refresh are
affected.
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CURSOR START SCAN LINE
REGISTER (CROA)

Read/Write at 1/0O Address 3B5h/3D5h
Index OAh

Group 2 Protection

[D7]D6[D5][D4[D3[D2[D1]DO]

- Cursor Start Scan Line

— Cursor off

T Reserved (0)

CURSOR END SCAN LINE
REGISTER (CROB)

Read/Write at I/O Address 3B5h/3D5h
Index OBh

Group 2 Protection

[D7][D6[D5]D4[D3[D2[D1]DO]

- Cursor End Scan Line

- Cursor Delay

— Resarved (0)

4-0 Cursor Start Scan Line 4-0 Cursor End Scan Line
These bits specify the scan line of the These bits specify the scan line of acharacter
character cell where the cursor display row where the cursor display ends (i.e., last
begins (top scan line = 0). scan line for the block cursor).
5 Cursor Off 6-5 Cursor Delay
0 Text Cursor On These bits define the number of character
1 Text Cursor Off clocks that the cursor is delayed to
compensate for internal pipeline delay.
7-6 Reserved (0) pen Pipel &
7 Reserved (0)
Note: If the Cursor Start Line is greater than the
Cursor End Line, then no cursor is generated. If the
cursor end scan line is programmed to be greater
than the number of scan lines per charater cell, then
thelast cursor lineisthe last line of the character cell.
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START ADDRESSHIGH REGISTER (CROC)
Read/Write at 1/O Address 3B5h/3D5h
Index OCh

[D7|D6|D5[D4|D3|D2[D1|DO|

- Display Start Address High
(Upper 8 bits)

7-0 Display Start Address High (Bits 15:8)

This register contains the upper 8 bits of the
display start address.

START ADDRESSLOW REGISTER (CROD)
Read/Write at 1/O Address 3B5h/3D5h
Index ODh

[D7|D6|D5| D4 D3| D2| D1 DO

- Display Start Address Low
(Lower 8 hits)

7-0 Display Start AddressLow (Bits 7:0)

This register contains the lower 8 bits of the
display start address. The display start
address points to the memory address
corresponding to the top left corner of the
screen.

CURSOR LOCATION HIGH REGISTER (CROE)
Read/Write at 1/O Address 3B5h/3D5h
Index OEh

[D7|D6|D5[D4|D3|D2[D1|DO|

- Text Cursor Address
(Upper 8 bits)

7-0 Cursor Location High (Bits 15:8)

Thisregister contains the upper 8 bits of the
memory address where the text cursor is
active.

CURSOR LOCATION LOW REGISTER (CROF)
Read/Write at 1/O Address 3B5h/3D5h
Index OFh

[D7|D6|D5| D4 D3| D2| D1 DO

- Text Cursor Address
(Lower 8 bits)

7-0 Cursor Location Low (Bits 7:0)

This register contains the lower 8 bits of the
memory address where the text cursor is
active.
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LIGHTPEN HIGH REGISTER (CR10)
Read only at 1/0 Address 3B5h/3D5h
Index 10h

Read-only Register loaded at line compare (the light
pen flip-flop is not implemented). Effective only
when CRO3 bit-7 = 0.

LIGHTPEN LOW REGISTER (CR11)
Read only at 1/0 Address 3B5h/3D5h
Index 11h

Read-only Register loaded at line compare (the light
pen flip-flop is not implemented). Effective only
when CRO3 bit-7 = 0.

VERTICAL SYNC START REGISTER (CR10)
Read/Write at 1/0 Address 3B5h/3D5h

Index 10h

Group 4 Protection

[D7|D6|D5|D4|D3|D2|D1|DO|

-V Sync Start
(Lower 8 hits)

Thisregister is not readable when CR03 bit-7=1.

7-0 Vertical Sync Start

The eight low order bits of a 10-bit register.
The 9th and 10th bits are located in the
CRTC Overflow Register. They define the
scan line position at which Vertical Sync
becomes active. Thereisan 11th bit located
in XR16[2] used for non-VGA modes.

VERTICAL SYNC END REGISTER (CR11)
Read/Write at 1/0 Address 3B5h/3D5h

Index 11h

Group 3 Protection for bits4 and 5

Group 4 Protection for bits 0-3, 6, and 7

[D7][D6[D5]D4[D3[D2[D1]DO]

V Sync End

V Interrupt Clear

V Interrupt Enable
Select Refresh Type
Protect CRTC (Group 0)

This register is not readable when CRO03 bit-7=1.

3-0 Vertical Sync End

The lower 4 bits of the scan line count that
defines the end of vertical sync. If the
vertical sync width desired is N lines, then
bit?]3-0 of thisregister = (CR10 + N) AND
OFh.

4  Vertical Interrupt Clear

0=Clear vertical interrupt generated on the
IRQ output; 1=Normal operation. Thishitis
cleared by RESET.

5 Vertical Interrupt Enable

0 Enablevertica interrupt (default)
1 Disablevertica interrupt

Thisbit is cleared by RESET.

6  Select Refresh Type
0 3refresh cyclesper scan line
1 5refresh cyclesper scan line
7 Group Protect O

This bit islogically ORed with XR15 bit-6
to determine the protection for group O
registers. Thisbit iscleared by RESET.

0 Enablewritesto CR0O0-CRO7
1 Disablewritesto CR0O0-CRO7

CRO7 bit-4 (Line Compare bit-9) is not
affected by this bit.
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VERTICAL DISPLAY ENABLE END
REGISTER (CR12)

Read/Write at 1/0O Address 3B5h/3D5h
Index 12h

Group 4 Protection

[D7]D6[D5][D4[D3[D2[D1]DO]

-V Display Enable End
(Lower 8 hits)

7-0 Vertical Display Enable End

These are the eight low order bits of a 10-bit
register. The 9th and 10th bitsare located in
the CRT Controller Overflow register. The
actual count = Contents of this register + 1.
Thereisan 11th bit located in XR16[1] used
for non-VGA modes.

OFFSET REGISTER (CR13)
Read/Write at I/0 Address 3B5h/3D5h
Index 13h

Group 3 Protection

[D7|D6|D5|D4|D3|D2|D1|DO|

- Display Buffer Width

7-0 Display Buffer Width

The byte starting address of the next display
row = Byte Start Address for current row +
(K* CR13), where K = 2 in byte mode, K =
4 in word mode, and K = 8 in doubleword
mode. Byte, word and doubleword modes
are selected by CR17[6] and CR14[6].
Byte, word and doubleword modes affect
the trandation of the 'logical’ display mem-
ory address to the 'physical’ display mem-
ory address.
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UNDERLINE LOCATION REGISTER (CR14)
Read/Write at I/0O Address 3B5h/3D5h

Index 14h

Group 3 Protection

[D7|D6|D5|D4|D3|D2|D1|DO|

Underline Position

Count by 4
Doubleword Mode
Reserved (0)

4-0 Underline Position

These bits specify the underline's scan line
position within a character row.

Progranmed Vaue = Actual scan line
number — 1

5 Count by 4 for Doubleword Mode

0 Frame Buffer Address is incremented
by 1 or 2

1 Frame Buffer Address is incremented
by 4 or 2

See CR17 bit-3 for further details.

6 Doubleword Mode

0 Frame Buffer Addressis byte or word
address

1 Frame Buffer Address is doubleword
address

This bit is used in conjunction with CR17
bit-6 to select the display memory
addressing mode.

7 Reserved (0)
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VERTICAL BLANK START
REGISTER (CR15)

Read/Write at 1/0O Address 3B5h/3D5h
Index 15h

Group 4 Protection

VERTICAL BLANK END
REGISTER (CR16)

Read/Write at I/O Address 3B5h/3D5h
Index 16h

Group 4 Protection

[D7]D6[D5][D4[D3[D2[D1]DO] [D7][D6[D5]D4[D3[D2[D1]DO]

- V Blank Start
(Lower 8 bits)

-V Blank End
(Lower 8 bits)

7-0 Vertical Blank Start 7-0 Vertical Blank End

These are the 8 low order bits of a 10-hit
register. The 9th and 10th bits are located in
the CRT Controller Overflow and Maximum
Scan Line Registers respectively. Together

These are the 8 low order bits of the scan
line count which specifiestheend of Vertical
Blank. If the vertical blank width desired is
Z linesthese bits= (Vertical Blank Start + Z)

these 10 bits define the scan line position and OFFh.
where vertical blank begins. The interval

between the end of the vertical display and

the beginning of vertical blank isthe bottom

border on the screen.

Thereisan 11th bit located in XR16[4] used

for non-VGA modes.
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CRT MODE CONTROL REGISTER (CR17) 3 Count By Two

IRedad/\llv7r;]te at 1/0 Address 3B5h/3D5h 0 Memory address counter is
nadex _ i incremented every character clock
Group 3 Protection for bits 0, 1, and 3-7 (CCLK)

Group 4 Protection for bit 2 1 Memory address  counter is

[D7|D6|D5|D4|D3|D2|D1|DO|

Compatibility Mode
Select Row Scan Ctr
Vsync Select

Count by 2
Reserved (0)

AddressWrap

Word/Byte Mode

CRTC Reset

Compatibility M ode Support

This bit allows compatibility with the IBM
CGA two-bank graphics mode.

0 Character row scan line counter bit O
Is substituted for memory address bit
13 during active display time

1 Norma operation, no substitution
takes place

Select Row Scan Counter

This bit allows compatibility with Hercules
graphics and with any other 4-bank graphics
system.

0 Character row scan line counter bit 1
is substituted for memory address bit
14 during active display time

1 Norma operation, no substitution
takes place

Vertical Sync Select

Thisbit controlsthe vertical resolution of the
CRT Controller by permitting selection of
the clock rate input to the vertical counters.
When set to 1, the vertical counters are
clocked by the horizontal retrace clock
divided by 2.

incremented every two character
clocks, used in conjunction with bit 5
of OFh.

Note: This bit is used in conjunction with
CR14[5]. The net effect isasfollows:

Increment
Addressing
CR14[5] CR17[3] Every

0 0 1CCLK

0 1 2 CCLK

1 0 4 CCLK

1 1 2 CCLK

Reserved (0)

Address Wrap (effective only in word
mode)

0 Wrap display memory address at 16
Kbytes. Used in IBM CGA mode.
1 Normal operation (extended mode).

Word Mode or Byte Mode

0 Select Word Mode. In this mode the
display memory address counter bits
are shifted down by one, causing the
most-significant bit of the counter to
appear on the least-significant bit of
the display memory address output

1 Select byte mode

Note: This bit is used in conjunction with
CR14[6] to select byte, word, or
doubleword memory addressing as follows:

0 0 Word Mode

0 1 Byte Mode

1 0 Doubleword Mode
1 1 Doubleword Mode

Display memory addresses are affected as
shown in the table on the following page.

Hardwar e Reset

0 Force HSYNC and VSYNC inactive.
No other registers or outputs af-
fected.(Default on RESET)

1 Normal Operation.
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Display memory addresses are affected by CR17 bit

CRT Controller Registers

6 as shown in the table bel ow:

Logicd Physica Memory Address

Memory Byte Word Doubleword

Address Mode Mode Mode
MAOQOO AQ0 Note 1 Note 2
MAO1 AO01 AO00 Note 3
MAOQO2 AO02 A0l AO00
MAO3 AO03 AQ2 AO01
MAO4 A04 AO03 AO02
MAO5 AQ5 A04 AO03
MAO6 A06 A05 AO4
MAOQO7 AQ7 A06 AO05
MAO8 A08 AOQ7 A06
MAO9 AQ09 A08 AQ7
MA10 Al10 A09 AO08
MA11 All A10 A09
MA12 Al2 All A10
MA13 Al3 Al12 All
MA14 Al4 Al3 Al2
MA15 Al5 Al4 Al3

Note1l = A13* NOT CR17 bit5

+A15* CR17 bit5

Note 2 = A12 xor (A14 * XR04 hit 2)
Note 3 = A13 xor (A15* XR04 bit 2)

LINE COMPARE

REGISTER (CR18)

Read/Write at I/O Address 3B5h/3D5h
Index 18h

Group 3 Protection

[D7][D6[D5]D4[D3[D2[D1]DO]

- Line Compare Target

(Lower 8 hits)

7-0

Line Compare Target

These are the low order 8 bhits of a 10-bit
register. The 9th and 10th bits are located in
the CRT Controller Overflow and Maximum
Scan Line Registers, respectively. This
register is used to implement a split screen
function. When the scan line counter value
is equal to the contents of this register, the
memory address counter isclearedto 0. The
display memory address counter then
sequentially addresses the display memory
starting at address 0. Each subsequent row
address is generated by the addition of the
Offset Register contents. Thisregister isnot
affected by the double scanning bit
(CRO9[7)).
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MEMORY DATA LATCH
REGISTER (CR22)

Read only at 1/0 Address 3B5h/3D5h
Index 22h

[D7]D6[D5][D4[D3[D2[D1]DO]

DatalLatchnBit 7
DataLatch n Bit 6
DataLatchnBit5
DatalLatchnBit4
DatalLatchnBit 3
Data Latch n Bit 2
DatalLatchnBit 1
DatalLatchnBit 0

7-0 Datalatch

Thisregister may be used to read the state of
Graphics Controller Memory Data Latch 'n',
where 'n" is controlled by the Graphics
Controller Read Map Select Register
(GRO4[1:0]) and isin the range 0-3.

Writes to this register are not decoded and will be
ignored.

This is a standard VGA register which was not
documented by IBM.

ATTRIBUTE CONTROLLER TOGGLE
REGISTER (CR24)

Read only at I/O Address 3B5h/3D5h

Index 24h

[D7|D6|D5|D4|D3|D2|D1|DO|

- Reserved (0)

— Index (0) / Data (1)

6-0 Reserved (0)
7 Index/Data

Thisbit may be used to read back the state of
the attribute controller index/datalatch. This
|atch indicates whether the next write to the
attribute controller at 3C0Oh will be to the
register index pointer or to an indexed
register.

0 Next writeisto theindex

1 Nextwriteisto anindexed register

Writes to this register are not decoded and will be
ignored.

This is a standard VGA register which was not
documented by IBM.
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g H Graphics Controller Registers

CAmra ® ol
Graphics Controller Registers

Register /O Protect
Mnemonic Register Name Index Access Address Group Page
GRX Graphics Index - R/W 3CEh 1 69
GROO Set/Reset 00h R/W 3CFh 1 69
GRO1 Enable Set/Reset 01h R/W 3CFh 1 70
GRO2 Color Compare 02h R/W 3CFh 1 70
GRO03 Data Rotate 03h R/W 3CFh 1 71
GR04 Read Map Select 04h R/W 3CFh 1 71
GRO05 Graphics Mode 05h R/W 3CFh 1 72
GRO06 Miscellaneous 06h R/W 3CFh 1 74
GRO7 Color Don't Care 07h R/W 3CFh 1 74
GRO08 Bit Mask 08h R/W 3CFh 1 75

GRAPHICS CONTROLLER
INDEX REGISTER (GRX)
Write only at 1/0 Address 3CEh
Group 1 Protection

[D7|D6[D5[|D4|D3|D2|D1|DO|

—— | Index to Graphics
- Controller Data
Registers

- Reserved (0)

3-0 4-bit Index to Graphics Controller

Registers
7-4 Reserved (0)

SET/RESET REGISTER (GRO0O0)
Read/Write at I/0O Address 3CFh
Index 00h

Group 1 Protection

[D7|D6[D5[D4|D3|D2|D1|DO|

Set/Reset Bit 0
Set/Reset Bit 1
Set/Reset Bit 2
Set/Reset Bit 3

Reserved (0)

The SET/RESET and ENABLE SET/RESET
registers are used to 'expand’ 8 bits of CPU data to
32 bits of display memory.

3-0 Set/Reset Planes3-0

When the Graphics Mode register selects
Write Mode O, all 8 bits of each display
memory plane are set as specified in the
corresponding bit in this register. The
Enable Set/Reset register (GRO1) allows
selection of some CPU data to be written to
individual planes and other planes to be set
or reset based on GROO. In Write Mode 3
(see GRO5), these bits determine the color
value.

7-4 Reserved (0)
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ENABLE SET/RESET REGISTER (GRO01)
Read/Write at I/0O Address 3CFh

Index 01h

Group 1 Protection

COLOR COMPARE REGISTER (GR02)
Read/Write at I/0 Address 3CFh

Index 02h

Group 1 Protection

[D7|D6|D5|D4|D3|D2|D1|DO| [D7|D6|D5|D4|D3|D2|D1|DO)

Enable Set/Reset Bit 0
Enable Set/Reset Bit 1
Enable Set/Reset Bit 2
Enable Set/Reset Bit 3

Color Compare (Plane 0)
Color Compare (Plane 1)
Color Compare (Plane 2)
Color Compare (Plane 3)

Reserved (0) Reserved (0)

3-0 Enable Set / Reset Planes 3-0 3-0 Color Compare Planes 3-0

This register works in conjunction with the

Set/Reset register (GR00). The Graphics

M ode register must be programmed to Write

(I;r/l fode 0 in order for this register to have any
ect.

0 The corresponding plane is written
with the data from the CPU data bus

1 The corresponding planeis set to O or
1 as specified in the Set/Reset Register

This register is used to 'reduce’ 32 bits of
memory data to 8 bits for the CPU in 4-
plane graphics mode. These bits provide a
reference color value to be compared to data
read from display memory planes 0-3. The
Color Don't Care register (GRO7) is used to
affect the result. Thisregister is active only
if the Graphics Mode register (GR05) is set
to Read Mode 1. A match between the
memory dataand the Color Compareregister

(GRO2) (for the bits specified in the Color
Don't Care register) causes alogica 1 to be
placed on the CPU data bus for the
corresponding data bit; a mis-match returns
alogical 0.

7-4 Reserved (0)

7-4 Reserved (0)
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DATA ROTATE REGISTER (GRO03)
Read/Write at I/0O Address 3CFh

Index 03h

Group 1 Protection

[D7|D6|D5|D4|D3|D2|D1|DO|

Rotate Count 0
Rotate Count 1
Rotate Count 2

Function Select

Reserved (0)

READ MAP SELECT REGISTER (GRO04)
Read/Write at I/0 Address 3CFh

Index 04h

Group 1 Protection

[D7|D6|D5|D4|D3|D2|D1|DO)

Read Map Select 0
— Read Map Select 1

- Reserved (0)

2-0 Data Rotate Count 1-0 Read Map Select
These bits specify the number of bits to This register is also used to ‘reduce’ 32 bits
rotate to the right the data being written by of memory data to 8 bits for the CPU in the
the CPU. The CPU data bits are first 4-plane graphicsmode. These bits select the
rotated, then subjected to the logica memory plane from which the CPU reads
operation as specified in the Function Select datain Read Mode 0. In Odd/Even mode,
bit field. Therotate functionisactiveonly if bit-0 isignored. In Quad mode, bits 0 and 1
the Graphics Mode register is programmed are both ignored.
for Write Mode 0. The four memory maps are selected as
4-3  Function Select follows:
These Function Select bits specify thelogical Bitl Bit0 Map Seected
function performed on the contents of the 0 0 Plane 0
processor latches (loaded on a previous 0 1 Plane 1
CPU read cycle) before the datais written to 1 0 Plane 5
display memory. These bits operate as 1 1 Plane3
follows: ane
Bit4 Bit3 Result /-2 Reserved (0)
0 0 No change to the Data
0 1  Logica 'AND' between Data
and latched data
1 0 Logica 'OR' between Data
and latched data
1 1  Logical 'XOR' between Data
and latched data
7-5 Reserved (0)
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GRAPHICS MODE REGISTER (GRO05) addressed byte to the
Read/Write at I/0O Address 3CFh corresponding pixel in the
Index 05h processor  latches. The
Group 1 Protection Set/Reset and Enable Set/Reset

registers are ignored. The Func-
tion Select bitsinthe Data Rotate

[D7|D6|D5|D4|D3|D2[D1|DO| register are used.

11 Write mode 3. The CPU data
] Write Mod is rotated then logically ANDed
riefviode with the contents of the Bit

Reserved (0) Mask register (GR0O8) and then

Read Mode treated as the addressed data's

Odd/Even Mode bit mask, while the contents of
the Set/Reset register is treated

Shift Register Mode as the color value.

Reserved (0) A '0' on the data bus (mask)
causes the corresponding pixel
in the addressed byte to be set to

1-0 WriteMode the corresponding pixel in the
For 16/32-bit writes, the operation is processor |atches.
repeated on al bytes of CPU data A 'l'" on the data bus (mask)
) . causes the corresponding pixel
GROS5[1:0] WriteMode in the addressed byte to be set to
00 Write mode 0. Each of the four the color value specified in the
display memory planes is writ- Set/Reset register.

ten with the CPU datarotated by o
the number of counts in the The Eeréabl e_l_%et/ Féia rlggger IS
Rotate Register, except when the 'gnorea. € Dala Rotde 1S

Set/Reset Register is enabled for used. This write mode can be
any of the four planes. When used to fill an area with asingle

the Set/Reset Register is ena color and pattern.
bled, the corresponding plane is 2  Reserved (0)
written with the data stored in
the Set/Reset Register. 3 Read Mode
01 Writemode 1 Each of the four 0 The CPU reads data from one of the
display memory planes is writ- planes as selected in the Read Map
ten with the ‘data previously Select register.
loaded in the processor |aiches. 1 The CPU reads the 8-hit result of the
These |atches are loaded during logical comparison between all eight
all read operations. pixels in the four display planes and
10 Write mode 2. The CPU data the contents of the Color Compare and
bus data is treated as the color Color Don't Care registers. The CPU
value for the addressed byte in reads alogical 1 if a match occurs for
planes 0-3. All eight pixels in each pixel and logical 0if amis-match
the addressed byte are modified occurs. In 16-bit read cycles, this
unless protected by the Bit Mask operation is repeated on the lower and
register setting. A logical 1 in upper bytes.
the Bit Mask register sets the _ _
corresponding  pixel in the (Continued on following page)

addressed byte to the color
specified onthedatabus. A Oin
the Bit Mask register sets the
corresponding pixel in the
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4  Odd/Even Mode
0 All CPU addresses sequentially access all planes

1 Even CPU addresses access planes 0 and 2, while odd CPU addresses access planes 1 and 3. This
option is useful for compatibility with the IBM CGA memory organization.

6-5 Shift Register Mode

These two bits select the data shift pattern used when passing data from the four memory planes through
the four video shift registers. If data bits 0-7 in memory planes 0-3 are represented as MOD0O-MOD?7,
M1DO0-M1D7, M2D0-M2D7, and M3D0-M3D7 respectively, then the datain the serial shift registersis
shifted out asfollows:

Lagt Bit 1<t Bit Out-

Shifted Shift Shifted put

GRO05[6:5] Out Direction —» Out to:
00: MODO MOD1 MOD2 MOD3 MOD4 MOD5 MOD6 MOD7 BitO

M1DO ™Mi1D1 M1D2 M1D3 M1D4 MI1D5 M1D6 M1D7 Bit 1
M2D0O M2D1 M2D2 M2D3 M2D4 M2D5 M2D6 M2D7 Bit 2
M3DO M3D1 M3D2 M3D3 M3D4 M3D5 M3D6 M3D7 Bit 3

01: MiDO M1D2 M1D4 M1D6 MODO MOD2 MOD4 MOD6 BitO
Mibl1 M™Mi1D3 M1D5 M1D7 MOD1 MOD3 MODS MOD7 Bit1
M3DO M3D2 M3D4 M3D6 M2D0 M2D2 M2D4 M2D6 Bit 2
M3D1 M3D3 M3D5 M3D7 M2D1 M2D3 M2D5 M2D7 Bit 3

Ix: M3DO M3D4 M2D0 M2D4 M1DO M1D4 MODO MOD4 BitO
M3D1 M3D5 M2D1 M2D5 M1D1 MI1D5 MOD1 MODS Bit1
M3D2 M2D6 M3D2 M2D6 M1D2 MI1D6 MOD2 MOD6 Bit 2
M3D3 M3D7 M2D3 M2D7 M1D3 M1D7 MOD3 MOD7 Bit 3

Note: If the Shift Register is not loaded every character clock (see SR01[4,2]) then the four 8-bit shift
registers are effectively 'chained' with the output of shift register 1 becoming the input to shift
register 0 and so on. This allows one to have alarge monochrome (or 4 color) bit map and dis-
play one portion thereof.

Note: If XR28[4] is set (8-bit video path), then GRO5[6] must be set to O:

If XR28[4]=1:
Last Bit 1st Bit Out-
Shifted Shift Shifted put
GRO05[6:5]  Out Direction —» Out to:
0x M3D0O M2DO0 M1DO MODO Bit0

M3D1 M2D1 Mi1D1 MOD1 Bit1
M3D2 M2D2 M1D2 MOD2 Bit 2
M3D3 M2D3 M1D3 MOD3 Bit 3
M3D4 M2D4 M1D4 MOD4 Bit 4
M3D5 M2D5 MI1D5 MODS Bit5
M3D6 M2D6 M1D6 MOD6 Bit 6
M3D7 M2D7 M1D7 MOD7 Bit 7

7 Reserved (0)
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MISCELLANEOUS REGISTER (GRO06)
Read/Write at I/0O Address 3CFh

Index 06h

Group 1 Protection

[D7|D6|D5|D4|D3|D2|D1|DO|

Graphics/Text Mode
Chain Odd/Even Planes

I Memory Map Mode

- Reserved (0)

0 GraphicdText Mode

0 TextMode
1 Graphics mode

1 Chain Odd/Even Planes

This mode can be used to double the address
space into display memory.

1 CPU address bit AO is replaced by a
higher order address bit. The state of
A0 determines which memory planeis
to be selected:

A0=0: select planesOand 2
AO=1: selectplanes1land 3

0 AOnot replaced
3-2 Memory Map Mode

These bits control the mapping of the display
memory into the CPU address space as
follows (also used in extended modes):

Bit3 Bit2 CPU Address

0 0 A0000h-BFFFFh
0 1 A0000h-AFFFFh
1 0 B0O00Oh-B7FFFh
1 1 B8000h-BFFFFh

7-4 Reserved (0)

COLOR DON'T CARE REGISTER (GROQ7)
Read/Write at I/0 Address 3CFh

Index 07h

Group 1 Protection

[D7|D6|D5|D4|D3|D2|D1|DO)

Ignore Color Plane 0
Ignore Color Plane 1
Ignore Color Plane 2
Ignore Color Plane 3

Reserved (0)

3-0 IgnoreColor Plane (3-0)

0 This causes the corresponding bit of
the Color Compare register to be a
don't care during a comparison.

1 The corresponding bit of the Color
Compare register is enabled for color
comparison. Thisregister is activein
Read Mode 1 only.

7-4 Reserved (0)
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BIT MASK REGISTER (GRO08)
Read/Write at 1/0 Address 3CFh
Index 08h

Group 1 Protection

[D7|D6|D5|D4|D3|D2|D1|DO|

- Bit Mask
O=Immune to change
1=Change permitted

7-0 Bit Mask

This bit mask is applicable to any data
written by the CPU, including that subject to
arotate, logical function (AND, OR, XOR),
Set/Reset, and No Change. In order to
execute a proper read-modify-write cycle
into displayed memory, each byte must first
be read (and latched by the VGA), the Bit
Mask register set, and the new data then
written. The bit mask applies to al four
planes simultaneously.

0 The corresponding bit (7:0) in each of
the four memory planes is written
from the corresponding bit (7:0) in the
latches.

1 Unrestricted manipulation of the
corresponding data bit in each of the
four memory planesis permitted.
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Attribute Controller and Color Palette Regis-

Attribute Controller and VGA Color Palette Registers

Register /O Protect
Mnemonic Register Name Index Access Address Group Page
ARX Attribute Index (for 3C0/3C1h) - R/W 3C0h 1 77
ARO0-AROF Attribute Controller Color Data 00-OFh  R/W 3COh/3Clh 1 78
AR10 Mode Control 10h R/W 3COh/3Cilh 1 78
AR11 Overscan Color 11h R/W 3COh/3Clh 1 79
AR12 Color Plane Enable 12h R/W 3COh/3Cih 1 79
AR13 Horizontal Pixel Panning 13h R/W 3CO0h/3Cih 1 80
AR14 Pixel Pad 14h R/W 3COh/3Cilh 1 80
DACMASK Color Palette Pixel Mask - R/W 3C6h 6 81
DACSTATE Color Pdette State - R 3C7h - 81
DACRX Color Palette Read-Mode Index - W 3C7h 6 82
DACX Color Palette Index (for 3C9h) - R/W 3C8h 6 82
DACDATA Color Palette Data 00-FFh R/W 3Coh 6 82

In regular VGA mode, al Attribute Controller
registers are located at the same byte address (3COh)
in the CPU 1/O space. Aninternal flip-flop controls
the selection of either the Attribute Index or Data
Registers. To select the Index Register, an 1/0 Read
is executed to address 3BBAh/3DAh to clear thisflip-
flop. After the Index Register has been loaded by an
[/O Write to address 3COh, thisflip-flop toggles, and
the Data Register is ready to be accessed. Every 1/0
Write to address 3COh toggles this flip-flop. The
flip-flop does not have any effect on the reading of
the Attribute Controller registers. The Attribute
Controller index register is always read back at
address 3COh, the data register is always read back
at address 3C1h.

In one of the extended modes (See "CPU Interface
Register"), the Attribute Controller Index register is
located at address 3COh and the Attribute Controller
Data register is located at address 3C1h (to allow
word 1/0 accesses). In another extended mode, the
Attribute Controller can be both read and written at
either 3COh or 3C1h (EGA compatible mode).

The VGA color palette logic is used to further
modify the video color output following the attribute
controller color registers. The color palette logic is
contained on-chip. DAC logicisprovided on-chipto
convert the final video output of the color palette to
analog RGB outputs for use in driving a CRT

display.

ATTRIBUTE INDEX
REGISTER (ARX)
Read/Write at I/0 Address 3COh
Group 1 Protection

[D7|D6|D5|D4|D3|D2|D1|DO)

Index to
- Attribute Controller
Data Registers

- Video Enable

I Reserved (0)
Attribute Controller Index

These bits point to one of the interna
registers of the Attribute Controller.

5 EnableVideo

0 Disable video, allowing the Attribute
Controller Color registers to be
accessed by the CPU

1 Enable video, causing the Attribute
Controller Color registers (AROO-
AROF) to be inaccessible to the CPU

7-6  Reserved (0)
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ATTRIBUTE CONTROLLER
COLOR REGISTERS (AR00O-AROF)
Read at 1/0 Address 3C1h

Write at 1/0 Address 3C0/1h

Index 00-OFh

Group 1 Protection or XR63[ 6]

[D7|D6|D5[D4|D3|D2[D1|DO|

Blue

Green

Red

Secondary Blue
Secondary Green
Secondary Red

]» Reserved (0)

5-0 Color Value

These bits are the color value in the
respective attribute controller color register
as pointed to by the attribute index register.

7-6 Reserved (0)

ATTRIBUTE CONTROLLER

MODE CONTROL REGISTER (AR10)
Read at I/O Address 3C1h

Write at 1/0O Address 3C0/1h

Index 10h

Group 1 Protection

[D7|D6|D5|D4|D3|D2[D1|DO]

Text/Graphics Mode
Mono/Color Display
Enable Line Graphics
Select Background
Reserved

Horizonta Split Screen
256 Color

Video Output 4-5 Select

0 Text/GraphicsMode

0 Select text mode
1 Select graphics mode

1  Monochrome/Color Display

0 Select color display attributes
1 Select mono display attributes

2 EnableLine Graphics Character Codes

0 Make the ninth pixel appear the same
as the background

1 For specia line graphics character
codes (0OCOh-ODFh), make the ninth pixel
identical to the eighth pixel of the character.
For other characters, the ninth pixel is the

same as the background.
3 Enable Blink/Select Background
Intensity

The blinking counter is clocked by the
VSYNC signal. The Blink frequency is
defined in the Blink Rate Control Register
(XR60).

0 DisableBlinking and enabletext mode
background intensity

1 Enable the blink attribute in text and
graphics modes.

4  Reserved (0)
5  Split Screen Horizontal Panning M ode

0 Scroll both screens horizontally as
specified in the Pixel Panning register

1 Scroll horizontally only the top screen
as specified in the Pixel panning
register

6 256 Color Output Assembler

0 6-bits of video (translated from 4-bits
by theinternal color palette) are output
every dot clock

1 Two 4-bit sets of video data are
assembled to generate 8-hit video data
at half the frequency of theinternal dot
clock (256 color mode).

7  Video Output 5-4 Select

0 Videobits4 and 5 are generated by the
internal  Attribute Controller color
palette registers

1 Video bits4 and 5 are the same as bits
0 and 1 in the Pixel Pad register
(AR14[1:0])
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OVERSCAN COLOR REGISTER (AR11)
Read at 1/0 Address 3C1h

Write at 1/0O Address 3C0/1h

Index 11H

Group 1 Protection

[D7]D6[D5][D4[D3[D2[D1]DO]

- Overscan Color

7-0 Overscan Color

These 8 bits define the overscan (border)
color value. For monochrome displays,
these bits should be zero.

The border color is displayed in the interval
after Display Enable End and before Blank
Start (end of display areg; i.e. right side and
bottom of screen) and between Blank End
and Display Enable Start (beginning of
display area; i.e. left side and top of screen).

COLOR PLANE ENABLE REGISTER (AR12)
Read at I/0O Address 3C1h

Write at I/O Address 3C0/1h

Index 12h

Group 1 Protection

[D7][D6[D5]D4[D3[D2[D1]DO]

Color Plane 0 Enable
Color Plane 1 Enable
Color Plane 2 Enable
Color Plane 3 Enable

Display Status Select

Reserved (0)

3-0 Color Plane (3-0) Enable

0 Force the corresponding color plane
pixel bit to O before it addresses the
color palette

1 Enable the plane data bit of the
corresponding color plane to pass

5-4 Display Status Select

These bits select two of the eight color
outputs to be read back in the Input Status
Register 1 (port 3BAh or 3DAh). The
output color combinations available on the
status bits are as follows:

Status Register 1
Bit5 Bit4 Bit5 Bit4

0 0 P2 PO
0 1 PS5 P4
1 0 P3 P1
1 1 P7 P6

7-6 Reserved (0)
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ATTRIBUTE CONTROLLER HORIZONTAL
PIXEL PANNING REGISTER (AR13)

Read at 1/0O Address 3C1h

Write At 1/0O Address 3C0/1h

Index 13h

Group 1 Protection

[D7|D6[D5[D4|D3|D2|D1|DO|

| Horizonta
- Pixel Panning

- Reserved (0)

3-0 Horizontal Pixel Panning

These bits select the number of pixelsto shift
the display horizontally to the left. Pixel
panning isavailablein both text and graphics
modes. In 9 pixel/character text mode, the
output can be shifted amaximum of 9 pixels.
In 8 pixel/character text mode and all
graphics modes a maximum shift of 8 pixels
is possible. In 256-color mode (output
assembler AR10[6] = 1), bit O of this regis-
ter must be 0 which resultsin only 4 panning
positions per display byte. In Shift Load 2
and Shift Load 4 modes, register CR08 pro-
vides single pixel resolution for panning.
Panning is controlled as follows:

Number of Pixels Shifted
9-dot 8-dot 256-color

AR13 mode mode mode
0 1 0 0]
1 2 1 --
2 3 2 1
3 4 3 --
4 5 4 2
5 6 5 --
6 7 6 3
7 8 7 --
8 0 -- --

7-4 Reserved (0)

ATTRIBUTE CONTROLLER
PIXEL PAD REGISTER (AR14)
Read at 1/0O Address 3C1h

Write At 1/O Address 3C0/1h

Index 14h

Group 1 Protection

[D7|D6[D5[D4|D3|D2|D1|DO|

Video bit-4 if AR10 bit-7=1
Video hit-5 if AR10 hit-7=1
Video bit-6 if not 256-color
Video bit-7 if not 256-color

Reserved (0)

1-0 Video Bits5-4

These bits are output as video bits 5 and 4
when AR10[7] = 1. They aredisabled in the
256 color mode.

3-2 VideoBits7-6

These bits are output asvideo bits7and 6 in
all modes except 256-color mode.

7-4 Reserved (0)
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COLOR PALETTE

PIXEL MASK REGISTER (DACMASK)
Read/Write at I/0O Address 3C6h

Group 6 Protection

[D7|D6|D5|D4|D3|D2|D1|DO|

Pixel Mask Bit-0
Pixel Mask Bit-1
Pixel Mask Bit-2
Pixel Mask Bit-3
Pixel Mask Bit-4
Pixel Mask Bit-5
Pixel Mask Bit-6
Pixel Mask Bit-7

The contents of this register are logically ANDed
with the 8 bits of video data coming into the color
palette. Zero bitsin this register therefore cause the
corresponding addressinput to the color palette to be
zero. For example, if this register is programmed
with 7, only color palette registers 0-7 would be
accessible; video output bits 3-7 would be ignored
and all color values would map into the lower 8
locations in the color palette.

COLOR PALETTE
STATE REGISTER (DACSTATE)
Read only at I/O Address 3C7h

[D7|D6|D5|D4|D3|D2|D1|DO)

Palette State 0
Palette State 1

- Reserved (0)

1-0 Palette State 1-0

Status bitsindicate the 1/0O address of the last
CPU write to the Color Palette:

00 The last write was to 3C8h
(write mode)

11 The last write was to 3C7h
(read mode)

7-2 Reserved (0)

To alow saving and restoring the state of the video
subsystem, this register is required since the color
palette index register is automatically incremented
differently depending on whether theindex iswritten
at 3C7h or 3C8h.
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COLOR PALETTE

READ-MODE INDEX REGISTER (DACRX)
Write only at I/0O Address 3C7h

Group 6 Protection

COLOR PALETTE

INDEX REGISTER (DACX)
Read/Write at 1/0O Address 3C8h
Group 6 Protection

[D7|D6|D5|D4|D3|D2[D1|DO|

Color Palette Index O
Color Palette Index 1
Color Palette Index 2
Color Palette Index 3
Color Palette Index 4
Color Palette Index 5
Color Paette Index 6
Color Palette Index 7

COLOR PALETTE

DATA REGISTERS (DACDATA 00-FF)
Read/Write at 1/0O Address 3C9h

Index 00Oh-FFh

Group 6 Protection

[D7][D6[D5][D4[D3[D2[D1]Do] Access
1st 2nd 3rd
Red0 GreenO0 BlueO
Redl Greenl Bluel
Red2 Green2 Blue2
Red3 Green3 Blue3
Red4 Green4 Blue4
Red5 Green5 Blueb
(Red 6) (Green6) (Blueb)
(Red7) (Green7) (Blue7)

Theindex register is used to point to one of 256 data
registers. Each dataregister iseither 18 or 24 bitsin
length depending on the type of palette chip used (6
or 8 bits each for red, green, and blue), so the data
values must be read as a sequence of 3 bytes. After
writing the index register (3C7h or 3C8h), data
values may be read from or written to the color
palette data register port (3C9h) in sequence: first
red, then green, then blue, then repeat for the next
locationif desired (theindex isincremented automat-
icaly by the paette logic).

The index may be written at 3C7h and may be read
or written at 3C8h. When the index value is written
to either port, it is written to both the index register
and a'save' register. The save register (not the index
register) is used by the palette logic to point at the
current data register. When the index value is
written to 3C7h (read mode), it is written to both
the index register and the save register, then the
index register is automatically incremented. When
theindex valueiswritten to 3C8h (write mode), the
automatic incrementing of theindex register does not
occur.

After thethird of the three sequential datareadsfrom
(or writes to) 3C9h is completed, the save and index
registers are both automatically incremented by the
palette logic. This allows the entire palette (or any
subset) to be read (written) by writing the index of
the first color in the set, then sequentially reading
(writing) the values for each color, without having to
reload the index every three bytes.

The state of the RGB sequenceis not saved; the user
must access each three bytes in an uninterruptable
sequence (or be assured that interrupt service
routines will not access the palette index or data
registers). When the index register is written (at
either port), the RGB sequence is restarted. Data
value reads and writes may be intermixed; either
reads or writes increment the palette logic's RGB
sequence counter.

The palette's save register always contains a value
one less than the readable index vaue if the last
index write was to the 'read mode' port. The stateis
saved for which port (3C7h or 3C8h) was last
written and that information is returned on reads
from 3C7h.
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Extension Registers

Extension Registers

Register Register /O State After
Mnemonic _Group Extension Register Name Index  Access Address Reset Page
XRX - Extension Index -- R/W 3D6h - XX XXXXX 84
XR00 Config / Setup Chip Version 00h RO 3D7h 1011rrrr 84
XR01 Config/ Setup Configuration 1 (CFGO0-7) 01h RO 3D7h dddddddd 85
XR74 Config/ Setup Configuration 2 (CFG8-15) 74h R/W 3D7h dddddddd 110
XR70 Config/ Setup Setup/Disable Control 70h R/W 3D7h 0------- 107
XR02 Bus Interface CPU Interface Control 1 02h R/W 3D7h x0000- - - 86
XR03 Bus Interface CPU Interface Control 2 03h R/W 3D7h - ----- 0x 86
XR04 Memory Interface Memory Control 1 04h R/W 3D7h -00-0000 87
XR05 Memory Interface  Memory Control 2 05h R/W 3D7h ---0--- 88
XROA Memory Interface XRAM Mode Control (64300 only) OAh R/W 3D7h xx000000 20
XR52 Memory Interface Refresh Control 52h R/W 3D7h 0----000 106
XR06 Display Interface  Palette Control 06h R/W 3D7h ---00000 88
XR28 Display Interface  Video Interface 28h R/W 3D7h +«000-000 98
XR73 Display Interface  Miscellaneous Control 73h R/W 3D7h -0000x0x 109
XROE Text Control Text Mode Control OEh R/W 3D7h ----00-0 93
XR71 GPIO Interface GPIO Control 71h R/IW 3Db7h 00000000 108
XR72 GPIO Interface  GPIO Data 72h R/W 3D7h xxxxxxxx 108
XR40 BitBIt BitBIt Configuration 40h R/W 3b7h - ----- xx 105
XROF Software Flags ~ Software Flags 0 OFh R/W 3D7h XXX XXXXX 93
XR2B SoftwareFlags ~ Software Flags 1 2Bh R/W 3D7h XXX XXXXX 99
XR44 Software Flags ~ Software Flags 2 44h R/W 3D7h xxxxxxxx 106
XR75 Software Flags ~ Software Flags 3 75h R/W 3D7h xxxxxxxx 110
XR0O7 Mapping 1/0Base 07h R/W 3D7h 11110100 89
XR08 Mapping Linear Base Low 08h R/W 3D7h  XXXXX- - - 89
XR09 Mapping Linear Base High 09h R/W 3D7h X XX XX XXX 90
XR0B Mapping CPU Paging 0Bh R/W 3D7h ---0-000 91
XROC Mapping Start Address Top 0Ch R/W 3D7h -0-00000 92
XR10 Mapping Single/Low Map 10h R/W 3D7h X XXXXXXX 94
XR11 Mapping High Map 11h R/W 3D7h XXX XXX XX 94
XR14 Compatibility Emulation Mode 14h R/W 3D7h 0000--00 95
XR15 Compatibility Write Protect 15h R/W 3D7h 00000000 95
XROD Alternate Auxiliary Offset 0Dh R/W 3D7h ----0000 92
XR16 Alternate Vertica Overflow 16h R/IW 3D7h -0-0-000 96
XR17 Alternate Horizontal Overflow 17h R/W 3D7h 00x0x000 96
XR19 Alternate Alt H Sync Start / Half Line Compare 19h R/W 3D7h XXX XXXXX 97
XR30 Clock Control Clock Divide Control 30h R/W 3D7h - ---xxxx 100
XR31 Clock Control Clock M-Divisor 31h R/W 3D7h -xxxxxxx 100
XR32 Clock Control Clock N-Divisor 32h R/W 3D7h - xxxxxxx 101
XR33 Clock Control Clock Control 33h R/W 3D7h --x0-000 101
XR3A Multimedia Color Key Compare Data 0 3Ah R/W 3D7h xxxxxxxx 102
XR3B Multimedia Color Key Compare Data 1 3Bh R/W 3D7h xxxxxxxx 102
XR3C Multimedia Color Key Compare Data 2 3Ch R/W 3D7h xxxxxxxx 103
XR3D Multimedia Color Key Compare Mask 0 3Dh R/W 3D7h xxxxxxxx 103
XR3E Multimedia Color Key Compare Mask 1 3Eh R/W 3D7h xxxxxxxx 104
XR3F Multimedia Color Key Compare Mask 2 3Fh R/W 3D7h xxxxxxxx 104
XR7D Diagnostic Diagnostic 7Dh R/W 3D7h 00000000 111
XR7F Diagnostic Diagnostic 7Fh R/W 3D7h 00000000 111
Reset Codes:  x = Not changed by RESET (indeterminate on power-up) —= Not implemented (always reads 0)

d = Set from the corresponding pin on falling edge of RESET * = Not implemented (read/write, reset to 0)

0/1 = Reset to 0 or 1 by falling edge of RESET r = Chip revision # (starting from 0000)
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EXTENSION INDEX REGISTER (XRX)
Read/Write at 1/O Address 3D6h

[D7|D6|D5|D4|D3|D2|D1|DO|

Index to
- Extension Registers

— Resarved (0)

6-0 Index vaue used to access the extension
registers

7 Reserved (0)

CHIPSVERSION REGISTER (XRO00)
Read only at I/0O Address 3D7h
Index O0h

[D7]D6[D5[D4[D3[D2[D1]DO]

- Chip Revision

- Chip Type

3-0 Chip Revision

A revision number is stored in this nibble to
identify the part. Numbering starts at Oh and
isincremented for every silicon step.

7-4  Chip Type

Chips and Technologies drivers identify the
64300 / 301 viathis nibble. For the 64300 /
301 this nibble will read back as 0Bh.
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CONFIGURATION REGISTER 1 (XR01)
Read only at 1/0 Address 3D7h
Index 01h

[D7|D6|D5|D4|D3|D2|D1|DO|

:|~ Bus Type

Reserved (0)

ISA Bus Maode
Clock Source
OSC Source Select
LDEV# State
Cache Ready Delay

These bits latch the state of MAD7:0 on the falling
edge of RESET. The state of bits 7:0 after RESET
effect chip internal logic as indicated below.
MAD7:0 have no on-chip pullups or pull-downs,
therefore, the state of these bits after RESET will be
indeterminate if no external pullup or pulldown
resistors are present.

This register is not related to the Virtual EGA
Switch register (XR1F).

1-0 Processor Bus Type

00 16-bit ISA bus

01 Reserved

10 Reserved

11 32-bit local bus (386DX, 486DX,
VL-Bus)

2 Reserved (0)

Thishit is reserved and should be set to zero
on reset for compatibility with future
enhancements.

3 ISA BusMode

For ISA bus designs (XR01[10]=00) which
use the internal clock as the host clock
(XRO[7]=1) this bit chooses the divisor for
host clock generation:

0 HCLK=MCLK
1 HCLK=MCLK+2

For ISA businterfaces:
25MHz £ HCLK £ 60MHz

Thusthe HCLK freguency should be chosen
based on the MCLK range at which the
memory interface is to operate. Note that
MCLK defaultsto 60MHz on RESET.

For local bus designs (XR01[10]=1x) this
bit isa"don't care" but should be set to zero
for compatibility with future enhancements.

Clock Source

0 Externa Clock Source (82C404C)
1 Interna Clock Source

OSC Sour ce Select

0 Externa Clock (TTL) drives XTAL
IN. XTAL OUT isnot connected.

1 Crystal connected to XTAL IN and
XTAL OUT

LDEV# State

0 LDEV# is Open Collector driver
driven only during first T2 of valid
cycle. This is required to support
some system logic chipsets which
sharethelocal device select line.

1 LDEV# is a straight decode driven
active low for the duration of a valid
decode; high otherwise. (VL-Bus
compatible)

Cache Ready Delay

The VL-Bus specification alows the VL-
controller to decide when the VL-Bus slave
device can respond with RDY# on the VL-
Bus during a slave access.

0 RDY# must hold off one HCLK cycle
to allow CACHE to respond or relin-
guish the RDY# line.

1 RDY# may be exerted immediately to
terminate a bus cycle.

In ISA bus mode, chooses between the
internal MCLK as the host bus clock or an
externa clock input on LCLK.

0 Host clock isinput on LCLK
1 Host clock is generated internally (see
XRO01[3])
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CPU INTERFACE REGISTER 1 (XR02)
Read/Write at 1/O Address 3D7h
Index 02h

[D7|D6|D5|D4|D3|D2|D1|DO|

Reserved (0)

Attribute Controller
Mapping

10-Bit 1/0 Address Decode
Reserved (0)

Attribute FF Status (R/O)

2-0 Reserved (0)
4-3 Attribute Controller Mapping

00 Write Index and Data at 3COh. (8-hit
access only) (default - VGA mapping)

01 WriteIndex at 3COh and Dataat 3C1h
(8-bit or 16-bit access). Attribute flip-
flop (bit-7) is aways reset in this
mode (16-bit mapping)

10 Write Index and Data at 3C0Oh/3Clh
(8-hit access only) (EGA mapping)

11 Reserved

5 /0O Address Decoding

0 Decode al 16 bits of 1/0O address
(default)

1 Decode only lower 10 bits of /O
address. This affects the following
addresses: 3B4h, 3B5h, 3B8h,
3BAh, 3BFh, 3COh, 3C1lh, 3C2h,
3C4h, 3C5h, 3CEh, 3CFh, 3D4h,
3D5h, 3D8h, 3D9h, and 3DAh.

6 Reserved (0)

7  Attribute Flip-flop Status (read only)
0 =Index, 1 = Data

CPU INTERFACE REGISTER 2 (XR03)
Read/Write at I/O Address 3D7h

Index 02h
[D7|D6|D5|D4|D3|D2|D1|DO|
Pel ette Write Shadow
— DRAccessEnable
- Reserved (0)

0 Palette Write Shadow

0 64300/ 301 responds to Palette Write
accesses with LDEV#.

1 Paette Write commands are executed
internally but the 64300 / 301 does not
respond with LDEV#. Thisforcesthe
ISA bus controller to broadcast the
palette access onto the ISA bus where
add-in cards may be shadowing the
VGA LUT data. Thisis required for
VL-Bus compatibility, so this bit
should normally be set to 1.

1 DR Register Access Enable

0 32-Bit DRxx register access Disabled
(Default)

1 DRxx registers accessible at 1/0 port
defined by XRO07.

7-2 Reserved (0)
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MEMORY CONTROL REGISTER (XR04)
Read/Write at I/O Address 3D7h
Index 04h

[D7|D6|D5|D4|D3|D2|D1|DO|

]~ Memory Configuration

Memory Wraparound Ctrl
MCS16# Compatibility
Reserved (0)

CPU Bus FIFO Enable
ZWS Enable (ISA Mode)
Reserved (0)

1-0 Memory Configuration

Daa #of Memory Tota
Path Chips Config Memory

00 16-bit 4 256K x4 2 MB
1 256Kx16 1/2MB
01 32-bit 8 256K x4 IMB

2 256K x16 1IMB
10 32-hit 16 256K x4 2MB

4 256K x16 2MB
11 - - Reserved -

2 Memory Wraparound Control

Thisbit enableshbit-17 of the CRT Controller
address counter (default = 0 on reset).

0 Disable CRTC address counter hit-17
1 Enable CRTC address counter bit-17

3  MCSI16# Compatibility

The 64300/ 301 isal16-bit memory slave on
the ISA bus. If a secondary 8-bit MDA,
Hercules, or CGA adapter is instaled the
64300 / 301 must not exert MCS16# for that
cards address range. Since MCS16# is
expected to be an early unlatched decodethis
may cause problems in some machines:

O Decode A0000 - BFFFFh wusing
LA23:17 only. (Default).

1 Respond to the range enabled by
GRO6[3:2] (decode LA23:17 and
SA16:15).

The 64300 / 301 always exerts MCS16# for
accesses to its linear frame buffer.

4  Reserved (0)

CPU Bus FIFO Enable

0 Disable CPU bus FIFO (default)
1 Enable CPU bus FIFO

ZWSEnable
This bit affects only 1SA bus operation.

0 Zerowait state disabled (default)
1 Zerowait state enabled

Reserved (0)
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MEMORY CONTROL REGISTER 2 (XR05)
Read/Write at 1/O Address 3D7h
Index 05h

[D7|D6|D5|D4|D3|D2|D1|DO|

- Reserved (0)

- 256K x16 Access Format

- Reserved (0)

3-0 Reserved (0)

4 256K x16 Access Format

0 2CAS/1WE (default)
1 2WE/1CAS

7-5 Reserved (0)

PALETTE CONTROL REGISTER (XR06)
Read/Write at 1/O Address 3D7h
Index 06h

[D7|D6|D5|D4|D3|D2|D1|DO|

Enable P7:0/BLANK# Out
Disable Interna DAC

I Display Mode Color Depth
— Color Key

- Reserved (0)

32

-5

Enable External Pixel Data

Thishit affectsthe direction of the Pixel Data
Buffer (P7:0 / VID15:0) and BLANK# /
KEY.

0 VID15:0 and KEY are inputs for live
video overlay. (Default on reset)

1 P7:0 and BLANK# are outputs used
for supporting an external feature
connector or external color keying.

Disable/Powerdown Internal DAC
This bit affects the DAC analog outputs.

0 Enable interna DAC. DAC analog
outputs (R, G, B) will be active.
Default on reset.

1 Disable internal DAC. The DAC
analog outputs (R, G, B) will be 3-
stated. Setting this bit forces power
down of the internal DAC.

Display Mode Color Depth

00 4BPP/8BPP (default)

01 15BPP (5-5-5) Sierra Compatible
10 24BPP

11  16BPP (5-6-5) XGA Compatible

Video Color Key Enable

0 Video Overlay disabled (default)
1 Video Overlay on Color Key enabled

Reserved (0)
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/0 BASE REGISTER (XR07)
Read/Write at 1/O Address 3D7h
Index O7h

LINEAR BASE LOW REGISTER (XR08)
Read/Write at I/O Address 3D7h
Index 08h

[D7|D6|D5|D4|D3|D2|D1|DO| [D7|D6|D5|D4|D3|D2[D1[DO|

- 32-Bit |/O Base

7-0 32-Bit /0O Base

These 8 bits determine the I/O range for the
32-bit Doubleword Hardware Cursor and
BitBIt registers (DRxx). The vaue
programmed in this register is matched
against CPU addresses A15, A8:2. Address
A9 must equal 1 and A14 through A10 select
one of 32 registers. For example,
programming this register to OF4h (111101
00b) will result in an address decode of
83D0-83D3h for register DR0OO. Upper
address bits A14:10 are used to select one of
32 possible 32-Bit registers.

The DRxx registers are enabled for access

- Reserved (0)

- Low Linear Address Base

20 Reserved (0)

7-3 Low Linear Address Base

These 5 bits are compared to A23:19 in
conbination with the High Linear Address
Base for determining the base address of the
linear frame buffer. This defines a 512
K Byte boundary within the 4 GByte address
space. If the frame buffer is 1MB
(XR04[1:0]=01) then bit-3 must = 0 to align
the frame buffer on a 1MB boundary.
Similarly, if the frame buffer is 2MB
(XR04[1:0]=10) then bits 4 and 3 must = 0
to align on a2MB boundary.

by setting XRO3[1]. They are disabled
following reset. The programmer should
write this register before enabling accesses
to the DRxX registers.
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LINEAR BASE HIGH REGISTER (XR09)
Read/Write at 1/O Address 3D7h
Index 09h

[D7|D6|D5|D4|D3|D2|D1|DO|

- High Linear Address Base

7-0 High Linear AddressBase

These 8 bits are compared to A31:24 in
conbination with the Low Linear Address
Base for determining the base address of the
linear frame buffer.

XRAM MODE REGISTER (XR0A)
Read/Write at I/O Address 3D7h
Index OAh (64300 only)

[D7|D6|D5|D4|D3|D2|D1|DO)

XRAM Test Enable
]» BitBIt Update Enable

XRAM ASync Enable
XRAM Sync Enable
XRAM Diagnostic 64

] Reserved (0)

0 XRAM Test Enable
0 XRAM norma mode (default)
1 XRAM Read/Write
2-1 BitBIt Update Enable
00 No Update during BitBIt (default)
11 BitBIt Update Enabled
3  XRAM Asynchronous Enable
0 XRAM not enabled (default)
1 XRAM enabled asynchronously
4  XRAM Synchronous Enable
0 XRAM not enabled (default)
1 XRAM enabled synchronously
5 XRAM Diagnostic 64
Must be set to zero.

7-6 Reserved (0)
Note: These bits should be programmed to 0 in

the 64301. This register defaultsto 0 on
RESET.
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CPU PAGING REGISTER (XRO0B)
Read/Write at 1/O Address 3D7h

Index OBh

[D7|D6|D5|D4|D3|D2|D1|DO|

Memory Mapping Mode
Single/Dual Map
CPU Address Divide by 4

Reserved (0)

Linear Addressing

Reserved (0)

0 Memory Mapping Mode

0

1

Norma Mode (VGA compatible)
(default on Reset)

Extended Mode (mapping for 3 512
KByte memory configurations)

1 CPU Single/Dual Mapping

0

CPU uses only a single map to access
the extended video memory space
(default on Reset)

CPU uses two maps to access the
extended video memory space. The
base addresses for the two maps are
defined in the Low Map Register
(XR10) and High Map Register
(XR11).

2 CPU AddressDivide by 4

0

1

Disabledivide by 4 for CPU addresses
(default on Reset)

Enable divide by 4 for CPU
addresses. This alows the video
memory to be accessed sequentially in
mode 13. In addition, al video
memory is available in mode 13 by
setting this bit.

3 Reserved (0)

4  Linear Addressing

0

Standard VGA (0A0000h - OBFFFFh)
memory space decoded on-chip using
A19-17 (default on Reset)

Linear Addressing (512K - 2MB
depending on the Memory Config bits
XRO04[1:0]). The base address is
defined by concatenating registers
XRO08, and XR09. The resulting 12-
bit address is compared to address bits
A31:20. When 1IMB of memory is
present, A20 must = 0 (any 1MB
boundary). For 2MB both A21 and
A20 must be zero (any 2MB
boundary).

7-5 Reserved (0)
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START ADDRESS TOP REGISTER (XR0C)
Read/Write at I/O Address 3D7h
Index OCh

[D7[D6[DS[ D4 D3[D2[D1] DO

Start Address Top

Low Map Overflow
Reserved (0)
High Map Overflow
Reserved (0)

30 Start AddressTop

These bits define the high order bits for the
Display Start Address (see XR04 bits 1-0).
Note that thisis a doubleword address.

4  Low Map Overflow

Containsthe M SB for the Low Map Register
(XR10). To map at any 4Kboundary inside
of a 2MByte frame buffer 9 address bits are
required. Thishit along with the eight bitsin
XR10 define a4K boundary.

5 Reserved (0)

6 High Map Overflow

Contains the MSB for the High Map
Register (XR11). To map a any
4Kboundary inside of a 2MByte frame
buffer 9 address bits are required. This bit
along with the eight bits in XR11 define a
4K boundary.

7 Reserved (0)

AUXILIARY OFFSET REGISTER (XR0D)
Read/Write at I/O Address 3D7h
Index ODh

[D7][D6[D5]D4[D3[D2[D1]DO]

T Reserved (0)

— Msb of Offset (CR13)

- Reserved (0)

1-0 Reserved (0)

2  Offset Register MSB

This bit extends the addressing range to the
next display line. This bit is used with the
regular Offset register (CR13). It permits
the byte offset to be as large as 4095 bytes
between lines.

7-3 Reserved (0)

Revision 1.2

92

Preliminary 64300/ 301



\."'F: Extension Registers

TEXT MODE CONTROL REGISTER (XROE) SOFTWARE FLAG REGISTER 0 (XROF)
Read/Write at 1/0 Address 3D7h Read/Write at 1/0 Address 3D7h
Index OEh Index OFh
[D7|D6| D5| D4| D3| D2| D1 DO [D7|D6|D5|D4|D3|D2|D1|DO|
Extended Text Mode Flag 0
Reserved (0) Flag 1
Cursor Blink Disable ——— Flag 2
Cursor Style ———— Flag 3
Flag 4
Reserved (0) Flag 5
Flag 6
Flag 7
0 Extended Text Mode This register contains eight read-write bits which

have no internal hardware function. All bits are

For high resolution text modes the font data reserved for Use by BIOS and driver software.

may be scrambled in Plane 2 for improved
page-mode accesses. 7-0  Flags

0 Normal font addressing (Default)
1 Font scrambling enabled

1 Reserved (0)

2 Cursor Mode

0 BIlinking (default on Reset)
1 Non-blinking

3  Cursor Style

0 Replace (default on Reset)
1 Exclusive-Or

7-4 Reserved (0)
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SINGLE/LOW MAP REGISTER (XR10)
Read/Write at 1/O Address 3D7h
Index 10h

[D7|D6|D5|D4|D3|D2|D1|DO|

- Single or Lower Map
Base address bits 17-10

Thisregister effects CPU memory address mapping.
7-0 Single/ Low Map Base Address Bits 17-

10

These bits define the base address in single
map mode (XROB[1] = 0), or the lower map
base address in dual map mode (XROB[1] =
1). The memory map starts on a 4K
boundary. In case of dual mapping, this
register controls the CPU window into
display memory based on the contents of
GRO06[3:2] asfollows:

GRUB[32[ Low Map __Comments

00 A0000-AFFFF
01 A0000-A7FFF
10 BO000-B7FFF  Single mapping only
11 B8000-BFFFF  Single mapping only

HIGH MAP REGISTER (XR11)
Read/Write at I/O Address 3D7h
Index 11h

[D7|D6|D5|D4|D3|D2|D1|DO)

- Higher Map
Base address hits 17-10

Thisregister effects CPU memory address mapping.

7-0 High Map Base Address Bits 17-10

These bits define the Higher Map base
address in dual map modes (XROB[1] =1).
The memory map startson a 1K boundary in
planar modes and on a 4K boundary in
packed pixel modes. This register controls
the CPU window into display memory
based on the contents of GR06[3:2] as
follows:

GRO6[3:2] Low Map Comments

00 B00O00-BFFFF
01 A8000-AFFFF
10 Don't care Not Vdid
11 Don't care Not Vdid
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EMULATION MODE REGISTER (XR14)
Read/Write at 1/O Address 3D7h
Index 14h

[D7|D6|D5|D4|D3|D2|D1|DO|

Reserved (0)

V Retrace Status Source

Reserved (0)

Interrupt Polarity

4-0 Reserved (0)

5

Vertical Retrace Status Source

This bit affects the Vertical Retrace Status
read back in the Input Status Register 1[3].

0 Sdlect Vertica Retrace Statusto bethe
same as at the pin.

1 Select Vertica Retrace Statusto bethe
same as seen by the CRTC.

Reserved (0)

Interrupt Output Function

This bit controls the function of the interrupt
output pin (IRQ). For al businterfaces:

Interrupt State bit-7=0 bit-7=1

Disabled 3-state 3-state
Enabled, Inactive 3-state Low
Enabled, Active  3-state High

WRITE PROTECT REGISTER (XR15)
Read/Write at 1/0O Address 3D7h
Index 15h

[D7|D6|D5|D4|D3|D2|D1| DO

~- Reserved (0)

— Wr Protect AR11

6-0 Reserved (0)

7

Write Protect AR11

Writing to AR11 is possible only if both
XR15[7] is0. Thisfeatureisused for write
protection of the overscan color. This is
important in order to keep application
software from changing the border color
while still permitting the attribute controller
to be changed for the addressable portion of
the display. Overscan is increasingly
becoming an egronomic requirement and this
bit will ensure software compatibility.

Revision 1.2

Preliminary 64300/ 301



Extension Registers

VERTICAL OVERFLOW REGISTER (XR16)
Read/Write at 1/O Address 3D7h
Index 16h

[D7|D6|D5|D4|D3|D2|D1|DO|

Vertical Total bit 10

Vert Disp En End bit 10
Vertical Sync Start bit 10
Reserved (0)

Vertical Blank Start bit 10
Reserved (0)

Line Compare bit 10
Reserved (0)

This register is used in high resolution / high color
graphics modes to handle vertica count values
greater than is supported in the VGA register set.

0 Vertical Total (Bit 10)

Extension of Vertical Total count as defined
by CRO06[7:0], CRO7[0], and CRO7[5]
(default = 0).

1 Vertical Display Enable End (Bit 10)

Extension of Vertical Display Enable count
as defined by CR12[7:0], CRO7[1], and
CRO7[6] (default = 0).

2 Vertical Sync Start (Bit 10)

Extension of Vertical Sync Start count as
defined by CR10[7:0], CRO07[2], and
CRO7[7] (default = 0).

3 Reserved (0)

4  Vertical Blank Start (Bit 10)

Extension of Vertical Blank Start count as
defined by CR15[7:0], CRO7[3], and
CRO09[5] (default = 0).

5 Reserved (0)

6 LineCompare (Bit 10)

Extension of Line Compare count as defined
by CR18[7:0], CRO7[4], and CRO09[6]
(default = 0).

7 Reserved (0)

HORIZONTAL OVERFLOW REGISTER
(XR17)

Read/Write at 1/0 Address 3D7h

Index 17h

[D7|D6|D5|D4|D3|D2|D1|DO)

Horizontal Total

Horz Display Enable End
Horizontal Sync Start
Horizontal Sync End
Horizontal Blank Start
Horizontal Blank End
Enable Overflow End Bits
Half Line Compare

0 Horizontal Total (Bit 8)
Extension of Horizontal Total count as
defined by CROOQ[7:0] (default = 0).

1 Horizontal Display Enable End (Bit 8)

Extension of Horizontal Display Enable
count as defined by CRO1[7:0] (default = 0).

2 Horizontal Sync Start (Bit 8)
Extension of Horizontal Sync Start count as
defined by CR04[7:0] (default = 0).

3 Horizontal Sync End (Bit 5)
Extension of Horizontal Sync End count as
defined by CRO05[4:0].

4  Horizontal Blank Start (Bit 8)
Extension of Horizontal Blank Start count as
defined by CR02[7:0] (default = 0).

5 Horizontal Blank End (Bit 6)
Extension of Horizontal Blank End count as
defined by CRO3[4:0] and CRO5[7].

6 EnableOverflow End Bits

The values in XR17[5,3] are only enabled
for use when this bit is set.

0 Not involved in comparison (default)
1 Enabled to participate in comparison
7 Half Line Compare (Bit 8)

Extension of Half Line count as defined by
XR19[7:0] (default = 0).
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HALF LINE REGISTER (XR19)
Read/Write at 1/O Address 3D7h
Index 19h

[D7|D6|D5|D4|D3|D2|D1|DO|

- Half-Line Compare

7-0 CRT Half-lineValue

In CRT interlaced video mode this value is
used to generate the 'half-line compare
signal that controls the positioning of the
V Sync for odd frames.
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VIDEO INTERFACE REGISTER (XR28)
Read/Write at 1/O Address 3D7h
Index 28h

[D7|D6|D5|D4|D3|D2|D1|DO|

BLANK# / DE Polarity
BLANK# / DE Select
Shut Off Video

Reserved (R/W)

Wide Video Peth

Interlace Mode

Wide Video Pixel Panning
Reserved (R/W)

0 BLANK#/ Display Enable Polarity

This bit controls the polarity of the
BLANK# pin.

0 Negative polarity (default on Reset)
1 Pogtive polarity

1  BLANK#/ Display Enable Select

0 BLANK# pin outputs BLANK#
(default on reset)

1 BLANK# pin outputs Display Enable

Note: The signal polarity selected by
XR28[0] is applicable for either
selection.

2 Shut Off Video

This bit is effective in CRT modes during
horizontal / vertical blank time. This bit
should be set rol[()erly when using CRT
displays which look at video signals during
blank time. It has no effect on displays that
ignore video signalsduring blank time. This
bit is also ignored when the screen is
blanked.

0 When the screen is not blanked, video
isforced to the border / overscan color
(AR11) during blank time (default on
Reset)

1 When the screenis not blanked, video
isforced to O.

Reserved (R/W)

This bit is implemented as a read/write bit
but has no internal hardware function.

Wide Video Path

This bit doubles the values in al horizontal
CRTC registers.

0 4-bit video data path (default on reset)
1 8-bit video data path (horizontal pixel
panning is controlled by XR28[6]

Note: GRO5[5] must be O if thisbit is set

Interlace Video

This bit is effective only for CRT graphics
mode. In interlace mode XR19 holds the
half-line positioning of VSync for odd
frames.

0 Non-interlaced video (default on reset)
1 Interlaced video

Wide Video Pixel Panning

This bit is effective when the wide video
data path is selected (XR28[4] = 1 and
AR10[6] = 1).

0 AR13[2:1] are used to control pixel
panning (default on Reset)

1 AR13[2:0] are used to control pixel
panning
Reserved (R/W)

This bit is implemented as a read/write bit
but has no internal hardware function.
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SOFTWARE FLAGS REGISTER 1 (XR2B)
Read/Write at 1/O Address 3D7h
Index 2Bh

[D7|D6|D5|D4|D3|D2|D1|DO|

- Software Flags

7-0 Software Flags

These bits are used by CHIPS software
devicedrivers.
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CLOCK DIVIDE CONTROL REGISTER (XR30)

Read/Write at 1/O Address 3D7h
Index 30h

[D7|D6|D5|D4|D3|D2|D1|DO|

- Reference Divisor Select

- VCO Post Divide

- Reserved (0)

Three clock data ports (XR30-XR32) may be used to
program loop parameters for loading into either the
"memory"” or "video" clock synthesizers. There are
two sets of programmable registers, one for the
Memory clock VCO and one for the Video clock
VCO. TheVCO currently selected for programming
is determined by the Clock Register Program Pointer
(XR33[5)).

The datawritten to these registersis cal cul ated based
on the reference frequency, the desired output
frequency, and characteristic VCO constraints as
described in the Functional Description.

Data must be written to these registers in sequence:
first XR30, then XR31, and finaly XR32. The
completion of the write to XR32 causes datafrom al
three registers to be transferred to the VCO register
file smultaneously. This prevents wild fluctuations
in the VCO output during intermediate stages of a
clock programming sequence.

0 ReferenceDivisor Select
Selects the reference pre-scale factor:

0 Divideby 4
1 Divideby 1

3-1 Post Divisor Select
Selects the post-divide factor:

000 Divideby 1
001 Divideby 2
010 Divideby 4
011 Divideby 8
100 Divideby 16
101 Divideby 32
110 Divideby 64
111 Divideby 128

74 Reserved (0)

CLOCK M-DIVISOR REGISTER (XR31)
Read/Write at I/O Address 3D7h
Index 31h

[D7|D6|D5|D4|D3|D2|D1|DO|

- M-Divisor Vaue

— Reserved (0)

Three clock data ports (XR30-XR32) may be used to
program loop parameters for loading into either the
"memory"” or "video" clock synthesizers. There are
two sets of programmable registers, one for the
Memory clock VCO and one for the Video clock
VCO. TheVCO currently selected for programming
isdetermined by the Clock Register Program Pointer
(XR33[5]).

The datawritten to these registersis cal cul ated based
on the reference frequency, the desired output
frequency, and characteristic VCO constraints as
described in the Functional Description.

Data must be written to these registers in sequence:
first XR30, then XR31, and finally XR32. The
completion of the write to XR32 causes datafrom all
three registers to be transferred to the VCO register
file smultaneously. This prevents wild fluctuations
in the VCO output during intermediate stages of a
clock programming sequence.

60 VCO M-Divisor
Programmed Vaue = Caculated Vaue—2

7 Reserved (0)
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CLOCK N-DIVISOR REGISTER (XR32)
Read/Write at 1/O Address 3D7h
Index 32h

[D7|D6|D5|D4|D3|D2|D1|DO|

- N-Divisor

— Reserved (0)

Three clock data ports (XR30-XR32) may be used to
program loop parameters for loading into either the
"memory"” or "video" clock synthesizers. There are
two sets of programmable registers, one for the
Memory clock VCO and one for the Video clock
VCO. TheVCO currently selected for programming
is determined by the Clock Register Program Pointer
(XR33[5)).

The datawritten to these registersis cal cul ated based
on the reference frequency, the desired output
frequency, and characteristic VCO constraints as
described in the Functional Description.

Data must be written to these registers in sequence:
first XR30, then XR31, and finadly XR32. The
completion of the writeto XR32 causes datafrom all
three registers to be transferred to the VCO register
file smultaneously. This prevents wild fluctuations
in the VCO output during intermediate stages of a
clock programming sequence.

6-0 VCO N-Divisor
Programmed Vaue = Cdculated Vaue— 2

7 Reserved (0)

CLOCK CONTROL REGISTER (XR33)
Read/Write at I/O Address 3D7h
Index 33h

[D7|D6|D5|D4|D3|D2|D1|DO|

VCLK VCO Enable
MCLK VCO Enable

OSC Enable

Reserved (0)

PCLK = MCLK

CLK Reg Program Pointer

} Reserved (0)

0 VCLK VCO Enable

0 VCLK VCO Disabled
1 VCLK VCO Enabled (Default)

Thisbit isonly effectiveif XR01[4] = 1.

1 MCLK VCO Enable

0 MCLK VCO Dissbled
1 MCLK VCO Enabled (Defaullt)

Thisbit isonly effectiveif XR01[4] = 1.

2 OSC Enable

0 OSC Disabled
1 OSC Enabled (Default)

Thisbit isonly effective if XR01[5] = 1.
3 Reserved (0)

4 PCLK EqualsMCLK

For situations where VCLK and MCLK
must be synchronous, the VCLK VCO may
be shut down and MCLK may be routed to
PCLK.

0 PCLK equasVCLK (default)
1 PCLK equalsMCLK

5 Clock Register Program Pointer

This bit determines which VCO is being
progranmed. Following a write to XR32
the data contained in XR30:32 is synchro-
nously transferred to the appropriate VCO
counter latch.

0 VCLK VCO selected
1 MCLK VCO sdlected

7-6 Reserved (0)
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COLOR KEY COMPARE DATA 0 (XR3A)
Read/Write at 1/O Address 3D7h
Index 3Ah

COLOR KEY COMPARE DATA 1 (XR3B)
Read/Write at I/O Address 3D7h
Index 3Bh

[D7|D6|D5|D4|D3|D2|D1|DO| [D7|D6|D5|D4|D3|D2|D1|DO|

- Color Compare Data 0

7-0 Color Compare Data 0

These bits are compared to the least signif-
icant 8 bits of the background video stream
(64300 / 301 memory data). If a match
occurs on al enabled bits (see Color
Compare Mask Register XR3D) and the key
is enabled (XR06[4]), external video is sent
to the screen. Externa video is input on
RGB15:0 pins. There may aso be an
external key qualifier input on GPIO enabled
by XR72[3]. The logica masking and
compare operations are described in the
functional description.

The color comparison occurs before the
RAMDAC. In 4BPP and 8BPP modes
using palette LUT data, the LUT index is
gsed in the comparison, not the 18BPP LUT
ata.

- Color Compare Data 1

7-0 Color CompareData 1

These bits are compared to bits 15:8 of the
background video stream (64300 / 301
memory data). If a match occurs on all
enabled bits (see Color Compare Mask
Register XR3D) and the key is enabled
(XRO06[4]), external video is sent to the
screen. External video isinput on RGB15:0
pins. There may aso be an external key
qualifier input on GPIO enabled by
XR72[3]. Thelogica masking and compare
operations are described in the functional
description. Thisregister should be masked
from participating in the comparison in
4BPP and 8BPP modes. This is accom-
plished by setting Color Mask Register 1
(XR3E) = OFFh.
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COLOR KEY COMPARE DATA 2 (XR3C)
Read/Write at 1/O Address 3D7h
Index 3Ch

COLOR KEY COMPARE MASK 0 (XR3D)
Read/Write at I/O Address 3D7h
Index 3Dh

[D7|D6|D5|D4|D3|D2|D1|DO| [D7|D6|D5|D4|D3|D2|D1|DO|

- Color Compare Data 2 - Color Compare Mask 0

7-0 Color Compare Data 2

These bits are compared to bits 23:16 of the
background video stream (64300 / 301
memory data). If a match occurs on all
enabled bits (see Color Compare Mask

7-0 Color CompareMask 0

This register is used to select which bits of
the background video data stream (64300 /
301 memory data) are used in the
comparison with the Color Compare Data

Register XR3D) and the key is enabled 23:0. Thisregister controls bits 7:0.
(XR06[4]), externa video is sent to the 0 D d - .
screen. External video isinput on RGB15:0 aa does participate In compare
pins. There may also be an external key operation

qualifier input on GPIO enabled by 1 Data does not participate in compare
XR72[3]. Thelogica masking and compare operation (masked)

operations are described in the functional

description. This register should be masked

from participating in the comparison in

4BPP, 8BPP and 16BPP modes. It should

only be used in 24BPP modes. This is

accomplished by setting Color Mask

Register 2 (XR3F) = OFFh.
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COLOR KEY COMPARE MASK 1 (XR3E)
Read/Write at 1/O Address 3D7h
Index 3Eh

[D7|D6|D5|D4|D3|D2|D1|DO|

- Color Compare Mask 1

7-0 Color CompareMask 1

This register is used to select which bits of
the background video data stream (64300 /
301 memory data) are used in the
comparison with the Color Compare Data
23:0. Thisregister controls bits 7:0.

O Data does participate in compare
operation

1 Data does not participate in compare
operation (masked)

COLOR KEY COMPARE MASK 2 (XR3F)
Read/Write at I/O Address 3D7h
Index 3Fh

[D7|D6|D5|D4|D3|D2|D1|DO|

- Color Compare Mask 2

7-0 Color CompareMask 2

This register is used to select which bits of
the background video data stream (64300 /
301 memory data) are used in the
comparison with the Color Compare Data
23:0. Thisregister controls bits 7:0.

0 Data does participate in compare
operation

1 Data does not participate in compare
operation (masked)
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BITBLT CONFIG REGISTER (XR40)
Read/Write at 1/O Address 3D7h
Index 40h

[D7|D6|D5|D4|D3|D2|D1|DO|

- BitBIt Draw Mode

- Reserved (0)

1-0 BitBIt Draw Mode

The 64300 / 301 supports two color depths
inits drawing engine:

00 Reserved

01 8BPP

10 16BPP

11 Reserved

Note: 24BPP is handled in 8BPP mode.
There is no nibble mode access for
4BPP modes.

7-2 Reserved (0)
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SOFTWARE FLAG REGISTER 2 (XR44)
Read/Write at 1/O Address 3D7h
Index 44h

[D7|D6|D5|D4|D3|D2|D1|DO|

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

This register contains eight read-write bits which
have no internal hardware function. All bits are
reserved for use by BIOS and driver software.

7-0 Flags

REFRESH CONTROL REGISTER (XR52)
Read/Write at I/O Address 3D7h

Index 52h

[D7|D6|D5|D4|D3|D2|D1|DO)

- VGA Refresh

- Reserved (0)

2-0 VGA Refresh

Standard VGA modes perform 3 or 5
memory refresh cycles at the end of each
scan line. The 64300 / 301 supports awider
range of horizontal scan frequenciesthan the
origind VGA modes. For performance
optimization the number of refresh cycles
performed per line may be optimized:

000
001
010
011
100
101
110
111

Default

1 Refresh cycle per scan line
2 Refresh cycles per scan line
3 Refresh cycles per scan line
4 Refresh cycles per scan line
5 Refresh cycles per scan line

7-3 Reserved (0)
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SETUP / DISABLE CONTROL REGISTER (XR70)
Read/Write at 1/O Address 3D7h
Index 70h

[D7|D6|D5|D4|D3|D2|D1|DO|

- Reserved (0)

— 46E8 Register Disable

6-0 Reserved (0)

7 46E8 Register Disable

0 Port 46E8h works as defined to
provide control of VGA disable and
setup mode.

1 Writes to I/O port 46E8h have no
effect (the VGA remains enabled and
will not go into setup mode).

Note: Writes to register 46E8 are effective
inall 64300/ 301 bus configurations

Reads from port 46E8h have no effect independent
of the programming of this register (46E8h is a
write-only register).

Thisregister is cleared by RESET.
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GPIO CONTROL REGISTER (XR71)
Read/Write at 1/O Address 3D7h
Index 71h

[D7|D6|D5|D4|D3|D2|D1|DO|

} Reserved (0)

GPOE 2 (EVIDEO#)
GPOE 3 (ESYNCH)
Reserved (0)

GPOE 5 (ECLK#)

GPOE 6 (CLKSEL 0)

1-0
3-2

GPOE 7 (CLKSEL 1)
Reserved (0)

GPOE

This register controls the direction (input /
output) of the respective GPIO pins.

0 GPIO pinisan input (default)
1 GPIO pinisan output

If the IBM standard feature connector is
enabled (XR73[4]=1) bits GPIO3:2 become
aternate fixed function inputs (EVIDEO#
and ESYNC#). XR71[3:2] must be set to
the input state.

Reserved (0)

GPOE

This register controls the direction (input /
output) of the respective GPIO pins.

0 GPIO pinisaninput (default)
1 GPIO pinisan output

If the IBM standard feature connector is
enabled (XR73[4]=1) bits GPIO5 becomes
an aternate fixed function input (ECLK#).
XR71[5] must be set to the input state.

If XRO1[4] is cleared on reset (external
clock synthesizer selected) then GPOE 7:6
have no effect. General purpose bits GPIO
7:6 become CLKSEL1:0 and output the
contents of MSR[3:2].

GPIO DATA REGISTER (XR72)
Read/Write at I/O Address 3D7h
Index 72h

[D7|D6|D5|D4|D3|D2|D1|DO|

|—} Reserved (0)

GPIO 2 (EVIDEOH)
GPIO 3 (ESYNCH)
Reserved (0)

GPIO 5 (ECLK#)

GPIO 6 (CLKSEL 0)

1-0
3-2

7-5

GPIO 7 (CLKSEL 1)
Reserved (0)

GPIO

The data written to this register is latched
and output on the respective GPIO pins. A
read to this register always yields the data
present on the respective GPIO pin
regardless of its function. Thisis not neces-
sarily the data which was last written to this
register as some of the pins may be in input
mode (see XR71) or may be defined as their
alternate function (see XR73 and XR01).

When the IBM standard feature connector is
enabled (XR73[4]=1) GPIO bits 3:2 become
aternate fixed function inputs (EVIDEO#
and ESYNCH).

Reserved (0)

GPIO

The data written to this register is latched
and output on the respective GPIO pins. A
read to this register always yields the data
present on the respective GPIO pin
regardless of its function. Thisis not neces-
sarily the data which was last written to this
register as some of the pins may be in input
mode (see XR71) or may be defined as their
alternate function (see XR73 and XR01).

When the IBM standard feature connector is
enabled (XR73[4]=1) GPIO bit 5 becomes
an aternate fixed function input (ECLK#).

Similarly when an external clock synthesizer
is selected (XR01[4]=0) GPIO[7:6] become
clock select outputs CLKSEL1:0 (MSR3:2).
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MISC CONTROL REGISTER (XR73)
Read/Write at 1/O Address 3D7h
Index 73h

[D7|D6|D5|D4|D3|D2|D1|DO|

HSYNC Data

HSYNC Control

VSYNC Data

VSYNC Control

Palette Control Enable
Reserved (0)

External Color Key Enable
ROMCSH# Write Access

0 HSYNC Data
If bit-1 of this register (XR73[1]) is
progranmed to 1, the state of this bit
(XR73[0]) will be output on the HSYNC
pin. This may be used in advanced monitor
detection and monitor  power-down
schemes.

1 HSYNC Control

Determines whether XR73[0] or internal
CRTC horizontal syncinformation isoutput
on HSYNC pin 125.

0 CRTCHSYNC isoutput (Default)
1 XR73[0] isoutput

2 VSYNC Data

If bit-3 of this register (XR73[3]) is
programmed to 1, the state of this bit
(XR73[2]) will be output on the VSYNC
pin. Thismay be used in advanced monitor
detection and monitor  power-down
schemes.

3 VSYNC Control

Determines whether XR73[2] or interna
CRTC vertical sync information is output
on VSYNC pin 126.

0 CRTCVSYNC isoutput (Default)
1 XR73[2] isoutput

Reserved (0)

Standard Feature Connector Enable

0 Feature connector is not enabled.
GPIO5, 3:2 are genera purpose 1/0
pins. (default)

1 Feature Connector control pin func-
tionality is enabled on GPIO pins 5,
and 3:2. This bit must be set before
the pixel datais enabled via XR06[0].

External Color Key Enable

0 Color Key input doesnot participatein
color compare (default)

1 Color Key input must be valid (active
high) to qualify live video. This may
be used to define the rectangular
window within which color matching
will occur and permits other open
windows to use the overlay color.

ROMCSH# Write Access

0 ROMCSH# is active only during read
accesses to the memory range
00C0000 - 00C7FFFh. (Default)

1 ROMCSH is active for both reads and
writes to the memory address range
00C0000 - O0C7FFFh. This may be
used for programming Flash ROM
devices.
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Extension Registers

CONFIGURATION REGISTER 2 (XR74)
Read/Write at 1/O Address 3D7h
Index 74h

[D7|D6|D5|D4|D3|D2|D1|DO|

CFG 8

CFG9

CFG 10
CFG 11
CFG 12
CFG 13
CFG 14
CFG 15

7-0 CFG15:8

Configuration Data latched from configu-
ration pins 15:8 (MAD15:8) on the falling
edge of RESET. Unlike configuration bits
7:0, these bits have no other defined direct
hardware function. They may therefore be
used by the system designer to input any
desired information.

SOFTWARE FLAG REGISTER 3 (XR75)
Read/Write at I/O Address 3D7h

Index 75h

[D7|D6|D5|D4|D3|D2|D1|DO|

Flag 0

Flag 1
Flag 2
Flag 3

Flag 4

Flag 5

Flag 6

Flag 7

This register contains eight read-write bits which
have no internal hardware function. All bits are
reserved for use by BIOS and driver software.

7-0 Software Flags
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Extension Registers

DIAGNOSTIC REGISTER (XR7D)
Read/Write at 1/O Address 3D7h
Index 7Dh

[D7|D6|D5|D4|D3|D2|D1|DO|

- Reserved (0)

70 Reserved (0)

WARNING: Software should never read or write
thisregister.

DIAGNOSTIC REGISTER (XR7F)
Read/Write at I/O Address 3D7h
Index 7Fh

[D7|D6|D5|D4|D3|D2|D1|DO|

- Reserved (0)

7-0 Reserved (0)

WARNING: Software should never read or write
thisregister.

Revision 1.2

111 Preliminary 64300/ 301



Revision 1.2

112

Preliminary 64300/ 301



32-Bit Registers

32-Bit Registers

Register Register Extension 110 State After

Mnemoni Group Reqgister Name Access TypeAddress Reset Page
DROO BitBlt BitBIt Offset 16/32-bit R/W 83D0-3 ----XXXX XXXXXXXX ----XXXX XXXXXXXX 114
DRO1 BitBIt BitBIt Pattern ROP 16/32-bit R/W 87D0-3 -------- e EXXXXX XXXXXXXX XXXXXXXX 114

DR02 BitBlt BitBlt BG Color 16/32-bit R/W 8BD0-3 XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX 115
DRO03 BitBIt  BitBIt FG Color 16/32-bit R/W 8FD0-3 XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX 115

DR04 BitBIt  BitBIt Control 16/32-bit R/W 93D0-3 -------- - - sDXXXX XXXXXXXX XXXXXXXX 116
DRO05 BitBIt  BitBIt Source 16/32-bit R/'W 97D0-3 -------- S S XXXXX XXXXXXXX XXXXXXXX 117
DR06 BitBIt BitBlt Destination 16/32-bit R/W 9BD0O-3 - ------- S S EXXXXX XXXXXXXX XXXXXXXX 118
DRO7 BitBIt BitBlt Command 16/32-bit R/W 9FDO0-3 ----0000 00000000 ----XXXX XXXXXXXX 118
DR08 Cursor Cursor R/W Index 16/32-bit R/W A3D0-3 ------- X XXXXXXXX =-=-=-=-=---~- 00000000 119
DR09 Cursor Cursor Color 0 16/32-bit R/'W A7DO-3 -------- XXXXXXXX XXXXXXXX XXXXXXXX 120
DROA Cursor  Cursor Color 1 16/32-bit R/'W ABDO-3 -------- XXXXXXXX XXXXXXXX XXXXXXXX 120
DROB Cursor Cursor Position 16/32-bit R/W AFDO0O-3 X ----XXX XXXXXXXX X----XXX XXXXXXXX 121
DROC Cursor Cursor Data 16/32-bit R/W B3D0-3 XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX 122
Reset Codes:  x = Not changed by RESET (indeterminate on power-up) —= Not implemented (always reads 0)

d = Set from the corresponding pin on falling edge of RESET « = Not implemented (read/write, reset to 0)

0/1 = Reset to 0 or 1 by falling edge of RESET r = Chip revision # (starting from 0000)
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32-Bit Registers

BITBLT OFFSET REGISTER (DRO0O0)

Write at I/0O Address 83D0-83D3h
Read at 1/0O Address 83D0-83D3h
Word or DoubleWord Accessible

[3128/27 16{1512[11

- Source Offset

“|l_¢g

I Reserved (0)

- Destination Offset

I Reserved (0)

11-0 Source Offset

Thisvalueisadded to the start address of the
Source BitBIt to calculate the starting
position for the next line.

15-12 Reserved (0)

27-16 Destination Offset

Thisvalue isadded to the start address of the
Destination BitBIt to calculate the starting
position for the next line.

31-28 Reserved (0)

BITBLT PATTERN ROP REGISTER (DRO01)

Write at I/O Address 87D0-87D3h

Read at 1/0 Address 87D0-87D3h

Word or DoubleWord Accessible

[31 21Po0

‘Il?g

- Pattern Pointer

- Reserved (0)

200 Pattern Pointer

Address of Pattern Size - aligned 8 Pixel x 8
line pattern. For an 8BPP pattern
(occupying 8 bits/ pixel * 8 pixels/line* 8
lines/ pattern) the pattern must be aligned on
a 64 byte (16 DWord) boundary. For a
16BPP pattern (occupying 16bits/ pixel * 8
pixels / line * 8 lines / pattern) the pattern
must be aligned on a 128byte (32 DWord)
boundary. For monochrome patterns (1 Bit
/ pixel * 8 pixels/ line* 8lines/ pattern) the
pattern must be aligned on an 8 byte (2
DWord) boundary. The lower bits of the
Pattern Pointer are read/write, however the
Drawing Engine forces them to zero for
drawing operations.

31-21 Reserved (0)

Warning: Do not read thisregister whilea
BitBlt isactive.

Revision 1.2

Preliminary 64300/ 301




32-Bit Registers

BITBLT BACKGROUND COLOR
REGISTER (DR02)

Write at /O Address 8BD0-8BD3h
Read at 1/0O Address 8BD0-8BD3h
Word or DoubleWord Accessible

[31

“||_,m

- Background Color

31-0 Background Color

This register contains the background color
data used during opagque mono-color expan-
sions.

All 32 bits must be written regardless of
pixel depth. If the drawing engine is
operating at 8BPP, then the same data
should be duplicated in bits 31:24, 23:16,
15:8, and 7:0. For 16BPP the data is dupli-
cated twice.

BITBLT FOREGROUND COLOR
REGISTER (DRO03)

Write at /O Address 8FD0-8FD3h
Read at 1/0 Address 8FD0O-8FD3h
Word or DoubleWord Accessible

[31

“Il—TQ

- Foreground Color

31-0 Foreground / Solid Color

This register contains the color data used
during solid paint operations. It alsoisused
as the foreground color during mono-color
expansions.

All 32 bits must be written regardless of
pixel depth. If the drawing engine is
operating at 8BPP, then the same data
should be duplicated in bits 31:24, 23:16,
15:8, and 7:0. For 16BPP the datais dupli-
cated twice.
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32-Bit Registers

BITBLT CONTROL REGISTER (DR04)

Write at I/0O Address 93D0-93D3h
Read at 1/0O Address 93D0-93D3h
Word or DoubleWord Accessible

31 20 1d15 g7

ROP

Ir=h

INC_X, INC_Y
Source Data
Source Depth
Pattern Depth
Background
BitBIt

] Pattern Seed

Solid Pattern/
BitBIt Status
Reserved (0)
Buffer Status
Reserved (0)

70 ROP

Raster Operation as defined by Microsoft
Windows. All logical operations of Source,
Pattern, and Destination Data are supported.

8 INC.Y
Determines Y -direction for BitBLT

0 = Decrement (Bottom to Top)
1 = Increment (Top to Bottom)
9 INC._X
Determines X-direction for BitBLT
0 = Decrement (Right to Left)
1 = Increment (Left to Right)

10 Source Data

Selectsvariabledataor color register datafor
the source:

1 = SourceisFrgd Color Reg (DRO3)
0 = Source dataselected by DR04[14].

11  Source Depth

Selects between monochrome and color
source data. This allows BitBlts to either
transfer source data directly to the screen, or
perform afont expansion (INC_X=1 only):

0 = SourceisColor
1 = SourceisMono (Font expansion)

12

13

1514

18-16

19

20

Pattern Depth

Selects between monochrome and color
pattern data. This allowsthe pattern register
to operate either as a full pixel depth 8x8
pattern for use by the ROP, or as an 8x8
monochrome pattern:

0 = PatternisColor
1 = Paternis Monochrome
Background

The 64300 / 301 supports both transparent
and opaque backgrounds for monochrome
patterns and font expansion:

0 = Background is Opaque
(Background Color Register DR02)

1 = Background is Transparent
(Unchanged)

BitBIt

The 64300 / 301 supports only its video
frame buffer as the destination for BitBlt
operations. The Source may be either the
video frame buffer or system memory
(CPU) asfollows:

15 14 BitBIt Source—> Dest

0 O Screen—> Screen (Dest)
0 1 System—> Screen (Dest)
1 0 Reserved
1 1 Reserved

Patter n Seed

Determines the starting row of the 8x8
pattern for the current BitBlt. A pattern is
typically required to be destination aligned.
The 64300 / 301 can determine the x-
alignment from the destination address
however the y-alignment must be generated
by the programmer. These three bits
determine which row of the pattern is output
on the first line of the BitBIt. Incrementing
and decrementing are controlled by bit
DRO4[8].

Solid Pattern

0 = Bitmap Pattern
1 = Solid Pattern (Brush)

BitBIt Status (Read Only)

0 BitBIt Engine ldle
1 BitBIt Active - Do not write BitBIt
registers

23-21 Reserved (0)
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32-Bit Registers

27-24 Buffer Status
Number of DWords that can be written to

the 64300 / 301.
0000 =  Buffer Full
0001 = 1 Spaceavailablein queue
0010 = 2 Spacesavailablein queue
1110 = 14 Spaces available in queue
1111 = 15 Spacesavailable in queue

31-25 Reserved (0)

BITBLT SOURCE REGISTER (DRO05)

Write at I/O Address 97D0-97D3h
Read at I/0 Address 97D0-97D3h
Word or DoubleWord Accessible

[31 21Po

‘Il—TQ

- Source Address

- Reserved (0)

20-0 Source Address
Address of Byte aligned source block.

31-21 Reserved (0)

Warning: Do not read thisregister whilea
BitBltisactive.
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32-Bit Registers

BITBLT DESTINATION REGISTER (DRO06)

Write at /O Address 9BD0-9BD3h
Read at 1/0 Address 9BD0-9BD3h
Word or DoubleWord Accessible

[31 21|20

‘Il—TQ

- Destination Addr

- Reserved (0)

20-0 Destination Address
Address of Byte aligned destination block.

31-21 Reserved (0)

BITBLT COMMAND REGISTER (DR07)

Write at I/O Address 9FD0O-9FD3h
Read at 1/0 Address 9FD0-9FD3h
Word or DoubleWord Accessible

[3128]27 16{1512[11

- Bytesper Line

“||_,m

| Reserved (0)

- Lines per Block

| Reserved (0)

11-0 BytesPer Line
Number of bytesto be transferred per line

15-12 Reserved (0)

27-16 LinesPer Block
Height in lines of the block to be transferred

31-28 Reserved (0)

Warning: Do not read thisregister whilea
BitBlt isactive.

Warning: Do not attempt to perform a CPU
read/write to display memory while
aBitBltisactive.
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32-Bit Registers

CURSOR R/W INDEX REGISTER (DRO08)

Write at 1/O Address ASD0-A3D3h
Read at 1/0 Address A3D0-A3D3h
Word or DoubleWord Accessible

5 UuLC

The cursor is set relative to either the
Upper Left Corner (ULC) of the active
display or the overscan region. When set
relative to Display Enable, the cursor will
not be visible in the overscan area. When

31 1615 Id_ relative to the active display (BLANK#)
Cursor Size,Enable the cursor may appear in the overscan
Cursor Select region. All x,y positioning is relative to
— ULC the selected ULC.
0= ULCisBLANK#
| Reserved (0) 1= ULCisDisplay Enable
6 Test (0)
- Wordndex 157  Reserved (0)
[ RowIndex 17-16  Word Select
— Plane Selects a 16-bit word from the 64-bit row.
- Reserved (0) 23-18 Row Select
- Selects one of 64 rows. When DR8[1] =
0, DR8[23:22] selects one of four 32x32
0 Cursor Enable Cursors.
This bit enables the hardware cursor. The o Plane
cursor will be enabled/disabled in the
frame following the current active frame Selects between the 'AND' and 'XOR'
(synchronized to vertical sync). planes.
0= Cursor Disabled 0 ANDPane
1= Cursor Enabled 1 XORPlane
1 Cursor Size64 3125 Reserved (0)
The 64300 / 301 supports either a single The Cursor Read/Write Index sets the internal
64x64x2 cursor or four 32x32x2 cursors. pointer to a 16-bit word location within cursor
Thisbit is synchronized to vertical sync. memory. Cursor memory is mapped linearly as two
0= 32x32x2 cursor consecutive 64x64x1 planes. The first plane is the
1= 64x64x2 cursor '‘AND' plane; the second the 'XOR' plane. The
cursor RAM pointer will autoincrement when the
32 Display Cursor Select Cursor Data Register (DROC) is accessed. When in
32x32x2 cursor mode, DR08[23:22] chooses one of
When DRO08[1]=0, one of four 32x32x2 four cursors. DRO08[24] always chooses between
cursors may be selected. This permits the AND and XOR planes.
caching of commonly used cursor icons. . _
The new cursor will ‘appear in the frame When writing cursor RAM, the data is transferred
followi ng the current active frame (Cursor first to an internal 64-bit buffer. After ertlng the
Change is Synchronized to vertical Sync). 16-bit word at the address where DR08[1716]:11,
_ the entire 64-bit buffer is transferred to the cursor
00 = display 32x32x2 cursor O memory. Therefore when writing cursor memory
01 = display 32x32x2 cursor 1 the Word Select should begin at DR08[17:16]=00.
10 = display 32x32x2 cursor 2 When reading the cursor memory, any 16-bit word
11 = display 32x32x2 cursor 3 may be read selected by DR08[17:16].
4 Reserved (0)
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32-Bit Registers

CURSOR COLOR 0 REGISTER (DR09)

Write at I/O Address A7TD0-A7D3h
Read at 1/0O Address A7D0-A7D3h
Word or DoubleWord Accessible

[31 24123

‘Il?g

- Cursor Color 0

- Reserved (0)

Cursor Color 0 isa24-bit true color value consisting
of 8 bits of Red, Green, and Blue. It is accessed
either as two 16-bit registers or as a single 32-bit

register. A writeto thisregister immediately affects

the cursor color displayed.
70 CCO-Blue

Cursor Color 0 Blue value

158 CCO-Green
Cursor Color 0 Green value

23-16 CCO- Red
Cursor Color 0 Red value

31-24 Reserved (0)

CURSOR COLOR 1 REGISTER (DROA)

Write at I/O Address ABDO-ABD3h
Read at 1/0 Address ABDO-ABD3h
Word or DoubleWord Accessible

[31 243

‘Il—TQ

- Cursor Color 1

- Reserved (0)

Cursor Color 1isa24-bit true color value consisting
of 8 bits of Red, Green, and Blue. It is accessed
either as two 16-bit registers or as a single 32-hit
register. A write to thisregister immediately affects
the cursor color displayed.

7-0 CC1-Blue
Cursor Color 1 Blue value

158 CC1-Green
Cursor Color 1 Green value

23-16 CC1-Red
Cursor Color 1 Red value

31-24 Reserved (0)
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g &8 HNk, _Bit isters
CHAmra S2BitRe
CURSOR POSITION REGISTER (DROB) 26-16 Y Offset
Write at 1/0 Address AFDO-AFD3h Cursor Y-position. The cursor position is
Read at |/O Address AFDO-AFD3h calculated as the signed offset (in pixels)
Word or DoubleWord Accessible between the Upper Left Corner (ULC) of the

screen (as defined by DRO8[5]) and the
Upper Left Corner of the cursor. Y Offsetis
BIs0 2726 161914 11110 (|)_I_ the magnitude portion of the signed offset of
|_ the cursor position in the vertical axis. This
magnitude in combination with the Y SIGN
— [ X Offset bit (31) form the signed offset of the cursor
— | intheY direction.
| Reserved (0) TheY OFFSET and Y SIGN may be written
as a 16-bit quantity with bits 30-27 ignored.
— X SIGN The range for the UL C of the cursor is:
—2047 <= Y -Position <= 2047
- Y Offset
3027 Reserved (0)
- Reserved (0) 31 Y Sign
i Sign associated with the Y OFFSET
Y SIGN magnitude which together form the signed
offset of the cursor inthe Y direction.
100 X Offset
Cursor X-position. The cursor position is
calculated as the signed offset (in pixels)
between the Upper Left Corner (ULC) of the
screen (as defined by DRO8[5]) and the
Upper Left Corner of the cursor. X Offset
is the magnitude portion of the signed offset
of the cursor position in the horizontal axis.
This magnitude in combination with the X
SIGN hit (15) form the signed offset of the
cursor in the X direction.
The X OFFSET and X SIGN may be
written as a 16-bit quantity with bits 14-11
ignored.
The range for the ULC of the cursor is:
—2047 <= X-Position <= 2047
14-11 Reserved (0)
15 X Sign
Sign associated with the X OFFSET
magnitude which together form the signed
offset of the cursor in the X direction.
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32-Bit Registers

CURSOR DATA REGISTER (DROC)

Write at I/O Address B3D0-B3D3h
Read at I/0O Address B3D0-B3D3h
Word or DoubleWord Accessible

[31

“|l_¢g

- Cursor Data

31-0 Cursor Data

The cursor RAM data is accessed through
this 32-bit register. The internal cursor
RAM pointer is set through the Cursor R/W
Index register (DR08). The Index may be
set on a 16-bit boundary for word accesses.
If accessing thisregister as a 32-bit register,
alwaysinitialize the Cursor R/W Index to an
even word address.

When writing the cursor RAM, all 64 bits of
arow must be written with valid data. Data
istransferred 64 bits at atime from aholding
register to the interna cursor RAM
following 16-bit writes to word index 3 or
32-hit writes to word index 2.

Any 16-bit word may be read randomly.
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Functional Description

System Interface

Functional Blocks

The 64300 / 301 contains 5 major functional blocks
including the standard VGA core (Sequencer,
Attribute controller, Graphics Controller, and CRT
Controller), a BitBIt engine, Hardware Cursor,
Palette DAC, and Clock Synthesizer. There are also
other subsystems such as the bus and memory inter-
faces which are transparent to both the user and
software programmer. While in standard VGA
modes only the VGA core, Palette DAC, and clock
synthesizer are active. The 64300 / 301 is 100%
register level compatible with the IBM VGA.

Bus Interface

Two major buses are directly supported by the 64300
/ 301: Industry Standard Architecture (ISA), and
VESA Loca Bus (VL-BUS). Direct interfaces to

popular  80486DX, 80486DX2, 80486SX, and
80386DX, processors are aso  supported.

Connection to other 32-bit system buses such as
EISA and Micro Channel (MC) are possible with
external logic but are not inherently supported.

|SA Interface

The 64300 / 301 operates as a 16-bit Slave device on
the 1SA bus. It maps its display memory into the
standard VGA address range (OA0000-OBFFFFh).
The VGA ROM is decoded in the 32K byte space
0CO000-0C7FFFh.  Address lines LA23:17 are
required for decoding MEMCS16# hence these
addresses are latched internally by ALE. The
remaining addresses (SA16:0) are accepted from the
system without internal latching. The 64300 / 301
supports 16-bit memory and /O cycles. Whenever
possible the 64300 / 301 executes zero wait state
memory cycles by asserting ZWS#. It does
generates neither MEMCS16# nor ZWS# on ROM
accesses. The memory may be mapped as a single
linear frame buffer anywhere in the 16MByte |SA
memory space on a 512K/1M/2MByte boundary
(depending on amount of display memory installed -
see XROB[4]). The 16-bit bus extension signals
MEMR# and MEMW# are used for memory control
since mapping above the 1MByte boundary is
permitted. For ISA compatibility the IRQ pin
operates as an active high level-triggered interrupt.

VL-BusInterface

The 64300 / 301 operates as a 32-bit target on the
VL-Bus. It has an optimized direct pin-to-pin
connection for all VL-Bus signals to eliminate

external components. All 32 bits of address are
decoded permitting location of thelinear frame buffer
anywhere in the available 4GByte address space.
Zerowait statewritecyclesare supported if permitted
by the High Speed Write bit (ID<2>). By definition
zero wait state read accesses are not permitted,
however, the 64300 / 301 will terminate aread cycle
inthe second T2 if the datais available. Burst cycles
are not supported

The VGA ROM is supported via the ISA bus
connector. When aVL-Bus memory cycle occursin
the VGA ROM range the 64300 / 301 exerts
ROMCSH# to signal that the next I1SA bus cycle will
be an SMEMR# or SMEMW# to the ROM. The end
of the cycle is monitored on the VL-Bus by the
64300 / 301 at which time it deactivates ROMCSH.
This is necessary for VL-Bus add-in devices which
have a ROM BIOS on the card. For motherboard
VL-Bus designs it is common to integrate the VGA
BIOS into the system BIOS. Leaving ROMCS#
unconnected in this case causes no harm since the
64300 / 301 does not respond to the cycle with
LDEV#or LRDY#in any event.

Direct Processor | nterface

The 64300 / 301 can interface directly to a 32-bit
processor. Its non-multiplexed 32-bit address bus
makes it ssmple to connect to the CPU. On valid
64300 / 301 accesses it will generate LDEV# which
the system logic controller should be monitoring.
This interface is essentialy the same as the VL-Bus
interface with afew additional flavors. Both 1x and
2x CPU clocks are acceptable. When using a 2x
clock the CPU Reset must be connected to the 64300
/ 301 CPURESET input for phase coherency. In 16-
bit interfaces the address lines and byte enables are
interpreted differently as described in the pin defini-
tions. The 64300 / 301 does not support pipelined
mode in its 386 processor interface.
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Functional Description

Display Memory Interface

Memory Architecture

The 64300 / 301 is designed to use 256K x 4 and
256K x 16 DRAMsonly. Fast page mode and CAS
Only Refresh features are required. The 64300/ 301
implements a 32-bit wide data bus. This bus is
called the memory data bus and the pins are labelled
MxDy wherex = 16-bit DRAM interface (A-B) andy
= hit (0-15). In 1IMB/2MB interfaces, MAD7:0
corresponds to Plane 0, MAD15:8 to Plane 1,
MBD7:0 to Plane 2, and MBD15:8 to Plane 3.

The 64300 / 301 can operate in planar, packed pixel,
or odd/even chain modes.

The 64300 / 301 supports 512K, 1IMB, and 2MB
configurations using 256K x4 or 256Kx16 DRAMS.
Both the dua-CAS# and dua-WE# types of
256K x16 DRAMSs are supported. It is possible for
the BIOS to test the DRAMSstto detect which flavor is
being used.

The 64300/ 301 can generate Page M ode Read, Page
Mode Write, Page Mode Read-Modify-Write, and
CAS-Only Refresh cycles. It is optimized for 40ns
page mode cycles but is flexible and can be tuned for
any speed DRAM.

Configuration initialization data is latched from
memory data pins MAD15:0 during reset. These bits
are readable in XRO01[7:0] and XR74[7:0].
Currently only XR01 contains information used to
configure the 64300 / 301 hardware. XR74 isleft to
the user for software customization.

XRAM Accelerator
(64300 only)

The 64300 supports an optional accelerator memory
(one 256Kx4 DRAM for each bank of installed
memory). A portion of the memory address bus is
shared between the display memory and the accel-
erator memory. There are separate control signals
for display memory and the accelerator memory.

4GB

1MB

g

g

512K-2MB
Frame Buffer

g

g

SYSBIOS

Adapter
ROM

VGA MEM

640K
DOS
Memory

FFFFFFFF

XXX00000

00100000

0OOEO0000

000C0000

000A0000

00000000

( VGA Memory Map '
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Functional Description

RAMDAC

The 64300 / 301 integrates a VGA compatible triple
6-bit LUT and high speed 6/8-bit DACs.
Additionally the internal RAMDAC supports true
color bypass modes displaying color depths of up to
24BPP (8-8-8). The paette DAC can switch
between true color dataand LUT data on a pixel by
pixel basis. Thus, video overlays may be any
arbitrary shape and can lie on any pixel boundary.
The hardware cursor is also a true color bitmap
which may overlay both video and graphics on any
pixel boundary.

Theinternal palette DAC register 1/0 addresses and
functionality are 100% compatible with the VGA
standard. In all bus interfaces the palette DAC
automatically controls accesses to its registers to
avoid dataoverrun. Thisisaccomplished by holding
IOCHRDY inthelSA configuration and by delaying
RDY# for VL-Bus and local businterfaces.

For compatibility with the VL-Bus Specification
(Palette Shadowing) the 64300/ 301 may be disabled
from responding to palette writes (although it will
perform them) so that an adapter card on a slow
(ISA) bus which is shadowing the palette LUT may
see the access. The 64300 / 301 must aways
respond to palette read accesses so it is till possible
for the shadowing adapter to become out of phase
with the internal modulo-3 RGB pointer. It is
presumed that this will not be a problem with well-
behaved software.

Extended RAMDAC display modes are selected in
the Palette Control Register (XR06). Two 16BPP
formats are supported: 5-5-5 Targaformat and 5-6-5
XGA format. The internal RAMDAC may also be
disabled/powered down via the Paette Control
Register (XR06). When in power-down mode the
DAC eCéIJrrent outputs are shut off, but palette data is
retained.

RGB 5-6-5 External Video——» —» Red
Hardware Cursor——» 24 >
. . — —»= Green
High Color Pixel Data——»| >
—» Blue
LUT Pixel Data 8 > T”E'STB'b't 18

( Internal RAMDAC Interface '
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Functional Description

Clocks

Internal Clock Synthesizer

An integrated clock synthesizer supports all pixel
clock (VCLK) and memory clock (MCLK)
frequencies which may be required by the 64300 /
301. Each clock synthesizer may be programmed to
output frequencies ranging between 1IMHz and the
maximum specified operating frequency for that
clock in increments not exceeding 0.5%. The
frequencies are generated by an 18-bit divisor word.
This value contains divisor fields for the Phase Lock
Loop (PLL), Voltage Controlled Oscillator (VCO)
and Pre/Post Divide Control blocks. The divisor
word for both synthesizers is programmable via
Clock Control Registers XR30-32.

MCLK Operation

Normal operational frequencies for MCLK lie
between 50MHz and 72MHz. Thisis defined by the
display memory sequencer parameters described in
the Memory Timing section. The frequency selected
must also be also dependent upon the AC character-
isticsof the display memories connected to the 64300
/ 301. A typical match is between industry standard
60ns access memories and a 72MHz MCLK. The
MCLK output defaults to 60MHz on reset and is
fully programmable. This initial value is conser-
vative enough not to violate sow DRAM parameters
but not so slow as to cause a system timeout on CPU
accesses. The MCLK frequency must always equal
or exceed the host clock (LCLK) frequency.

VCLK Register Table

VGA CLKO = 25.175MHz >
VGA CLK1 =28.322MHz > 2L VCLK Synthesizer
> CLK2 = Programmable -
|_—1
XR32:30 MCLK Register Table
» MCLK = Progranmable 23’ > MCLK Synthesizer
LKSEL1:
CLKSELLO MISC Output Reg[3:2]
( Clock Register Structure h
XR30[0] —< 2577 .
XR32[6:0] T+ N » Detector| | Pump T M VOO e
Internal
' Loop Filter :
' =AM |- !
XR31[6:0] ;: > :
XR30[3:1] © post-VCO divider select :
""""""""""""""""""""""""" Phase-L ocked Loop Osdillator
(' Typical Clock Synthesizer Block Diagram '
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VCLK Operation

The VCLK output typically ranges between 1I9MHz
and 80MHz. VCLK has atable of three frequencies
from which to select a frequency. This is required
for VGA compatibility. CLKO and CLK1 are fixed
at the VGA compatible frequencies of 25.175MHz
and 28.322MHz respectively. These values can not
be changed unlike CLK2 which is fully program-
mable. The active frequency is choosen by clock
select bitsMSR[3:2].

Programming the Clock Synthesizer

The desired output frequency is defined by an 18-bit
value programmed in XR30-32. The 64300/ 301 has
two programmable clock synthesizers, one for
memory (MCLK) and one for video (VCLK). They
are both programmed by writing the divisor valuesto
XR30-32. The clock to be programmed is selected
by the Clock Register Program Pointer XR33[5].
The output frequency of each of the clock synthe-
sizersis based on the reference frequency (Frer) and
the 4 programmed fields:

Field # Bits

Prescale N (PSN) XR30[0] (+1or +4)
M counter (M') XR31[6:0] (M'=M - 2)
N counter (N') XR32[6:0] (N'=N-2)

Post-Divisor (P) XR30[3:1] (+2P; 0£ P £5)

FrRerp* 4* M
PSN * N * 2P

Four =

The frequency of the Voltage Controlled Oscillator
(Fvco) isdetermined by these fields as follows:

Frer* 4* M
PSN * N

Fvco =

where FRer = Reference frequency (between 4 MHz
- 20 MHz; typically 14.31818 MHz)

Note: If areference frequency other than 14.31818
MHz is used, then the frequencies loaded on
RESET will not be correct.

Programming Constraints

There are five primary programming constraints the
programmer must be aware of

4 MHz £ FrRer£ 20 MHz
150 KHz £ FRer/(PSN * N) £ 2 MHz
48 MHz < Fvco £ 220 MHz
3EME 127
3ENE 127

The constraints have to do with trade-offs between
optimum speed with lowest noise, VCO stability,
and factors affecting the loop equation.

The value of Fvco must remain between 48 MHz
and 220 MHz inclusive. Therefore, for output
frequencies below 48 MHz, Fvco must be brought
into range by using the post-V CO Divisor.

To avoid crosstalk between the VCO's, the VCO
frequencies should not be within 0.5% of each other
nor should their harmonics be within 0.5% of the
other's fundamental frequency.

The 64300 / 301 clock synthesizers will seek the
new frequency as soon as it is loaded following a
write to XR32. Any change in the post-divisor will
take affect immediately. There is a possibility that
the output may glitch during this transition of post
divide values. Because of this, the programmer may
wish to hold the post-divisor value constant across a
range of frequencies (eg. changing MCLK from the
reset value of 50MHz to 72MHz). Thereisalso the
consideration of changing from a low frequency
VCO value with a post-divide +1 (eg. 50MHz) to a
high frequency +4 (eg. 220MHz). Although the
beginning and ending frequencies are close together,
the intermediate frequencies may cause the 64300 /
301 to fail in some environments. In this example
there will be a short-lived time frame during which
the output frequency will be in the neighborhood of
125MHz. The bus interface may not function
correctly if the MCLK frequency falls below a
certain value. Register and memory accesses which
are synchronized to MCLK may be so slow as to
violate bus timing and cause awatchdog timer error.

Programmers should time-out the system (CPU) for
approximately 10ms after writing XR32 before
accessing the VGA again. This will ensure that
accesses do not occur to the VGA while the clocks
arein an indeterminate state.

Note: On reset the MCLK isinitialized to a 60MHz
output with apost divisor = 2 (Fvco= 120MHz).

P Post Divisor
000 1
001 2
010 4
011 8
100 16
101 32
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Programming Example

The following is an example of the calculations
which are performed:

Derive the proper programming word for a 25.175
MHz output frequency using a 14.31818 MHz refer-
ence frequency:

Since 25.175 MHz < 48 MHz, double it to 50.350
MHz to get Fvco in its valid range. Set the post
dividefield (P) to 001.

Prescaling PSN = 4

Theresult:
Fvco=50.350 = (14.31818 x 4 x M/4 x N)
M/N = 3.51655
Severa choicesfor M and N are available:

M N Fvco Error

109 31 50.344 -0.00300
102 29 50.360 +0.00500

Choose (M, N) = (109,31) for best accuracy.
Prescaling PSN = 1

The result;
Fvco=50.350 = (14.31818 x 4 x M/1 x N)
M/N = 0.879127

M N Fvco Error
80 91 50.349 -0.00050

FRer/(PSN x N) = 157.3KHz

Therefore M/N = 80/91 with PSN = 1 is even better
than with PSN = 4.

XR30 = 0000010b (02h)
XR31=80- 2= 78 (4Eh)
XR32 =91 - 2 = 89 (50h)
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BitBIt Engine

Bit Block Transfer

The 64300 / 301 integrates a Bit Block Transfer
(BitBIt) Engine which is optimized for operationin a
Microsoft Windows environment. The BitBlt engine
supports system-to-screen and  screen-to-screen
memory data transfers. It handles monochrome to
color data expansion using either system or screen
data sources. Color depths of 8 and 16BPP are
supported in the expansion logic. Integrated with the
screen and system BitBIt data streamsisa3-operand
raster-op (ROP) block. This ROP block includes an
independent 8x8 pixel (mono or color) pattern.
Color depths of 8 and 16BPP are supported by the
pattern array. All possible logical combinations of
Source (system or screen data), Destination (screen
data), and Pattern data are available.

The BitBIt and ROP subsystems have been archi-

destination screen widthsareindependently program-
mable. This permits expansion of a compressed off-
screen bitmap transparent to the software driver. The
BitBIt Control Register (DR04) uses the same raster-
op format as the Microsoft Windows ROP so no
trandation is required. All 256 Windows defined
ROPs are available.

All possible overlaps of source and destination data
are handled by controlling the direction of the BitBIt
in the x and y directions. As shown below there are
eight possibledirectionsfor a screen-to-screen BitBIt
(no change in position is a subset of all eight).
Software must determine the overlap, if any, and set
the INC_X and INC_Y bits accordingly. This is
only critical if the source and destination actually
overlap. For most BitBIts this will not be the case.
In BitBltswhere INC_X isa'don't care' it should be

et > A set to 1 (proceed from left to right). This will
tected for compatibility with the standard Microsoft increase ; canes
Windows BitBIt parameter block. The source and her the performance in some '
Source Sour ce Source
Dest Dest Dest
INC_X=X;INC_Y =0 INC_X=X;INC_Y =0 INC_X=X;INC_Y =0
Arrowsindicate
appropriate direction for
Source Dest BitBIt progression so Dest —| Source
that destination overlap
does not corrupt data.
INC_X=0;INC_Y =X INC_X =1;INC_Y =X
Dest Dest Dest
Source Source Source

INC X=X;INCY=1

INC X=X;INCY=1

( Possible BitBIt Orientations With Overlap h

INC X=X;INCY=1

Revision 1.2

129

Preliminary 64300/ 301




Functional Description

Sample Screen-to-Screen Transfer

Below is an example of how a screen-to-screen
BitBIt operation is traditionaly performed. The
source and destination blocks both appear on the
visible region of the screen and have the same
dimensions. The BitBIt is to be a straight source
copy with no raster operation. The memory address
space is 2MBytes and display resolution is 1024 x
768. The size of the block to be transferred is 276
horizontal x 82 vertical pixels (114h x 52h). The
coordinates of the upper left corner (ULC) of the
source block is 25h,30h. The ULC coordinates of
the destination block are 157h,153h. Because the
source and destination blocks do not overlap, the
INC X and INC_Y BitBIt direction bits are not
important.  We will assume that INC X = 1,
INC_Y =0, and the BitBIt will proceed one scan line
at a time from the lower left corner of the source
moving to the right and then from the bottom to the
top.

The source and destination offsets are both the same
as the screen width (400h):

BitBIt Offset Register (DR00) = 04000400h

The Pattern ROP Register does not need to be
progranmed since there is no pattern involved.
Neither the Foreground Color nor Background Color
Register has to be programmed since this does not
involve a color expansion or rectangle solid color
paint. The BitBIt Control Register contains the most
individual fieldsto be set:

ROP = Source Copy = 0CCh
INC_Y =0 (Bottom to Top)
INC_X =1 (Left to Right)

Source Data= Variable Data= 0
Source Depth = Sourceis Color =0
Pattern Depth = Don't Care =0
Background = Don't Care=0
BitBIt = screen-to-screen = 00
Pattern Seed = Don't Care = 000

BitBIt Control Register (DR04) = 002CCh
Since the BitBIt will be starting in the lower left

corner (LLC) of the source rectangle, the start
address for the source datais calculated as.

« 400h (1024) >
* [25h,30h lFFFFFh/l:L e 020538h
114h " Off-Screen 020425h
52h  goyrce /7 Memory
138h,81h 0C0000N
1
300h 157h,153h ; —
(768 N 06926Ah
Destination Dest
26Ah, 1A4h 054D57h
020538h 00C938h
Source Line3
00C025h T 00C825h
-‘— 000000h T
2EDh
1024 x 768 x 8BPP 400h
00C538h
Line?2
00C425h
- 00C138h
Linel
00C025h
(  Screen-to-Screen BitBIt h
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(81h* 400h) + 25h = 020425h
BitBIt Source Register (DR05) = 020425h

Similarly, the LLC of the destination register calcu-
lated as:

(1A4h* 400H) + 157h = 069157h

BitBIt Destination Register (DR06) = 069157h

To begin any BitBIt the Command Register must be
written. Thisregister contains key information about
the size of the current BitBIt which must be written
for al BitBIt operations:

Lines per Block = 52h
Bytes per line = 114h (Current example 8BPP)

Command Register (DR07) = 00520114h
After the Command Register (XRO07) is written the

BitBIt engine performs the requested operation. The
status of the BitBIt operation may be read in

DRO04[20] (read only bit). This is necessary to
determine when the BitBlt is finished so that another
BitBIt may be issued. No reads or writes of the
display memory by the CPU are permitted while the
BitBIt engineis active.

In the present example the BitBIt source and desti-
nation blocks have the same width asthe display. As
can be seen below each scan line is transferred from
source to destination. Alignment is handled by the
BitBIt engine without assistance from software.

Compressed Screen-to-Screen Transfer

Next we consider an example of how a screen-to-
screen BitBIt operation is performed when the source
and destination blocks have different widths (pitch).
This type of BitBIt is commonly used to store
bitmaps efficiently in offscreen memory or when
recovering a saved bitmap from offscreen memory.

The 64300 / 301 display memory consists of asingle
linear frame buffer. The number of bytes per scan
line and lines displayed changes with resolution and
pixel depth. For simplification, the concepts of

1FFFFFh 020538h 06926Ah 1FFFFFh
/l:]/ Off-Screen / |Line52h » |Line52h Off-SCfee"/l:L
/x/ Memory 020425h 069157h Memory /.x/
0C0000h 0C0000h
|/ |/
;t/ ;:/

06926%h 069269
Dest Dest
054D57h 054D57h
020538h 00C938h 05566Ah 020538h
Source Line3 » | Line3 Source
00C025h T 00C825h 055557h 00C025h
000000h >EDh T 000000h

400h

00C538h 05526Ah

Line?2 » | Line2
00C425h 055157h
00C138h 054E6Ah

Linel » | Linel
00C025h 054D57h

Sour ce Destination
( BitBlt Data Transfer h
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pixels, lines, and columns are foreign to the BitBIt
engine. Instead, the 64300 / 301 operates on groups
of bytes (rows) which are separated by the width of
the screen. The 64300 / 301 permits separation
between the row lengths to be different for source
and destination bitmaps. For efficient use of off-
screen memory we may assume that the "width" of
the screen is the same as the width of the data.

Below is an example of how a screen-to-screen
BitBIt operation is performed with the destination
data efficiently compressed into the offscreen area.
The reverse operation is aso valid to recreate the
original block on the visible screen. Once again the
BitBlt isto be a straight source copy with the source
block in the same location as the previous example.
Thedestination block isto belocated beginning at the
first byte of off-screen memory. Because the source
and destination blocks do not overlap the INC_X and
INC_Y BitBIt direction bits are not important. We
will assume that INC_X =1, INC_Y =1 and the
BitBIt will proceed one scan line at a time from the
upper left corner of the source moving to the right

and then from the top to the bottom.

The source offset is the same as the screen width
(400h) and the destination offset is the same as the
source block width (114h):

BitBIt Offset Register (DROO) = 01140400h

The Pattern ROP Register does not need to be
progranmed since there is no pattern involved.
Neither the Foreground Color nor Background Color
Register has to be programmed since there is no
color expansion. The BitBIt Control Register
contains the following bit fields:

ROP = Source Copy = 0CCh
INC_Y =1 (Top to Bottom)
INC_X =1 (Left to Right)

Source Data= Variable Data=0
Source Depth = Sourceis Color =0
Pattern Depth = Don't Care=0
Background = Don't Care=0
BitBIt = Screen --> Screen = 00
Pattern Seed = Don't Care = 000

1FFFFFh 020538h 1FFFFFh
1 Line 52h| =————r 1
020425h
Off-Screen Off-Screen
Memory 4——~—~—+" —————+" Memor
V;m _ 0C5867h ;m/ g
P ———— |Line52h
et :: gt 0C5754h
Dest 7] /_,—M/ Dest
0C0000h i 0C0000h
—~———t 1
— s
Source Source
020538h 00C938h 0C0336h ggosssh
Line3 » | Line3 urce
00C025h 00C825h 0C0228h 00C025h
T "" 0c0227h [ ines
000000h 0C0114h 000000h
2EDh m» Linel
400h 0C0000h
00C538h o
Line2 | =——— Destination
00C425h
_ 00C138h
Linel | ——
00C025h
Source
( Differential Pitch BitBIt Data Transfer '
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BitBIt Control Register (DR04) = 003CCh

Since the BitBIt will be beginning in the ULC of the
source rectangle, the start address for the source data
iscalculated as:

(30h * 400h) + 25h = 0C025h
BitBIt Source Register (DR05) = 0C025h

Similarly, the ULC of the destination register calcu-
lated as (Number of scan lines* Bytes per scan line):

300h * 400h = 0C0000h
BitBIt Destination Register (DR06) = 0C0000h

As in the previous example the Command Register
must be written to begin the BitBIt. This register
contains the size of the current BitBIt which must be
written for al BitBIt operations:

Lines per Block = 52h
Bytes per line = 114h (Current example 8BPP)

Command Register (DR07) = 00520114h

System-to-Screen BitBlts

When performing a System-to-Screen BitBIt the
source rotation information is passed in the BitBIt
Source Address and Source Offset registers. The 2
L Shits of the Source Address register indicate the
alignment. For exampleif the system dataresides at
system address 0413456h then the processor pointer
should be set to 0413454h (doubleword aigned) and
the Source address register is written with xxxxx2h.

When the end of the scan lineis reached (the number
of bytes programmed in the Command Register have
been written) any remaining bytes in the last
doubleword written to the 64300 / 301 are discarded.
The 2 L Shits of the Source Offset Register are then
added to the 2 L Shits of the Source Address Register
to determine the starting byte alignment for the first
doubleword of the next scanline. This process is
continued until all scanlinesare completed. The most
common casewill be adoubleword aligned bitmap in
system memory in which case the 2 Lbits of the
Source Address Register are zero. It isaso common
for bitmaps to be stored with each scanline
doubleword aligned (Source Offset Register =
xxxxx0h). Once the Command Register is written
and the BitBIt operation has begun the 64300 / 301
will wait for data to be sent to its memory address
gpace. Any write to a valid 64300 / 301 memory
address, either in the VGA space or linear address
space if enabled, will be recognized as BitBIt source
data and will be routed to the correct address by the

BitBlt engine. Thisenablesthe programmer to set up
a destination pointer into the video address window
(doubleword aligned) and simply perform a REP
MOV SD. Any unused data in the last
word/doubleword write will be discarded by the
BitBIt Engine.

For system-to-screen monochrome (font) expansions
the data is handled on a scanline by scanline basis.
As with the system-to-screen Bitblt with ROP, this
type of transfer uses the 2 LShits of the source
address register to determine the beginning byte
index into the first doubleword. On subsequent
scanlines the source offset register is added to the
current scanline byte index to determine the indexing
for the start of the next scan line. Monochrome data
is taken from bit 7 thru bit O, byte O thru 3 and
expanded left to right in video memory (NOTE:
monochrome source only supports left to right
operation). At the end of the first scanline any
remaining data in the active doubleword is flushed
and the byte pointer for the starting byte in the next
doubleword (for the next scanline) is calculated by
adding 2 LShits of the source offset to the starting
byte position in the previous scanline. Monochrome
expansion then continues bit 7 thru O incrementing
byte (after byte 3 bit O a new doubleword begins at
byte O: bit 7) until the scanlineis complete. Note that
the number of bytes programmed into the Command
register references the number of expanded bytes
written; not the number of bytes to be expanded.
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Har dwar e Cur sor

Hardware Cur sor

The 64300 / 301 supports either a single 64x64x2
hardware cursor or one of four 32x32x2 cursors. It
supports the MS Windows AND/XOR cursor data
plane structure. The hardware cursor can overlay
both graphics data and live video data on a pixel by
pixel basis. It may be positioned anywhere on
screen resolutions up to 2048x2048 pixels. The
hardware cursor is accessed through the 32-bit
extension registers.

Programming

Once the 32-bit extension registers are enabled
(XRO3[1]=1), the cursor registers (DR08-DROC)
may be accessed. The first step is to program the
cursor RAM with valid data. The cursor RAM is
organized as two consecutive planes in the address
space. The first plane is the "AND" plane and the
second the "XOR" plane. To write a64 x 64 cursor,
the entire cursor RAM must be written. |f the cursor
isto be 32 x 32, then only one quarter of the cursor
RAM needs to be written. The cursor RAM address
must first be written to the Cursor Control Register.
This is followed by a sequence of I/O writes to the
Cursor Data Register (DROC). The address is auto-
incremented so that it does not need to be rewritten
following each output of cursor data. After writing
the entire AND planeto the cursor RAM theinternal
pointer automatically points to the beginning of the
XOR plane (this is true for both 32x32 and 64x64
cursors). Next, the X-Y coordinates for positioning
the cursor are written to the Cursor Position Register
(DROB). The cursor is then enabled through the
Cursor Control Register (DR08).

To update the cursor position, perform a 32-bit write
(or two 16-bit writes) to the Cursor Position Register
(DROB). This new position will take effect on the
next frame (synchronized to VSY NC).

When the cursor changes shape, the 64x64 cursor
should be disabled, reprogrammed as described
above, and then re-enabled. When using a 32x32
cursor one of the unused cursors can be loaded with
the new shape, the XY location updated for the
hotspot, then the new 32x32 cursor selected as the
active cursor. The 32x32 cursor select is aso
synchronized to VSYNC to avoid glitching of the
CUrsor.
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Application Schematic Examples

This section includes three groups of schematic examples showing various 64300 / 301 interface examples:

1) System BusInterface

* |SA Bus (Direct Bus Drive and Buffered)
* VL Bus

2) Display Memory Interface

» 2-CASH
* 2-WE#

3) CRT /Video Interface

* 8-Bit Video Output for Externa Video Overlay (VGA-Style Feature Connector)
* 16-Bit Video Input for Interna Video Overlay (PC-Video™ DK Board Interface)

All system bus interface schematics include optional BIOS circuits that support either a 32KB EPROM or 32KB
Flash ROM. The 64300/ 301 may be programmed (see XR73 bit-7) to respond only to reads at CO000-C7FFFh
(for EPROM support) or to both reads and writes (for flash ROM support). The ROM circuit is not required in
motherboard implementations where the Graphics Controller BIOS istypically included in the system BIOS.

Each system businterface schematic also includes optionsfor adirectly connected 14.31818 MHz reference crystal
(configuration bit-5 pulled up with 48KW) or connection to the ISA bus 14.31818 MHz signal (CFG5 pulled
down with 48KW). In either case, the internal clock may be programmed via XR33-30. Although an external
clock synthesizer should not be required, the 64300 / 301 supportsit. The circuits show how to design a system
that allows for an external CHIPS 82C404C synthesizer as an option should this be required. If an external clock
synthesizer is used, configuration bit-4 should be pulled down; if the external clock synthesizer is not used,
CFG4 should be pulled up and the 64300 / 301 MCLK pin left unconnected.

The 64300 / 301 has 12mA bus drive capability on the system data bus pins and can typically drive the ISA bus
directly (acircuit is shown for this interface). However, if higher bus drive capability is required, an aternate
circuit diagram isincluded that uses 245 transceivers on the |SA databus. Transceivers are not required for VL
bus interfacing, so only one VL bus interface circuit is shown. The 64300 / 301 bus interface may be set for VL
bus by connecting CFG 0, 1, 3, 6, & 7 to +5V via 48K pullup resistors. For ISA bus, CFGO-1 must be pulled
down and CFG3 & 7 pulled up (CFG6 isadon't care).

Two memory interface circuits are shown, one for use with 2-CAS/ 1-WE DRAMs and another for 2-WE / 1-
CAS DRAMSs. The 64300 / 301 may be programmed for use with either DRAM type (see XR05) and for the
number of DRAMSs / banks installed (see XR04). Both circuit diagrams assume the use of DRAMSs with
symmetric addresses (A0-8). One circuit or another would be designed depending on the type of DRAM to be
used. It isalso possible to lay out a PCB to accommodate either type of DRAM through jumper options. The
connections for this are not shown, but if there are any questions on how to do this, contact your local CHIPS
Sales Office or Field Applications Engineer.

The 64300 is unique in having the capability to significantly increase its performance through the use of
"Acceleration RAM" or "XRAM". The XRAM feature requires either one or two 256Kx4 DRAMs (one for each
bank of display memory used). Both memory circuits shown indicate how to connect these optional DRAMS.
The XRAM feature may be enabled / disabled via XROA. The 64301 does not have XRAM capability.

Two CRT interface circuits are included. The CRT interface portions of both diagrams are identical. One circuit
shows how to implement a"VGA Feature Connector” circuit to output 8-bit video data. This would be used to
connect to existing 8-bit video overlay / capture boards. The second circuit shows an example of how to connect
an external 16-bit RGB (5-6-5 format) digital video source to the 64300 / 301 for video overlay on-chip. The
CHIPS PC-Video™ Development Kit (DK) board connector pinouts are shown as an example, but this connector
is not standard and is used for illustration purposes only. For possible future use (e.g., for a Display
Communications Channel and/or connection to certain monitors implementing ID codes), both CRT interface
circuits use GPIO pinsto implement an interface to the monitor ID pinson the VGA CRT connector. If GPIO pins
are needed for other functions, some or al of the ID pins may be left unconnected in most implementations.
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CHIraS Application Schematic Examples

Optional Externa

; 82C404A
Clock Synthesizer VLK
168 MCLK

0 L182ruerk (CSEL1) GPIO7}2= JCSELL
oW (CSELO) GPIO6}= o CSELO
(TSAB30) 14.31818 MHz A 158 XTALI cveel g% AAA— +5V X6I XO|
uzss = [VCK CVeCo =511 4%+47I+ v |—I|]IJ
T
MHz T[159y 1A o CGND1 g? I I 14.318
(@/ RESE 162 RESET CGNDO 211l 1 MHz
SABB)AEE gg ALE RDY 2207 s (TSA-ATO
SA-ALLpEs s AEN MCS16# D55 Gai6s - 1SA-DOL
SA-BIO =it S50 RFSH# |0CSL16# P52 S 6.1 SA-D02
SA-C09 §:W EMWE SEMEMR# ZWSH P78 RGO ISA-B08)
SA-C10 )orp# 5530 MEMW# IRQ9 759 C 1SA-B04 )
E SABIA ) SWRE 5049 :85V%#; VGAnFég n n;c
SA-B13 ) g undef 5— n/c
11 undef %— n/c
n/c 183l undef undef V' n/c
n/c 00! undef undef 6 n/c
n/c 500! undef undef VA n/c
n/c 199 undef undef Bl n/c
n/c === undef undef |5 5 n/c
SA-COp A2 98| A23 “@g 12 ng
- = T u =
R LAZZ Bl A2 undef [ 22— rve
(1SA-C04 }-F255 o] LA2L undef (42— /e
Mz WNE) Toa LA20 undef 18 n/c
SA-C06 o= To3LAL9 430X undef [gg— /e
SA-Co7yLAL8 193/ 'a18 X undet 22— e
2 ALY 192 unael 0
SA-C08_) LA17 undef nic
CISAALS y-A16 U6 ISA-Bus  (ngef 21— nic
N 90 3 D15
(TSA-A16 757 Too|Al5  Interface  D15:=5 IR SA-C..§%
(ISA-ALT 797 * Tog| Al4 D145 D13 ISA-CL7
((ISA-A18) N * I571A13 D135 D"Z—( SA-C16)
(ISA-A19 -7 * o6 A12 D12[2% DIl GISA-CI5)
SA-A20 775 Tas| ALl D11p57 D10 -1SA-C14 )
SA-AZTY) A9 'S o0 AL0 D10[35 P UE GED)
SA-A22 (( A0S * 70| A9 D95 D08 LSA-C12)
SA-A23 -A07 T75|A8 D875 507 -1SA-C11)
SA-A25 A 05 76| A6 D672 D05 o-1SA-A03)
SA-A26 757 'S 75| A5 D572 * Do S 1SA-A04)
SA-AZT) o * Tra|Ad D42 * D05 S 1A-A
SA-A28 <( A 73| A3 D375 o0 b 1SA-A
SA-A29 AOL ® "22 A2 D2 =0 '_:)Ol SA-A
e i S g
- *——
(TSA-cor)-BHE# 300 BHE# ROMCs# pL
%WT-( SMEMW#
=7 27F256 This Flash Rom /
(sAB0)H&Y 52V pp WEDSL EPROM circuit is
Al14 OED optional. Itisnot
0.1 10K 23 A13 CEpD22 ® required for motherboard
W 55 A12Vpp 3 implementations where
? 53 All Ve 30 the Graphics Controller
= 6 ﬁgo Visd figi +5V —Aplel BIOSisincluded in the
I stem BIOS.
2; AS Gnd?h R 91 sy
Gﬁg Bg 20 é 8 PCBs layouts designed
gAS D5 g j L-> 673 for a32—pi_n F|Z_iSh _ROI_Vl
g/A4 DA = OB as shown in this circuit
- - 5 A3 D3 15 = 7 will also accomodate a
Circuit Example 11172 D2f3 78 A3 28-pin 27256 EPROM
6430x | SA Bus Interface 12 ﬁ% B(l) 13 18 245 [2 in pins 3-30.
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Optional External

; 82C404A
Clock Synthesizer VLK
168 MCLK

ows U8uerk (CseLD) GRio? o 2 CSELL
ow (CSEL0) GPIO6}= 5 CSELO
(TsaB30)- 1431818 MAz__ 18 x AL cveer 8 AAA— +5V )EI |XJQ
131818 = (VLK) ] R 1 IV Y7 C [
MHz T159y 1A o cenp1HEeE T T I 0 il
157 _L MHz
(T5AB00)-RESE 162| peoeT CGNDO s 1 1 1
(TSABBALE BIALE RDY {2
(TSA-ALL)-pEc 57| AEN MCSL6# PSer
éL—S.A-Blg FHEMEE S50 RFSH# |0CS16# D552
SA-C09 S):— QMEMR¥# ZWSH DS
MEMW# 26, 170
SA-CI0 )~ 5ah% 5530 MEMW## IRQY &S
SA-B14 ) q |ORD# VGARD |-+
S TOWR# 204 1
%’ -B13 ) g IO0WR# undef 15— n/c
11 undef Fi5— n/c
n/c —Taa| Undef undef = n/c
n/c 00 undef undef 5 n/c
n/c 00! undef undef VA n/c
n/c T undef undef CEE n/c
n/c === undef undef 75 n;c
?SA-COZ‘ LA23 1981 A23 i 12 s
SA-CO3 )& AST Tog| LA22 undef (72— n/c
(TTSA-CO4 255 ool LA21 undef (22— n/c
SA-CO5 )27 Toa| LA20 undef (72— n/c
s A 6430x el
- ALY 192 uncel 120
SA-C08 )}-77= 9| LAL7 undef n/c
ey AL 1 | SA-Bus 2l e = _[Of
(TSA-AT5 -2 50| A16 undef £3 o 1 DIS
(ISA-A16 777 Too|Al5  Interface  D15:35 E D> DA SA-C..§%
(ISA-ATT 75> * Tog| Al4 D145 % 15 D13 1SA-C1/
(ISA-A18 )75 I571A13 D13[57 H> D1 -1SA-C16)
(TSA-AT9y-a% a o6 AL2 D1257 g ¢ [15 DI CISACIS)
ME ATO Tes| ALl D11p55 7 16 D10 -1SA-Cl4)
SA-AZL)A09 * o0 AL0 D10|35 47 Bl Dog " ISA-CI3)
SA-A22 )-r ol * 50| A9 D953 3 45 (16 Dog L9A-CL2)
CISA-A23) * 2221 A8 D8 = ( ISA-C11)
( SA_A24 \ AO7 ® ..78 A? D? 42 ® 9 ..1 307 [ SA‘AO?)
SA-A25 A0 ZIN D642 %E Pliz_D06 ~sA 7059
M.é 20 +—1 8 A5 D5[2—He H-» (13D (1SA-A047)
SA-A27 )0 $—— 72 Ad D472 g 5 115 D05 S 1A-AG
SA-AZB AR ) VA A D379 4, .[16_Do2
AL ADL ) N D250 t—3" " oo
SA-A30 Al D1 =
m‘( A00 o1 AO DO 51 245 |18 D00 t
(TSAcor)-BHER 304 BHE# Romcs# pLld
%Wﬁ SMEMW#
+12v e This Flash Rom / EPROM
(IA-BXY) * 55| Y PP WEDS7 circuit is optional. It isnot
01 10K 28 ﬁ}g’ %g 22 required for motherboard
: W 4 A12 = implementations where the
250, 17VPPrEgY TV Graphics Controller BIOS is
= 23( 70 VCoizs included in the system BIOS.
2719 G4
5 21
A7 D7 PCBs layouts designed for a 32-
6 20 ay g
7 A6 D6 19 pin Flash ROM as shown in this
8 ﬁi Bi 18 circuit will also accomodate a 28-
Circuit Example 9A3 D3 17 pin 27256 EPROM in pins 3-30.
6_4§o:d|§A_ Bu? |Bnter[f)ag:e --2 A2 D2 g
wit itional usprive ==A1 DlpE=s
12 13
A0 DO
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Application Schematic Examples

Optional External Clock Synthesizer = _82c4042

VCLK
168 MCLK

18
0 IMCLK ™ (CSEL]) GPIOTH &
() 4a818MHz_ {0 1 158y ra A PP 10 160
! CVCCliz A Xl
1431818 = | (VLK) cvccotel Miv -WXC‘
MHz [ 159 0104 47[+47] + 5V (]
RESE XTALO CoND1HEE T 10 14.318
(@, T 162 CGNDOH2L [ | | ;
B56 )—LCELK 183 RESET 2L 1L 1L MHz
‘:_ RDYRTN# LCLK 26 | DEV#
[-B48 ) N LDEV#D2E — LD
—hae ) ADSH 220 RDYRTN# LRDY#pP2 [RDY# o—VEA20)
[-A45 ) 23 ~ C VL-A28)
e MO S5 ADSH# 0
B W/RE Seq MO IRQI5g IRQ9 ~T 555
oy Al s VEARDP =N
AT )-A30 06| A31 D31} D31
e V) 2 A30 2 D30 ¥
B3 205 D30
== A28 A29 ol3 D29 SV
[-A22 204 D29
CEoa -2l A28 4 D28 >
[-B24 203 D28
C-AZ3) 202 D27
S B3 A25 A26 7 D26
[-B25 200 D26
=oS2. " AD4 2 A5 ol 9 D25 ¥
[-A25 199 D25
SEoA23 A24 10 D24'CV
[-B26 198 D24
=20 ADD =29 A23 12 D23 ¥
[-A26 197| D23
Sy y-A2L A22 13 D22
[-B27 196| D22
CADEy-A20 A21 15 D21 ¥
[-A28 195 D21
5= A19 =22 A20 16 D20 Y
[-B28 194 D20 )
A0 A8 7 A19 6430x D19 18 D10 »—Y
—eas=< A17 =22 A18 19 DIV
[-B30 192 D18 I
[-A30~16 91 AL7 D179 D17 >
=3 A1S a1 VL-Bus 21 D16 oY
| -B31 190 D16 =
a2 AlA 1015 Interface  Di5{eL D15 o
== AT3 =22 A14 32 DIz oV
[-B33 188 D14 L
=220 A 1D =29 A13 33 D13 ¥
[-A32 187 D13 [
=oed A1l A12 34 DI eV
[ B34 186| D12 [
_ A10 > All 36 D11 \Yi
A3 185 D11 1
=== A09 A10 37 DIV
[-B35 180 D10F I
LB 708 A9 ol39 D09 >
[-A34 179 D9
[-B36) 178 D8
o AsEy_A06 A7 42 D07 ¥
[-A36 171| D7
=2 A0S =L A6 3 506V
B3/ 176| D6
- AOA 2 A5 o[ 45 D05 oY
L A37 V4 -.7\. Du
“53979-A03 A4 46 D04 >
[-B39 ) 174 D4
222 7A02 = A3 48 D03 P
[-B40 ) 173 D3 v
—~_BE3# A2 D22 D02
L-A4d ) B Eos Uy BE3y D12 DOL
| -A42 == 2 51 V
B 0 DO DQ0
[ AAT)-BEL? 509 BE2# v
—A35_BEO# 270 BEL# D
SAET)SA-MEMR# | BEO# ROMCSH bLL — Circuit Example
SA BTy ISA-MEMW#Z TOKW 0.1 6430x VL -Bus Interface
SAB09 )2V "|_‘W‘—I—|HI' elEeb, o This Flash Rom / EPROM circuit is opti
SA-ALT) SA-Al4 ¢ > Vpp W i . circuit is optional.
A ATES_ISA-A3 zg Al4 OED24 g tis not required for motherboard
SA\_A“9< SA-Al12 7 A13 C—E322 p ementatl(_)ns Where the GraphiCS Controller
SAAz { ISA-A1l A12 3 BIOSisincluded in the system BIOS.
AL ISA 25| n 17V pPragy 5V
SA-A2T A10 53A11 /o 30 PCBS lavouts des .
SA A )ISA-AD SeAL0y 132 o ayouts designed for a 32-pin Flash ROM
SA-A 35 SA-AS8 Z%Ag Grcé 16 ENAS"Q OWn.InthIS circuit will also accomodate a
SA-A24) Ssﬁ-m A8 —|21 1D il 28-pin 27256 EPROM in pins 3-30.
-A A 1 .
LEed o i <
oA ASS_ISA-A4 gA5 D5 1 14, U SADOb 1 9A-A0)
A AST)1OA-A3 A4 Daj8 14 6 A DT [ SA-AN4)
SA-A29)1SA-A2 JA3 D3HL— &6 SA D03 ISA-ADS
=A== ISA-Al == A2 D2E—— 4 SA-D
M 1 Y B A 02 p—
SAASLYISA-AD 1a1 pild—1 3 SA-DOL o
120 pop3—18 24512 SA-D00
N
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Application Schematic Examples

(643000nly) _ XD3-0 D3.0 D3.0
A8 A8
A7 A7
ﬁg ﬁg XRAM
(64300 Only) XA4 fé As 20K Az 26K 64300
(64300 Only) XA31472 A3 DRAM A3 DRAM only
(64300 Only) xA2H2t A2 A2 :
(64300 Only) XALl= Al Al (Optiond)
AO AO
qRAS —d RAS
(64300 Only)  XCASO# 30 dcas —d CAS
(643000nly)  XWEHDAS qWE dWE
(643000nly)  XOE#PE doE dOE
(64300 0nly)  XCASL#PL32
MBD15-0 D0-15 D0-15
¢ 29 A8 29 A8
* 24 ﬁg 256K 24 ﬁg 256K
238 “x16 2328 “x16 g
6430X ?'S Az DRAM ?L Aa DRAM
185 S0 185 S0 Upper
17|25 Pkg 17'A7 Pkg 16
16 ﬁé 16 o Daa Bits
RASB# sgg %?‘gg RAS — 2 RAS (Optiond)
(WEBH#)  CASBHOHD CA —24¢CA
(WEBL#  CASBLO#PSL 229 CASL 229 CASL
e S e
24 0E dOE
(CASBO#) ~ CASBH1#D23
(CASBI#)  CASBLI#D
(CFG15-0) MADI5-0 DO-15 D015
XA8 (64300) MAS --gf \ gg A8 29 g
XA7 (64300) MA7[H24—e DAAT e LY
XA6 (64300) MA6 ¢ A6 A6 "
152 23 x16 23 x16 A
XA (64300) MA5 |22 2 A5 2 A5
MA3 “42 ® “8 A3 s0J “8 A3 s0J Lower
MA2 |42 18 A5 18 A2 16
MA1 --é’? ¢ "ZAl Pkg --z A1 Pkg Daa Bits|
XAO0 (64300) MAO - 16/ A0 16/ A0
| 132 14| = 14 | =
(s, e bl nm R
059 29 H 29 H
(WEAL#  CASALO#D 24 CASC ~2q CASL
(MA9) WE#D2L o L WE o WE
OE#D dOE dOE
(CASAL#) CASAH1#D 7%2
(CASAO#)  CASAL1#PL
BANK 0 BANK 1
(Optiond)

( Circuit Example - 6430x Display Memory 2CAS# Interface b
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\-"'F: Application Schematic Examples

(64300 Only) _ XD3-0 D30 D3:0
A8 A8
A7 A7
A6 A6
A5 A5
(64300 Orly) xA4| 151 As 26K As 26K
(64300 Only) XA3|L A3 A3
(64300 Only) xA2|422 A2 DRAM A2 DRAM oy
(64300 Only) XAL|L Al Al -
AO AO Y
(64300 Only) ~ XCASO#[O752 s %2 —3 %g (ptionD)
(643000nly)  XWE#OIS dwE JwE
(64300 0nly)  XOE#/oL doE doE
(64300 0nly)  XCAS1#{0132
MBD15-0 D015 DO-15
¢ 251 A8 2 a8
! 2la7 2IA7
i N 24" 256K
2328 “x16 232° x16 g
6430x 2214 DRAM 2214 DRAM
18~ so 1825 so Upper
172 Pkg 17|A% Pkg 16
16 AO 16 AO Data Bits
RASBH#023 YARAS | —3qRAS (Optiond)
(WEBH#  CASBHO#{0SS 289CAS —25qCcAS
(WEBL#  CASBLOHO 20 WEL 2 WEL
7 WEH 27| WEH
240 doE
(CASBO#)  CASBH1#023
(CASB1#)  CASBL1#O
(CFG150) MAD15-0 D015 DO-15
XA8 (64300) MA8|12—e 20 Ag 28 A8
XA7 (64300) MA7|L A7 A7
XA (64300) MAG|123—e 24 n6 256K 24 ne 20K “pn
XAB (64300) MAB|122 23 N5 x16 25 _*16 A
M1 149 1 22|/a > DRAM 22|’a2 DRAM
MA3[425 . Bas a3 Lower
122 18|43 sog 18|23 soJ
MA2| 138 * 772 Pk 7172 PK i
MAL|= ° =LAl FPKO =L A1 FKO Data Bits
XAO (64300) MAO|L3Z 1610 16/ 0
XRASH# (64300) RASA# 0232 o 2qRAS —LUqRras
(WEAH#  CASAH0#[0S8 5C|CAS —i5CAS
(WEAL#  CASALO#/O L2 WEL L2 WEL
(MA9) WEHOL-nic 2q WEH 14 WEH
OE#[O +2/J0OE doE
(CASAL#)  CASAHI#[OT3
(CASAOH)  CASAL1#oL
BANK 0 BANK 1
(Optiond)

( Circuit Example - 6430x Display Memory 2WE# I nterface b

Revision 1.2 140 Preliminary 64300/ 301




\ S g

| =

Application Schematic Examples

Optional Interface - 8-Bit Video Overlay Output

23
VID15 n/c
22 T_T—|
x:gﬁ 121 252 VGA Feature Connector
VITST{ (213) 2 g GJ 26 (1) PCB Solder Side
VDTS e (Y13)1 DADIDS 25 (Y1) PCB Component Side
18
VID10f=- n/c
17
VID9 n/c
16
VID82- nic
(P7) VID7H13
(P6) VIDBTS
(P5) VID5|7%
(P4) VID4{Ts
(P3) VID3|459
(F2) VID2 63
(P1) VIS
(PO) VIDO=
pCL K 1124
(BLANK#  KEY H22
168
(CSEL1)  GPIO7
(CSELO) ~ GPIOBHSE | (DCC Clock)
(ECLK#)  GPIO5[
(ESYNC#) GPIO311> (DCC Dag)
(EVIDEO#) GPIO2[- I
127 FBrrr HSYNC =
HSYNC . T
VeI —— — Ty s
DVCC5o + '‘Andog' Ground €€ Note 1uF
3 Bdow OF - (key) No—(WGEDD
6430x DGND L 4 'Digita’ Ground g II (Key) f'ce—(_VGA-9 )
Graphics  RI32- A . FB(‘f‘ﬂ—c g VGA-1
Controller G55 * VGA-2
B VGA-3
100
AvCC 1 _T_—_tf‘gB'\—+5v _J_ J__T_ (VGA-10)
28 T CVGAD5 )
COMp-gg 0.4 [10 0.1] 0.047 VGA6
RSET (g3 W—eUF 150W, 2%  33pF
RONDH® Rea 1%~

383W

( Circuit Example - 6430x Video I nterface (8-Bit Video Overlay Output) b

Note: The RGB DAC uses 'analog' ground as areference; al internal digital logic uses 'digital ground' as areference.
Connections are shown separately for information purposes only. Chips and Technologies, Inc. recommends a
solid ground plane for connection of all grounds.

Revision 1.2

141

Preliminary 64300/ 301



\ S g

| =

Application Schematic Examples

Optional Interface - 16-Bit Video Overlay Input

123 VR7 ~
VID15 PCV-6
viD14/422 vRS PV 8 PC-Vidko 50-Pin DK Board Video Connector
VID13[455 VRI—_PCV-10) Vi
VID12|-55 VR3 PCV-12) n/c VR - PCV-16 )
VID11|= 18 VG: {_ PCV-14) nlc Vﬁ( PCV-11 )
VID10|5 (_PCV-18) nic —(_PCV-13)
VIDO|-LLL VG6 —Bev20
VD8l LLE VG5 _o—
(P7) vip7|4i Ve ne—VSLpevas
(P6) VID6|+ 2 n/c PCV-25
(P5) vID5|+2 VG2
(P4) VID4I- VBE VB2
(P2) VID2|458 VB —( 3CV-..5)
(P1) VID1|42 Ve ne——YBO peve37
(PO) VIDO|- -
(BLANK#)  KEY |12 KEY —sovae n/ BLANK# 5y
PHSYNC Reserved —
SCV42)  nic (PCV-43
PVSYNC Reserved
CPCV-ad) i Cpovso) X
168
(s chos 167 | (DCC Clock) 03
1
(ECLK# GPIO5
(ESYNCH) GPIO3|42>- nic (DCC Daa) DL VGAT
(EVIDEO# GPIO2|- CVGAL
127 FBryy  HSY
HSYNC|455 . -— HSY
VSYNC|55—— {7 = N 3
DVCC|5 + ‘Andog' Ground ee ote f%—t 001
115 uF
=1 Key) ve—CVGA-9 D
6430x CNP L Digita’ Ground F (Key) We—_VGA-9 )
Graphics R 5381 o FBrmM
Controller g 100 — “TT‘
100 oy LA R J_
AVCC 45 L4l
compl22a] 0.1 10 To.1J0.047 ,_.,J
RSET| 4224 150W, 2%  33pF
AGND({o8 -
RGND|-% Rset 1%

( Circuit Example - 6430x Video | nterface (16-Bit Video Overlay Input) b

Note: The RGB DAC uses 'analog' ground as areference; al internal digital logic uses 'digital ground' as areference.
Connections are shown separately for information purposes only. Chips and Technologies, Inc. recommends a
solid ground plane for connection of all grounds.

Revision 1.2

142

Preliminary 64300/ 301
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Electrical Specifications

ABSOLUTE MAXIMUM CONDITIONS

Symbol Parameter Min Typ M ax Units
P,  Power Dissipation — — 1 w
Vee  Supply Voltage -05 - 7.0 \Y
Vv, Input Voltage -05 - V0.5 \Y
Vo Output Voltage -0.5 - Vget05 VvV
Top | Operating Temperature (Ambient) -25 - 85 °C
Tgrg | Storage Temperature —40 — 125 °C

Note:  Permanent device damage may occur if Absolute Maximum Ratings are exceeded.
Functional operation should be restricted to the conditions described under Normal Operating Conditions.

NORMAL OPERATING CONDITIONS

Symbol Parameter Min Typ M ax Units
Vee  Supply Voltage (5V +10%) 45 5 55 Vv
T,  Ambient Temperature 0 - 70 °C
DAC CHARACTERISTICS (Under Normal Operating Conditions Unless Noted Otherwise)
Symbol Parameter Notes Min Typ Max | Units
fuax | Clock Rate - - 85 MHz
DAC-to-DAC Correlation See Note 1 - - 5 %
DAC-to-DAC Crosstalk - TBD - aB
Output Skew See Note 2 - - 2 ns
Output Settling Time See Note 3 - 13 - ns
Output Rise/ Fall Time 10% to 90% - - 5 ns
Comparator Sensitivity - 50 - mvV
Output Current SeeNote 4
White referenced to Black - - 30 mA
Black referenced to Blank - - 50 MA
Blank Level 0 - 50 HA

Note: Monotonicity is guaranteed by design.

Unless otherwise specified, Analog Output Load = 50W, 30pF-.
Notel: Correlation ismeasured about the midpoint of the Red, Green, and Blue DAC outputs at full scale.
Note2: Measured from the 50% point of the Red, Green, and Blue DAC outputs when switching from black level to full scale.
Note3: Settling time is measured from 50% of the full scale transition to the output remaining within +1 L SB of the final value.
Note4: Measured with RSET = 383W, LOAD = 50W, £10pF.

Note: Electrical specifications contained herein are preliminary and subject to change without notice.
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DC CHARACTERISTICS (Under Normal Operating Conditions Unless Noted Otherwise)

Symbol Parameter Notes Min  Typ Max  Units
lccpe | Power Supply Current 0°C,5.5V, 72 MHz MCLK — 150 170 mA
l,.  Input Leakage Current -100 - +100 MA
loz | Output Leakage Current High Impedance -100 - +100 MA
V,  Input Low Voltage All input pins -05 - 0.8 \%
V|4  Input High Voltage All input pins except clocks 2.0 - Veet05 VvV
LCLK, (MCLK, VCLK if external) 2.8 - Vt05 vV
VoL Output Low Voltage Under max load per table below (5V) - - 0.5 \%
Voy  Output High Voltage Under max load per table below (5V) V05 - - \
ESR Equivalent Series Resistance XTAL In, XTAL Out Crystal Oscillator - - 100 w

DC DRIVE CHARACTERISTICS

(Under Normal Operating Conditions Unless Noted Otherwise)

Symbol Parameter Output Pins DC Test Conditions Min Units
lo. | Output Low Drive HSYNC, VSYNC, LRDY#, IRQ9, I0CS16# Vour=Vou V=5V -121 mA
MEMCS16#, ZWSH#, WE#, OE#, CASxxx# Vour=Vour V=5V -12 mA
MA4:1, XA4:1 Vour-Vou V=5V -16 mA
PCLK, RASx#, MA8:5, MAO, D31:0, AEN, LDEV# Vour=Vou V=5V | -8 mA
MCLK Vour=Vour Vo=V | -2 mA
XTALO Vour-Vour V=5V -1 mA
All other outputs Vour=Vou: VY=oV -4 mA
loy  Output High Drive HSYNC, VSYNC, LRDY#, IRQ9, |0CS16# Vour=Vow V=9V | 12 mA
MEMCS16#, ZWSH#, WE#, OE#, CASxxx# Vour=Vour Vo=V | 12 mA
MA4:1, XA4:1 Vour-Vou V=5V | 16 mA
PCLK, RASx#, MA8:5, MAO, D31:0, AEN, LDEV# Vour=Vou Vo=V - 8 mA
MCLK Vour=Vour Vo=V - 2 mA
XTALO Vour=Vour Vo=V 1 mA
All other outputs Vour=Vou: V=@V 4 mA

AC TEST CONDITIONS

(Under Normal Operating Conditions Unless Noted Otherwise)

Output Output  Capacitive
Output Pins Low Voltage High Voltage Load
All Outputs (except XTALO) VoL 24V 50pF

Note: Electrical specifications contained herein are preliminary and subject to change without notice.
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AC TIMING CHRACTERISTICS- EXTERNAL CLOCK TIMING
Symbol| Parameter Notes Min Typ M ax Units
Teo CLK Period 65 MHz external VCLK 15.38 - - ns
Tey CLK High Time 0.45T - - 0.55T ns
To. CLKLow Time 0.45T - - 0.55T ns
Ty  MCLK Period 65 MHz external MCLK 15.38 - - ns
Tyy MCLK High Time 045T,, -  055T,, ns
Ty, MCLK Low Time 0.45T,, - 0.55T,, ns
Tge Clock Rise/ Fall - - 4 ns
Trer  Reference Clock Period Reference clock for internal synthesizer 50 69.8 100 ns
TcH TcL >
VCLK -
_
TmH L TImL
MCLK / il
( External Clock Timing '
AC TIMING CHARACTERISTICS- RESET TIMING
Symbol Parameter Notes Min Typ M ax Units
TrRes RESET Pulse Width 64Tm - - ns
Tcsu | Configuration setup time 20 - - ns
TcHp | Configuration hold time 5 - - ns
TrPorR Power onto RESET active delay - - 1 S
Vvcce (+5V)
TPOR
/
RESET P Tees )\
Configuration Lines
MAD 15.0 Tcsu | TCH
( Reset Timing '
Note: Electrical specifications contained herein are preliminary and subject to change without notice.
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Electrical Specifications

AC TIMING CHARACTERISTICS- ISA BUSTIMING

Symbol Parameter Notes Min _ Typ  Max__ Unitg
Tpse Address Setup to Command Strobe 30 - - ns
T, as LA Address Setup to ALE Inactive 10 - — ns
T ay LA AddressHold from ALE Inactive 10 - - ns
Tepy Command Strobe Pulse Width 60 - - ns
Teyr  Command Strobe Hold from RDY high 30 - - ns
Tauxr  Command Strobe Inactive to Next Strobe See Note 1 3Ty - - ns
Tuie MEMCS16# Delay from valid unlatched address - - 20 ns
T, 10CS16# Delay from valid address - - 20 ns
Trc RDY Active Low Delay from Command Strobe — - 30 ns
Trpw RDY Pulse Width 0 - | 100T,, ns
Trer  Read Data Setup to Ready -25 - - ns
Troy Read DataHold from Command Strobe Inactive 10 - — ns
Trpz Read Data Tristate from Command Strobe Inactive - - 40 ns
Twop | Write Data Delay from Command Strobe Active - - Tepw15 ns
Twoy | Write Data Hold from Command Strobe Inactive 10 - - ns

Note 1: Thisbecomes6T),, if host clock=MCLK/2. See XR01[3].

Note: Electrical specifications contained herein are preliminary and subject to change without notice.
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Electrical Specifications

ALE
LA23:17
MEMCSI16#

SA16:0, RFSH#
AEN, BHE#

Command Strobe

RDY

|OCS16#

Data (Read)

Data (Write)

[\

*TLAWLTLAH»

X Unlatched Address X X! Unlatched Address
> TM16 > TM16
T\ OpenCaoallector 7 High-Z
Y Valid Latched Address XX
<+« TASsC P¢—— TCPW —— P
\ / T_
TRLC > |« «> T
RLC ¢ TRPW —» <7CHR TNXT —>
HighZ 1, B Tii «_») HIgNZ
\ Open Collector 7 Hi gh-Z
TRSR > L—» TrRDH
/ .
Highz A ReadDataVdid ﬁ_High-Z
Twoo <4— TRDZz
—>

#

( | SA Bus Cycle Timing '

TwbH
Write Data Valid

Note: Electrical specifications contained herein are preliminary and subject to change without notice.
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\."'F: Electrical Specifications

DC TIMING CHARACTERISTICS- 486 LOCAL BUSTIMING

Symbol | Par ameter Notes Min | Typ Max Units
TgeLk  Loca BusClock Cycle Time 50MHz 20 ns
Tk Local BusClock Low Time Duty Cycle 45/55 9 10 11 ns
To ky Loca BusClock High Time Duty Cycle 45/55 9 100 11 ns

T, ps Deay from Address Vadid to LDEV# 0 - 20 ns
T, py LDEV#Inactive from Address Not Valid 0 - 200 ns
Tapss ADSH Setup to BCLK rising edge 4 - - ns
Tapgy ADS#Hold from BCLK rising edge 5 - - ns

Tps Address, M/IO#, RIW# Setup to End of T1 4 - - ns
Toy Address, M/IO#, R/W# Hold from End of T1 Tkt - - ns
Trps LRDY# Setup Time from Start of final T2 18 — — ns
Troy LRDY#Hold Time from End of T2 0 - 15 ns
Trros RDYRTN# Setup Timeto End of final T2 18 - - ns
Trron RDYRTN# Hold Time from End of final T2 0 - 15 ns
Tprs Read Data Setup Timeto End of final T2 18 - - ns
Tpry Read Datahold Time from End of final T2 0 - 15 ns
Tows Write Data Setup Time to End of first T2 18 - - ns
Towy Write Datahold Time from End of final T2 0 - 15 ns

Note: Electrical specifications contained herein are preliminary and subject to change without notice.
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\."'F: Electrical Specifications

«—— TBCLK ——»

sok [ [\, A —

-~ Tl T2 — » -~ T1

TADSS—™ TADSH
ADSH \J

o — TAS—»‘ TAH—; -
Address, . 7/
MG Wi > Vvalid Address, M/IO#, W/R# W X
- > TLDS TLDH [=—>
LDEV# /

177
‘ 1/ TRDS TRDH
LRDY# " 1/
, TRRDS—<+—| TRRDH
RDY RTN# /l \T
*TRRDS#

F TDRH—»

" TDRS
Read Data 7 )4 VdidReadData | )
7
- m Tobws > » TDWH
Write Data )4 /7 vdid Write Data X

4

(' 64300/ 301 VL Bus (486 Local Bus) Timing i

Note: Electrical specifications contained herein are preliminary and subject to change without notice.
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AC TIMING CHARACTERISTICS - DRAM READ/WRITE TIMING

Electrical Specifications

MCLK Frequency (MHZz)

720 643 529
DRAM Access Time
Symbol Parameter Min M ax -6 -7 -8 |Units

Tre Read/Write Cycle Time 9T\,-5 - 1200 1351 1651 ns
Tras RASH Pulse Width (Min) 5T,,-5 SeeNotel 64.4 72.8 89.5 ns
Trp RASHPrecharge 4T\-5 - 50.6 57.3 70.6 ns
Terp CASHto RASH precharge 4T\, 7 - 48.6 55.3 68.6 ns
TcsH CASHHold from RASH 5Ty-5 - 63.4 72.8 88.5 ns
Trep RASHto CASHdelay 3T\-5 36.7 41.7 51.7 ns
3T,*5 46.7 51.7 61.7 ns

Trey RASH#Hold from CASH 2T\-5 - 22.8 26.1 32.8 ns
Tep CASHPrecharge Ty-3.9 - 100 117 150 ns
Teas CASHPulse Width 2T\-5 — 22.8 26.1 32.8 ns
Twe WE# Pulse Width 2T\-5 - 22.8 26.1 32.8 ns
Teasy CASH Pulse Width (Fast Page Cycle) 2T\-5 - 22.8 26.1 32.8 ns
Tosr Row Address Setup to RASH (3T\4/2)-15 - 5.8 8.3 134 ns
Tasc Column Address Setup to CASH (3T/2)-15 - 5.8 8.3 134 ns
Tray Row Address Hold from RASH Ty-3.9 - 100 117 150 ns
Tean Column Address Hold from CASH# (3T\/2)-5.8 - 15.0 175 22.6 ns
Teac DaaAccess Timefrom CASH - 2Ty~ 7.8 20.0 233 30.0 ns
T,a DataAccess Timefrom Column Address - 3Ty-11.7  30.0 35.0 45.0 ns
Trac DaaAccesstimefrom RASH - 5Ty-5 64.4 72.8 895 ns
Tps Write Data Setup to CAS# LIV - 6.9 8.6 119 ns
Tpy Write DataHold from CAS# (3T\/2)-5.8 - 15.0 175 22.6 ns
Tps  Write Data Setup to WE# Tu7 - 6.9 8.6 11.9 ns
Tpy Write DataHold from WE# (3Ty/2)-5.8 - 15.0 175 22.6 ns
Tprc CAS#CycleTime 3Ty-1.7 - 40.0 45.0 55.0 ns

Note:  Parameters printed inbold are the limiting cases for industry standard DRAM specifications.

Note 1: Maximum RAS pulse width may be as high as 2+(256* 3) memory clock cycles= 770T,, if the BitBIt Engine s given full

Note: Electrical specifications contained herein are preliminary and subject to change without notice.

memory bandwidth. This depends on other events which have higher priority including refresh cycles and display update.
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\."'F: Electrical Specifications

< TRC
< TrRAS >
<«— TRP —»
RASH ' / ;§
+«—Tpc—— »<4——TRSH—»
TCRP» «— TRCD—»>
Tcas—» <« TcasL—»]|
CcAst _JT A f X
<« Tcp—>
TcsH
LS M ‘TCAHV Tasc TCAH TASRl«—
Address Row Column )f X Column ) Row
Tasc
WE# Tcag
«— TCAC—» <
Daa HIGH Z Read HIGH Z Read HIGH Z
«—TRAC— P

( DRAM Page Mode Read Cycle Timing h

Note: The above diagram represents atypical page mode read cycle. The number of actual CAS cycles
may vary.

Note: Electrical specifications contained herein are preliminary and subject to change without notice.
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Electrical Specifications

TrC

4—— TAR—»

«— TrRp —»

<4—TRCD —»

%

<« TRSH—¥
<4—TCASLI—>

TASR

Tasc
PR R <JCAH, L Tl
Address Row Column)f ) Column Row
T D—P‘ TcwL—» Twp
" L
WE# /
Tbg T ToH
1 —p
Data >Fv:/rite Dat; > Write Daz}

( DRAM Page Mode Write Cycle Timing h

Note: The above diagram represents atypica page mode write cycle.

Note: Electrical specifications contained herein are preliminary and subject to change without notice.
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Electrical Specifications

AC TIMING CHARACTERISTICS - REFRESH TIMING

MCLK Frequency (MHZ)

720 643 | 529

DRAM Access Time

Symbol Parameter Min M ax —5 —7 —8 Units
Tcur RASto CASdeay 5T,,—6 - 63.4 71.8 88.5 ns
Tesk CAStoRASdelay 2T\—7.5 - 20.3 23.6 30.3 ns
TrRAs RAS pulse width 5T,,—5 - 64.4 72.8 89.5 ns

e Y e W

( CAS-Before-RAS (CBR) DRAM Refresh Cycle '

Note: Electrical specifications contained herein are preliminary and subject to change without notice.
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Electrical Specifications

AC TIMING CHARACTERISTICS- CRT VIDEO TIMING

Symbol

Parameter

Notes

Min

Typ

M ax

Units

TVIDS

PCLK Setup to P7:0, BLANK#

PCLK =45MHz

19.2

ns

TVIDH

PCLK Hold from P7:0, BLANK#

PCLK =45MHz

19.2

ns

TSY N

HSYNC, VSYNC delay from PCLK

40

ns

Note: Output load on PCLK, P7:0, and BLANK# = 30pF

PCLK /

TvIDH

TviDS

P7:0, BLANK#

HSYNC, VSYNC

TsyN

(' CRT Video Data and Control Signal Timing h

AC TIMING CHARACTERISTICS- VIDEO OVERLAY INPUT TIMING

Symbol | Par ameter

Notes

Min

Typ

M ax

Units

T

vs KEY, VID15:0 Setup to PCLK rising edge

15

ns

Tyy KEY, VID15:0 Hold from PCLK rising edge

ns

Note: Output load on PCLK = 30pF

Note: Electrical specifications contained herein are preliminary and subject to change without notice.

VID15:0
Key

PCLK _ [ \_/

(' Video Overlay Timing '

Tvs ¢ Tv?
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M echanical Specifications

Lead Length
0.5+0.2
(0.020 +0.008)
e
YA
T 11T
Leedwmth( I
0.20x0.10\  y [IL]
(0.008 +0.004) 11 ]
==

CHIPS Part No. and Revision
Vendor Mask Identifier

Date Code and Country of Assembly
Lot Code (Optional)

Pin1

M echanical Specifications

CHirFs

208-Pin
Plastic Flat Pack

P Body Size 28.0 0.1 (1.102 +0.004)

Footprint 30.6 0.4 (1.205 +0.016)

=

Body Size 28.0+0.1 (1.102 +0.004) —
Footprint 30.6 +0.4 (1.205 +0.016)

Seating Plane

DIMENSIONS:
mm (in)

Clearance
0.25 (0.010)
Minimum
Height

4.07 (0.160)
Maximum
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