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The 65520 and 65530 High Performance VGA Flat
Panel / CRT controllers provide a powerful, yet
versatile, feature set optimized for portable PC
requirements. The 65520 / 530, which integrates
the VGA controller, industry standard RAMDAC,
and monitor sense circuitry, enable a complete
VGA sub-system to be implemented with just four
chips: CHIPS' 65520 or 65530 VGA Controller,
CHIPS' 82C404 Programmable Clock Synthesizer,
and two memory devices. The 65520 / 530
employs separate address and data buses and direct
panel drive outputs so that no external buffers are
required. Pinouts are optimized for PCB board
layout such that the VGA sub-system can be imple-
mented in less than 4 square inches (2580 sq mm).
The 65520 / 530 can use a variety of video memory
configurations, enabling OEMs to differentiate their
portable PC products by modifying video memory
(e.g., two 256Kx4 DRAMs for low-cost systems;
four 256Kx4 VRAMs for high-performance
systems; and an optional VRAM frame buffer /
accelerator for additional features / performance).

The 65520 / 530 provides high performance by use
of zero wait-state writes (write buffer), minimum
wait-state reads (intemal asynchronous FIFO
design), 16-bit CPU and I/O interfaces, and 8/16-bit
intemal video data paths. The 65520/ 530 may use
dual-port VRAMs, which provide higher perfor-
mance than single-port DRAMEs, for video memory.
The 65520 / 530 fully supports the ISA, EISA, MC
and PI (Peripheral Interface) buses. In addition, the
65530 provides a direct connection to a 386 SX
CPU Local Bus.

The 65520 / 530 provides a variety of program-
mable features to optimize display quality, such as
simultaneous LCD/CRT display capability (with the
optional frame buffer), Vertical and Horizontal
Compensation, SMARTMAP™, Text Enhance-
ment, three selectable RGB color-to-gray-scale
reduction techniques, and a polynomial FRC gray
scale algorithm which reduces flicker on fast
response "mouse quick" displays without increasing
the panel's vertical refresh rate.

The 65520 and 65530 produce up to 64 gray scales
on a wide variety of monochrome LCD, EL and
plasma flat panels with resolutions up to

'1280x1024. The 65520 supports color TFT LCD

panels with a 24,389-color palette. The 65530,

which "is pin-compatible with the 65520 and
contains a superset of the 65520's features, supports
color TFT LCD panels with a 185,193-color palette
and color STN LCD panels with a 226,981-color
palette. The 65520 and 65530 directly support
analog and digital CRT monitors -- interlaced
monitors up to 1024 x 768 x 16 colors and non-
interlaced monitors up to 800 x 600 x 256 colors.

The 65520 / 530's advanced power management
features, which are tightly coupled with CHIPS'
82C404 Programmable Clock Synthesizer, reduce
power consumption of the-display subsystem and
extend battery life in portable applications. The
65520 / 530 provides CAS-before-RAS refresh
cycles for DRAMs. 65520 / 530-based systems
may be implemented using VRAMSs, which
consume significantly less power while increasing
performance, for video memory. 65520 / 530-based
systems may also employ an optional VRAM frame
accelerator which serves to lower power
consumption by decreasing the dot clock required
for a given panel shift clock.

The 65520 / 530 are fully compatible with IBM's
VGA standard at the register, gate and BIOS levels.
Enhanced backwards compatibility is provided with
the EGA, CGA, Hercules™, and MDA standards
without using NMIs. Also available from CHIPS
and third-party vendors are a fully VGA-compatible
BIOS, end-user utilities, and drivers for Super-VGA
modes, Windows™ panning, and portrait / landscape
rotation.

MINIMUM CHIP COUNT / BOARD SPACE

The 65520 / 530 was designed to integrate as many
functions as economically as possible to minimize
chip count and board space. The 65520 / 530
integrates the VGA controller, industry standard
RAMDAC, monitor sense circuitry, and buffers
with sufficient drive capability to directly drive
most flat panels. The 65520 / 530 employ separate
address and data buses so that no extemal buffers
are required.

Using a 65520 or 65530, a complete VGA-
compatible 16-bit video subsystem for motherboard
applications can be built with just 4 ICs, including
display memory and clock synthesizer, as shown in
the following bill of materials table:
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Oty Chip Type

1 65520 or 65530 VGA Controller

1 82C404 Programmable Clock Synthesizer
2 256Kx4 DRAMs

4 Total

In some applications, external driver chips may be
required for additional signal drive. Improved
performance or other optional features may require
implementation of more than the minimum two
memory chips, such as support of simultaneous
display capability on certain types of panels,
support of high-resolution 256-color display modes
(which require more than 256K of display
memory), or ability to drive high-resolution (up to
1280x1024) monochrome panels.

DISPLAY MEMORY INTERFACE

The 65520 and 65530 pin-compatible VGA
controllers can employ multiple video memory
configurations providing the OEM with flexibility
to use the same VGA controllers in several designs
with differing cost, power consumption, and
performance criteria.

The 65520 and 65530 offer a low cost system
implementation by supporting operation with two or
four 256Kx4 DRAMs, and a high performance and
lower power system with two or four VRAMs.

The 65520 and 65530 support the following video
memory configurations:

Two 128Kx8 PSRAMs (256 KBytes)
Two 256Kx4 DRAMs (256 KBytes)
Four 256Kx4 DRAMs (512 KBytes)
Two 256Kx4 VRAMs (256 KBytes)
Four 256Kx4 VRAM:s (512 KBytes)
Two 256Kx8 VRAM:s (512 KBytes)
Two 512Kx8 DRAM:s (1 MByte)

Implementing a 65520 / 530 Video Subsystem with
two 256Kx4 DRAMs results in a cost-efficient
system. In this configuration the 65520 / 530
support all standard VGA display modes.

Performance is significantly improved when the
65520 / 530 is configured with four 256Kx4
DRAMs.  Standard VGA display modes are
achieved along with high resolution 800x600 pixels
256 colors, 1024x768 pixels in 16 colors, and 132-
column text modes.

A 65520 or 65530-based Video Subsystem imple-
mented with two or four 256Kx4 VRAMs offers
superior performance and considerable power
savings in normal operating modes. High resolution
CRT monitor support up to 1024x768 pixels in 16

colors and 800x600 pixels in 256 colors are
achieved.

The entire display memory (256 Kbytes or 512
Kbytes) is always 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 65520 / 530 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. The display memory is arranged as four
planes of 64 Kbytes each. Each plane is eight bits
wide for a total of 32 bits. Planes 0 and 1 share a
common address bus, as do Planes 2 and 3. Each
plane has a separate CAS signal and share a
common RAS and write enable. 120ns DRAMS are
required for clock inputs to up 30 MHz. Pseudo-
Static and SRAMS can be supported with extemnal
address latches.

CPU BUS INTERFACE

The 65520 / 530 provides on-chip support for
interface to EISA/ISA (PC/AT), MC (Micro
Channel), 386 SL PI (Peripheral Interface’), and (in
the 65530) 386 SX Local 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 and 16-bit cycles for both memory and I/O.
All operations necessary to ensure proper operation
in these various environments are handled in a
fashion transparent to the CPU. These include
intenal decoding of all memory and I/O addresses,
bus width translations, and generation of the
necessary control signals. The 65530 also provides
a 'linear addressing’ feature which allows display
memory to be accessed in any area of upper
memory up to 1MB in size.

EARLY MEMORY R/W INDICATION

In the ISA bus interface configuration, the 65520 /
530 provide an output called ERMEN/. When the
CPU executes a memory read or write cycle in text
mode, ERMEN/ goes low two MCLK cycles prior
to the fall of RAS/ and stays active until RAS/ is
asserted. ERMENY/ is driven high in graphics modes
and during all display refresh accesses.

Revision 0.6

Preliminary 65520/530



Introduction

DISPLAY INTERFACE

The 65520 / 530 is designed to support a wide
variety of flat panel and CRT displays of all
different types and resolutions.

Flat Panel Displays

The 65520 / 530 supports all flat panel display
technologies including plasma, electroluminescent
(EL) and liquid crystal displays (LCD). LCD panel
interfaces are provided for single panel-single drive
(SS), dual panel-single drive (DS) and dual panel
dual drive (DD) configurations. A gingle panel
sequences data similar to a CRT (i.e., sequentially
from one area of video memory). In contrast, a dual
panel requires video data to be provided altemnating
‘between two separate areas of memory. In addition,
a dual drive panel requires the data from the two
areas to be provided simultaneously. Due to its
integrated line buffer, the 65520 / 530 supports all
panels directly. Support for LCD-DD panels does
not require external hardware (such as a frame
buffer). The 65520 / 530 handles display data
sequencing transparently to application software
providing full compatibility on both CRT and flat
panel displays.

The 65520 / 530 supports panel resolutions up to
1280x1024, including the popular panel resolutions
of 640x200, 640x400, 640x480, 800x600,
1024x768, and 1280x1024. For non-standard appli-
cations additional resolutions are supported.

There is currently no standard interface for flat
panel displays. Interface signals and timing require-
ments vary between panel technologies and
manufacturers. The 65520 / 530 provides register
programmable features to allow interfacing to the
widest possible range of flat panel display units.
The 65520 / 530 provides a direct interface to
panels from vendors such as Sharp, Sanyo, Epson,
Seiko Instruments, Oki, Toshiba, Hitachi, Fujitsu,
NEC, Matsushita/Panasonic, and Planar.

CRT Displays

The 65520 / 530 supports high resolution fixed
frequency and variable frequency analog monitors
in interlaced and non-interlaced modes of operation.
Digital monitor support is also built in.

The 65520 / 530 supports resolutions up to 800x600
pixels with 16 colors in a 256 KB display memory
configuration and supports Super-VGA resolutions
such as 800x600 256 colors and 1024x768 16 colors
in 512KB or 1MB display memory configurations.

Simultaneous Flat Panel / CRT Display

The 65520 / 530 provides simultaneous display
operation with Multi-Sync variable frequency or
PS/2 fixed frequency CRT monitors and single
panel-single drive LCDs (LCD-SS), dual panel-
single drive LCDs (LCD-DS), dual panel-dual drive

~ LCDs (LCD-DD) and plasma and EL panels (which

employ single panel-single drive interfaces). Single
drive panels sequence data in the same manner as
CRTs, so the 65520 / 530 provides simultaneous
display with CRTs and LCD-SS, LCD-DS, plasma
or EL panels by driving the panels with CRT
timing. No external hardware is required. In
contrast, LCD-DD panels require video data alter-
nating between separate locations in memory. In
addition, a dual-drive panel requires data from both
locations simultaneously. The 65520 / 530 provides
simultaneous display with LCD-DD and CRT
monitors by employing a 64Kx4 VRAM as a frame
buffer for panel sizes up to 640x480 and a 256Kx4
VRAM for higher resolution panels.

VRAM frame buffers offer significant advantages
relative to competitors' DRAM frame buffers. A
DRAM frame accelerator requires that the flat panel
be refreshed at double the CRT's vertical refresh
rate. Therefore, an expensive 6.3 MHz LCD (with
120 Hz panel vertical refresh rate) is required for
simultaneous display with 60 Hz CRT monitors
when a DRAM frame buffer is used. Due to its
higher bandwidth relative to DRAMs, a VRAM
frame buffer can refresh both the flat panel and
CRT at the same vertical refresh rate. Therefore,
inexpensive 3 MHz and 6 MHz LCDs (in addition
to 6.3 MHz LCDs) can be used for simultaneous
display with 60 Hz and 72 Hz CRT monitors when
a VRAM frame buffer is used.

DISPLAY ENHANCEMENT FEATURES

Display quality is one of the most important
considerations in the success of any flat-panel-based
system design. The 65520 / 530 provides many
features to enhance flat panel display qulaity.

Superior Display Quality

The 65520 / 530 produces up to 64 flicker-free gray
scales on monochrome or grayscale panels.
Because most application software is written for
color CRT monitors, the 65520 / 530 provides
several proprietary features t0 maximize display
quality on monochrome flat panels. Via its
Extension Registers, the 65520 / 530 provides the
flexibility to interface to a wide range of flat panels
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and provide full compatibility transparently to the
application software. The 65520 / 530 enables flat
panel display operation simultaneously with the
CRT monitor.

RGB Color To Gray Scale Reduction

The 18 bits. of color palette data from the VGA
standard color lookup table (CLUT) are reduced to
6 bits for 64 gray scales via one of three selectable
RGB color to gray scales reduction techniques:

1) NTSC Weighting: 59% Red 30% Green 11% Blue
2) Equal Weighting: 5/16 Red 6/16 Green 5/16 Blue
3) Green Only: 6 bits of Green only

NTSC is the most common weighting, which is
used in television broadcasting. Equal weighting
increases the weighting for Blue, which is important
for Applications such as Microsoft Windows 3.0
which often uses Blue for background colors.
Green Only is useful for replicating on a flat panel
the display of software optimized for IBM's
monochrome monitors which use the six Green bits
of palette data.

Gray Scale Algorithm

A proprietary polynomial-based Frame Rate
Control (FRC) and dithering algorithm in the 65520
/ 530's hardware generates 64 gray levels on
monochrome panels. The FRC technique simulates
16 gray levels on monochrome panels by tuming
the pixels on and off over several frames in time.
The dithering technique increases the number of
gray scales from 16 to 64 by altering the pattern of
gray scales in adjacent pixels. By programming the
polynomial (an 8-bit value in Extension Register
XR6E), the FRC algorithm may be adJusted to
reduce flicker

refresh rate. The persistence (response ume) of the
pixels varies among panel manufacturers and
models. By re-programming the polynomial by
trial-and-error while viewing the display, the FRC
algorithm can be adjusted to match the persistence
of the particular panel. With this technique, the
65520 / 530 produces 64 flicker-free gray scales on
the latest fast response "mouse quick" film compen-
sated monochrome STN LCDs. The altemnate
method of reducing flicker -- increasing the panel's
vertical refresh rate -- has several drawbacks. As the
vertical refresh rate increases, the panel's power
consumption increases, ghosting (cross-talk)
increases, and contrast decreases. The maximum
vertical refresh rate specified by panel manufac-
turers is often well below 100 Hz. CHIPS'
polynomial FRC gray scale algorithm reduces
flicker without increasing the vertical refresh rate.

Vertical & Horizontal Compensation

Vertical & Horizontal Compensation are program-
mable features that adjust the display to completely
fill the flat panel display. Vertical Compensauon
increases the usable display area when running
lower resolution software on a higher resolution’
panel. Unlike CRT monitors, flat panels have a
fixed number of scan lines (e.g., 200, 400, 480 or
768 lines). Lower resolution software run on a
higher resolution panel only partially fills the usable
display area. For instance, 350-line EGA software
displayed on a 480-line panel would leave 130
blank lines at the bottom of the display and 400-line
VGA text or Mode 13 images would leave 80 blank
lines at the bottom. The 65520 / 530 offers the
following Vertical Compensation techniques to

increase the useable screen area:

Vertical Centering displays text or graphics images
in the center of the flat panel, with a border of
unused area at the top and bottom of the display.
Automatic Vertical Centering automatically adjusts
the Display Start address such that the unused area
at the top of the display equals the unused area at
the bottom. Non-Automatic Vertical Centering
enables the Display Start address to be set (via
programming the Extension Registers) such that
text or graphics images can be positioned anywhere
on the display.

Line replication (referred to as “stretching”)
duplicates every Nth display line (where N is
programmable), thus stretching text characters and
graphic images an adjustable amount. The display
can be stretched to completely fill the flat panel
area. Double scanning, a form of line replication
where every line is replicated, is useful for running
200 line software on a 400 line panel or 480 line
software on a 1024 line panel.

Blank line insertion, inserts N blank lines (where N
is programmable) between each line of text
characters. Thus text can be evenly spaced to fill
the entire panel display area without altering the
height and shape of the text characters. Blank line
insertion can be used in text mode only.

Tall Fonts™ uses a non-VGA standard font such
that text fills almost all lines on the flat panel and
all lines of text are the same size. For example, an
8x19 font would fill 475 lines on a 480-line panel,
or an 8x30 font would fill 750 lines on a 768-line
panel. TallFonts can be used in text mode only.

Each of these Vertical Compensation techniques
can be controlled by programming the Extension
Registers. Each Vertical Compensation feature can
be individually disabled, enabled and adjusted. A
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combination of Vertical Compensation features can
be used by adjusting the features' priority order.
For example, text mode vertical compensation
consists of four priority order options:

® Double Scanning+Line Insertion, Double
Scanning, Line Insertion

Scanning, Tall Fonts
Double Scanning+Tall Fonts, Tall Fonts,
Double Scanning

Text and graphics modes offer two Line Replication
priority order options:

B Double Scanning+ Line Replication, Double
Scanning, Line Replication

8 Double Scanning+ Line Replication, Line
Replication, Double Scanning

B Double Scanning+Line Insertion, Line
Insertion, Double Scanning

B Double Scanning+Tall Fonts, Double

|

techniques include
Horizontal Compression, Horizontal Centering, and
Horizontal Doubling. Horizontal Compression will
compress 9-dot text to 8-dots such that 720-dot text
in Hercules modes will fit on a 640-dot panel.
Automatic Horizontal _Centering automatically
centers the display on a larger resolution panel such
that the unused area at the left of the chsplay equals
the unused area at the right.
Hmmm_@m enables the left border to be
set (via programming the Horizontal Centering
Extension Register) such that the image can be
posmoned anywhere on the display. Automatic
ing will automatically double the
display in the horizontal direction when the
horizontal display width is equal to or less than half
of the horizontal panel size.

SmartMap™

SmartMap™ is a proprietary feature that can be
invoked to intelligently map colors to gray levels in
text mode. SmartMap™ improves the legibility of
flat panel displays by solving a common problem:

Most application programs are optimized for color
CRT monitors using multiple colors. For example,
a word processor might use a blue background with
white characters for normal text, underlined text
could be displayed in green, italicized text in
yellow, and so on. This variety of colors, which is
quite distinct on a color CRT monitor, can be
illegible on a monochrome flat panel display if the
colors are mapped to adjacent grayscale values. In
the example, underlined and italicized text would be

illegible if yellow is mapped to grayscale 4, green
to grayscale 6 with the blue background mapped to
grayscale 5.

SmartMap™ compares and adjusts foreground and
background grayscale values to produce adequate
display contrast on flat panel displays. The

- ‘minimum contrast value -and the foreground /

background grayscale adjustment values are
programmed in the 65520 / 530's Extension
Registers. This feature can be disabled if desired.

Text Enhancement

Text Enhancement is another feature of the 65520 /
530 that improves image quality on flat panel
displays. Many applications, such as MS-DOS, use
Dim White for normal text characters, which results
in non-optimal contrast on flat panels. When turned
"on," the Text Enhancement feature displays Dim
White as Bright White, thereby optimizing the
contrast level on flat panels. This feature inverts
the functionality of the Intensity Bit for White only.
Highlighted white, which is displayed as Bright
White when Text Enhancement is "off,” is shown as
Dim White with Text Enhancement “on," thus
maintaining a difference between normal and
highlighted text. Text Enhancement can be turned
“on" and "off' by changing a bit in one of the
Extension Registers.

Inverse Video

Inverse video can be enabled in text modes only on
the flat panel (normal video is displayed on the
CRT and in graphics modes on the flat panel), in
graphics modes only on the flat panel (normal video
is displayed on the CRT and in text modes on the
flat panel), or in both text and graphics modes on
flat panel.
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ADVANCED POWER MANAGEMENT

The 65520 / 530 provides a number of advanced
power management features to minimize power
consumption during normal flat panel operation in
addition to Standby/Sleep modes. In addition, the
65520 / 530 addresses the specific requirements of
notebook design by providing different modes of
operation to optimize power usage. The table at the
bottom of the page summarizes these modes and
display memory access in each.

Normal Operating Mode

The 65520 / 530 are full custom, low power CMOS
integrated circuits which have a number of features
to minimize power consumption during normal
operation. The highly modular design enables
entire functions in the chip to be powered down
when not in use (e.g. such as the DACs during
panel-only operation). Second, CAS before RAS
video memory refresh is supported, which results in
additional power savings. Third, the 65520 / 530
can employ an optional frame accelerator (a 64Kx4
or 256Kx4 VRAM) which can lower power
consumption by lowering the dot clock for a given
panel shift clock. For example, a 4 MHz shift clock
requires only a 16 MHz dot clock with a frame
accelerator versus a 32 MHz dot clock without a
frame accelerator. Fourth, the optional use of
VRAMs (which consume significantly less power
than DRAMSs during normal operation due to the
serial nature of the data and less address accessing)
or pseudo-static RAMs for video memory. Fifth,
the 65520 / 530 generate gray scales using a
proprietary polynomial based FRC algorithm which
produces flicker free display without utilizing very
high vertical refresh rates which exceed panel
specifications. (Note: the current drawn by the
LCD alone increases by approximately 20% when
the vertical refresh rate is increased from 85 Hz to
120 Hz). Lastly, the serially programmable 82C404
clock synthesizer can slow down the memory clock
input to the 65520/530 to conserve power
consumption in various modes (e.g., text modes).

Screen Blanking

The flat panel display and its backlight are typically
the largest consumers of power in a portable PC.
The 65520 / 530 permits blanking of the display by
writing to bit-5 of the Sequencer Clocking Mode
Register (SR01). With the screen blanked, all
memory cycles are available to the CPU except
those used for display memory refresh.

Panel Off Mode

The 65520 / 530 provides a dedicated input pin,
PNLOFF/ to go to the Panel Off Mode. In Panel

Off mode, the video section and internal RAMDAC
are inactive but the CPU interface and display
memory refresh are still active. Additionally, the
video data and control signals may be driven or tri-
stated through software control. The 65520 / 530
initiates panel power sequencing to tum off the flat

_panel.

Standby (Sleep) Mode

The 65520 / 530 enters the Standby power-down
mode when the STNDBY/ input is low. During
standby mode, the 65520/530 draws less than 1 mA.

While the 65520 / 530 is in Standby mode, the
display is blanked, the display timing signals are
halted, and the 65520 / 530 initiates panel power
sequencing to turn off the flat panel. While in
Standby mode the 65520 / 530 is invisible to the
system. The CPU cannot access any internal
registers or display memory.

During Standby, the 65520 / 530 continues to
refresh the DRAMs at a programmable rate to
conserve power in display memory while
preventing data loss. Refresh cycles can be turned
off when pseudo-static RAMs or self refresh
DRAMSs are used. The 65520 / 530 may use 32
KHz input from the system real time clock for
display memory refresh. This mode is useful when
system operation is suspended. Extension registers
XR52 and XRSF define the memory refresh cycle
interval during Standby mode. The 65520 / 530
provides for very low refresh intervals from 16 usec
(standard DRAMSs) to 128 usec (slow refresh
DRAMs), thereby extending battery life.

The 65520, when entering standby mode,
requires MCLK to be active for at least 32

milliseconds. Therefore, the STNDBY/ pin of the
65520 and the PWRDN/ pin of the 82C404 should

not be tied together. The signal used to power
down the 82C404 must be delayed from the signal

used to initiate the 65520 into standby mode. The
PWRDNY/ signal to the 82C404 can be generated
simply by determining the status of the ENAVDD/
signal from the 65520. Please refer to the table
below:

STNDBY/ ENAVDD/ | 404 PWRDN/
0 0 1
0 1 0
1 0 1
1 1 1

The 82C404 PWRDNY/ signal should be forced low
only when the status of the STNDBY/ input to the
65520 is low and the ENAVDDY/ output from the
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65520 is high. A simple circuit, using an inverter
and a 2-input NAND gate, can be used to generate
the '404PD/ signal as shown below:

STNDBY,

33 404PD/
ENAVDD/ [

Mode of RESET STNDBY/ PNLOFF/
in

The 65530 generates the output signal 404PD/,
an alternate signal on pin 109, to be tied directly
to the 82C404 PWRDN/ input signal. The
404PD/ is an alternate function on pin 109 and

thereby this functionality cannot be used when the
65530 is in 4 VRAM mode.

Display Memory Video

Operation Pin Pin ~ Access Output
Nommal Low High High Yes Yes
Standby Low Low High No No
Panel Off Low High Low Yes No

Note: Combinations of pin levels not shown in the table above are illegal and should not be used.
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33V OPERATION

The 65520 / 530 supports operation at either 5.0V
$10% or 3.3V 10.3V. The 65520 requires that all
VCC inputs be either SV or 3.3V. In contrast, the
65530 provides "mixed" SV and 3.3V operation by
providing dedicated VCC pins for the 65530's
internal logic, bus interface, memory interface, and
display interface. Each dedicated VCC can be
either 5V or 3.3V, such that the 65530 internal logic
operates at 3.3V and the various interfaces at either
3.3V or 5V. The following table shows the
relationship between the VCC inputs to the 65530
and the interface pins controlled by each VCC
input. In "mixed" voltage mode, the VCC input on
pin 80 must be 5V. The VCC input on pin 80 can
only be 3.3V if all other VCC inputs are 3.3V.

VCC Pins Interface Pins Affected
20 Intemnal Logic -
100 Intenal Logic 100-111
140 Memory 1-12, 116-160
60 Bus 13-19, 22-68
80 Video 69-99, 112-115
SELF REFRESH DRAMs

The 65520 / 530 support the self-refresh feature of
certain 256Kx4 and 512Kx8 DRAMSs during
STANDBY mode thus enabling the 65520 / 530 to
be powered down completely during STANDBY
mode, extending battery life in portable computer
applications.

PANEL POWER SEQUENCING

Flat panel displays are extremely sensitive to condi-
tions where full biasing voltage VEE is applied to
the liquid crystal material without enabling the
control and data signals to the panel. This results in
severe damage to the panel and may disable the
panel permanently. The 65520 and 65530 provide a
simple and elegant method to sequence power to the
flat panel display during various modes of operation

Panel On Panel Off
ENAVDD/ } f
Tro Tro

Flat Panel
Control &
Data Signals

ENAVEE/

Panel Power Sequencing

to conserve power and provide safe operation to the
flat panel. The 65520 / 530 provides two pins
called ENAVEE/ and ENAVDD/ to regulate the
LCD Bias Voltage (VEE) and the driver electronics
logic voltage (VDD), to provide intelligent power
sequencing to the panel. The timing diagram below -
illustrates the power sequencing cycle. In the
65520, the power on/off delay time (TPO) is fixed at
32 mS; in the 65530 it is programmable (with a
default of 32 mS).

The 65520 / 530 initiates a ‘panel off' sequence if
either the PNLOFF/ or STNDBYY/ input is asserted
(fow), if the chip is programmed to enter 'panel off
mode (by setting extension register XR52 bit-3=1),
or if the ‘Display Type' is programmed to 'CRT
(extension register XRS51 bit-2 = 0). The 65520 /
530 initiates a 'panel on' sequence if both PNLOFF/
and STNDBY/ inputs are high and the chip is
programmed to 'panel on' (XR52 bit-3=0) and ‘flat
panel display' (XRS51 bit-2=1).

FULL COMPATIBILITY

The 65520 and 65530 are fully compatible with the
IBM™ VGA standard at the hardware, register, and
BIOS level. The 65520 and 65530 also provide
enhanced backward compatibility to EGA™,
CGA™, Hercules™, and MDA™ standards
without using NMIs. These controllers include a
variety of features to provide compatibility on flat
panel displays in additon to CRT monitors.
Internal compensation techniques ensure that
industry-standard software designed for different
displays can be executed on the single flat panel
used in an implementation. Mode initialization is
supported at the BIOS and register levels, ensuring
compatibility with all application software.

Write Protection

The 65520 / 530 has the ability to write protect
most of the standard VGA registers. This feature is
used to provide backwards compatibility with
software written for older generation display types.
The write protection is grouped into register sets
and controlled by the Write Protect Register
(XR15).

Extension Registers

The 65520 / 530 employs an "Extension” Register
set to control its enhanced features. These
Extension Registers provide control of the flat panel
interface, flat panel timing, vertical compensation,
SMARTMAP™, and Backwards Compatibility.
These registers are always accessable as an
index/data register set at port addresses 3D6-3D7h.
None of the unused bits in the regular VGA
registers are used for extensions.
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Panel Interface Registers

The Flat Panel Interface characteristics are
controlied by a subset of the Extension Registers.
These Registers select the panel type, data
formatting, panel configuration, panel size, clock
selection and video polarity. Since the 65520 / 530
is designed to support a wide range of panel types
and sizes, the control of these features is fully
programmable. The video polarity of text and
graphics modes is independently selectable to allow
black text on a white background and still provide
nomnal graphics images.

Alternate Panel Timing Registers

Flat panel displays usually require sync signal
timing that is different from a CRT. To provide full
compatibility with the IBM VGA standard,
alternate timing registers are used to allow
independent timing of the sync signals for flat panel
displays. Unlike the values programmed into the
standard CRT timing registers, the value
programmed into the altemate timing registers is
dependent on the panel type used and is
independent of the display mode.

Context Switching

For support of multi-tasking, windowing, and
context switching, the entire state of the 65520 /
530 (intemal 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 readable in the IBM VGA.

RESET, SETUP, AND TEST MODES
Reset Mode '

When this mode is activated by pulling the RESET
pin high, the 65520 / 530 is forced 0 VGA-
compatible mode and the CRT is selected as the
active display. In addition, the 65520 / 530 is
disabled; it must be enabled after deactivating the
RESET pin by writing to the Global Enable
Register (102h in Setup Mode for PC and MC bus
configurations) or to port 3C3h in PI bus or Local
Bus configurations). Access to all Extension Regis-
ters is always enabled after reset (at 3D6/3D7h).
The RESET pin must be active for at least 64 clock
cycles.

Setup Mode

In this mode, only the Global Enable register is
accessible. In PC bus configurations, setup mode is
entered by writing a 1 to bit4 of port 46E8h. This
port is incorporated in the 65520 / 530. 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. In MC
bus configurations, setup mode may be entered by
activating the 65520 / 530 SETUP/ pin (typically
connected to signals driven by bits in port 94h in
MC bus systems). Afier power up, video BIOS can
optionally disable the video 46E8 or 3C3 registers
(via XR70) for compatibility in case other non-
IBM-compatible peripheral devices use those ports.

Tri-State Mode - -

In this mode, all output pins of the 65520 / 530 chip
may be disabled for testing of circuitry external to
the chip. The 65520 / 530 will enter Tri-State mode
if it sees a rising edge on CLKO during RESET with
two of the display memory data pins pulled low
(MADO and MBDO). The 65520 / 530 will exit Tri-
State mode with either of the two enabling memory
data pins high or RESET low.

ICT (In-Circuit Test) Mode

In this mode, all pins of the 65520 / 530 chip may
be tested individually to determine if they are
properly connected. The 65520 / 530 will enter ICT
mode if it sees a rising edge on CLKO during
RESET with two of the display memory data pins
pulled low (a different two pins from those used to
enable Tri-state mode: MAD1 and MBD1). In ICT
mode, all digital signal pins become inputs which
are part of a long path starting at FLM (pin 72) and
proceeding to lower pin numbers around the chip to
pin 1 then to pin 160 and ending at VSYNC (pin
73). If all pins in the path are high, the VSYNC
output will be high. If any pin is low, the VSYNC
output will be low.. Thus the chip can be checked in
circuit to determine if all pins are connected
properly by toggling all pins one at a time (CLKO
last) and observing the effect on VSYNC. CLKO
must be toggled last because rising edges on CLKO
with either of the enabling memory data pins high
or RESET low will exit ICT mode. As a side
effect, ICT mode effectively Tri-states all pins
except VSYNC.

Mode of RESET STNDBY/ PNLOFF/ Display Memory Video
Operation Pin Pin Pin Access Output
Reset High XXX XXX e e
N1 I e — No Yes

Test - e e No Yes

Note: Combinations of pin levels not shown in the table above are illegal and should not be used.
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CHIP ARCHITECTURE

The 65520 / 530 integrates five major internal
modules:

Sequencer

The Sequencer generates all 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 all the sync and
timing signals for the display and also generates the
multiplexed row and column addresses used for
both display refresh and CPU access of display
memory.

Graphics Controller

The Graphics Controller interfaces the 8 or 16-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 serial
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 or the CPU data bus.

Attribute Controller

The Attribute Controller generates the 4-bit-wide
video data stream used to refresh the display. This
is created in text modes from a font 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
graphic 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 65520 / 530 contains an industry standard
VGA-compatible RAMDAC on-chip for support of
analog-output CRT displays. An external Palette
DAC such as the Brooktree BT473 or Sierra
SC1148x HiColor DACs would not normally be
required, but is supported by the 65520 / 530 in
case enhanced features are desired which are not
provided by the intemal RAMDAC. If an external
RAMDAC is used, CPU access to the device is
controlled by the 65520 / 530, which decodes CPU
accesses and generates the PALRD/ and PALWR/
signals to the RAMDAC. 1/O addresses 3C6-3C%h
are valid external palette addresses, but the 65520 /
530 may be configured to additionally decode
83C6-83C9 port addresses for Brooktree RAMDAC
extension registers (system bus address bit Al5 is
connected to the RAMDAC RS2 input).

The on-board VGA color palette contains a pixel
mask register, 256x18 color lookup table, and triple
6-bit DACs for driving analog CRTs directly. The
‘LM339' comparator function is implemented inter-
nally to generate the SENSE signal (the chip may
be programmed to select either the intemal
comparator or a SENSE input pin if using an
external RAMDAC). The analog reference for the
internal DAC:s is also implemented on-chip.

The intemal VGA color look-up table is always
used in CRT modes and can be optionally used in
flat panel modes, even if an external RAMDAC is
used (the intemnal palette tracks CPU palette writes
to match its contents to the external palette). An
external palette would only be required for driving
analog CRTs, it would not be needed for digital
CRTs and flat panels.

65.5 d 32,768 Color Support

Each RAMDAC analog output provides 6-bit
resolution (64 shades of color on each of the analog
R, G, and B outputs). The internal RAMDAC
supports generation of 15 bit/pixel (SR + 5G + 5B +
1 unused) and 16 bit/pixel (SR + 6G + 5B) graphics
output to analog CRT displays. 15bpp (also called
‘555" mode) is compatible with Sierra RAMDACSs
and 16 bpp (also called '565' mode) is compatible
with XGA high-color standards.

Revision 0.6
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CONFIGURATION SWITCHES memory clock is used with 80ns DRAMs. If

‘The 65520 / 530 can read up to eight configuration
bits. These signals are sampled on memory address
bus bits AAO-AA7 on the falling edge of RESET.
The state of AAO and AA1 on RESET determine
EISA/ISA bus (default), MC bus, PI bus, or 386 SX
CPU interface. AA2 detenmines the pixel clock
source as either clock chip (default) or extemnal
discrete oscillators. AA3 determines whether
memory timing comes from 50.350 MHz (default)
or 56.644 MHz. AA4-7 and BAO-7 are currently
reserved for future use. All eight bits are latched
into an extension register on RESET so software
may determine the hardware configuration. Also,
the reserved bits may optionally be used to read
extemal switches or status bits (such as monitor
sense bits MSO-2 from the VGA Analog Video
connector).

Address lines AAQ-7 for the corresponding bits
should be extemnally connected to 4.7K pulldown
(or driven to the desired O or 1 level while RESET
is high) in order to be clear on the falling edge of
RESET. The 65520 / 530 implements pullup
resistors on these inputs.

VIRTUAL SWITCH REGISTER

The 65520 / 530 implements a ‘virtual switch
register. In 'EGA' mode, the sense bit of the
Feature control register (3C2 bit 4) may be set up to
read a selected bit from the 'virtual switch register
(an extension register set up by BIOS at initiali-
zation time) instead of reading the state of the
SENSE pin (or intemal comparator output). This
reduces overall video subsystem chip count by
eliminating the extemal multiplexers otherwise
required on the sense pin to implement TTL
monitor support.

CLOCK SELECTION

The 65520 / 530 provide separate inputs for dot
clock selections 0, 1, 2, and 3 (called CLKO, CLK]1,
CLK2, and CLK3) which are normally selected by
Misc Output Register bits 2 and 3. By default,
CLKO and CLK1 are inputs which must be
connected to 50.350 MHz and 28.322 MHz for
implementation of standard VGA resolutions. The
CLKO input provides the memory clock (the CLKO
input is internally divided by two in the 65520/ 530
for the required 25.175 MHz dotclock). Alternately
a 56.644 MHz memory clock can be provided on
the CLK1 pin, with 50.35 MHz on CLKO (both are
intemally divided by two). 50.35 MHz memory
clock is used with 100ns DRAMs. 56.644 MHz

desired, extended capabilities may be implemented,
such as 800x600 sixteen-color graphics mode and
132-column text mode, by connecting -a 40.000
MHz oscillator to CLK2. Interlaced 1024x768
sixteen-color mode can be implemented by
connecting 44.9 MHz to the CLK3 input. The
65520 / 530 internally selects between these inputs
so no additional circuitry is required.

Alternately, the CLK2 and CLK3 pins may be
selected as outputs to provide Misc Output Register
bits 2 and 3 extemnally to the chip. This allows
clock selection to be implemented externally with
50.350 MHz on CLKO or 56.644 MHz on CLKI.
Either CLKO or CLK1 may be selected as the
memory clock (using the configuration option); the
65520 / 530 divides the clock by 2 as required to
get the proper dot clock frequency. This allows an
external clock synthesizer chip to be used which
also allows additional user-defined frequencies to
be selected.

The 82C404 Programmable Clock Synthesizer was
designed to be tightly coupled to the 65520 / 530
controller and provide all the requisite clock
frequencies. Refer to the application schematic
examples to see an interface schematic detailing the
82C404 interface to the 65520 / 530.

LIGHT PEN REGISTERS

In the CGA and Hercules modes, the contents of the
Display Address counter are saved at the end of the
frame before being reset. The saved value can be
read in the CRT Controller Register space at indices
10h and 11h. This allows simulation of a light pen
hit in CGA and Hercules modes.

BIOS ROM INTERFACE

In typical ISA bus applications, the 65520 / 530 is
placed on the motherboard and the video BIOS is
integrated with the system BIOS (in local bus,
Micro Channel, and PI-bus-based systems, the
video BIOS is always included in the system
BIOS). A separate signal (ROMCS/) may be
created external to the 65520 / 530 for imple-
menting a separate external ROM BIOS.

Typically, an 8-bit BIOS is implemented with one
external ROM chip. A 16-bit dedicated video BIOS
ROM could be implemented with the 65520 / 530 if
required using two BIOS ROM chips, an extemal
PAL, and a 741.S244 buffer. However, a higher-
performance and lower-cost video system will
result from implementation of the video BIOS as
either an 8-bit dedicated video BIOS ROM or as
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part of the system BIOS and having the video BIOS
be copied into system RAM by the system BIOS on
startup.

Chips and Technologies, Inc. supplies a video BIOS
that is optimized for the 65520 / 530 hardware. The
BIOS supports the extended functions of the 65520
/ 530, such as switching between the flat panel and
the CRT, SMARTMAP™, Vertical Compensation,
and palette load/save. 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 65520/530's flexible architecture - enables
OEM s to differentiate their products with enhanced
features. OEMs can design one VGA sub-system
and implement a wide range of features by selecting
the controller (i.e., the 65520 or the 65530), the
video display memory configuration, and the panel
type and resolution. A single VGA sub-system
design can provide:

* Monochrome and color TFT LCD panels
(use the 65520)

* Monochrome and color TFT/STN LCD panels
(use the pin-compatible 65530)

* Lowest cost: use two 256Kx4 DRAMs (256
Kbytes) for a minimum VGA subsystem

e Simultaneous LCD/CRT Display (use an
optional 64Kx4 VRAM as a frame buffer)

» Lowest power consumption: use two 256Kx4
VRAMs plus 64Kx4 VRAM frame buffer /
accelerator

» Higher Performance:

2 VRAMs (separate serial and parallel data
ports increase performance over 2 DRAMs)

4 DRAMs (16-bit display memory data path
increases performance relative to the 8-bit
display memory data path of 2 DRAM
implementations)

4 VRAMSs (achieves both of the above
advantages: separate 16-bit serial and 16-bit
parallel display memory data paths results in the
highest performance in the industry)

* 512 KBytes of Video Memory

(implemented via four 256Kx4 DRAMSs, four
256Kx4 VRAMSs, or two 512Kx8 DRAMs)
Supports  high-resolution flat panels (e.g.,
1024x768)

Supports  high-resolution 256-color modes
(640x480 on panels or CRTs and interlaced
1024x768 on CRTs only)

The use of one VGA subsystem speeds product
development and facilitates manufacturing, since
only one design needs to be laid out and debugged,
only one VGA BIOS needs to be customized, and
only a minimum number of components need to be
qualified and stocked.

PACKAGE

The 65520 and 65530 are available in pin-
compatible 160-pin plastic flat packs (PFPs).

APPLICATION SCHEMATIC EXAMPLES

Included in this document are application schematic
examples of the following:

1. Bus Interface - 16-bit EISA/ISA Bus
Bus Interface - 16-bit EISA/ISA Bus w/ Xcvrs
Bus Interface - 8-bit PC/Chip (F8680)
Bus Interface - 16-bit 386 SL PI Bus
Bus Interface - 16-bit MC Bus
Bus Interface - 16-bit 386 SX/DX Local Bus

2. Memory Interface - 2 /4 256Kx4 DRAMs
Memory Interface - 2 256Kx4 VRAMs
Memory Interface - 4 256Kx4 VRAMs
Memory Interface - 2 256Kx8 VRAMs
Memory Interface - 2 128Kx8 PSRAMs
Memory Interface - 2 512Kx8 DRAMs

3. Video Interface - 8/9/12/16-bit Panel Data
4. Clock Interface - 82C404 Clock Chip
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%Nﬂmc n we] [Pin Name Pin # Dir Drive] |[Pin Name in rive
lows/ [(CSFBfl (CSFB/} 19 Ou 8mA ||DTOEB/ 136 Out 2mA||SAD6  (FA6) 11 10 2mA
32KHZ 102 In - ||[ENAVDD/(VGARD)(530) 82 Out 2mA}[SAD7 (FAT) 12 1O 2mA
A0 <BLES> 30 In - ||ENAVEE/(VGARD)(520) 69 Ow 2mA||SBDO (FDO) 115 1O 2mA
Al 31 In - ||JERMEN/ [ADL/] {START/} 29 In - ||SBD1 (FD1) 114 IO 2mA
A2 32 In -~ [[FCAS/ (P9)RI1) (PALWR) 73 Out 2mA||SBD2 (FD2) 113 1O 2mA
At VI | 7 el G IO i | oA e 1T 19 2oA
Ad 34 In -
AS 35 In - ||[FRAS/ (DE) (BLANK) 75 Ow 2mA||SBDS (BA9) 110 /O 2mA
A6 36 In- - ||FSOE/FSC(PI1YR3XPCLK) 71 Out 4mA|lSBD6 (404PD)) 109 1O 2mA
A7 37 In - ||[FWE/ (PIOXR2XPALRD/) 72 Ou 2mA||SBD7 (FA8) 108 1O 2mA
A8 33 In -~ ||GREEN 88 Oouw - ||sak 135 Out 2mA
A9 39 In - |laD 21 - - ||sHROLK 99 Out 4mA
A10 40 In - |la@D s0 - - |lstNDBY/ 15 In -
All 41 In - |laD 59 - - livec 20 - -
Al12 42 In - |l 70 - - |lvec 60 - -
Al3 43 In - |laD 90 - - |lvoc 80 - -
Al4 4 In - |laD 101 - - []voc 100 - -
AlS 45 In - |laD 107 - - [lvoe 140 - -
Al6 46 In - |laD 120 - - ||VREF - 83 In -
Al17 47 In - |lGD 130 - - ||vsyNC 76 Out 8mA
Al8 48 In - |laD 141 - - ||wEA/ 144 Out 2mA
A19 49 In - |laD 150 - - ||WEB/ 137 Out 2mA
AA0  (CFGO) (LB/) 146 1O 2mAl|a@D 160 - -
AAl  (CFGl) (MC/) 147 YO 2mA||HSYNC 77 Ouw 8mA |{404PDp See SBD6
AA2  (CFG2) (OSC/) 148 YO 2mA|[lOCS16/ [DS16/) (DS16/} 16 Ow 8mA |[(S6M/) Sec AA3
AA3  (CFG3) (56M/) 149 1O 2mA||IORD/ [CMDj} (CMD/} 22 In - }[(AA9) See SBD4
AA4  (CFG4) (XCV)) 151 1O 2mA|lloWR/ [SETUPj 23 In - (82-93) gec gggs
AAS  (CFGS) 152 /O 2mA ||IREF 84 In - g ) oLy
AA6  (CFG6) 153 /O 2mA||RQ  [RQ] ({RQ) 17 Ou 8mA||cEGo. oy See AAGT
AA7 (CFGD 154 /O 2mA||LP 78 Out 2mA (CLKIN) See CLK1
AAS8 155 /O 2mA ||MADO (TSENAO) 156 1/0 2mA | (CLKSELO) See CLK2
ACDCLK 81 Ou 2mA|{MAD1 (CTENAO) 157 1O 2mA |{(CLKSEL1) See CLK3
AN [MIO/] {MIO/} 28 In - ||MAD2 158 VO 2mA See FRAS/
AGND 85 - -~ {IMAD3 159 /O 2mA g:g)ﬂ) gee 3‘33‘7”
AVCC 87 - - |lMAD4 (sADO) 1 IO 2mA ec
BLUE 86 Ow - ||MADS (SADY) 2 VO 2mA @61303'3) ﬁf,fl?f':‘
BAO 134 1O 2mA||MAD6 (SAD2) 3 O 2mA glcﬁz}mon Feg FYER
BAl 133 1O 2mA||MAD7 (SAD3) 4 10 2mA||GETENATD See MBDI
BA2 132 YO 2mA||MBDO (TSENA1l)) 124 /O 2mA @Lo-7) See P7-4
BA3 131 1O 2mA||MBDI (CTENAl) 123 1O 2mA | |18/ See AAD
BA4 129 /O 2mA||MBD2 122 1O 2mA||MCLK) See CLKO
BAS 128 1O 2mA||MBD3 121 YO 2mA||MChH See AAl
BA6 127 YO 2mA||MBD4 (SBDO) 119 1O 2mA||(OSCh See AA2
BA7 126 /O 2mA|{MBDS (SBD1) 118 IO 2mA||(P8) See FDTOE/
BAS 125 1O 2mA||MBD6 (SBD2) 117 VO 2mA 0’% gw E\CVE/ASI
BHE/ [BHE/] {BHE/} 26 In - ||MBD7 (SBD3) 116 IO 2mA <‘$n§ S:FSOFJ-FSC
CASA/ 143 Ow 4mA||MEMR/ [S1/]  (RD/} 24 In ~ |lpArRpy Seo FWES
CASB/ 138 Out 4mA | |MEMW/ {S0/] 25 In - (PALWR/) - See FCAS/
CLK0O (MCLK) 103 Im - }]{PO u3) U7 BO) 98 Ou 4mA||PCLK) See FSOE/-FSC
CIKl (CLKIN) 104 In - |lP1 (U2) (U6) B1) 97 Ouw 4mA||(R0-3) See (P8-11)
CLK2 (CLKSELO) 105 1O 2mAllP2 (U1) (US) (B2) 96 Ou 4mA |}(SADO-3) See MAD4-7
CLK3 (CLKSEL1) 106 YO 2mAl|lP3 (U0) (U4) (B3) 95 Out 4mA|[(SBDO-3) See MBD4-7
DO 51 YO 4mA||p4 @3) (L7 (GO) 94 Ou 4mA E) See FDTOE/
D1 52 IO 4mAllps L2) L6) (G1) 93 Ou 4mA ﬂsg:‘l’ﬁ gw ﬂﬁ%
D2 53 10 4mA[lP6 (L) 05) (G2) 92 Ow 4ma||(TRENAL) Soe MBI
D3 54 1O 4mA|lP7 @L0) @4) G3) 91 Ou 4maA|fvcapn, See ENAVIY
D4 55 1/O 4mA | |PNLOFF/ 14 In - CV, See AA4
(0.(84/)]
DS 56 1O 4mA||RED 89 Ou -
D6 57 VO 4mA]|[RASA/ 142 Out 4mA|[|[ADL/] {START/} <ADS/> Sec ERMEN/
D7 58 IO 4mA||RASB/ 139 Ow 4mA||{B BHE/} <BHES> See BHE/
D8 61 UO 4mA||RDY [RDY] {RDY/}] 18 Ow 8ma||[CMD/] {CMD/} <CCLK> Sec IORD/
D9 62 IO 4mA ||RESET 13 In - ||[CSFB/] {CSFB/} <NA/>  See OWS/
D10 63 VO 4mA|{RFSH/ [DISA/1 (DISA/} 27 In - fg?;;’l g?{z/) 3}2"” §°° llloFgg{ 6
DIl 64 O 4mA|[saD0  (FA0) 5 Yo 2ma|{lDS161 /] Al> See /
(RQ] {RQ} <IRQ5 SecIRQ
D12 65 VO 4mA|lsAD1  (FAl) 6 VO 2mAlln (MO <MIOf> Se AEN
D13 66 1/O 4mA||SAD2 (FA2) 7 1O 2mA {RDY] RDY/} <RDYf> SeeRDY
D14 67 /O 4mA}|SAD3 (FA3) 8 1O 2mA|i(S0/] (VGACS/) <VGACSS> See MEMW/
DI1S 68 IO 4mA|lSAD4 (FA4) 9 IO 2mAll[Sl/] {RD/] <RD/> Seec MEMR/
DTOEA/ 145 Ouwt 2mA||SADS  (FAS) 10 YO 2mAl|{SETUP/] <LDEV/> See IOWR/
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PIN DESCRIPTIONS System Bus Interface

Pin# Pin Name Type Active Description
51 DO 1/O High  System Data Bus
52 D1 1O High B
53 D2 110 High
54 D3 1/0 High
55 D4 1/0 High
56 D5 I/0 High
57 D6 1/O High
58 D7 1/0 High
61 D8 110 High
62 D9 1/0 High
63 D10 10 High
64 Dill 10 High
65 D12 /O High
66 D13 /0 High
67 D14 1/0 High
68 D15 I/O High
30 A0 <BLE/> In High  System Address Bus
31 Al In High
32 A2 In High  AOis connected to BLE/ (Byte Low Enable) in 386 SX
33 A3 In High local bus interfaces or to BEQ/ in 386 DX local bus
34 A4 In High interfaces.
35 AS In High
36 A6 In High
37 A7 In High
38 A8 In High
39 A9 In High
40 Al0 In High
41 All In High
42 Al2 In High
43 Al3 In High
4 Al4 In High
45 AlS In High
46 Al6 In High
47 Al7 In High
48 Al8 In High
49 Al9 In High

Note: Pin names in parentheses (...) indicate altemate functions
Pin names in brackets [...] indicate MC bus functionality if different from EISA/ISA (PC/AT) bus
Pin names in brackets <...> indicate Local Bus functionality if different from EISA/ISA (PC/AT) bus
Pin names in braces {...} indicate PI bus functionality if different from EISA/ISA (PC/AT) bus
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WHirs ~n Deecriptions
PIN DESCRIPTIONS System Bus Interface (continued)
Pin# Pin Name Type Active Description

13 RESET In High Reset. Connect directly to the bus reset signal. For

local bus, this input is used to synchronize the clock.

27 RFSH/ [DISA/] In Low  This pin is an active low signal indicating a Refresh
{DISA/} In Low cycle for the EISA/ISA bus. In MC, PI, and local bus
<DISA/> In Low systems, it is connected to the disable signal from

system port 102h (or tied high). When this pin is low,
display memory is not accessible.

26 BHE/ [BHE/] In Low  Byte High Enable. BHE/ low indicates the high order
{BHE/) In Low  byte at the current word address is being accessed.
<BHE/or BE1/> In Low  Connected to BE1/in 386 DX local bus interfaces.

28 AEN [MIO/] In Both  In EISA/ISA interface, defines valid I/O address: 0 =
{MIO/} In Both  valid I/O address, 1 = Invalid I/O address (latched inter-
<MIOQ/> In Both nally). In MC, PI, and local bus interfaces, indicates

memory or I/O cycle: 1 = memory, 0 = 1/O.
29 ERMEN/ Out Low  Start input (PI bus), Address Latch input (MC Bus),
[ADL/] In Low  Address Strobe input (local bus), or Early Memory R/W
{STARTY/}) In Low Indicator gutput (EISA/ISA Bus). Indicates the start of a
<ADS/> In Low  bus cycle in MC, PI, and local bus interfaces.
In ISA/EISA bus interfaces, when the CPU executes a
memory read or write cycle in text mode, this pin is an
output which goes low two MCLK cycles prior to the
fall of display memory RAS/ and stays active until RAS/
is asserted. It is driven high in graphics mode and
during all display refresh accesses.

24 MEMR/ [S1/} In Low  In the EISA/ISA bus, indicates a Memory Read cycle.

{RDY} In Low In MC interface, indicates Status 1. In the PI and local
<RD/> In Low  bus, indicates read (low) or write (high) bus cycle.

25 MEMW/ [S0/] In Low  In the EISA/ISA bus, indicates a Memory Write cycle.

{VGACS/} In Low In the MC bus, indicates Status 0. In PI and local bus
<VGACS/> In Low it's used to select the VGA memory space. This input

should be grounded in 65520 PI bus designs for
compatibility with the 65530 (the 65520 always decodes
the AOOOO-BFFFFh VGA address space on chip; the
65530 has a linear addressing feature which optionally
allows this input to select display memory at other

addresses). S/ S/
Operation
0 0 Undefined
0 1 Read
1 0 Write
1 1 Undefined

Note: Pin names in parentheses (...) indicate alternate functions
Pin names in brackets {...] indicate MC bus functionality if different from EISA/ISA (PC/AT) bus
Pin names in brackets <...> indicate Local Bus functionality if different from EISA/ISA (PC/AT) bus
Pin names in braces {...} indicate PI bus functionality if different from EISA/ISA (PC/AT) bus
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PIN DESCRIPTIONS System Bus Interface (continued)
Pin# Pin Name Type Active Description

22 IORD/ [CMD/] In Low In EISA/ISA bus interfaces, indicates an I/O Read
{CMDY} In Low Cycle. In MC and PI bus interfaces, indicates the
<CCLK> In High beginning of a command part of a bus cycle (driven off

CMD/ on the MC bus, VGACMD/ on CHIPS/250). In
local bus interfaces, connects to the 2X CPU clock (the
local bus interface is synchronous to rising edges).

23 IOWR/ [SETUP/] In Low In EISA/ISA bus interfaces, this pin is an input used to
{Reserved} In Low initiate an I/O Write Cycle. In MC bus systems, it is an
<LDEV/> Out Low input used to disable all on-chip memory and 1/O

functions. In PI bus systems, this pin is an input which
should be tied high. In local bus interfaces, this pin is
an open drain output which, when active, indicates the
decode of a local bus display memory address.

18 RDY [RDY] Out High Ready. Driven low during EISA/ISA and MC bus
{RDY/}) Out Low cycles to indicate that the current cycle should be
<RDY/> Out Low extended with wait states. Driven low during PI bus

and local bus cycles to indicate the current cycle should
be completed. This signal is driven high at the end of
the cycle, then tristated.

19 OWS/ [CSFB/] Out Low Zero Wait State (EISA/ISA bus) or Card Select
{CSFB/}) Out Low  Feedback (MC, PI, and local bus). In PI bus systems,
<NA/> Out Low this pin is typically not required and may be left open.

In local bus systems, this pin is used to drive the CPU
NA/ input to allow pipeline mode.

16 I0CS16/ [DS16/] Out Low I/O Select 16 (EISA/ISA bus) or Device Select 16 (MC
{DS16/} Out Low and PI bus) or Bus Size 16 (Local Bus). In PI bus and
<BS16/> Out Low  386SX local bus interfaces, this pin may not be required

and, if not, may be left open.

17 IRQ Out High Frame Interrupt Output. Interrupt polarity is program-
[IRQY/] Out Low mable. Set when interrupt on VSYNC is enabled.

{IRQ} Out High Cleared by reprogramming register 11h in the CRT
<IRQ/> Out Low  Controller. (EISA/ISA and PI bus interrupts are active

high, MC and local bus interrupts are active low). See
also XR14 bit-7.

Note: Pin names in parentheses (...) indicate alternate functions

Pin names in braces

Pin names in brackets [...] indicate MC bus functionality if different from EISA/ISA (PC/AT) bus
Pin names in brackets <...> indicate Local Bus functionality if different from EISA/ISA (PC/AT) bus
{...} indicate PI bus functionality if different from EISA/ISA (PC/AT) bus
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SRS S Pin Descriptions
CHIra P
PIN DESCRIPTIONS Display Memory Interface
Pin# Pin Name Type Active Description

146 AA0 (@LB) (CFGO) Out High DRAM address bus for planes 0-1

147 AAl MC) (CFGl) Out High

148 AA2 (OSCY) (CFG2) Out High

149 AA3 (S6M/)) (CFG3) Out High

151 AA4 (XCV/)) (CFG4) Out High

152 AAS (CFGS) Out High

153  AA6 (CFG6) Out High

154 AA7 (CFG7)  Out  High

155 AA8 Out High

134 BAO Out High DRAM address bus for planes 2-3

133  BAl Out High

132 BA2 Out High

131 BA3 Out High

129 BA4 Out High

128 BAS Out High

127 BA6 Out High

126 BA7 Out High

125 BAS Out High

142 RASA/ Out Low  Row address strobe for memory planes 0-1

139 RASB/ Out Low  Row address strobe for memory planes 2-3

143  CASA/ Out Low  Column address strobe for planes 0-1

138  CASB/ Out Low  Column address strobe for planes 2-3

144  WEA/ Out Low  Write enable for memory planes 0-1

137 WEB/ Out Low  Write enable for memory planes 2-3

135 SCLK Out High  VRAM shift clock

145 DTOEA/ Out Low  VRAM data transfer output enable for planes 0-1

136 DTOEB/ Out Low  VRAM data transfer output enable for planes 2-3

Note: Pin names in parentheses (...) indicate altemate functions
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PIN DESCRIPTIONS Display Memory Interface (continued)
Pin# Pin Name Type Active Description
156 MADO (TSENAO) I/0 High  Display memory data bus for planes 0 and 1
157 MADI (ICTENAO)) 1O High
158 MAD2 110 High  All modes: 0-3 = parallel data
159 MAD3 I/0 High 2-DRAM mode: 4-7 = not connected
1 MAD4  (SADO) /0 High 2-VRAM mode: 4-7 = serial data
2 MADS5 (SAD1) 10 High 4-RAM mode: 4-7 = parallel data
3 MAD6 (SAD2) 1/0 High
4 MAD7  (SAD3) 10 High
5 SADO (FAQ) 110 High 4-VRAMmode: Serial data for planes 0-1
6 SADI1 (FA1) 110 High  All other modes: Frame buffer address
7 SAD2 (FA2) I/0 High
8 SAD3 (FA3) 1/0 High
9 SAD4 (FA4) /0 High
10 SAD5 (FAS) /O High
11 SAD6 (FA®6) IO High
12 SAD7 FA7) /0 High
124 MBDO (TSENAL)) o High  Display memory data bus for planes 2 and 3
123 MBDI (ICTENAL1) 1/0 High
122 MBD2 I/0 High  All modes: 0-3 = parallel data
121 MBD3 /0 High 2-DRAM mode: 4-7 = not connected
119 MBD4 (SBDO) I/O High 2-VRAMmode: 4-7 = serial data
118 MBDS5 (SBD1) I/O High 4-RAM mode: 4-7 = parallel data
117 MBD6 (SBD2) 0 High
116 MBD7 (SBD3) IO High
115 SBDO (FDO) /0 High 4-VRAM mode: Serial data for planes 2-3
114 SBD1 (FD1) 10 High  All other modes: Frame buffer address
113 SBD2 (FD2) IO High
112 SBD3 (FD3) I/O High
111  SBD4 (AA9) I/0 High
110 SBDS (BA9) /0 High

109 SBD6 (404PD/) (530) 10 High  404PD/ is the powerdown input to the 82C404, to be
108 SBD7 (FAS) I/0 High  connected to the 82C404 PWRDN/ pin (65530 only)

NA1/ are low with RESET high, a rising edge on CLKOQ will put the chip into 'In Circuit
Test'mode. In ICT mode, all digital signal pins become inputs which are part of a long path starting at FLM (};in
72) and proceeding to lower pin numbers around the chip to pin 1 then to pin 160 and ending at VSYNC (pin 73).
If all pins in the path are high, the VSYNC output will be high. If any pin is low, the VSYNC output will be low.
Thus the chip can be checked in circuit to determine if all CKins are connected prolperlgeby toggling ins one at a
time (CLKO last) and observing the effect on VSYNC. CLKO must be toggled last because nsing edges on CLKO
with ICTENAO/ or 1/ high or RESET low will exit ICT mode. As a side effect, ICT mode effectively 3-states all
pins except VSYNC.

If TSENAOQ/ and TSENA1/ are low with RESET high, a rising edge on CLKQ will 3-state all pins. A CLKO

rising edge without the enabling conditions exits 3-state.

Note: Pin names in parentheses (...) indicate altemate functions
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Pin Descriptions

Frame Buffer and CRT Video Interface

Pin Name

Type Active

Description

FSC (P11) (PCLK)
(FSOE/)

Out

High

Frame Buffer Shift Clock / Serial Output Enable
(connected to both SC and SOE/ pins of the VRAM).
When the frame buffer is disabled, this pin becomes a
Pixel Clock for synchronizing CRT video data on PO-7.
May also be programmed as P11 for color panels.

75

FRAS/ (DE) (BLANK))

Both

Frame Buffer Row Address Strobe. When the frame
buffer is disabled, this pin becomes a blanking signal
for an external color palette chip (polarity is program-
mable: see XR28 bit-0). With the frame buffer
disabled, this pin may also be redefined as a Display
Enable signal (see XR28 bit-1).

73

FCAS/ (P9) (PALWR/)

Out

Low

Frame Buffer Column Address Strobe. When the frame
buffer is disabled, this pin becomes an I/O write strobe
for an external color palette chip (82C411, IMSG176,
BT471, or compatible). In this mode, it is asserted
when the chip is enabled and an I/O Write occurs to
addresses 3C6-3C%h. May also be programmed as P9
for color panels.

72

FWE/  (P10) (PALRD))

Out

Frame Buffer Write Enable. When the frame buffer is
disabled, this pin becomes an I/O read strobe for an
external color palette chip (82C411, IMSG176, BT471,
or compatible). In this mode, it is asserted when an I/O
Read occurs from addresses 3C6h, 3C8h, or 3Coh.
The chip responds directly for reads from 3C7h. May
also be programmed as P10 for color panels.

74

FDTOE/ (P8) (SENSE)

/O

High

Frame Buffer Data Transfer / Output Enable (output).
When the frame buffer is disabled, this pin becomes an
input for reading monitor sense. Normally connected to
the outputs of an LM339 comparator on the extemal
color palette chip analog RGB outputs (or directly to the
color palette chip if this function is built in such as in the
BT475 or 82C411). With the frame buffer disabled, the
state of this pin may read as bit-4 of Input Status Regis-
ter O (port 3C2h). See also extension register XR1F
(Virtual Switch Register). May also be programmed as
P8 for color panels.

77

HSYNC

Out

Both

CRT Horizontal Sync (polarity is programmable)

76

VSYNC

Out

Both

CRT Vertical Sync (polarity is programmable)

89
88
86

RED
GREEN
BLUE

Out
Out
Out

High
High
High

CRT Analog Video Outputs from the internal color
palette DAC.

84
83

IREF
VREF

In
In

n/a
n/a

Current and Voltage Reference pins for the internal
color palette DAC.

Note: Pin names in parentheses (...) indicate alternate functions
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Pin Descriptions
Hira P
PIN DESCRIPTIONS Flat Panel Interface
Pin# Pin Name Type Active Description

91 P7 @ o Out High  8-bit flat panel data output. Alternately, can be

92 P6 @’y @s) Out High  programmed to output CRT video data to bypass the

93 P5 €2 @6 Out High -—internal RAMDAC (simultaneous display on CRT and

94 P4 ) @O Out High  flat panels is not possible in this configuration).

95 P3 (Uo) (U4) Out High

96 P2 |un (@s) Out High  (see also SENSE for P8 for 8-level VAM color panels)

97 P1 (U2) (U6) Out High  (see also SENSE, PALWR/, PALRDY/, and PCLK for

98 PO U3 @7 Out High  P8-11 for 16-level VAM color panels)

79 FLM Out High  First Line Marker. Flat Panel equivalent of VSYNC.

78 LP Out  High Latch Pulse. Flat Panel equivalent of HSYNC.

99 SHFCLK Out High  Shift Clock. Pixel clock for flat panel data. In
16bit/pixel mode, the rising edge may be used externally
to latch the 'upper’ data byte and the following falling
edge used to transfer the 'lower' byte (for panels with
16-bit data interface).

81 ACDCLK Out High  ACD Clock for flat panels (control signal for AC drive)

14 PNLOFF/ In Low  Panel Off. Can be programmed (via XRS52) to perform
various power-down functions.

15 STNDBY/ In Low  Standby. Power saving control to place the chip into
power-saving mode.

82 ENAVDD/ (VGARD) Out Low Power sequencing control for the panel driver
electronics voltage VDD (see note below)

69 ENAVEE/ (VGARD) Out High  Power sequencing control for the panel LCD bias

voltage VEE (see note below)

Note: May also be configured (by connecting a 4.7K
pulldown resistor to configuration bit-4, XCV/)
to be a data transceiverf direction control. If
configured as VGARD (on pin 69 for the 65520
and pin 82 for the 65530), this pin is driven low
during RESET (a low level output indicates data
is being written to the chip, high indicates data is
being read from the chip). The low bus data
transceiver is enabled by A0 and the high bus
transceiver is enabled by BHE/. In a typical
laptop / notebook computer, the 65520 / 530 data
bus drive is sufficient to drive the bus directly.
Therefore, a transceiver direction control is
typically not needed and this pin may be used for
panel power sequencing control (or left
unconnected).

Note: Pin names in parentheses (...) indicate altemnate functions
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(W g || g Pin Descriptions
PIN DESCRIPTIONS Clock, Power, and Ground
Pin# Pin Name Type Active Description
103 CLKO MCLK) In High If intemal clock selection is enabled (default), CLKO, -
CLK]1, CLK2, and CLK3 are inputs. One of the four is
14 CLKl1 (MCLK/CLKIN) In High selected as the input dotclock per Misc Output Register
(3C2h) bits 2 and 3. Memory clock may be selected
105 CLK2 (CLKSELOD) /O High from either CLKO or CLK1 (see pin AD3 and configu-
ration register XR01); if CLKO is selected as MCLK,
106 CLK3 (CLKSEL}) 10 High 50.35 MHz is used (CLK1 is 28.322); if CLK1 is
selected as MCLK, 56.644 MHz is used (CLKO is
25.175).
If external clock selection is enabled (see pin AA2 and
configuration register XR01), CLKIN becomes the
input dotclock for all pixel clock frequencies and CLK2-
3 become clock select outputs driven by Misc Output
Register (3C2h) bits 2 and 3. In this mode, the CLKO
pin is always used for memory timing (MCLK).
102 32KHZ In High 32.768 KHz. Used to perform CAS-Before-RAS
(CBR) refresh cycles during power-down mode (see
XRS2 bit-6). Alternately, the chip can be programmed
to perform refresh at various frequencies derived from
MCLK (in this mode, the 32KHZ input is ignored).
20 vCC vCC - Power (Internal Logic)
60 vCC VCC - Power (Bus Interface) VCCi fied
80 VCC vCC -~ Power (Display Interface) [ 3 SPCClav
100 VCC VOC - Power (Internal Logic) as 5V or 3.
140 VCC vCC -- Power (Memory Interface)
21 GND GND -- Ground
50 GND GND --
59 GND GND --
70 GND GND --
9 GND GND --
101 GND GND -
107 GND GND --
120 GND GND --
130 GND GND --
141 GND GND -
150 GND GND --
160 GND GND -
87 AVCC VCC -- " Analog power and ground pins for noise isolation for
85 AGND GND -- internal RAMDAC.

Note: Pin names in parentheses (...) indicate alternate functions
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nir TOoMap
I/0 Map

Port Address Read Write

[102 [Global Enable ISA/MC) {Global Enable (ISA/MC) ]

3B0 Reserved for MDA/Hercules Reserved for MDA/Hercules |

3B1 Reserved for MDA/Hercules Reserved for MDA/Hercules Mono

3B2 Reserved for MDA/Hercules Reserved for MDA/Hercules Mode

3B3 Reserved for MDA/Hercules Reserved for MDA/Hercules

3B4 CRTC Index CRTC Index

3B5 CRTC Data CRTC Data

3B6 Reserved for MDA/Hercules Reserved for MDA/Hercules

3B7 Reserved for MDA/Hercules Reserved for MDA/Hercules

3BS8 Hercules Mode Register (MODE) Hercules Mode Register (MODE)

3B9 -- Set Light Pen FF (ignored)

3BA Status Register (STAT) Feature Control Register (FCR)

3BB -- Clear Light Pen FF (ignored)

3BC

3BD Reserved for system paralle] port

3BE

‘EB? Hercules Configuration Register (HCFG) __[Hercules Configuration Register (HCFG)

3C0 Attribute Controller Index / Data Attribute Controller Index / Data

3Cl1 Attribute Controller Index / Data Attribute Controller Index / Data

3C2 Feature Read Register (FCR) Miscellaneous Output Register (MSR)

3C3 Video Subsystem Enable (VSE)YMC/PI/LB) |Video Subsystem Enable (VSEYMC/PI/LB)

3C4 Sequencer Index Sequencer Index

3C5 Sequencer Data Sequencer Data

3C6, 83C6  |Color Palette Mask Color Palette Mask

3C7, 83C7 |Color Palette State Color Palette Read Mode Index

3C8, 83C8 IColor Palette Write Mode Index Color Palette Write Mode Index

3C9, 83C9 |Color Palette Data Color Palette Data

3CA Feature Read Register (FEAT) --

3CB -- --

3CC Miscellaneous Output Register (MSR) --

3CD - -

3CE Graphics Controller Index Graphics Controller Index

3CF - |Graphics Controller Data Graphics Controller Data

gg(l) - - Color [

3D2 - - Mode |

3D3 - --

3D4 CRTC Index CRTC Index

3D5 CRTC Data CRTC Data

3D6 CHIPS™ Extensions Index CHIPS™ Extensions Index

3D7 CHIPS™ Extensions Data CHIPS™ Extensions Data

3D8 CGA Mode Register (MODE) CGA Mode Register MODE)

3D9 CGA Color Register (COLOR) CGA Color Register (COLOR)

3DA Status Register (STAT) Feature Control Register (FCR)

3DB -- Clear Light Pen FF (ignored)

3DC -- Set Light Pen FF (ignored)

|46E8 ]-- {Setup Control (ISA bus only) ]
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Register
STO0 (STAT)

CLPEN
SLPEN

MODE
COLOR
HCFG

RX, R0-11

XRX, XR0O-7F Extension Registers

Register
MSR

FCR

STO0 (FEAT)
STO1 (STAT)
CLPEN
SLPEN

SRX, SR0-7
CRX, CRO-3F
GRX, GRO-8
ARX, ARO-14
XRX, XR0-7F

Register Summary
{ REGISTER SUMMARY - CGA, MDA, AND HERCULES MODE: |
Register Name Bits Access /O Port- MDA/MMerc I/Q Port- CGA Comment
Display Status 7 R 3BA 3DA
Clear Light Pen Flip Flop 0 Waa) 3BB (ignored) 3DB (ignored)  ref only: no light pen
Set Light Pen Flip Flop 0 W(ha) 3B9 (ignored) 3DC (ignored)  ref only: no light pen
CGA/MDA/Hercules Mode Control 7 RW 3B8 3D8
CGA Color Select- 6 RW nfa 3D9
Hercules Configuration 2 w 3BF n/a
R 3D6-3D7 index 14 n/a XR14

‘6845’ Registers 08 RW 3B4-3BS 3D4-3D5

08 RW 3D6-3D7 3D6-3D7

IBFX;ISTER SUMMARY -EGA MODE ]

Register Name Bits Acces J/OPort-Mono IO Port- Color Comment
Miscellaneous Output 7 w 3Cc2 3C2
Feature Control 3 w 3BA 3DA
Feature Read (Input Status 0) 4 R 3C2 3C2
Display Status (Input Status 1) 7 R 3BA 3DA
Clear Light Pen Flip Flop 0 W(n/a) 3BB (ignored) 3DB (ignored)  ref only: no light pen
Set Light Pen Flip Flop 0 W(n/a) 3B9 (ignored) 3DC (ignored)  ref only: no light pen
Sequencer 0-8 RW 3C4-3CS 3C4-3C5
CRT Controller 0-8 RW 3B4-3B5 3D4-3D5
Graphics Controller 0-8 RW 3CE-3CF 3CE-3CF
Autributes Controller 0-8 RW 3Co0-3C1 3C0-3C1
Extension Registers 0-8 RW 3D6-3D7 3D6-3D7

[ REGISTER SUMMARY - VGA MODE |

Register Register Name Bits  Access I/O Port- Mono : Comment
VSE Video Subsystem Enable 1 RW  3C3if MC/PI/LB 3C3 if MC/PI/LB Disabled by XR70 bit-6
SETUP Setup Control 2 w 46ES8 if ISA 4GE8 if ISA  Disabled by XR70 bit-7
ENABLE Global Enable 1 RW 102 if ISA/MC 102 if ISA/MC Setup Only
MSR Miscellaneous Output 7 w ic2 3C2
R 3CC 3Ccc
FCR Feature Control 3 w 3BA 3DA
R 3CA 3CA
STOO (FEAT) Feature Read (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 RW 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 RwW 3C8, 83C8 3C8, 83C8
DACDATA Color Palette Data 0-FF 3x6 or 3x8 RW 3C9, 83C9 3C9, 83C9
SRX, SRO-7 Sequencer 0-8 RW 3C4-3C5 13C4-3C5
CRX, CRO-3F CRT Controller 0-8 RW 3B4-3B5 3D4-3D5
GRX, GRO-8  Graphics Controller 0-8 RW 3CE-3CF 3CE-3CF
ARX, ARO-14  Attributes Controller 0-8 RW 3C0-3C1 3C0-3C1
XRX, XR0-7F Extension Registers 0-8 RwW 3D6-3D7 3D6-3D7
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Register Summary

[ REGISTER SUMMARY - INDEXED REGISTERS (VGA) |

mxmmmammmmsmmm

SRX Sequencer Index VGA/EGA 3C4

SRO Reset 2 VGA/EGA RW RW 3Cs

SR1 Clocking Mode 6 VGA/EGA RW RW 3C5

SR2 Plane Mask 4 VGA/EGA RW RW 3C5

SR3 Character Map Select 6 VGA/EGA RW RW 3Cs

SR4 Memory Mode 3 VGA/EGA RW RW 3CS

SR7 Reset Horizontal Character Counter 0 VGA w n/a 3Cs

CRX CRTC Index 6 VGA/EGA RW RW 3B4 Mono, 3D4 Color
CRO Horizontal Total 8 VGA/EGA RW RW 3B5 Mono, 3DS5 Color
CR1 Horizontal Display End 8 VGAEGA RW RwW 3BS Mono, 3D5 Color
CR2 Horizontal Blanking Start 8  VGA/EGA RwW RW 3B5 Mono, 3D5 Color
CR3 Horizontal Blanking End 5+2+1 VGA/EGA RW RW 3B5 Mono, 3D5 Color
CR4 Horizontal Retrace Start 8 VGAEGA RW RwW 3B5 Mono, 3DS5 Color
CRS Horizontal Retrace End 5+42+1 VGA/EGA RW RW 3B5 Mono, 3D5 Color
CR6 Vertical Total 8 VGA/EGA RW RW 3BS5 Mono, 3D5 Color
CR7 Overflow 5 VGA/EGA RW RW 3B5 Mono, 3DS5 Color
CR8 Preset Row Scan 542 VGAJ/EGA RW RW 3BS5 Mono, 3D5 Color
CR9 Character Cell Height 543 VGA/EGA RW RW 3BS5 Mono, 3D5 Color
CRA Cursor Start 5+1 VGA/EGA RW RwW 3B5 Mono, 3D5 Color
CRB Cursor End 542 VGAJ/EGA RW RwW 3B5 Mono, 3D5 Color
CRC Start Address High 8 VGA/EGA RW RW 3BS Mono, 3D5 Color
CRD Start Address Low 8 VGA/EGA RW RW 3BS Mono, 3D5 Color
CRE Cursor Location High 8 VGA/EGA RW RW 3BS Mono, 3D5 Color
CRF Cursor Location Low 8 VGA/EGA RwW RW 3BS Mono, 3D5 Color
LPENH Light Pen High 8 VGA/EGA R R 3B5 Mono, 3D5 Color
LPENL Light Pen Low 8 VGA/EGA R R 3B5 Mono, 3D5 Color
CR10 Vertical Retrace Start 8 VGA/EGA RW w 3BS Mono, 3D5 Color
CR11 Vertical Retrace End 4+4 VGA/EGA RW w 3B5 Mono, 3D5 Color
CR12 Vertical Display End 8  VGA/EGA RW RW 3B5 Mono, 3D5 Color
CR13 Offset 8 VGA/EGA RW RW 3BS Mono, 3D5 Color
CR14 Underline Row Scan 542 VGA/EGA RW RW 3BS Mono, 3D5 Color
CR15 Vertical Blanking Start 8 VGA/EGA RW RW 3BS Mono, 3DS Color
CR16 Vertical Blanking End 8 VGA/EGA RW RW 3B5 Mono, 3D5 Color
CR17 CRT Mode Control 7 VGA/EGA RW RW 3B5 Mono, 3D5 Color
CR18 Line Compare 8  VGA/EGA RW RW 3B5 Mono, 3D5 Color
CR22 Graphics Controller Data Latches 8 VGA R n/a 3B5 Mono, 3D5 Color
CR24 Attribute Controller Index/Data Laich 1 VGA R n/a 3B5 Mono, 3DS5 Color
CR3x Clear Vertical Display Enable FF 0 VGA w n/a 3B5 Mono, 3D5 Color
GRX Graphics Controller Index 4 VGA/EGA RW RW 3CE

GRO Set/Reset 4 VGA/EGA RW RW 3CF

GR1 Enable Set/Reset 4 VGAJ/EGA RW RW 3CF

GR2 Color Compare 4  VGA/EGA RW RW 3CF

GR3 Data Rotate 5 VGA/EGA RW RW 3CF

GR4 Read Map Select 2 VGA/EGA RW RW 3CF

GRS Mode 6 VGA/EGA RW RW 3CF

GR6 Miscellaneous 4 VGA/EGA RW RW 3CF

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

GRS Bit Mask 8 VGA/EGA RW RW 3CF

ARX Attribute Controller Index 6 VGA/EGA RwW Rw 3C0 (3C1)

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

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

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

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

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

AR14 Color Select 4 VGA RwW n/a 3C0 (3C1)
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rEXTENSION REGISTER SUMMARY: 00-2F I Chips' VGA Product Family

R:z Register Name Bits Access  Port Reset 450 451 452 453 455 456 457 65520 65530

Extension Index Register 7 RW 3B6/3D6 -xxxxxxx « « & / / / & /
XR00 Chip Verslon (520:v=7,530:v=8) 8 R/O 3B73D7 vvvvrrrr & /& ¢V & & / / /
XRO01 Configuration 8 R/O 3B13D7 dddddddd ¢ ¢ ¢ ¢ & ¢V & /
XR02 CPU Interface Control 8§ R/W 3B73D7 oo0000000 ¢« ¢V ¢V & /¥ / & /
XRO03 -reserved- (ROM Interface) -~ -~ 3B7133D7 S /7 /L A 4
XR04 Memory Control 8 R/W 3B73D7 00000000 ¢ « « . ¥ /& & /L /
XROS -reserved- (Clock Comtrol) - - 3B7/3D7 7 / < . .
XR06 Color Palette Control (DRAM Inifc) 8 R/W 3B7/3D7 00000000 4 S 7/
XRO7 -reserved- - = 3B73D7 .. c. .
XRO8 -reserved- (Gen Purp OQuiput SelectB) - -~  3B7/3D7 < /7 v 7 /
XRO09 -reserved- (Gen Purp Output SelectA) - -  3B13D7 J /7 < /S 7/
XROA -reserved- (Cursor AddressTop) - - 3B7/3D7 . v/ .. .
XROB CPU Paging 5 R/W 3B73D7 ---00000 ¢ J /S S 7 7S S/
XROC Start Address Top 2 RW 3B73D7 ------ 00 J/ S/ 4
XROD Auxiliary Offset 2 RW 3B73D7 ------ o0 v/ v v ¢V S IV I /S
XROE Text Mode Control 2 RW 3B73D7 ----00-- / 4 < 7
XROF Software Flags 2 8 R/W 3B7/3D7 xxxxxxxx . 7 7/
XR10 Single/Low Map Register 8 R/W 3B73D7 xxxxxxxx ¢ < / S  /
XR11 High Map Register 8 R/W 3B73D7 xxxxxxxx v/ < 7/
XR12 -eserved- - -  3B73D7
XR13 -reserved- - -~ 3B773D7 L. L . .
XR14 Emulation Mode 8§ R/W 3B73D7 0000hhoOO ¢ ¢ ¢ & / / & / /
XR15 Write Protect 8§ R/W 3B73D7 00000000 ¢ ¢ ¢V ¢V 4 /& V¥ ¢ /
XR16 -reserved- (Trap Enable) - - 3B7/3D7 7 7 /7 S LS
XR17 -reserved- (Trap Status) - - 3B7/3D7 . L L L LS
XR18 Alternate H Disp End 8 RW 3B73D7 xxxxxxxx « « « & & & & S
XR19 Alternate H Sync Start/ Half-line 8 RW 3B73D7 xxxxxxxx ¢ « & & & & / &
XR1A Alternate H Sync End 8 RW 3BID7 xxxxxxxx « « « « < / / / /
XR1IB Alternate H Total 8 RW 3BI3D7 xxxxxxxx ¢ ¢ « / & / & /
XRIC Alternate H Blank Start/H PanelSize 8 R/W 3B7/3D7 xxxxxxxx ¢ ¢ ¢ ¢« ¢ ¢/ & / /
XR1D Alternate H Blank End 8 R/W 3B73D7 oOxxxxxxx ¢ ¢ ¢« & & / & & /
XR1E Alternate Offset 8 RW 3B73D7 xxxxxxxx « « ¢« ¢ & / / 7/
XRI1F Virtual EGA Switch Register 5 RW 3B73D7 0---xxxx ¢ .. < /L
XR20 -reserved- (453 Interface I1)(SUD) - -~  3B7/3D7 < /
XR21 -reserved- (Sliding Hold A) - - 3B7/3D7 e
XR22 -reserved- (Sliding Hold B) -- - 3B73D7 7 .
XR23 -reserved- (SHC)(WBM Ctrl) - - 3B7/3D7 < /7 . .
XR24 FP AltMaxScanline (SHD)/(WBM Pait) 5 R/W 3B7/3D7 - - -xxxxx < / 7 7
XR25 FP AltGrHVirtPanel Size (453PinDefn) 8 R/W 3B7/3D7 xxxxxxxx v/ 7/ 7
XR26 -reserved- (453 Config) - - 3BI3D7 7
XR27 -reserved- - - 3B13D7 S .
XR28 Video Interface 8 R/W 3B7/3D7 00000000 ¢ ¢ ¢V « 4 / / /S /
XR29 -reserved- (Function Control) - -~ 3B7/3D7 ..
XR2A -reserved- (Frame Intrpt Count) - - 3B7/3D7 4 . .
XR2B Default Video 8§ R/W 3B7/3D7 00000000 ¢V ¢« ¢ S 7 7 7/ v
XR2C FP Vsync (FLM) Delay (Force H High) 8 R/W 3B7/3D7 xxxxxxxx . . ¢ < 7/
XR2D FP Hsync (LP) Delay (ForceHLow) 8 R/W 3B7/3D7 xxxxxxxx 7/ < 7/
XR2E FP Hsync (LP) Delay (Force VHigh) 8 R/W 3B7/3D7 xxxxxxxx 4 < 7/
XR2F FP Hsync (LP) Width (ForceVLow) 8 R/W 3B7/3D7 xxxxxxxx e 7/ 7/
Reset Codes: x = Not changed by RESET (indeterminate on power-up) — = Not implemented (always reads 0)

d = Set from the corresponding data bus pin on falling edge of RESET r= Chip revision # (starting from 0000)
h = Read-only Hercules Configuration Register Readback bits 0/1 = Reset to 0/1 by falling edge of RESET

Note: Check marks in the table above indicate the register listed to the left is implemented in the chip named at the top of the column
Note: 450-453 VGAs drive CRTs only, 455-457 & 655x0 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 Bits Access  Port Reset 450451 452453 455 456 457 65520 65530
XR30 (Graphics Cursor Start Address High) ~ -  3B7/3D7 N A e . . .
XR31 (Graphics Cursor Start Address Low) - - 3B7/3D7 v/
XR32 (Graphics Cursor End Address) - - 3B773D7 v/
XR33 (Graphics Cursor X Position High) - - 3B7/3D7 4
XR34 (Graphics Cursor X Position Low) -  — " 3B7/3D7 v/
XR3S (Graphics Cursor Y Position High) - - 3B773D7 4
XR36 (Graphics Cursor Y Position Low) - - 3B773D7 v
XR37 (Graphics Cursor Mode) - = 3B73D7 v
XR38 (Graphics Cursor Mask) - - 3B73D7 4
XR39 (Graphics Cursor Color 0) - - 3B7/3D7 7/
XR3A (Graphics Cursor Color 1) - - 3B73D7 7/
XR3B -reserved- - - 3B773D7
XR3C -reserved- - = 3B73D7
XR3D -reserved- - - 3B73D7
XR3E -reserved- - -  3B73D7
XR3F -reserved- - - 3B7/3D7
XR40 . -reserved- - - 3B773D7 ce e
XR41 -reserved- (Virtual EGA Switch Reg) - - 3B73D7 4
XR42 -reserved- - - 3B713D7
XR43  -reserved- - - 3B773D7 e - . .
XR44 Software Flag Register 8 R/W 3B7/3D7 xxxxxxxx . . . o A4
XR45 -reserved- (S/W Flag 2/ FG Color) ~ - 3B7/3D7 . 7/ ce . .
XR46 -reserved- - - 3B773D7
XR47 -reserved- - - 3B73D7
XR48 -reserved- - - 3B773D7
XR49 teserved- - - 3B713D7
XR4A -reserved- - - 3B773D7
XR4B  -reserved- - - 3B73D7
XR4C -reserved- - -~ 3B773D7
XR4D -reserved- - - 3B73D7
XR4E -reserved- - -~ 3B713D7
XR4F -reserved- - - 3B13D7 ... .
XRS50 Panel Format 8 R/W 3B73D7 xxXXXXXX < 7 75 7/
XR51 Display Type 8 R/W 3B7/3D7 xxxxx0xx < 7~ /L /S /
XRS52 Power Down Control (Panel Size) 8 R/W 3B7/73D7 00000000 < 7 /7 7/ 7/
XRS53 Line Graphks Override 7 R/W 3B7/3D7 x-xxxxx0 < S F 7/
XR54 FP Interface (Alternate Misc Output) 8 R/W 3B7/3D7 XXXXXXXX S /S /7 7/ 4
XR55 H Compensation (Text 350 AComp) 6 R/W 3B7/3D7 xxxXx- -xx J /S 7 7/
XR56 H Centering (Text 350 BComp) 8 R/W 3B73D7 xxxxxXxxxx < 7 L 7/
XRS7 YV Compensation (Text 400 Comp) 7 R/W 3B7/3D7 -xXXXXXX < 7S 7 /7 /
XRS58 V Centering  (Graphics 350 Comp) 8 R/W 3B73D7 xxXxXxXxXxxx < Y /7 /S Y
XR59 V LineInsertion (Graphics 400 Comp) 6 R/W 3B7/3D7 -xx-X XXX < S /7 L/
XR5A V Line Replication (FP VDisp $t400) 4 R/W 3B7/3D7 ----xxxx S 7 /7 L/
XR5B Power Sequencing Delay (VD End400) 8 R/W 3B7/3D7 01110001 < L/ 4
XR5C -reserved- (Weight Control ClockA) - -~  3B7/3D7 S /
XRSD -reserved- (Weight Control Clock B) - - 3B7/3D7 < /7 . .
XR5E ACDCLK Control 8 R/W 3B7/3D7 xXxXxXXXXX < 7S /7 7
XRSF Power Down Mode Refresh 8 R/W 3B7/3D7 XxXxXXXXXX S 7 /7 LS/
Reset Codes:  x = Not changed by RESET (indeterminate on power-up) ~ = Not implemented (always rcads 0)

d = Set from the corresponding data bus pin on falling edge of RESET r = Chip revision # (starting from 0000)
h = Read-only Hercules Configuration Register Readback bits 0/t = Reset to 0/1 by falling edge of RESET

Note: Check marks in the table above indicate the register listed to the left is implemented in the chip named at the top of the column
Note: 450453 VGAs drive CRTs only, 455-457 & 655x0 VGAs drive both CRT and Flat Panel displays (Plasma, EL, and LCD)
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{ EXTENSION REGISTER SUMMARY: 60-7F | Chips' VGA Product Family

Reg  Register Name Bits Access  Port Reset .L _il. 15_2 153 455 456 457 65520 65530
XR60 Blink Rate Control 8 R/W 3B7/3D7 10000011 J 7 7 7/
XR61 SmartMap™ Control 8 R/W 3B73D7 xXxxXxXXXXX S / < 7
XR62 SmartMap™ Shift Parameter 8 R/W 3B73D7 xXxXxXXXXX 7 /7 < 7
XR63 SmartMap™ Color MappingControl 7 R/W 3B7/3D7 x-xxxxxx J 75 . 7/
XR64 FP Alternate Vertical Total 8 R/W 3B73D7 xxxxXXXxX J 7S 7 7S/
XR65 FP Alternate Overflow 6 R/W 3B7/3D7 xxx--XxX J /S /L L 7/
XR66 FP Alternate Vertical Sync Start 8 R/W 3B7/3D7 xxxXxXxXXx J 5 75 /7 7
XR67 FP Alternate Vertical Sync End 4 R/W 3B73D7 ----xxxX J 7 7/ 7S/
XR68 FPV Panel Size(FPAUVDEEnd) 8 R/W 3B7/3D7 xxXxXxXxXxxXx S 7 75 7 7/
XR69 -reserved- (FPV Display Start 350) - -  3B7/3D7 /7
XR6A -reserved- (FPV Display End350) - -~  3B733D7 < /S 7/
XR6B -reserved- (FPV Overflow 2) - - 3B73D7 S /S 7/ .
XR6C Programmable Output Drive(WekkC) 8 R/W 3B7/3D7 00000000 S /7 . 4
XR6D -reserved- (FRC Comtrol) - - 3B7/3D7 J 7/ .
XR6E Polynomial FRC Control 8 R/W 3B7/3D7 10111101 S /S 7
XR6F Frame Buffer Control 6 R/W 3B73D7 --xxx000 <
XR70 Setup / Disable Control 1 RW 3B73D7 0------- < ... T A4
XR71 -reserved- - - 3B773D7 . .
XR72 -reserved- - - 3B7/3D7
XR73 -reserved- - - 3B713D7
XR74 -reserved- - - 3B7/3D7
XR75 -reserved- - - 3B773D7
XR76 -reserved- - - 3B7/3D7
XR77 -reserved- - - 3B773D7
XR78 -reserved- - - 3B7/3D7
XR79 -reserved- - - 3B7/3D7
XR7A -reserved- - - 3B73D7
XR7B -reserved- - - 3B7/3D7
XR7C -reserved- - 3B7/3D7
XR7D FP Compensation Diagnostic 0 R/O 3B73D7 -------- e . o LA
XR7E CGA/Hercules Color Select 6 R/W 3B73D7 --xxxxxx ¢ « ¢ ¢ /¥ / ¢ /
XR7F Diagnostic 8 R/W 3B73D7 00xxxx00 ¢« ¢ / 7 /S v /S /
Reset Codes: x = Not changed by RESET (indeterminate on power-up) ~ = Not implemented (always reads 0)

d = Set from the corresponding data bus pin on falling edge of RESET 1= Chip revision # (starting from 0000)

h = Read-only Hercules Configuration Register Readback bits 0/1 = Reset to 0/1 by falling edge of RESET

Note: Check marks in the table above indicate the register listed to the left is implemented in the chip named at the top of the column
Note: 450-453 VGAs drive CRTs only, 455-457 & 655x0 VGAs drive both CRT and Flat Panel displays (Plasma, EL, and LCD)
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Registers
GLOBAL CONTROL (SETUP) REGISTERS SEQUENCER 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 only in
ISA bus interfaces; the Video Subsystem Enable
register is used only in MC, PI, and Local Bus
configurations. In MC and PI Bus interfaces,
disable and setup functions may also be performed
by the DISA/ and SETUP/ pins respectively. The
DISA/ pin and the various internal 'disable’ bits
'OR’ together to provide multiple ways of disabling
the chip; all '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 ]JBM VGA, the Global
Setup Register (defined as port address 102) actually
occupies the entire 1/0 space. Only the lower 3 bits
are used to decode and select this register. To avoid
bus conflicts with other peripherals, reads should
only be performed at the 10xh port addresses while
in setup mode. To eliminate potential compatibility
problems in widely varying PC systems, the 65520
and 65530 decode the Global Setup register at /O

port 102h only.

GENERAL CONTROL REGISTERS

Two Input Status Registers read the SENSE pin (or
Virtual Switch Register or internal comparator output
instead), 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 RAM, memory page, and
horizontal and vertical sync polarity.

CGA /HERCULES REGISTERS

CGA Mode and Color Select registers are provided
on-chip for emulation of CGA modes. Hercules
Mode and Configuration registers are provided on-
chip for emulation of Hercules mode.

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 controls the display memory
plane through the character generator select. The
Sequencer Memory Mode Register handles all
memory, giving access by the CPU t0 4 / 16 / 32
KBytes, Odd / Even addresses (planes) and writing
of data to 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.

GRAPHICS CONTROLLER REGISTERS

The Graphics Controller Index Register contains a 4-
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 contains a 5-
bit index to the Attribute Controller Registers. A 6th
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Registers

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 I/O address range 3C6h-3C%h. Inmos IMSG176
(Brooktree BT471/476) compatible registers are
documented in this manual.

EXTENSION REGISTERS

The 65520 / 530 defines a set of extension registers
which are addressed with the 7-bit Extension
Register Index. The I/O port address is fixed at
3D6-3D7h and read/write access is always enabled 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. Backwards Compatibility Registers control

Hercules, MDA, and CGA emulation modes.
Write Protect functions are provided to increase
flexibility in providing backwards compatibility.

4. Alternate Horizontal and Vertical Registers
handle all horizontal and vertical timing,
including sync, blank and offset. These are used
for backwards compatibility.

5. FElat Panel Registers handle all internal logic
specific to driving of flat panel displays.

Note: The state of most of the Standard VGA Registers is undefined at reset. All registers specific to the
65520 / 530 (Extension Registers) are summarized in the Extension Register Table.
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- Global Control (Setup) Registers
\.l'lll": (Setup) Regi
Global Control (Setup) Registers
Register 10 Protect
Mnemonic Register Name Index Access Address Group Page
SETUP Setup Control - w 46E8h (ISA bus only) - 37
VSE Video Subsystem Enable - w 3C3h MC/PI/LB bus only) - 37
ENAB Global Enable - RW 102h (Setup mode only) - 38

SETUP CONTROL REGISTER (SETUP)
Write only at I/O Address 46E8h

{D7]Ds|Ds[D4|D3[D2]D1 Do}

e

Reserved

VGA Enable
— VGA Sewp

- Reserved

This register is accessable in ISA (PC) bus
configurations only. It is ignored completely in MC,
PI, and Local Bus configurations. It is also ignored
if XR70 bit-7 is set to 1 (the default is 0). In MC
and PI bus configurations, Setup mode and VGA
Disable are controlled through the SETUP/ and
DISA/ pins, respectively and by register 3C3.

This register is cleared ‘i)y RESET.

2-0 Reserved (0)
3  VGAEnable

0 VGA is disabled
1 VGA isenabled

4  Setup Mode

0 VGA is in Nomal Mode
1 VGA s in Setup Mode

7-5 Reserved (0)

VIDEO SUBSYSTEM ENABLE REGISTER (VSE)
Write Only at I/0 Address 3C3h

{D7]|D6|Ds|D4{D3{D2|D1|Doj

VGA Sleep

- Reserved

-

This register is accessable in MC, PI, and Local Bus
configurations only. It is ignored in ISA (PC) bus
configurations (register 46E8 is used in ISA bus
configurations). Access to this register may be
disabled by setting XR70 bit-7 to 1 (the default is 0).

This register is cleared by RESET.

0  VGA Sleep

0 VGA is disabled
1 VGA is enabled

7-1 Reserved (0)
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Global Control Registers

GLOBAL ENABLE REGISTER (ENAB)

Read/Write at 1/0 Address 102h
|D7]Ds|D5{p4|D3]D2]D1]DO}
VGA Sleep
- Reserved

-

This register is only accessibie in Setup Mode
(enabled by register 46E8 in ISA bus configurations
or by the SETUP/ pin in MC bus configurations).

Bit-0 of this register is cleared by RESET in ISA and
MC bus configurations and set by RESET in PI and
Local Bus configurations.

0  VGA Sleep

0 VGA is disabled
1 VGA is enabled

7-1 Reserved (0)
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§ Bt General Control Registers
ri -
General Control & Status Registers

Register 10 Protect

Mnemonic Register Name Index Access Address Group Page

ST00 Input Status 0 — R 3C2h - 39

ST01 Input Status 1 - R 3BAh/3DAh - 39

FCR Feature Control - A\ 3BAh/3DAO 5 40
R 3CAh

MSR Miscellaneous Output - w 3C2h 5 40
R 3CCh

INPUT STATUS REGISTER 0 (ST00)
Read only at 110 Address at 3C2h

D7 |D6 D5 |D4 |D3 [D2 D1 |Do0 |

- Reserved

- Switch Sense

| Reserved
CRT Interrupt Pending

3-0 Reserved (0)

4  Switch Sense

This bit retumns the Status of the SENSE pin
or the Virtual Switch Register (XR1F)
output if enabled by XRIF bit-7 or the
output of the internal comparator if enabled
- by XRO06 bit-4 (Sense Source). XRIF bit-7
takes priority over the other settings if set.

6-5 Reserved
These bits read back 00 in PC and PI bus
configurations and 11 in MC configuration.
7  CRT Interrupt Pending

0 Indicates no CRT interrupt is pending
1 Indicates a CRT interrupt is waiting to
be serviced

INPUT STATUS REGISTER 1 (ST01)
Read only at I/O Address 3BAh/3DAhR

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

DE/Hsync Output

Reserved
Vertical Retrace/Video

]- Video Feedback
Reserved

5-4

Vsync Output
Display Enable/HSYNC Output

The functionality of this bit is controlled by
the Emulation Mode register (XR14 bit-4).

0 Indicates DE or HSYNC jnactive
1 Indicates DE or HSYNC active

Reserved (0)
Vertical Retrace/Video

The functionality of this bit is controlled by
the Emulation Mode register (XR 14 bit-5).

0 Indicates VSYNC or video inactive
1 Indicates VSYNC or video active

Video Feedback 1,0

These are diagnostic video bits which are
selected via the Color Plane Enable Register.
Reserved (0)

Vsync Output

The functionality of this bit is controlled by
the Emulation Mode register (XR14 bit-6).

It reflects the active status of the VSYNC
output: O=inactive, 1=active.
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General Control Registers

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

Read at 1/0 Address 3CAh
Group 5 Protection
{D7]D6|Ds jp4|D3{D2|D1 Do
'} Feature Control
"~ Reserved
— Vsync Control
— - Reserved

1-0 Feature Control

These bits are used internal to the chip in
conjunction with the Configuration Register
(XRO01). When enabled by XRO1 bits 2-3
and Misc Output Register bits 3-2 = 10,
these bits determine the pixel clock
frequency typically as follows:

FCR1:0 = 00 = 40.000 MHz

FCR1:0 = 01 = 50.350 MHz

FCR1:0 = 10 = User defined

FCR1:0=11 =44.900 MHz
This preserves compatibility with drivers
developed for earlier generation Chips and
Technologies VGA controliers.
Reserved (0)
Vsync Control
This bit is cleared by RESET.

0 VSync output on the VSYNC pin

1 Logical 'OR' of VSync and Display

Enable output on the VSYNC pin

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

7-4 Reserved (0)

CRT Display Sync Polarities

P >480 Line Variable Variable
P 200Line 15.7 KHz 60Hz
P 350Line 21.8 KHz 60Hz
N 400Line 31.5 KHz 70Hz
N 480Line 31.5 KHz 60 Hz

MISCELLANEOUS OUTPUT REGISTER (MSR)

Write at 110 Address 3C2h

Read at 110 Address 3CCh

Group 5 Protection

[D7|D6|Ds|D4|D3[D2|D1]DO]
/O Address Select
RAM Enable
Clock Select
Reserved
Page Select
Hsync Polarity
Vsync Polarity

This register is cleared by RESET.

0 /O Address Select. This bit selects 3Bxh or
3Dxh as the I/O address for the CRT
Controller registers, the Feature Control
Register (FCR), and Input Status Register 1
(STO1).

0 Select 3Bxh I/O address

1 Select 3Dxh I/O address

1 RAM Enable
0 Prevent CPU access to display memory
1 Allow CPU access to 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 XR0O1 bits 2-3
(Configuration) and FCR bits 0-1 for
variations of the above clock selection
mapping. See also XR1F (Virtual Switch
Register) for additional functionality
potentially controlled by these bits.

4  Reserved (0)

S 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: O=select upper page; l=select
lower page.

6 CRT Hsync Polarity. O=pos, 1=neg

CRT Vsync Polarity. O=pos, 1=neg

(Blank f;in polarity can be controlled via the
Video Interface Register, XR28). XRS5
bits 6-7 are used to control H/V sync
polarity instead of these bits if XRS51 bit-2 =
1 (display type = flat panel).
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CGA / Hercules Registers

CGA / Hercules Registers

Register 10 Protect
Mnemonic Register Name Index Access Address Group Page
MODE CGA/Hercules Mode - RW 3D8h - 41
COLOR CGA Color Select - RW 3D%h - 42
HCFG Hercules Configuration - RW 3BFh - 43
CGA /HERCULES MODE CONTROL 2 CGA Mono/Color Mode
REGISTER (MODE) 0 Select CGA color mode
Read/Write at I/O Address 3B8h/3D8h 1 Select CGA monochrome mode
3 CGA/Hercules Video Enable
D7|D6{Ds|D4]D3{D2|D1 |Do] 0 Blank the screen
) 1 Enable video output
Hi-Res Text (CGA only) . ]
Graphics Mode  (0=Text) 4 CGOA !S{Ilgh ?gg'“ztg)“ M"g‘i’ "
Monochrome (CGA only) c1ec X grap 1CS m
Video Enable 1 Select 640x200 graphlcs mode
Hi-Res Graphics (CGA only) 5 CGA/Hercules Text Blink Enable
Text Blink Enable 0 Disable character blink attribute (blink
Reserved attribute bit-7 used to control back-
ground intensity)
Page Scleat  (Here only) 1 Enable character blink attribute
This register is effective only in CGA and Hercules 6 Reserved (0)
modes. It is accessible if CGA or Hercules 7  Hercules Page Select
emulation mode is sclected or the cxtension registers 0 Select the lower part of memory
are enabled. If the extension rcgisters are enabled, (starting address BOOOOh) in Hercules
the address is determined by the address select in the Graphics Mode
Miscellaneous Outputs register. Otherwise the 1 Select the upper part of the memory
address is determined by thc emulation mode. Itis . (starting address B800Oh) in Hercules
cleared by RESET. Graphics Mode
0 CGA 80/40 Column Text Mode
0 Select 40 column CGA text mode
1 Select 80 column CGA text mode
1  CGA/Hercules Graphics/Text Mode
0 Select text mode
1 Select graphics mode
Revision 0.6 41 Preliminary 65520/530



CGA / Hercules Registers

CGA COLOR SELECT REGISTER (COLOR)
Read/Write at I!O Address 3D%h

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

Color bit-0 (Blue)
Color bit-1 (Green)
Color bit-2 (Red)
Color bit-3 (Intensity)
Intensity Enable
Color Set Select

1Rwd

This register is effective only in CGA modes. It is
accessible if CGA emulation mode is selected or the
extension registers are enabled. This register may
also be read or written as an Extension Register
(XRT7E). Itis cleared by RESET.

3-0 Color

320x200 4-color: Background Color (color
when the pixel value is 0)

The foreground colors (colors when the
pixel value is 1-3) are determined by bit-5 of
this register. '

640x200 2-color: Foreground Color (color
when the pixel value is 1)

The background color (color when the pixel
value is 0) is black.

Intensity Enable
Text Mode: Enables intensified
background colors
320x200 4-color:  Enables intensified
colors 0-3
640x200 2-color: Don't care
Color Set Select

This bit selects one of two available CGA
color palettes to be used in 320x200
graphics mode (it is ignored in all other
modes) according to the following table:

Pixel Color Set Color Set
Value 0 1

0 0 Colorperbits0-3  Color per bits 0-3
01 Green Cyan

10 Red Magenta
11 Brown White

7-6 Reserved (0)
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CGA /Hercules Registers

HERCULES CONFIGURATION
REGISTER (HCFG)
Write only at 1/0 Address 3BFh

D7{D6|D5|D4|D3|{D2|D1|DO0

_E— Enable Graphics Mode
Enable Memory Page 1

- Reserved

J

This register is effective only in Hercules mode. It is
accessible in Hercules emulation mode or if the
extension registers are enabled. It may be read back
through XR14 bits 2 & 3. Itis cleared by RESET.

0  Enable Graphics Mode

0

Lock the chip in Hercules text mode.
In this mode, the CPU has access only
to memory address range B0OOOOh-
B7FFFh (in text mode the same area
of display memory wraps around 8
times within this range such that
B0OO00 accesses the same display
memory location as B1000, B2000,
etc.).

Permit entry to Hercules Graphics
mode

1  Enable Memory Page 1

0

Prevent setting of the Page Select bit
(bit 7 of the Hercules Mode Control
Register). This function also restricts
memory usage to addresses BOO0Oh-
B7FFFh.

The Page Select bit can be set and the
upper part of display memory
(addresses B8000Oh - BFFFFh) is
available.

7-2  Reserved (0)
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Sequencer Registers
Register 10 Protect
Mnemonic Register Name Index  Access Address Group Page
SRX Sequencer Index - RW 3C4h 1 45
SR0OO Reset 00h RW 3C5h 1 45
SRO1 Clocking Mode 0lh RW 3C5h 1 46
SR02 Plane/Map Mask 02h RW 3C5h 1 46
SRO3 Character Font 03h RW 3C5h 1 47
SR04 Memory Mode 04h RW 3Csh 1 48
SRO7 Horizontal Character Counter Reset 07h w 3Csh - 48

SEQUENCER INDEX REGISTER (SRX)
Read/Write at 110 Address 3C4h

|D7|D6]|D5{D4iD3]D2|D1|DO]

SEQUENCER RESET REGISTER (SR00)
Read/Write at 1/0 Address 3C5h

Index 00h

Group 1 Protection

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

N Async Reset
L—— L Sequencer Index Sync Reset
- Reserved - Reserved
This register is cleared by reset. 0  Asynchronous Reset
2-0 Sequencer Index 0 Force asynchronous reset
. . . 1 Normal operation
These bits contain a 3-bit Sequencer Index - . )
value used to access sequencer data registers Display memory data will be corrupted if
at indices O through 7. this bit is set to zero.
7-3  Reserved (0) 1  Synchronous Reset
0 Force synchronous reset
1 Nommal operation
Display memory data is not corrupted if this
bit is set to zero for a short period of time (a
few tens of microseconds).
7-2 Reserved (0)
Revision 0.6 45 Preliminary 65520 /530
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Sequencer Registers

SEQUENCER CLOCKING MODE

REGISTER (SR01)

Read/Write at 110 Address 3C5h
IndexO1h

Group 1 Protection

[07]D6 D5 {p4]D3 D21 jDo]

SEQUENCER PLANE/MAP MASK
REGISTER (SR02)

Read/Write at 110 Address 3C5h
Index 02h

Group 1 Protection

|D7|D6]|D5|D4{D3| D2 D1|Doj

8/9 Dot Clocks
L————— Reserved

Shift Load

Input Clock Divide
Shift 4

Screen Off

]» Reserved
8/9 Dot Clocks
This bit determines whether a character clock
is 8 or 9 dot clocks long.

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

Reserved )
Shift Load
0 Load video data shift registers gvery
character clock
1 Load video data shift registers gvery
other character clock

Bit-4 of this register must be 0 for this bit to
be effective.

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)

Shift 4
0 Load video shift registers every 1 or 2
character clocks (depending on bit-2
of this register)
1 Load shift registers every 4th character
clock.

Screen Off

0 Normal Operation

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

-

L e

- Color Plane Enable

 Reserved

-

3-0 Color Plane Enable

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.

7-4 Reserved (0)

Revision 0.6
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Sequencer Registers

CHARACTER FONT SELECT
REGISTER (SR03)

Read/Write at I/0 Address 3CSh
Index O3h

Group 1 Protection

{D7]D6|D5|D4|D3{D2]|D1|DO}

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

} e

In text modes, bit-3 of the video data’s attribute byte
nommally 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 bit-1 must be 1 for the character font select
function 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)

The following table shows the display memory plane
selected by the Character Generator Select A and B
bits.

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 byte is zero.

\)O\UIAUJN'—'OE
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Sequencer Registers

SEQUENCER MEMORY MODE

REGISTER (SR(4)

Read/Write at I/0 Address 3C5h

Index 04h

Group 1 Protection

[p7]D6]Ds]D4]D3]D2]D1]Do0]
Reserved

‘o—— Extended Memory

Odd/Even Mode
Quad Four Mode
Reserved

0 Reserved (0)
1  Extended Memory

0 Restrict CPU access to 4/16/32 Kby-
tes

1 Allow complete access to 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 planes are accessed simultaneously
(IRGB color)

Bit-3 of this register must be 0 for this bit to
be effective. 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 bit-2 of this
register

1 CPU addresses are mapped to display
memory modulo 4. The two 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 110 Address 3C5h

Index O7h

[D7]D6]Ds[D4]D3]D2[D1]Do)]

L

- Don't Care

Writing to SRO7 with any data will cause the
horizontal character counter to be held reset
(character counter output = Q) 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 the write to SR07 occurs during vertical
retrace, the horizontal and vertical counters will both
be set to zero. A write to 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.

Revision 0.6
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CRT Controller Registers
Register 10 Protect
Mnemonic Register Name Index Access Address  Group Page
CRX CRTC Index - RW 3B4h/3D4h - 50
CROO Horizontal Total 0Ch RW 3B5h/3D5h 0 50
CRO1 Horizontal Display Enable End O1lh RW 3B5h/3D5h 0 50
CRO2 Horizontal Blank Start 02h RW 3BSh/3D5h 0 51
CRO3 Horizontal Blank End 03h RW 3B5h/3D5h 0 51
CR04 Horizontal Sync Start 04h RW 3B5h/3D5h 0 52
CRO5 Horizontal Sync End O5h RW 3B5h/3D5h 0 52
CRO6 Vertical Total 06h RW 3B5h/3DSh 0 53
CRO7 Overflow 07h RW 3Bsh/3D5h 073 53
CRO8 Preset Row Scan 08h RW 3B5h/3D5h 3 54
CROS Maximum Scan Line 0%h RW 3B5h/3D5h  2/4 54
CROA Cursor Start Scan Line 0Ah RW 3BSh/3D5h 2 55
CROB Cursor End Scan Line O0Bh RW 3B5h/3D5h 2 55
CROC Start Address High 0Ch RW 3BSh/3D5h - 56
CROD Start Address Low ODh RW 3B5h/3D5h - 56
CROE Cursor Location High OEh RW 3B5h/3D5h - 56
CROF Cursor Location Low OFh RW 3B5h/3D5h - 56
CR10 Vertical Sync Start (See Note 2) 10h WorRW  3B5h/3D5h 4 57
CR11 Vertical Sync End (See Note 2) 11h WorRW  3BSh3D5h  3/4 57
CR10 Lightpen High (See Note 2) 10h R 3B5Sh/3D5h - 57
CR11 Lightpen Low (See Note 2) 11h R 3B5h/3DsSh - 57
CR12 Vertical Display Enable End 12h RW 3B5h/3D5h 4 S8
CR13 Offset 13h RW 3B5h/3D5h 3 58
CR14 Underline Row 14h RW 3B5h/3D5Sh 3 58
CR15 Vertical Blank Start 15h RW 3BSh/3D5h 4 59
CR16 Vertical Blank End 16h RW 3B5h/3D5h 4 59
CR17 CRT Mode Control 17h RW 3BSh/3DSh 34 60
CR18 Line Compare 18h RW 3B5h/3D5h 3 61
CR22 Memory Data Latches 22h R 3B5h/3D5h - 62
CR24 Auribute Controller Toggle 24h R 3B5h/3D5h - 62
CR3x Clear Vertical Display Enable 3xh w 3B5h/3DSh - 62
Note 1: 'When MDA or Hercules emulation is enabled, the CRTC I/O address should be set to 3BOh-3B7h by

setting the I/O address select bit in the Miscellaneous Output register (3C2h/3CCh bit-0) to zero. When
CGA emulation is enabled, the CRTC I/O address should be set to 3D0h-3D7h by setting Misc Output
Register bit-0 to 1.

Note 2:

In the EGA, all CRTC registers except the cursor (CROC-CROF) and light pen (CR10 and CR11)

registers are write-only (i.e., no read back). In both the EGA and VGA, the light pen registers 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 (CRO3 bit-7) of whether the vertical sync or light pen registers are readable at
indices 10-11.
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WFIra Registers
CRTC INDEX REGISTER (CRX) HORIZONTAL DISPLAY ENABLE END
Read/Write at 1/0 Address 3B4h/3D4h REGISTER (CRO1)
Read/Write at 110 Address 3BSh/3D5h
Index 01h
{D7|D6|Ds[D4{p3|D2]|D1Do] Group 0 Protection
- [D7|D6{D5|D4|D3|D2| D1 Do}
- CRTC Index -
| Reserved - Horizontal Display

50 CRTC data register index
7-6 Reserved (0)

HORIZONTAL TOTAL REGISTER (CR00)
Read/Write at 1/0 Address 3BSh/3D5h

Index 00h

Group 0 Protection

|D7|{D6{Ds|D4]D3]D2]D1|Do]

- Horizontal Total

-

This register is used for all VGA and EGA modes.
It is also used for 640 column CGA modes and
MDA/Hercules text mode. In all 320 column CGA
modes and Hercules graphics mode, the alternate
register is used.

7-0 Horizontal Total. Total number of character
clocks per line = contents of this register +
5. This register determines the horizontal
sweep rate.

This register is used for all VGA and EGA modes on
CRTs. It is also used for 640 column CGA modes
and MDA/Hercules text mode. In all 320 column
CGA modes and Hercules graphics mode, the
alternate register is used.

7-0 Number of Characters displayed per scan
line - 1.
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CRT Controller Registers

WIS

HORIZONTAL BLANK START HORIZONTAL BLANK END
REGISTER (CR02) REGISTER (CR03)

Read/Write at 11O Address 3B5h/3D5h Read/Write at 110 Address 3BSh/3D5h
Index 02h Index 03h

Group 0 Protection Group 0 Protection

[D7]D6]D5]D4]D3]D2]D1]D0)

- H Blank Start

This register is used for all VGA and EGA modes.
It is also used for 640 column CGA modes and
MDA/Hercules text mode. In all 320 column CGA
modes and Hercules graphics mode, the alternate
register is used.

7-0 Horizontal Blank Start

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.

|D7|D6|D5|D4]|D3]D2]D1{D0}

- HBlank End

- DE Skew Control
Light Pen Register Enable

This register is used for all VGA and EGA modes.
It is also used for 640 column CGA modes and
MDA/Hercules text mode. In all 320 column CGA
modes and Hercules graphics mode, the alternate
register is used.

4-0 Horizontal Blank End

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
CRO2 + W] and 1Fh. The most significant
bit is programmed in CROS bit-7. This bit =
[( CRO2 + W) and 20h]/20h.

6-5 Display Enable Skew Control

Defines the number of character clocks that
the Display Enable signal is delayed to
compensate for intemal 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 START HORIZONTAL SYNC END
REGISTER (CR(04) REGISTER (CR05)
Read/Write at 1/0 Address 3BSh/3D5h Read/Write at 1/0 Address 3B5Sh/3D5h
Index 04h Index O5h
Group 0 Protection Group 0 Protection
D7 D6|D5|D4]D3|D2]DIJDO] @7]D6|DS]D4|D3]D2]DI|DW
- Horizontal Sync End
- Horizontal Sync Start
| Horizontal Sync Delay
H Blank End Bit 5

-

This register is used for all VGA and EGA modes.
It is also used for 640 column CGA modes and
MDA/Hercules text mode. In all 320 column CGA
modes and Hercules graphics mode, the alternate
register is used.

7-0  Horizontal Sync Start

These bits specify the beginning of Hsync in
terms of Character clocks from the
beginning of the display scan. These bits
also determine display centering on the
screen.

This register is used for all VGA and EGA modes.
It is also used for 640 column CGA modes and
MDA/Hercules text mode. In all 320 column CGA
modes and Hercules graphics mode, the alternate
register is used.

4-0 Horizontal Sync End

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
CR04) and 1Fh.

6-5 Horizontal Sync Delay

These bits specify the number of character
clocks that the Horizontal Sync is delayed 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).

Revision 0.6
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VERTICAL TOTAL REGISTER (CR06) OVERFLOW REGISTER (CR07)
Read/Write at 1/0 Address 3B5hi3D5h Read/Write at 110 Address 3BSh/3DSh
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]D6D5|D4[D3]D2]D1]Do]

- V Total (Scan Lines)
(Lower 8 Bits)

This register is used in all modes.
7-0 Vertical Total

These are the 8 low order bits of a 10-bit
register. The 9th and 10th bits are located in
the CRT Controller Overflow Register. The
Vertical Total value specifies the total
number of scan lines (horizontal retrace
periods) per frame.

Programmed Count = Actual Count — 2

[D7|Ds|Ds|D4]D3[D2]P1]Do0]

V Total Bit 8

V DE End Bit 8

V Sync Start Bit 8
V Blank Start Bit 8
Line Compare Bit 8
V Total Bit 9

V DE End Bit 9

V Sync Start Bit 9

This register is used in all modes.

0

N AN s W N -

Vertical Total Bit 8

Vertical Display Enable End Bit 8
Vertical Sync Start Bit 8

Vertical Blank Start Bit 8

Line Compare Bit 8

Vertical Total Bit 9

Vertical Display Enable End Bit 9
Vertical Sync Start Bit 9
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CRT Controller Registers

PRESET ROW SCAN REGISTER (CR08)
Read/Write at 110 Address 3B5h/3D5Sh
Index 08h

Group 3 Protection

|D7]|D6]|Ds|D4|D3|D2|D1|Do]

- Start Row Scan Count

- Byte Panning Control
Reserved

6-5

Start Row Scan Count

These bits specify the starting row scan
count after each vertical retrace. Every
horizontal retrace increments the character
row scan line counter. The horizontal row
scan counter is cleared at maximum row
scan count during active display. This
register is used for soft scrolling in text
modes.

Byte Panning Control

These bits specify the lower order bits for
the display start address. They are used for
horizontal panning in Odd/Even and Quad
modes.

Reserved (0)

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

Index 09h

Group 2 Protection on bits 04

Group 4 Protection on bits 5-7

[b7]D6]Ds]D4]D3[D2]D1]D0]

Scan Lines Per Row

V Blank Start Bit 9
Line Compare Bit 9
Double Scan

4-0 Scan Lines Per Row

These bits specify the number of scan lines
in a row:

Programmed Value = Actual Value + 1
5  Vertical Blank Start Register Bit 9
6 Line Compare Register Bit 9
7  Double Scan

0 Nommal Operation
1 Enable scan line doubling

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.

Revision 0.6
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CRT Controller Registers

CURSOR START SCAN LINE
REGISTER (CR0A)

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

Group 2 Protection

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

- Cursor Start Scan Line

- Cursor off

- Reserved

Cursor Start Scan Line

These bits specify the scan line of the
character row where the cursor display
begins.

S  Cursor Off

0 Text Cursor On
1 Text Cursor Off

7-6 Reserved (0)

CURSOR END SCAN LINE
REGISTER (CR0B)

Read/Write at 1/0 Address 3BSh/3D5h
Index OBh

Group 2 Protection

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

- Cursor End Scan Line

iy Cursor Delay
Reserved

4-0  Cursor End Scan Line

These bits specify the scan line of a character
row where the cursor display ends (i.e., last
scan line for the block cursor):

Programmed Value = Actual Value + 1

6-5 Cursor Delay
These bits define the number of character
clocks that the cursor is delayed to
compensate for internal pipeline delay.
7  Reserved (0)

Note: If the Cursor Start Line is greater than the
Cursor End Line, then no cursor is generated.
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CRT Controller Registers

START ADDRESS HIGH REGISTER (CROC)
Read/Write at 1! O Address 3B5h/3D5h
Index OCh

D7{D6]D5[D4|D3[D2{D1|D0}

- Display Start Address High
(Upper 8 bits)

d

7-0 Display Start Address High

This register contains the upper 8 bits of the
display start address. In CGA / MDA /
Hercules modes, this register wraps around
at the 16K, 32K, and 64Kbyte boundaries

respectively.

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

[D7]D6Ds D4 ]D3[p2]b1 Do)

- Display Start Address Low
(Lower 8 bits)

]

7-0 Display Start Address Low

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 comer of the
screen.

CURSOR LOCATION HIGH REGISTER (CROE)
Read/Write at 110 Address 3B5h/3D5h
Index OEh

D7|D6{D5|D4]D3]D2|D1]Do]

- Text Cursor Address
(Upper 8 bits)

7-0  Cursor Location High

This register contains the upper 8 bits of the
memory address where the text cursor is
active. In CGA / MDA / Hercules modes,
this register wraps around at 16K, 32K, and
64Kbyte boundaries respectively.

CURSOR LOCATION LOW REGISTER (CROF)
Read/Write at I/0 Address 3B5h/3D5h
Index OFh

[D7]D6|Ds |p4 [D3]p2]D1 ]D0]

- Text Cursor Address
(Lower 8 bits)

-

7-0  Cursor Location Low

This register contains the lower 8 bits of the
memory address where the text cursor is
active. In CGA / MDA / Hercules modes,
this register wraps around at 16K, 32K, and
64Kbyte boundaries respectively.
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CRT Controller Registers

LIGHTPEN HIGH REGISTER (CR10)
Read only at 110 Address 3B5h/3D5h
Index 10h

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

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

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

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

Index 10h

Group 4 Protection

[D7]D6}D5{D4]D3|D2[D1{D0]

- V Sync Start
(Lower 8 bits)

This register is used in all modes. This register is
not readable in (Line Compare bit-9) MDA/Hercules
emulation or when CRO3 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.

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

Index 11h

Group 3 Protection for bits 4 and 5

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

[D7]De[Ds[Da]D3]D2]D1]D0)

V Sync End

V Interrupt Clear

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

This register is used in all modes. This register is

not readable in MDA/Hercules emulation or when

CRO3 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
bits 3-0 of this register = (CR10 + N) AND
OFh.

4  Vertical Interrupt Clear

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

S Vertical Interrupt Enable

0 Enable vertical interrupt (default)
1 Disable vertical interrupt

This bit is cleared by RESET.
6  Select Refresh Type

0 3 refresh cycles per scan line
1 S refresh cycles per scan line

7  Group Protect 0

This bit is logically ORed with XR15 bit-6
to determine the protection for group 0
registers. This bit is cleared by RESET.

0 Enable writes to CRO0-CR07
1 Disable writes to CR00-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 1/0 Address 3B5h/3D5h
Index 12h

Group 4 Protection

[D7]D6]Ds[D4]D3[D2]D1]D0]

-~

- V Display Enable End
(Lower 8 bits)

7-0  Vertical Display Enable End

These are the eight low order bits of a 10-bit
register. The 9th and 10th bits are located in
the CRT Controller Overflow register. The
actual count = Contents of this register + 1.

OFFSET REGISTER (CR13)
Read/Write at 1/0 Address 3B5h/3D5h
Index 13h

Group 3 Protection

D7]|D6|Ds|D4|D3]D2]D1]D0]

- 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 +
Z/2), where Z = bit defined in XROD, K = 2
in byte mode, and K = 4 in word mode.
Byte, word and double word mode is
selected by bit-6 of CR17 and bit-6 of
CR14. A less significant bit than bit-0 of
this register is defined in the Auxiliary Offset
register (XROD). This allows finer
resolution of the bit map width. Byte, word
and doubleword mode affects the translation
of the 'logical' display memory address to
the ‘physical’ display memory address.

UNDERLINE LOCATION REGISTER (CR14)
Read/Write at 110 Address 3B5Sh/3D5h

Index 14h

Group 3 Protection

D7{D6|D5|D4]D3|D2{D1]D0}

Underline Position

Count by 4
Doubleword Mode
Reserved

4-0 Underline Position

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

Programmed Value = Actual scan line
number - 1

5 Count by 4 for Doubleword Mode

0 Frame Buffer Address is incremented
by lor2

1 Frame Buffer Address is incremented
by 4or2

See CR17 bit-3 for further details.
6  Doubleword Mode

0 Frame Buffer Address is 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 1/0 Address 3B5h/3D5h
Index 15h

Group 4 Protection

[57]D6]Ds[D4]D3]D2]Di Do)

- V Blank Start
(Lower 8 bits)

This register is used in all modes.
7-0 Vertical Blank Start

VERTICAL BLANK END

REGISTER (CR16)
Read/Write at 110 Address 3BSh/3D5h

Index 16h
Group 4 Protection

{D7|D6|D5{D4|D3|D2{D1]D0}

- V Blank End
(Lower 8 bits)

o

This register is used in all modes.

7-0 Vertical Blank End
These are the 8 low order bits of the scan

These are the 8 low order bits of a 10-bit
register. The 9th and 10th bits are located in
the CRT Controller Overflow and Maximum
Scan Line Registers respectively. Together
these 10 bits define the scan line position
where vertical blank begins. The interval
between the end of the vertical display and
the beginning of vertical blank is the bottom
border on the screen.

line count which specifies the end of Vertical
Blank. If the vertical blank width desired is
Z lines these bits = (Vertical Blank Start + Z)
and OFFh.
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CRT MODE CONTROL REGISTER (CR17)
Read/Write at /O Address 3B5h/3D5h

Index 17h

Group 3 Protection for bits 0, 1, and 3-7
Group 4 Protection for bit 2

{D7]D6|Ds]D4| D3] D2|D1[D0]

Compatibility Mode
Select Row Scan Cir
Vsync Select

Count by 2
Reserved

Address Wrap
Word/Byte Mode
CRTC Reset

0  Compatibility Mode Support

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

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

1 Normal operation, no substitution
takes place

1  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 Normal operation, no substitution
takes place

" 2 Vertical Sync Select

This bit controls the 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.

Count By Two
0 Memory address counter is
incremented every character clock

1 Memory address counter is
incremented every two character
clocks, used in conjunction with bit 5
of OFh.

Note: This bit is used in conjunction with
CR14 bit-5. The net effect is as follows:
Increment
CR14 CR17  Addressing
Bit-5 Bit-3 Every

0 0 1 CCLK
0 1 2CCLK
1 0 4 CCLK
1 1 2CCLK

Note: In Hercules graphics and Hi-res CGA
modes, address inrements every two clocks.

Reserved (0)

Address Wrap (effective only in word mode)

0 Wrap display memory address at 16
Kbytes. Used in IBM CGA mode.
1 Nomnal 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 bit-6 to select byte, word, or double
word memory addressing as follows:

CR14 CR17
Bit-6 Bit-6 Addressing Mode
0

0 Word Mode
0 1 Byte Mode
1 0 Double Word Mode
1 1 Double Word Mode

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

Hardware Reset

0 Force HSYNC and VSYNC inactive.
No other registers or outputs affected.
1 Normal Operation

This bit is cleared by RESET.

Revision 0.6

60

Preliminary 65520/530



CRT Controller Registers

HAir

Display memory addresses are affected by CR17 bit

6 as shown in the table below:
Logical Physical Memory Address
Memory Byte Word Double Word
Address Mode Mode Mode
MAOO A00 Note 1 Note 2
MAQ1 A01 AQ0 Note 3
MAQ2 AQ2 A0l AQ0
MAOQO3 A03 AQ2 AQ1
MAM4 A04 A03 AQ2
MAQS AQ5 AM4 AQ3
MAO6 A06 AQ5 A4
MAOQ7 AQ7 A06 A0S
MAOQS8 AQ8 AQ7 A06
MAQ9 A09 AQ8 AQ7
MAI10 Al0 A9 A08
MAII All Al0 A9
MA12 Al2 All Al0
MAI13 Al3 Al2 All
MA14 Al4 Al3 Al2
MAI1S5 AlS Al4 Al3

Note 1 = A13 * NOT CR17 bit 5

+ Al5* CR17bit 5

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

LINE COMPARE

REGISTER (CR18)

Read/Write at 1l/O Address 3B5Shi3D5h
Index 18h

Group 3 Protection

|D7|{D6|D5]D4]D3{D2|D1{D0]

- Line Compare Target

= (Lower 8 bits)

7-0

Line Compare Target

These are the low order 8 bits of a 10-bit
register. The Sth 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 is cleared t0 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. This register is not
affected by the double scanning bit (CR09
bit 7).

\
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MEMORY DATA LATCH CLEAR VERTICAL

REGISTER (CR22) DISPLAY ENABLE FFh (CR3X)

Read only at 110 Address 3B5h/3D5h Write only at 110 Address 3BSh/3D5h

Index 22h Index 3xh

[D7|D6]D5]D4|D3|D2{D1|D0}

Data Latch n Bit 7
Data Latchn Bit 6
Data Latchn Bit §
Data Latch n Bit 4
Data Latch n Bit 3
Data Latch n Bit 2
Data Latch n Bit 1
Data Latch n Bit 0

This register 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 (GR04 bits 0-1) and is in 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 IO Address 3BSh/3D5h
Index 24h
{D7{D6]D5|D4|D3|D2|D1]D0]
I Index (0) / Data (1)
Reserved

Palette Address Source

Attribute
Controller
Index

This register may be used to read back the state of
the attribute controller index/data latch.

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

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

[D7|DﬁTb5|D4103]02]01]Do]

Clear Vert Disp Ena FF

- Ignored

o

Writing odd data values to CRTC index 30-3Fh
causes the vertical display enable flip-flop to be
cleared. The flip-flop is automatically set by
reaching vertical total. The effect of this is to force a
longer vertical retrace period. There are two side
effects of terminating vertical display enable early:
first, the screen blanks early for one e causing a
minor visual disturbance and second, the sequencer
gives more display memory cycles to the CPU
because vertical display is not enabled.

Reads from this register are not decoded and will
return indeterminate data.

This is a standard VGA register which was not
documented by IBM.
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Graphics Controller Registers
Register 10 Protect
Mnemonic Register Name Index Access Address Group Page
GRX Graphics Index - RW 3CEh 1 63
GROO Set/Reset 00h RW 3CFh 1 63
GRO1 Enable Set/Reset Oth RW 3CFh 1 64
GRO02 Color Compare 02h RW 3CFh 1 64
GRO3 Data Rotate 03h RW 3CFh 1 64
GR0O4 Read Map Select 04h RW 3CFh 1 65
GROS Graphics mode 0sh RW 3CFh 1 66
GRO6 Miscellaneous 06h RW 3CFh. . 1 67
GRO7 Color Don't Care 07h RW 3CFh 1 68
GRO8 Bit Mask 08h RW 3CFh 1 69
GRAPHICS CONTROLLER SET/RESET REGISTER (GR00)
INDEX REGISTER (GRX) Read/Write at 1/O Address 3CFh
Write only at 1/0 Address 3CEh Index 00h
Group 1 Protection Group 1 Protection
D7|D6{Ds5]|D4|D3[D2]D1]D0] {D7|D6|D5[D4]|D3[D2]D1]D0]
] Set/Reset Bit 0
———— 1 Index to Graphics Set/Reset Bit 1
- Controller Data Sey/Reset Bit 2
g Registers Set/Reset Bit 3
- Reserved Reserved

3-0 4-bit Index to Graphics Controller Registers

7-4 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

7-4

Set / Reset Planes 3-0

When the Graphics Mode register selects
Write Mode 0, 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 of the source of data to be
written to individual planes. In Write Mode
3 (see GROS), these bits determine the color
value.

Reserved (0)
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ENABLE SET/RESET REGISTER (GR01)
Read/Write at 110 Address 3CFh

Index 01h

Group 1 Protection

|p7]D6|Ds]p4|D3|D2{D1 {DO]

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

Reserved

3-0 Enable Set / Reset Planes 3-0

This register works in conjunction with the
Set/Reset register (GR00). The Graphics
Mode register must be programmed to Write
Mode 0 in order for this register to have any
effect.

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

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

7-4 Reserved (0)

COLOR COMPARE REGISTER (GR02)
Read/Write at 110 Address 3CFh

Index 02h

Group 1 Protection

[D7|D6{Ds|D4|D3|D2|D1{DO]

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

Reserved

3-0 Color Compare Planes 3-0

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 compare to data read
from display memory planes 0-3. The Color
Don't Care register (GRO7) is used to affect
the result. This register is active only if the
Graphics Mode register (GROS) is set to
Read Mode 1. A match between the
memory data and the Color Compare register
(GRO02) (for the bits specified in the Color
Don't Care register) causes a logical 1 to be
placed on the CPU data bus for the
corresponding data bit; a mis-match returns
a logical 0.

7-4 Reserved (0)
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DATA ROTATE REGISTER (GR@3) READ MAP SELECT REGISTER (GR04)
Read/Write at /0 Address 3CFh Read/Write at 1/0 Address 3CFh

Index 03h Index 04h

Group 1 Protection Group 1 Protection

|D7}Ds|Ds|D4]D3]D2]D1 D0}

Rotate Count 0
Rotate Count 1
Rotate Count 2

Function Select

Reserved

2-0 DataRotate Count

These bits specify the number of bits to
rotate to the right the data being written by
the CPU. The CPU data bits are first
rotated, then subjected to the logical
operation as specified in the Function Select
bit field. The rotate function is active only if

{D7|D6]|D5|D4|D3|D2|D1{DoO]

Read Map Select 0
— Read Map Select 1

- Reserved

1-0 Read Map Select

This register is also used to 'reduce’ 32 bits
of memory data to 8 bits for the CPU in the
4-plane graphics mode. These bits select the
memory plane from which the CPU reads
data in Read Mode 0. In Odd/Even mode,
bit-0 is ignored. 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 the logical Bitl BitQ Map Selected
functon 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 data is written to 1 0 Plane 2
display memory. These bits operate as 1 1 Plane 3
follows: 72 Reserved (0)
Bit4 Bit3 Result
.0 0 No change to the Data,
Latches are updated
0 1 Logical 'AND' between Data
and latched data
1 0 Logical '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 (GR05)
Read/Write at 110 Address 3CFh

Index 05h

Group 1 Protection

|D7]D6}D5|D4]D3|D2|D1]{DO}

—] Write Mode
Reserved
Read Mode

Odd/Even Mode

Shift Register Mode

Reserved

1-0  Write Mode

For 16-bit writes, the operation is repeated
on the lower and upper bytes of CPU data.

1
0

0 Write Mode

0 Write mode 0. Each of the four
display memory planes is written
with the CPU data rotated by the
number of counts in the Rotate
Register, except when the
Set/Reset Register is enabled for
any of the four planes. When the
Set/Reset Register is enabled, the
corresponding plane is written
with the data stored in the
Set/Reset Register.

1 Write mode 1. Each of the four
display memory planes is written
with the data previously loaded in

the processor latches. These .

latches are loaded during all read
operations.

0 Write mode 2. The CPU data bus
data is treated as the color value for
the addressed byte in planes 0-3.
All eight pixels in the addressed
byte are modified unless protected
by the Bit Mask register setting. A
logical 1 in the Bit Mask register
sets the comesponding pixel in the
addressed byte to the color
specified on the data bus. A 0 in
the Bit Mask register sets the
corresponding pixel in the
addressed byte to the

corresponding pixel in the
processor latches. The Set/Reset
and Enable Set/Reset registers are
ignored. The Function Select bits
in the Data Rotate register are
used.

1 Write mode 3. The CPU data is

rotated then logically ANDed with
the contents of the Bit Mask
register (GRO8) and then treated as
the addressed data's bit mask,
while the contents of the Set/Reset
register is treated as the color
value.

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

A 'l' on the data bus (mask)
causes the corresponding pixel in
the addressed byte to be set to the
color value specified in the
Set/Reset register.

The Enable Set/Reset register is
ignored. The Data Rotate is used.
This write mode can be used to fill
an area with a single color and
pattern.

Reserved (0)
Read Mode
0 The CPU reads data from one of the

planes as selected in the Read Map
Select register.

The CPU reads the 8-bit result of the
logical comparison between all eight
pixels in the four display planes and
the contents of the Color Compare and
Color Don't Care registers. The CPU
reads a logical 1 if a match occurs for
each pixel and logical O if a mis-match
occurs. In 16-bit read cycles, this
operation is repeated on the lower and

upper bytes.

(Continued on following page)
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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

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 MOD0-MQOD?7,
M1D0-M1D7, M2D0-M2D7, and M3D0-M3D7 respectively, then the data in the serial shift registers is
shifted out as follows:

65
00:

01:

1x:

Note:

Last Bit
Shifted
Out

MODO
MIDO
M2D0
M3DO0

MIDO
MID1
M3D0
M3D1

M3DO0
M3D1
M3D2
M3D3

MOD1
MID1
M2D1
M3D1

MID2
MID3
M3D2
M3D3

M3D4
M3D5
M2D6
M3D7

MOD2
MI1D2
M2D2
M3D2

M1D4
MID5
M3D4
M3D5

M2D0
M2D1
M3D2
M2D3

Shift

Direction —

MOD3
MI1D3
M2D3
M3D3

MID6
Mi1D7
M3D6
M3D7

M2D4
M2D5
M2D6
M2D7

MO0D4
MID4
M2D4
M3D4

MODO
MOD1
M2D0
M2D1

MIDO
MID1
MI1D2
MID3

MODS
MID5
M2D5
M3D5

MOD2
MOD3
M2D2
M2D3

M1D4
MID5
MI1D6
MID7

MOD6
MI1D6
M2D6
M3D6

MOD4
MOD5
M2D4
M2D5

MODO
MOD1
MO0D2
MOD3

option is useful for compatibility with the IBM CGA memory organization.

1st Bit
Shifted
Out

MOD7
MID7
M2D7
M3D7

MOD6
MOD7
M2D6
M2D7

MOD4
MODS
MOD6
MOD7

Out-
put
to:

Bit O
Bit1l
Bit 2
Bit 3

Bit0
Bit 1
Bit 2
Bit 3

Bit0
Bit 1
Bit 2
Bit3

If the Shift Register is not loaded every character clock (see SRO1 bits 2&4) then the four 8-bit
shift registers are effectively ‘chained' with the output of shift register 1 becoming the input to
shift register O and so on. This allows one to have a large monochrome (or 4 color) bit map and

display one portion thereof.
Note: If XR28 bit-4 is set (8-bit video path), GROS bit-6 must be set to 0:
Ox and XR28 bit-4=1: M3D0O M2D0 MIDO MODO Bit0
M3D1 M2D1 MID1 MODI1 Bit 1
M3D2 M2D2 MID2 MOD2 Bit 2
M3D3 M2D3 MID3 MOD3 Bit 3
M3D4 M2D4 MID4 MOD4 Bit4
M3D5 M2D5 MIDS MOD5 Bit 5
M3D6 M2D6 MID6 MOD6 Bit 6
M3D7 M2D7 MID7 MOD7 Bit7
7  Reserved (0)
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MISCELLANEOUS REGISTER (GR06)
Read/Write at 1/0 Address 3CFh

Index 06h

Group 1 Protection

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

Graphics/Text Mode
*———— Chain Odd/Even Planes

——— | Memory Map Mode

- Reserved

0  Graphics/Text Mode

0 Text Mode
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 AQ is replaced by a
higher order address bit. The state of
AQ determines which memory plane is
to be selected:

A0 =0: select planes 0 and 2
AQ=1: select planes 1 and 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 AQ000Ch-BFFFFh
0 1 A0000Oh-AFFFFh
1 0 B000Oh-B7FFFh
1 1 B8000h-BFFFFh

7-4 Reserved (0)

COLOR DON'T CARE REGISTER (GR07)
Read/Write at 110 Address 3CFh

Index 07h

Group 1 Protection

D7]|D6]D5{D4|D3|D2]D1]D0]

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

Reserved

3-0 Ignore Color 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. This register is active in
Read Mode 1 only.

7-4 Reserved (0)
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BIT MASK REGISTER (GR08)
Read/Write at 1/0 Address 3CFh
Index 08h

Group 1 Protection

|D7]|D6|Ds]|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
a rotate, 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 all four
planes simultaneously.

0 The corresponding bit in each of the
four memory plancs is written from
the corresponding bit in the latches

1 Unrestricted manipulation of the
corresponding data bit in each of the
four memory plancs is permitted
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Attribute Controller and Color Palette Registers

Attribute Controller and VGA Color Palette Registers

Register 10 Protect
Mnemonic Register Name Index Access Address Group Page
ARX Attribute Index (for 3C0/3C1h) - RW 3C0Oh 1 71
ARO0-AROF Attribute Controller Color Data 00-OFh RW 3C0h/3Cih 1 72
AR10 Mode Control 10h RW 3C0h/3Clh 1 72
AR11 Overscan Color 11h RW 3C0h/3Cih 1 73
AR12 Color Plane Enable 12h RW 3C0h/3Cih 1 73
AR13 Horizontal Pixel Panning 13h RW 3C0n3Cilh 1 74
AR14 Pixel Pad 14h RW 3C6h/3Clh 1 74
DACMASK Color Palette Pixel Mask - RW 3C6h 6 75
DACSTATE Color Palette State - R 3C7h - 75
DACRX Color Palette Read-Mode Index - w 3C7h 6 76
DACX Color Palette Index (for 3C%h) - RW 3C8h 6 76
DACDATA Color Palette Data 00-FFh RW 3C%h 6 76
In regular VGA mode, all Attribute Controller ATTRIBUTE INDEX

registers are located at the same byte address (3COh) REGISTER (ARX)

in the CPU V/O space. An internal flip-flop controls Read/Write at 110 Address 3COh

the selection of either the Attribute Index or Data Group 1 Protection

Registers. To select the Index Register, an I/O Read

is executed to address 3BAh/3DAh to clear this flip-

flop. After the Index Register has been loaded by an [D7]D6|Ds[D4{D3]D2{D1 | Do)

I/O Write to address 3COh, this flip-flop toggles, and ]

the Data Register is ready to be accessed. Every I/O Index to

Write to address 3COh toggles this flip-flop. The .

flip-flop does not have any effect on the reading of [ Auribute Controller
the Auribute Controller registers. The Attribute Data Registers
Controller index register is always read back at |

address 3COh, the data register is always read back Video Enable

at address 3C1h. N

In one of the extended modes (See "CPU Interface T Reserved

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 I/0O 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, however an external color palette
chip may still be used by disabling the intemal color
palette (see XR06). DAC logic is provided on-chip
(or in the external 'RAMDAC' chip if used) to
convert the final video output of the color palette to
analog RGB outputs for use in driving a CRT
display.

Attribute Controller Index

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

S Enable Video

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

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

Reserved (0)

4-0

7-6
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Attribute Controller and Color Palette Registers

ATTRIBUTE CONTROLLER
COLOR REGISTERS (AR00-AR(F)
Read at I/0 Address 3C1h

Write at 110 Address 3C0/1h

Index 00-OFh

Group 1 Protection or XR63 bit-6

[D7]D6]Ds|p4|D3]D2]D1]D0]

Blue

f———— Green

Red

Secondary Blue
Secondary Green
Secondary Red

]— Reserved
50 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 110 Address 3Cl1h

Write at /O Address 3C0/1h

Index 10h

Group 1 Protection

[D7]D6|D5|D4[D3[D2]D1]D0]

Text"Graphics Mode
Mono/Color Display
Enable Line Graphics
Sclect Background
Reserved

Horizontal Split Screen
256 Color

Video Output 4-5 Select

0  Text/Graphics Mode

0 Select text mode
1 Select graphics mode

1 Monochrome/Color Display

0 Select color display attributes
1 Select mono display attributes

Enable Line Graphics Character Codes

This bit is dependent on bit 0 of the Override
register.

0 Make the ninth pixel appear the same
as the background )

1 For special line graphics character
codes (OCOh-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.

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 Disable Blinking and enable text mode
background intensity

1 Enable the blink attribute in text and
graphics modes.

Reserved (0)
Split Screen Horizontal Panning Mode

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

256 Color Qutput Assembler

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

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

Video Output 5-4 Select

0 Video bits 4 and 5 are generated by the
intemal Attribute Controller color
palette registers

1 Video bits 4 and 5 are the same as bits
0 and 1 in the Pixel Pad register
(AR14)
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OVERSCAN COLOR REGISTER (AR11)
Read at I/O Address 3C1h

Write at 1/O Address 3C0/1h

Index 11H

Group 1 Protection

[57]D6]D5]D4]D3]D2]D1]D0}

- 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 area; 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 1/0 Address 3C1h

Write at 1/0 Address 3C0/1h

Index 12h

Group 1 Protection

ID7{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

54

7-6

Reserved

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

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
BitS Bit4 BitS Bit4
0 0 P2 PO
0 1 PS P4
1 0 P3 P1
1 1 P7 P6
Reserved (0)
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Attribute Controller and Color Palette Registers

ATTRIBUTE CONTROLLER HORIZONTAL
PIXEL PANNING REGISTER (AR13)

Read at I/0 Address 3C1h

Write At 1/0 Address 3C0/1h

Index 13h

Group 1 Protection

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

t—————1 Horizontal
- Pixel Panning

- Reserved

3-0 Horizontal Pixel Panning

These bits select the number of pixels to shift
the display horizontally to the left. Pixel
panning is available in both text and graphics
modes. In 9 pixel/character text mode, the
output can be shifted a maximum 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 bit-6 = 1), bit O of this
register must be 0 which results in only 4
panning positions per display byte. In Shift
Load 2 and Shift Load 4 modes, register
CRO8 provides single pixcl 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 S -
6 7 6 3
7 8 7 --
8 0 -- --

7-4 Reserved (0)

ATTRIBUTE CONTROLLER
PIXEL PAD REGISTER (AR14)
Read at 110 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 ARI0O bit-7=1
Video bit-S if AR10 bit-7=1
Video bit-6 if not 256-color
Video bit-7 if not 256-color

Reserved

1-0 Video Bits 54

These bits are output as video bits 5 and 4
when AR10 bit-7 = 1. They are disabled in
the 256 color mode.

3-2 Video Bits 7-6

These bits are output as video bits 7 and 6 in
all modes except 256-color mode.

7-4 Reserved (0)
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Attribute Controller and Color Palette Registers

COLORPALETTE

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

Group 6 Protection

|D7]Ds|Ds|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 bits in this register therefore cause the
corresponding address input 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.

This register is physically located on-chip (the chip
will respond directly if the internal color palette is
enabled). This register is also implemented in
external color palette chips (RAMDACS) and the
external copy will be used if an external RAMDAC is
used instead (the on-chip mask register will be
ignored if the internal color palette is disabled).
Reads from this I/O location cause the PALRD/ pin
to be asserted if the internal color palette is disabled.
Writes to this I/O location cause the PALWR/ pin to
be asserted if the intenal color palette is disabled. If
the intemnal color palette is disabled, the functionality
of this port is therefore determined by the external
palette chip.

COLORPALETTE
STATE REGISTER (DACSTATE)
Read only at 110 Address 3C7h

{D7|Ds}D5{D4{D3[D2[D1|Do]

Palette State 0
Palette State 1

- Reserved

1-0  Palette State 10

Status bits indicate the I/O 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 allow 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 the index is written
at 3C7h or 3C8h.

This register is physically located on-chip (PALRD/
is not asserted for reads from this I/0 address
independent of whether the intemal palette is enabled
or disabled). .y

Revision 0.6

Preliminary 65520/530



Attribute Controller and Color Palette Registers

COLORPALETTE

READ-MODE INDEX REGISTER (DACRX)
Write only at 110 Address 3C7h

Group 6 Protection

COLORPALETTE

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

{D7]|D6{Ds|D4]|D3|D2{D1|Do]

[D7{D6|Ds|D4}D3{D2|D1 DO}

Color Palette Index 0
Color Palette Index 1
Color Palette Index 2
Color Palette Index 3
Color Palette Index 4
Color Palette Index 5
Color Palette Index 6
Color Palette Index 7

COLORPALETTE

DATA REGISTERS (DACDATA 00-FF)

Read/Write at I/O Address 3C9h

Index O0Oh-FFh

Group 6 Protection

Access

Ist 2nd ard
Red0 Green0 Blue0
Red1l Greenl Bluel
Red2 Green2 Blue2
Red3 Green3 Blue3
Red4 Greend4 Blue 4
RedS GreenS Blue$

(Red 6) (Green 6) (Blue 6)
(Red7) (Green 7) (Blue 7)

The color palette index and data registers are
physically located on-chip and in the extemal color
palette chip if one is used. Which set of registers is
used depends on whether the on-chip color palette is
enabled. If the on-chip palette is enabled, PALRD/
and PALWR/ are never active. If the on-chip color
palette is disabled, PALLRD/ and PALWR/ are active
on I/O reads and writes respectively to enable the
external palette chip.

In either case, the index register is used to point to
one of 256 data registers. Each data register is either
18 or 24 bits in 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 (3C%h) in
sequence: first red, then green, then blue, then
repeat for the next location if desired (the index is
incremented automatically by the palette 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 the
index value is written to 3C8h (write mode), the
automatic incrementing of the index register does not
occur.

After the third of the three sequential data reads from
(or writes to) 3C%h 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 sequence is 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 value if the last
index write was to the 'read mode’ port. The state is
saved for which port (3C7h or 3C8h) was last
written and that information is returned on reads
from 3C7h (PALRDY/ is only asserted on reads from
3C8h and not on reads from 3C7h if the intemal
palette is disabled). Writes to 3C7h or 3C8h cause
the PALWR/ pin to be asserted if the on-chip palette
is disabled.

If the on-chip color palette is disabled, the
functionality of the index and data ports is
determined by the extemal palette chip.
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Extension Registers

Register 10 State After
Mnemonic __Group Extension Register Name Index Access  Addres Reset

- Extension Index - RW 3D6h -xxxxxxx 78
XR00 Misc Chip Version (65520: v=7, 65530: v=8) 00h RO 3D7h vvvvrrrr 78
XRO1 Misc Configuration 01h RO 3D7h dddddddd 79
XR02 Misc CPU Interface 02h RW 3D7h 00000000 80
XR04 Misc Memory Control 04h RwW 3D7h 00000000 80
XR06 Misc Color Palette Control 06h RW 3D7h 00000000 81
XROD Misc Auxiliary Offset 0Dh RwW 3D?th  -- ... 00 83
XROE Misc Text Mode Control OEh RW 3D7h ----00- - 83
XROF Misc Software Flags 2 OFh R/W 3D7Th xxxxxxxx 83
XR28 Misc Video Interface 28h RW 3D7h 00000000 92
XR2B Misc Default Video 2Bh RW 3D7h 00000000 93
XR44 Misc Software Flags 44h RW 3D7h xxxxxxxx 95
XR70 Misc Setup / Disable Control 70h RW 3D7h 0------.- 113
XR7F Misc Diagnostic 7Fh RW 3D7h 00xxxx00 113
XROB Mapping CPU Paging 0Bh RW_  3D7h ---00000 82
XR0OC Mapping Start Address Top 0Ch RW 3D7h -- ---- 00 82
XR10 Mapping Single/Low Map 10h RW 3D7h xxxxxxxx 84
XR11 Mapping High Map 11h RW 3D7h  xxxxxxxx 84
XR14 Compatibility Emulation Mode 14h RW 3D7h 0000hhOO 85
XR15 Compatibility Write Protect 15h RW 3D7h 00000000 86
XRI1F Compatibility Virtual EGA Switch 1Fh RW 3D7h 0---xxxx 40
XR7E Compatibility CGA/Hercules Color Select 7Eh RW 3D7h - -xxxxxx 114
XR18 Alternate Alternate Horizontal Display End 18h RW 3D7Th  xxxxxxxx 87
XR19 Alternate Alt H Sync Start / Half Line Compare 1%h RW 3D7h  xxxxxxxx 87
XR1A Alternate Alternate Horizontal Sync End 1Ah RW 3D7Th xxxxxxxx 88
XR1B Alternate Altenate Horizontal Total 1Bh RwW 3D7Th xxxxxxxx 88
XR1C Alternate Altemate H Blank Start / H Panel Size 1Ch RW 3D7Th xxxxxxxx 89
XR1D Alternate Alternate Horizontal Blank End 1Dh RW 3D7Th OxxxXxXX 89
XRI1E Alternate Alternate Offset 1Eh RW 3D7Th  xxxxxxxx 90
XR24 Flat Panel Alternate Maximum Scan Line 24h RW 3D7h - - -xxxxXx 91
XR25 Flat Panel Alternate Text Mode H Virtual Panel Size 25h RwW 3D7Th  xxxxXxxxx 91
XR2C Flat Panel Vertical Sync (FLM) Delay 2Ch RW 3D7h xxxxxxxx 93
XR2D Flat Panel Horizontal Sync (LP) Delay 2Dh RW 3D7h  xxxxxxxx 94
XR2E Flat Panel Horizontal Sync (LP) Delay 2Eh RW 3D7h xxxxxxxx 94
XR2F Flat Panel Horizontal Sync (LP) Width 2Fh RW 3D7Th xxxxxxxx 95
XR50 Flat Panel Panel Format 50h RW 3D7h  xxxxxxxx 96
XRS1 Flat Panel Display Type 51h RW 3D7Th  xxxxx0xx 97
XR52 Flat Panel Power Down Control 52h RW 3D7h 00000000 98
XRS53 Flat Panel Line Graphics Override 53h RW 3D7Th x-xxxxx0 99
XR54 Flat Panel Panel Interface 54h RW 3D7h xxxxxxxx 100
XRS5 Flat Panel Horizontal Compensation 55h RW 3D7Th xxxx--xx 101
XRS56 Flat Panel Horizontal Centering 56h RW 3D7h xxxxxxxx 102
XR57 Flat Panel Vertical Compensation ,"” 57h RW 3D7h  -xxxxxxx 103
XR58 Flat Panel Vertical Centering 58h RW 3D7Th xxxxxxxx 104
XR59 Flat Panel Vertical Line Insertion S%h RW 3D7h  -xx-xxxx 104
XR5A Flat Panel Vertical Line Replication S5Ah RW 3D7Th - - --xxxx 105
XR5B Flat Panel Panel Power Sequencing Delay (65530) 5Bh RwW 3D7Th 01110001 105
XRSE Flat Panel ACDCLK Control SEh RW 3D7h xxxxxxxx 105
XRSF Flat Panel Power Down Mode Refresh SFh RW 3D7h xxxxxxxx 106
XR60 Flat Panel Blink Rate Control 60h RW 3D7h 10000011 106
XR61 Flat Panel SmartMap™ Control 61h RW 3D7h xxxxxxxx 107
XR62 Flat Panel SmartMap™ Shift Parameter 62h RW ID7h xxxxxxxx 108
XR63 Flat Panel SmartMap™ Color Mapping Control 63h RW 3D7h  x-xxxxxx 108
XR64 Flat Panel Altenate Vertical Total 64h RW 3D7h  xxxxxxxx 109
XR6S Flat Panel Alternate Overflow 65h RW 3D7h xxx--xxx 109
XR66 Flat Panel Alternate Vertical Sync Start 66h RW 3D7h xxxxxxxx 110
XR67 Flat Panel Allemate Vertical Sync End 67h RwW 3D7h - - --xxxx 110
XR68 Flat Panel Vertical Panel Size 68h RW 3D7h xxxxxxxx 111
XR6C Flat Panel Programmable Output Drive (65530) 6Ch RW 3D7h 00000000 111
XR6E Flat Panel Polynomial FRC Control 6Eh RW 3D7h 10111101 111
XR6F Flat Panel Frame Buffer Control 6Fh RwW 3D7h - -xxx000 112
XR7D Flat Panel Compensation Diagnostic 7Dh RO 3D7h - - --.-... 113
Resct Codes:  x = Not changed by RESET (indeterminate on power-up) ~ = Not implemented (always reads 0)

d = Set from the cormresponding data bus pin on falling edge of RESET
h = Read-only Hercules Configuration Register Readback bits

r= Chip revision # (starting from 0000)

0/1 = Reset 10 0 or 1 by falling edge of RESET
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EXTENSION INDEX REGISTER (XRX)
Read/Write at 1/0 Address 3B6h/3DG6h

|p7]D6{Ds|D4|D3]|D2{D1]D0]

Index to
- Extension Registers

Reserved

6-0 Index value used to access the extension
registers

7 Reserved (0)

CHIPS VERSION REGISTER (XR00)
Read only at 1/0 Address 3B7h/3D7h
Index O0h

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

-

- Chip Revision

- Chip Type

7-0  Chip Version - Chip Versions start at 70h in
the 65520 and 80h in the 65530 and are
incremented for every silicon step.
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CONFIGURATION REGISTER (XR01)
Read only at 110 Address 3B7h/3D7h

Index O1h

231 st @

Extension Registers

Note: Actual lgiXd clock frequencies generated (and
how the CLKSEL1-0 outputs are driven) is deter-

mined by Miscellaneous Output register bits 3-2 and
by Feature Control Rc:fgister bits 1-0 in CRT mode
and by Flat Panel Interface Register (XR54) bits 5-2
[D7]D6]Ds[D4 D3 |D2]D1 Do) in flat panel mode.
LB/: Bus Type 3 Memory Clock Source (S6M/)
MC/: Bus Type 0 ?f{lb' 15_7) 2 6(;1411» MH)Z Ons R
. D 1t-2=0 (oscillators):
ooy Pixel Clok Source CLK0=50.350 MHz
+ Memory Clk Source CLK1=56.644 MHz (MCLK src)
XCV/: Transceiver Control CLK2=40.000 MHz
CFGS: Configuration Bit-5 CLK3=44.900 MHz

CFG6: Configuration Bit-6 If bit-2=1 (clock chip):

These bits latch the state of memory address bus A
(AA bus) bits 0-7 on the falling edge of RESET.
The state of bits 04 after RESET effect chip internal
logic as indicated below; bits 5-7 have no hardware
effect on the chip. AA0-4 have on-chip high-value
pullups, but AAS5-7 do not; therefore, the state of
bits 5-7 after RESET will be indeterminate if no
extemal pullup or pulldown resistors are present.

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

1-0 CPUBus Type

00 PI bus

01 MC bus

10 Local Bus (65530 only)
11 ISA bus

2 Pixel Clock Source (OSC/)
0 Oscillator Configuration:

CFG7: Configuration Bit-7

MCLK (CLK0)=56.644 MHz
Clock Select 0=40.000 MHz
Clock Select 1=50.350 MHz
Clock Select 2=User-defined
Clock Select 3=44 900MHz

1 MCLK =50.350 MHz (1 RAM,

If bit-2=0 (oscillators):
CLK0=50.350 MHz (MCLK src)
CLK1=28.322 MHz
CLK2=40.000 MHz
CLK3=44.900 MHz

If bit-2=1 (clock chip):
MCLK (CLK0)=50.350 MHz
Clock Select 0=40.000 MHz
Clock Select 1=28.322 MHz
Clock Select 2=User-defined
Clock Select 3=44.900 MHz

4  Transceiver Control

0 External transceivers
l(gin 69 is VGARD output)

1 0 external transceivers
(pin 69 is ENAVEE/ output)

CLKO-CLK3 are pixel clock inputs T
CLKO or CLK] g?n is MCLK inpul 7-5 Conﬁgur ation bits 7-5 (CFG7‘5)

1 k Chip Configuration: Latched from AA7-5 on the falling edge
CLKO pin is MCLK input (end) of RESET and readable, but otherwise

~CLKI1 pin is pixel clock input have no hardware effect. State after RESET
CLK2 pin is CLKSELO output will be unknown unless external pullup or
CLK3 pin is CLKSEL1 output pulldown resisters are used.
[ Pixel Clock Frequency Generation I
XR54 XR4

3:20or 5:4or OSC/ = 0 (Oscillators)

5

OSC/ = 0 (Osciliators)
02 MSR FCR 56M/ =0 (Mclk=56.644) 56M/ = 1 (Mclk=50.350) 56M/=0 (Mclk=CLK0=56.644) 56M/=1 (Mcdk=CLK0=50.350)

Bit:l 32 10 PclkFreq(ClkSelected) Pclk Freg (Clk Selected) = =
0 00 xx 25175 MHz (CLK0+2) 25.175 MHz (CLK0+2) 25.175 MHz (Clkin+2,Sel=01) 25.175 MHz (MCLK+2)
0 01 xx 28.322MHz(CLK1+2) 28.322 MHz (CLK1) 28.322 MHz (MCLK+2) 28.322 MHz (Clkin,Sel=01)
b 4 1Ix 00 40.000 MHz (CLK2) 40.000 MHz (CLK?2) 40.000 MHz (Clkin,Sel=00)  40.000 MHz (Clkin,Sel=00)
X 1Ix 01 50.350 MHz (CLK1) 28.322 MHz (CLK1) 50.350 MHz (Clkin,Sel=01)  28.322 MHz (Clkin,Sel=01)
X Ix 10 56.644 MHz (CLKO)tt1 50.350 MHz (CLKO)i+1 User-defined (Clkin,Sel=10)t+ User-defined (Clkin,Sel=10)}1
X 1x 11 44.900 MHz (CLK3) 44.900 MHz (CLK3) 44.900 MHz (Clkin,Sel=11)  44.900 MHz (Clkin,Sel=11)
1 00 xx 14.161 MHz (CLK1+4) 14.161 MHz (CLK1+2) 14.161 MHz (MCLK+4) 14.161 MHz (Clkin+2,Sel=01)
1 01 xx 16.783 MHz (CLK0+3) 16.783 MHz (CLK0+3) 16.783 MHz (Clkin+3,Sel=01) 16.783 MHz (MCLK+3)

0SC/ = 1 (Clock Chip)t 0SC/ = 1 (Clock Chip)t

t Altematively, an external clock multiplexer may be used 1o select between multiple discrete oscillators of the frequencies listed
tt One additional user-defined frequency is available by using the clock chip option (more using the 82C404 programmable clock).
111 Pixel clock frequencies > MCLK are generally not useful (no memory bandwidth is available for CPU accesses to display memory).
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CPU INTERFACE REGISTER (XR02)
Read/Write at 1/0 Address 3B7h/3D7h
Index 02h

{D7]Ds|Ds|D4{D3]D2]D1 {DO]

L— Enable 16-bit Mem Access
Digital Monitor Mode
Reserved

] Attribute Controller
Mapping

10-Bit [fO Address Decode
83C6-83C9 Palette Decode
Auribute FF Status (R/O)

0 8/16-bit CPU Memory Access
0 8-bit CPU memory access (default)
1 16-bit CPU memory access

1 Digital Monitor Clock Mode
0 Normal (clk 0-1=25,28 MHz)
(default)
1 Digital Monitor (clk 0-1=14,16MHz)
14MHz = S6MHz + 4 or 28MHz + 2
16MHz = 5S0MHz + 3

2 Reserved

4-3 Attribute Controller Mapping

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

01 Write Index at 3COh and Data at 3C1h
(8-bit or 16-bit access). Attribute flip-
flop (bit-7) is always reset in this
mode (16-bit mapping)

10 Write Index and Data at 3C0Oh/3C1h
(8-bit access only) (EGA mapping)

11 Reserved

§ I/O Address Decoding

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

1 Decode only lower 10 bits of 1/O
address. This affects the following
addresses: 3B4h, 3BSh, 3B8h,
3BAh, 3BFh, 3COh, 3C1h, 3C2h,
3C4h, 3C5h, 3CEh, 3CFh, 3D4h,
3D5h, 3D8h, 3D%h, and 3DA.

6  Palette Address Decoding
0 External palette registers can be
accessed only at 3C6h-3C9h (default)
1 External palette registers can be
accessed at both 3C6h-3C9h and
83C6h-83C%h (for Brooktree-type
palette chips)

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

MEMORY CONTROL REGISTER (XR04)
Read/Write at I/0 Address 3B7h/3D7h
Index 04h

{D7{D6{D5|D4|D3|D2|D1]D0]

l—-]- Memory Configuration
Memory Wraparound Cul
Memory Compaction Curl
VRAM Enable
Write Buffer Enable
Turbo (OWS Enable)
Super Turbo
1-0 Memory Configuration
Data #of RAM Total
Path Chips Config Type Memory
00 8-bit 2 256Kx4 DV 0.25MB
01 16-bit 4 256Kx4 DV 0.50MB
10 Reserved for future use
11 16-bit 2 512Kx8 D 1MB

2 Memory Wraparound Control

This bit enables bit-17 of the CRT Controller
address counter (default = O on reset).

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

3 Memory Compaction Control (VRAM only)

0 VGA-Compatible Memory Mapping
1 Compact memory maps in 256-color
and text modes

4  Enable VRAM Interface

0 Use DRAM interface (default)
1 Use VRAM interface

5  CPU Memory Write Buffer

0 Disable CPU memory write buffer
(default)
1 Enable CPU memory write buffer

6  Turbo (OWS Enable)
This bit may be set to enable OWS capability
7  Super-Turbo (Faster 0OWS Cyde Enable)

This bit may be set to allow faster OWS
cycle timing. This may not work on all
systems.
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PALETTE CONTROL REGISTER (XR06)
Read/Write at 1/0 Address 3B7hi3D7h
Index O6Gh

[D7]Ds|D5[D4]D3{D2{D1|Do]

Enable External RAMDAC
Disable Internal DAC
16-bit/pixel Enable
16-bit/pixel mapping
Sense Source

Bypass Intemal RAMDAC

FP Color Reduction Select

Enable External RAMDAC

This bit affects CPU I/O addresses 3C6h-
3C% (and I/O addresses 83C6h-83C%h if
XRO02 bit-6 = 1).

Note: CPU writes to these addresses will
always go to intemal RAMDAC.

0 Enable intenal RAMDAC (default on
Reset). PALRD/ and PALWR/ will
not be generated.

1 Enable CPU read/write to external
RAMDAC if XR6F bit-0 = 0 (external
Frame Buffer disabled). If XR6F bit-
0 = 1, this bit will be ignored.

Disable Internal DAC
This bit affects the DAC analog outputs.

0 Enable internal DAC (default on
Reset). 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 intemal DAC.

16-Bit Color Mapping Enable

0 Video output is 8-bit/pixel using the
RAMDAC color palette (default on
Reset)

1 Video output is 16-bit/pixel (bypass
color palette portion of RAMDAC)

This bit is effective for both internal and
external RAMDAC modes (but the imple-
mentation is different). When using an
external palette, setting this bit causes the
PCLK output to be Sierra RAMDAC

compatible by effectively dividing the PCLK
output by two. This is used to output one
16-bit pixel per PCLK cycle by outputting 8
bits on the rising edge and the other 8 bits on
the falling edge.

16-Bit Color Mapping

0 Map 16-bit/pixel modes as 5-5-5 for
Sierra RAMDAC compatibility
(default on reset)

1 Map 16-bit/pixel modes as 5-6-5 for
XGA compatibility

This bit has no effect if the external
RAMDAC is selected.

Sense Source

0 The sense status bit (3C2 bit-4) is
driven by the internal sense circuit
(default on Reset)

1 The sense status bit (3C2 bit-4) is
driven by the SENSE pin from
external logic. (Setting this bit powers
off the internal sense circuit).

Bypass Internal RAMDAC (Test Mode only)

This is a test bit and should not be set. This
feature is necessary for testing the FRC
logic.

0 Use intemal RAMDAC. RAMDAC
palette output consists of 6 bits/pixel.
Default on reset.

1 Bypass intemal RAMDAC. The input
to the FRC logic consists of the least
significant 6 bits of the 8-bit CRT
video data.

Color Reduction Select

These bits are effective in flat panel mode.
These bits select the algorithm used to
reduce 18-bit palette color data to 6-bit color
data for monochrome panels.

00 NTSC weighting algorithm (default)
01 Equivalent weighting algorithm

10 Green only

11 Color
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CPU PAGING REGISTER (XR0B)

Read/Write at /O Address 3B7h/3D7h

Index OBh

{p7]Ds|D5|D4[D3|D2[D1]DO)
Memory Mapping Mode
Single/Dual Map
CPU Address divide by 4
CPU Address divide by 2
Linear Addressing (65530)
Reserved

0  Memory Mapping Mode

0 Normal Mode (VGA compatible)
(default on Reset)

1 Extended Mode (mapping for > 256
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)

1 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 address Divide by 4

0 Disable divide by 4 for CPU addresses
(default on Reset)

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

3 CPU Address Divide by 2

0 Disable divide by 2 for CPU address
(default on Reset)
1 Enable divide by 2 for CPU addresses

4  Linear Addressing (65530 only)

0 Standard VGA (A0000 - BFFFF)
memory space decoded on-chip using
A17-19 (default on Reset)

1 Linear Addressing (1MB using A0-19)

7-S Reserved (0)

START ADDRESS TOP REGISTER (XR0C)
Read/Write at 11O Address 3B7h/3D7h
Index OCh

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

'} Start Address Top

- Reserved

0-1 Start Address Top

These bits defines the high order bits for the
Display Start Address when 512 KBytes or
more of memory is used (see XR04 bits
1-0).

7-2  Reserved (0)
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AUXILIARY OFFSET REGISTER (XR0D)
Read/Write at 1/0 Address 3B7h/3D7h

Index ODh
|p7]Ds}Ds]D4]|D3|D2{D1|Do]
Lsb of Offset (CR13)
- Lsb of Alt Offset (XRI1E)
- Reserved

0  Offset Register LSB

This bit provides finer granularity to the
display memory address offset when word
and doubleword modes are used. This bit is
used with the regular Offset register (CR13).

1  Alternate Offset Register LSB

This bit provides finer granularity to the
display memory address offset when word
and doubleword modes are used. This bit is
used with the Alternate Offset register

(XRI1E).
7-2  Reserved (0)

TEXT MODE CONTROL REGISTER (XR0E)
Read/Write at I/O Address 3B7h/3D7h
Index OEh

{D7]|D6]|Ds|D4|D3|D2|D1{DO]

T Reserved

Cursor Blink Disable
Cursor Style

- Reserved

This register is effective for both CRT and flat panel
text modes.
1-0 Reserved (0)
2 Cursor Mode

0 Blinking (default on Reset).
1 Non-blinking

3 Cursor Style

0 Replace (default on Reset)
1 Exclusive-Or

7-4 Reserved (0)

SOFTWARE FLAGS REGISTER #2 (XRO0F)
Read/Write at 110 Address 3B7h/3D7h
Index OFh

{D7]D6[Ds|D4|D3[D2[D1]Do]

Flag 0
Flag 1
Flag 2
Flag 3
Flag 4
Flag §
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
(See also XR44)
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Read/Write at 1/O Address 3B7h/3D7h -
Index 10h

|p7}D6|Ds]D4|D3]D2]|D1|Do]

Extension Registers
SINGLE/LOW MAP REGISTER (XRI0), o 275w HIGH MAP REGISTER (XR11)
o Read/Write at 1/0 Address 3B7h/3D7h
Index 11h
{D7|D6|D5|D4|D3|D2{D1|DoO}
- Single or Lower Map - Higher Map
Base address bits 19-12 Base address bits 19-12

This register 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 bit-1 = 0), or the lower
map base address in dual map mode (XR0OB
bit-1 = 1). The memory map starts on a 1K
boundary in planar modes and on a 4K
boundary in packed pixel modes. In case of
dual mapping, this register controls the CPU
window into display memory based on the
contents of GRO6 bits 3-2 as follows:

GRO6
Bits3-2 JowMap ___
00  AO0000-AFFFF
01  AOO000-A7FFF
10 BOOOO-B7FFF Single mapping only
11  B8000-BFFFF Single mapping only

This register 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 bit-1=1).
The memory map starts on 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 bits 3-2 as

follows:
GRO6 bits 3-2 High Map
00 B0000-BFFFF
01 A8000-AFFFF
10 Don't care
11 Don't care
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EMULATION MODE REGISTER (XR14)
Read/Write at 1/0 Address 3B7h/3D7h

6  VSync Status Mode

Index 14h 0 Prevent Vsync status from appearing
at bit 7 of Input Status Register 1 (I/O
Address 3BAh/3DAh). Normall
BrslosoelosTozloiloo] wied for CGA. EGA, and VGA
Emulation Mode ‘modes. - ]
1 Enable Vsync status to appear as bit-7
of Input Status Register 1 (I/O
Herc Config (read only) Address 3BAh/3DAh). Normally
used for MDA/Hercules mode.
DE Status Mode
V Retrace Status Mode 7  Imterrupt Output Function
Vsync Status Mode This bit controls the function of the interrupt
Interrupt Polarity output pin (IRQ):
1-0 Emulation Mode bit-7=0 bit-7=0  bit-7=1
00 VGA mode (default on Reset) D FCBus MBus  EitherBus
0 M les mode Enabled, Inactive 3-state  3-state  Low
11 EGA mode Enabled, Active  3-state Low High
3-2 Hercules Configuration Register (3BFh)
readback (read only)
4  Display Enable Status Mode
0 Select Display Enable status to appear
at bit O of Input Status register 1 (I/0
Address 3BAh/3DAh) (default on
reset). Normally used for CGA,
EGA, and VGA modes.
1 Select Hsync status to appear at bit 0
of Input Status rcgister 1 (I/0 Address
3BAh/3DAh). Normally used for
MDA / Hercules mode.
S  Vertical Retrace Status Mode
0 Select Vertical Retrace status to appear
at bit 3 of Input Status register 1 (I/0
Address 3BAh/3DAh) (default on
Reset). Normally used for CGA,
EGA, and VGA modcs.
1 Select Video to appear at bit 3 of Input
Status register 1 (I/O Address
3BAh/3DAR). Normally used for
MDA / Hercules mode.
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Extension Registers

WRITE PROTECT REGISTER (XR15)
Read/Write at 1/ O Address 3B7hi3D7h
Index 15h

|D7]D6]{Ds]D4|D3]D2]D1]D0]

Wr Protect Group 1 regs
Wr Protect Group 2 regs
Wr Protect Group 3 regs
Wr Protect Group 4 regs
Wr Protect Group § regs

Wr Protect Group 6 regs

Wr Protect Group 0 regs

Wr Protect AR11

This register controls write protection for various

groups

of registers as shown. 0 = unprotected

(default on Reset), 1= protected.

0

Write Protect Group 1 Registers

This bit affects the Sequencer registers
(SR00-04), Graphics Controller registers
(GR00-08), and Attribute Controller
registers (AR0O-14).

Note that AR11 is also protected by bit-7
which is ORed with this bit.
Write Protect Group 2 Registers

This bit affects CR09 bits 0-4, CROA, and
CROB.

Write Protect Group 3 Registers

This bit affects CRO7 bit-4, CR08, CR11
bits 5-4, CR13, CR14, CR17 bits 0-1 and
bits 3-7, and CR18.

Write Protect Group 4 Registers

This bit affects CRO9 bits 5-7, CR10, CR11
bits 0-3 and bits 6-7, CR12, CR15, CR16,
and CR17 bit-2.

Write Protect Group S Registers

This bit affects the Miscellaneous Output
register (3C2h) and the Feature Control
register (3BAh/3DAN).

Write Protect Group 6 Registers

This bit affects the RAMDAC registers
(3C6h-3C9h). If this bit is set, PALRD/ and
PALWR/ are disabled and all intemal DAC
registers are also write protected.

Write Protect Group 0 Registers

This bit affects CRO-7 (except CRO7 bit-4).
This bit is logically ORed with CR11 bit-7.
Write Protect AR11

This bit is ORed with bit-0, therefore writing

to AR11 is possible only if both bit-0 and
bit-7 are 0.
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ALTERNATE HORIZONTAL
DISPLAY END REGISTER (XR18)
Read/Write at 1/0 Address 3B7h/13D7h
Index 18h

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

-

- Altemate H Display End

This register is used in flat panel and CRT CGA text
and graphics modes, and Hercules graphics mode.
7-0  Alternate Horizontal Display End

This register specifies the number of
characters displayed per scan line, similar to
CRO1.

Programmed Value = Actual Value - 1

Note: This register is used in emulation modes only.
It is not used in CRT or flat panel VGA modes.

ALTERNATE HORIZONTAL SYNC START
/HALF LINE COMPARE REGISTER (XR19)
Read/Write at 11O Address 3B7h/3D7h

Index 19h

[D7|Ds|D5|D4|D3|D2]D1]Do]

- Alternate Hsync Start
(Half-Line Compare)

This register is used in all flat panel modes with
horizontal compression disabled, to set the horizontal
sync start. This register is also used in CRT CGA
text and graphics modes, and Hercules graphics
mode.

Alternately, in the Interlaced mode of CRT
operation, this register is used to generate the Half
Line Compare Signal.

7-0 FP Alternate Horizontal Sync Start

These bits specifiy the begining of the
Hsync in terms of character clocks from the
begining of the display scan. Similar to
CRO4.

Programmed Value = Actual Value — 1

7-0 CRT Half-line Value

In CRT interlaced video mode this value is
used to generate the 'half-line compare'
signal that controls the positioning of the
VSync for odd frames.
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Extension Registers

ALTERNATE HORIZONTAL SYNC END
REGISTER (XR1A)

Read/Write at 110 Address 3B7h/3D7h

Index 1Ah

[D7|D6|D5|D4]D3|D2|D1{Do|

- Alternate H Sync End

- Alternate H Sync Delay

This register is used in all flat panel modes with
horizontal compression disabled, CRT CGA text and
graphics modes, and Hercules graphics mode.

4-0 Alternate Horizontal Sync End

Lower 5 bits of the character clock count
which specifies the end of horizontal sync. Similar
to CROS. If the horizontal sync width desired is N
clocks, then programmed value is:

(N + Contents of XR19) ANDed with O1F Hex
7-5 CRT Alternate Horizontal Sync Delay

See CROS5 for description
FP Reserved

ALTERNATE HORIZONTAL TOTAL REGISTER
(XR1B)

Read/Write at I/O Address 3B7h/13D7h

Index 1Bh

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

- Alternate H Total

This register is used in all flat panel modes with
horizontal compression disabled, CRT CGA text and
graphics modes, and Hercules graphics mode.

7-0 Alternate Horizontal Total

This register contents are the total number of
character clocks per line. Similar to CROO.

Programmed Value = Actual Value -5
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ALTERNATE HORIZONTAL BLANK START /
HORIZONTAL PANEL SIZE REGISTER (XRIC)
Read/Write at 1/0 Address 3B7h/3D7h

Index I1Ch

[D7|D6|D5|D4|D3[D2[D1]D0]

L ]

- H Blank Start
(Horizontal Panel Size)

The value in this register is the Horizontal Panel Size
in all Flat Panel Modes. In CRT mode, it is used for
CGA text and graphics and Hercules graphics
modes.

7-0 FP Horizontal Panel Size

Horizontal panel size is programmed in
terms of number of 8-bit (graphics/text) or
9-bit (text) characters. For double drive flat
panels the actual horizontal panel size must
be a multiple of two character clocks.

Programmed Value = Actual Value - 1
or

7-0 CRT Alternate Horizontal Blank Start
See CRO2 for description
Programmed Value = Actual Value — 1

ALTERNATE HORIZONTAL BLANK END
REGISTER (XR1D)

Read/Write at 110 Address 3B7h/3D7h

Index 1Dh

{D7]Ds|Ds|D4]D3]D2]D1]D0]

.

- HBlank End

T DE Skew Control

Split Screen Enhance

Bits 0-6 of this register are used in CRT CGA text
and graphics modes and CRT Hercules graphics
mode. Bit 7 of this register is used for all CRT and
flat panel modes.

4-0 CRT Alternate Horizontal Blank Start
See CRO3 for description
6-5 CRT Alternate Display Enable Skew Control
See CRO3 for description
7  Line Compare Fix

This bit affects all CRT and FP text modes.
This bit is O on reset.

0 Internal Line Compare (split screen)
flag is not delayed so that the Vertical
Row Counter is reset too early which
in text mode causes the first scanline
of the first character row following
split screen to be skipped (not dis-
played). This is IBM VGA com-
patible.

1 Internal Line Compare (split screen)
flag is delayed so that the Vertical
Row Counter is reset properly which
in text mode causes the first scanline
of the first character row following

split screen to be displaved.

Note: This register is used in emulation modes only.
It is not used in CRT or flat panel VGA modes.
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ALTERNATE OFFSET REGISTER (XRI1E)
Read/Write at 1/0 Address 3B7h/3D7h
Index 1Eh

[D7|Ds6|D5{D4|D3|D2|D1{Do0]

Alternate
- Display Buffer
Width

This register is used in all flat panel modes, CRT
CGA text and graphics modes and Hercules graphics
mode.
7-0 Alternate Offset
See CR13 for description

Programmed Value = Actual Value - 1

VIRTUAL EGA SWITCH REGISTER (XR1F)
Read/Write at 110 Address 3B7h/3D7h

Index 1Fh
[D7]p6]D5|D4|D3|D2]D1{Do0}
L} Virtual EGA Switches
- Reserved
n Sense Select

3-0 Virtual Switch Register

If bit-7 is '1', then one of these four bits is
read back in Input Status Register 0 (3C2h)
bit 4. The selected bit is determined by
Miscellaneous Output Register (3C2h) bits

3-2 as follows:
Misc 3-2 XRIF Bit Selected
00 bit-3
01 bit-2
10 bit-1
11 bit-0

6-4 Reserved (0)
7  Sense Select

0 Select the SENSE pin for readback in
Input Status Register 0 bit-4 (default
on Reset).

1 Select one of bits 3-0 for readback in
Input Status Register O bit-4.

|
|
|
|
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ALTERNATE MAXIMUM
SCANLINE REGISTER (XR24)
Read/Write at I/0 Address 3B7h/3D7h
Index 24h

ID7]D6]D5 D4 |D3[D2|D1 [DO]

- Alternate Max Scanlines

- Reserved

This register is used in flat panel text mode when
TallFont is enabled during vertical compensation.

4-0 Alternate Maximum Scanlines (AMS)

Programmed Value = number of scanlines
minus one per character row of TallFont

Double scanned lines, inserted lines, and
replicated lines are not counted.

7-5 Reserved (0)

FP ALTERNATE TEXT MODE HORIZONTAL
VIRTUAL PANEL SIZE REGISTER (XR25)
Read/Write at I/O Address 3B7h/3D7h

Index 25h

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

- AltText Mode
H Virtual Panel Size

This register is used in flat panel 9-dot text modes.

7-0 FP Alternate Text Mode
Horizontal Virtual Panel Size

Programmed Value = 9/8 [XR1C + 1] -1
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VIDEO INTERFACE REGISTER (XR28)
Read/Write at /0 Address 3B7hi3D7h
Index 28h

|D7|D6{Ds|D4|D3|D2]D1|Do|

Blank/DE Polarity
Blank/DE Output Select
Shut Off Video
Reserved (R/W)
256-Color Video Path
Interlace Mode

8-Bit Video Pixel Panning

Reserved (R/W)

Blank / Display Enable Polarity

This bit is effective in CRT mode only. In
flat panel mode, XR54 bit-0 controls the
polarity of the BLANK/ pin.

0 Negative polarity (default on Reset)
1 Positive polarity

Blank / Display Enable Select

This bit is effective in CRT mode only. In
flat panel mode, XR54 bit-1 controls
BL pin functionality.

0 BLANK/ pin outputs BLANK/
(default on reset)
1 BLANKY/ pin outputs Display Enable

Note: The signal tpolarity selected by bit-0 is
applicable for either selection.

Shut Off Video

This bit is effective in CRT and flat panel
modes during horizontal / vertical blank
time. This bit should be set lEroperly when
using CRT/FP displays which look at video
signals during blank time. It has no effect
on displays that ignore video signals during
blank time. This bit is also ignored when
the screen is blanked (see XR2B for
conditions when the screen is blanked).

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

1 When the screen is not blanked, video
is forced to default video (XR2B)
during blank time.

Note: In flat panel mode, video is forced to
the border / overscan color (AR11) or to
default video (XR2B) before the internal
RAMDAC palette and before the FRC logic.

Reserved

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

256-Color Video Path

This bit is effective for both CRT and flat
panel when ARI10 bit-6 = 1 (256-color
mode).

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

Note: GROS bit-5 must be 0 if this bit is set

Interlace Video

This bit is effective only for CRT graphics
mode. This bit should be programmed to 0
for flat panel. In interlace mode XR19
holds the half-line positioning of VSync for
odd frames.

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

8-Bit Video Pixel Panning

This bit is effective for both CRT and flat
panel when the 8-bit video data gath is
selected (bit<4 = 1 and AR10 bit-6 = 1).

0 ARI13 bits 2-1 are used to control pixel
panning (default on Reset)

1 AR13 bits 2-0 are used to control pixel
panmng

Reserved

This bit is implemented as a read/write bit
but has no internal hardware function.
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DEFAULT VIDEO REGISTER (XR2B)
Read/Write at I/O Address 3B7hI3D7h
Index 2Bh

CACIESEIEAEAEY

- Color displayed when
screen is blanked

This register affects both CRT and flat panel modes
when the screen is not blanked and XR28 bit-2 = 1.
This register effects both CRT and flat panel when
the screen is blanked independent of XR28 bit-2.
Screen blank occurs when SRO1 bit-5 is set in any
emulation mode, or when bit-3 of the CGA /
Hercules Mode Control Register (3B8h/3D8h) is
reset in CGA / Hercules mode.

Note: For flat panel, video data output during screen
blank is different than video data output during Panel
Off power-saving mode. In Panel Off power-saving
mode, video data is forced low or high or 3-stated
(see XRS2, XR61 bit-7, and XR63 bit-7). In
Standby power saving mode, video data is 3-stated.

7-0  Default Video

When the screen is not blanked, these bits
specify the color to be displayed during
CRT/FP blank time when XR28 bit-2 = 1.
When the screen is blanked, these bits
specify the color to be displayed for both
CRT and flat panel.

Note: In flat panel mode, video data is forced to

default video before the internal RAMDAC

palette and before the FRC logic.

FP VSYNC (FLM) DELAY REGISTER (XR2C)
Read/Write at 110 Address 3B7h/3D7h
Index 2Ch

[D7]D6|Ds D4 D3 |D2|D1 |DO]
L

- FP Vsync Delay

This register is used only in flat panel mode when
XR2F bit-7=0. The First Line Marker (FLM) signal
is generated from an internal FP Vsync active edge
with a delay specified by this register. The FLM
pulse width is always one line for SS panels and two
lines for DS/DD panels.

7-0 FP VSync Delay (VDelay)

These bits define the number of Hsyncs
between the internal Vsync and the rising
edge of FLM.
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FP HSYNC (LP) DELAY REGISTER (XR2D)
Read/Write at 1/0 Address 3B7h/13D7h
Index 2Dh

|D7]Ds]|D5]|D4|D3 D2 D1 |DO]

- LP Delay
(graphics mode horizontal
compression disabled)

This register is used only in flat panel mode when

XR2F bit-6 = 0 and graphics mode horizontal

compression is disabled. The LP output is generated

from the FP Blank inactive edge with a delay

specified by XR2F bit-5 and the value in this

%;ter. The LP pulse width is specified in register
F.

7-0 FP HSync (LP) Delay (HDelay)

These bits define the number of character
clocks between the FP Blank inactive edge
and the rising edge of the LP output in flat
panel mode with graphics mode horizontal
compression disabled. The msb (bit 8) of
this parameter is XR2F bit-5.

Programmed Value = Actual Value — |

FP HSYNC (LP) DELAY REGISTER (XR2E)
Read/Write at 1/O Address 3B7h/3D7h
Index 2Eh

{D7{D6{D5[D4|D3|D2|D1{D0}

- LP Delay
(graphics mode horizontal
compression ¢nabled)

This register is used only in flat panel mode when
XR2F bit-6 = 0 and 9-dot text mode is used. The
LP output is generated from the FP Blank inactive
edge with a delay specified by XR2F bit-4 and the
value in this register. The LP pulse width is
specified in register XR2F.

7-0  FP HSync (LP) Delay (HDelay)

These bits define the number of character
clocks between the FP Blank inactive edge
and the rising edge of the LP output in flat
panel 9-dot text modes. The msb (bit 8) of
this parameter is XR2F bit-4.

Programmed Value = Actual Value - 1
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FP HSYNC (LP) WIDTH REGISTER (XR2F) SOFTWARE FLAGS REGISTER (XR44)
Read/Write at 110 Address 3B7h/3D7h Read/Write at /0 Address 3B7h/3D7h
Index 2Fh Index 44h
[D7]Ds|D5|D4{D3]|D2]D1]DO| [D7]D6]Ds[D4]D3]D2[D1]DO0]
Flag 0
— Flag 1
LP Width b Flgg 2
‘ Flag 3
LP Delay (XR2E) Bit-8 Flag 4
LP Delay (XR2D) Bit-8 Flag 5
LP Delay Disable Flag 6
FLM Delay Disable Flag 7
This register is used only in flat panel mode. This This register contains eight read-write bits which
register together with XR2D or XR2E defines the have no internal hardware function. All bits are
LP output pulse in flat panel mode. reserved for use by BIOS and driver software.
3-0 FPHSync (LP) Width (HWidth) 7-0 Rags
These bits define the width of LP output (See also XROF)
pulse in terms of number of character (8-dot
only) clocks in flat panel mode.

Programmed Value = Actual Value - 1
4 FP HSync (LP) Delay (XR2E) Bit 8

This bit is the msb of the FP HSync (LP)
Delay parameter for 9-dot text modes.

§  FP HSync (LP) Delay (XR2D) Bit 8

This bit is the msb of the FP HSync (LP)
Delay parameter for graphics mode
horizontal compression disabled.

6 FP HSync (LP) Delay Disable

0 FP HSync (LP) Delay Enable: XR2D
and XR2F bit-5 (or XR2E and XR2F
- bit-4) are used to delay the FP HSync
(LP) active edge with respect to the FP
Blank inactive edge.
1 FP HSync (LP) Delay Disable: FP
HSync (LP) active edge will coincide
with the FP Blank inactive edge.

7  FP VSync (FLM) Delay Disable

0 FP VSync (FLM) Delay Enable:
XR2C is used to delay the external FP
VSync (FLM) active edge with respect
to the internal FP VSync active edge.

1 FP VSync (FLM) Delay Disable: the
external FP VSync (FLLM) active edge
will coincide with the internal FP
VSync (FLM) active edge.
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PANEL FORMAT REGISTER (XR50)
Read/Write at 1/0 Address 3B7h/3D7h
Index 50h

[D7]Ds]Ds|D4|D3]D2]D1]D0]

- Frame Rate Control

1 Dither Enable

I Clock Divide

'} PWM / FRC Control

This register is used only in flat panel mode.

1-0

3-2

54

Frame Rate Control (FRC)

If bit-6 of this register is 0, these bits specify
grayscale simulation on a frame by frame
basis on monochrome flat panels that do not
support gray levels intemnally.

00 8-frame FRC: 9-level grayscale
simulation without dithering or 32-
level grayscale simulation with dith-
ering.

01 16-frame FRC: 16-level grayscale
simulation with or without dithering.

10 4-frame FRC: 5S-level grayscale
simulation without dithering or 16-
level grayscale simulation with dith-

ering.
11 See description for bits 7-6.
Dither Enable
00 Disable dithering
01 Enable dithering only for 256-color
mode (AR10 bit-6 = 1{

10 Enable dithering for all modes
11 Reserved

Clock Divide (CD)

These bits specify the frequency ratio
between the dot clock and the flat panel shift
clock (SHFCLK) signal.

00 Shift Clock Freq = Dot Clock Freq

This setting is used to output 1 pixel
er shift clock with a maximum of 6
pp (bits/pixel) for single drive

monochrome panels and 4 bpp for

single drive color panels. Thi n
cannot be used for double an'vé iDDi
panels. FRC and Dithering can be
enabled.

01 Shift Clk Freq = 1/2 Dot Clock Freq

This setting is used to output 2 pixels
r shift clock with a maximum of 4
pp (bits/pixel) for single drive
monochrome panels and 2 bpp for
single drive color panels. This setting
can be used for color double drive
(DD) panels in the 65530 (only) if the
frame accelerator is not used (XR6F
bit-1 = 0). FRC and dithering can be
enabled.

10 Shift Clk Freq = 1/4 Dot Clock Freq

This setting is used to output 4 pixels
r shift clock with a maximum of 2
pp for single drive mono panels and
is used to output 8 pixels per shift
clock with 1 pi) for mono double
drive (DD) panels if a frame accel-
erator is used (XR6F bit-1=1). FRC
and dithering can be enabled.

11 Shift Clk Freq = 1/8 Dot Clock Freq

This setting is used to output 8 pixels
r shift clock with a maximum of 1
pp for single drive mono panels and
is used to output 8 pixels per shift
clock with 1 p{) for mono double
drive (DD) panels if a frame accel-
erator is not used (XR6F bit-1=0).
FRC and dithering can be enabled.

7-6 VAM/FRC Control

00 CD=00: 6 bpp VAM (dither bits 1,0)
CD=01: 4bpp V {dither bits 1,0)
CD=10: 2 bpp VAM (dither bits 3,2)
CD=11: 1 bpp VAM (dither bits 5,4)

01 its/Pixel V i 2
use only CD=00 & 01 for mono panels
use only CD=00 for color panels

10 2-Frame FRC (65530 only)

3-level gray scale simulation without
dithering or 9-level grayscale
girril;lation with dithering (dither bits

11 3 Bits/Pixel VAM + 2-

15-level gray scale simulation without
dithering and S56-level grayscale
simulation with dithering (dither bits
1, 0). (65530 only)

Note: bit-7 of this register (and therefore
selections 10 and 11 above) is not imple-
mented in the 65520 (it is only implemented
in the 65530). To use settings 10 and 11
above, the Polynomial FRC Control
Register should be programmed to 0.

To use settings 01, 10, or 11 above, bits 1-0
of this register must be set to 11. In other
words, if bits 1-0 are not 11 then bits 7-6
must be programmed to 00.
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DISPLAY TYPE REGISTER (XR51)
Read/Write at /0O Address 3B7hI3D7h
Index 51h

|p7]D6]DsiD4|D3]D2|D1]DO]
‘—] Panel Type

Display Type

8/16-bit FP Video Interface
Video Skew

Shift Clock Mask

Enable FP Compensation
LP During V Blank

1-0 Panel Type (PT)
These bits are effective for flat panel only.

00 Single Panel Single Drive (SS)
01 Reserved

10 Dual Panel Single Drive (DS)
11 Dual Panel Double Drive (DD)

2 Display Type (DT)

This bit is effective for CRT and flat panel.
This bit also controls the BLANK/ pin.

0 CRT display (default on Reset)
BLANK/ pin outputs CRT Blank

1 FP (Flat Panel) display
BLANKY/ pin outputs FP Blank

3  8/16-bit FP Video Interface
This bit is effective for flat panel only.

0 8-bit FP video interface
1 16-bit FP video interface

This feature provides support for panels
with 16-bit interfaces with a minimum of
additional external logic. In this mode, the
Shift Clock is further divided by 2 and dif-
ferent video data is valid on the rising and
falling edges of Shift Clock. The first 8 bits
of video data can be latched into temporary
external latches using the rising edge of Shift
Clock; the content of this external latch and
the second 8 bits of video data can then be
latched into the panel using the falling edge
of Shift Clock.

Video Skew

This bit affects both CRT and flat panel
video.

0 No video data delay
1 Video data is delayed by 1 shift clock
cycle

Shift Clock Mask (SM)
This bit is effective for flat panel only.

0 Allow shift clock output to toggle
outside the display enable interval

1 Force the shift clock output low
outside the display enable interval

Enable FP Compensation (EFCP)

This bit is effective for flat panel only. It
enables flat panel horizontal and vertical
compensation depending on panel size,
current display mode, and contents of the
compensation registers.

0 Disable FP compensation
1 Enable FP compensation

LP During Vertical Blank

This bit should be set only for SS panels
which require FP Hsync (LP) to be active
during vertical blank time when XR54 bit-1
= 0 (e.g., Plasma / EL panels). This bit
should be reset when using non-SS panels
or when XR54 bit-1=1.

0 FP Hsync (LP) is generated from
intemal FP Blank inactive edge

1 FP Hsync (LP) is generated from
internal FP Horizontal Blank inactive
edge
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POWER DOWN CONTROL REGISTER (XR52)
Read/Write at 1/O Address 3B7hi3D7h
Index 52h

|p7{D6|D5|D4]|D3{D2]D1|DO]

L— I FP Normal Refresh Count

Panel Off Mode
Panel Off Control 0
Panel Off Control 1
Standby Control
CRT Mode Panel Off

2-0 FP Normal Refresh Count

These bits are effective for flat panel only.
They specify the number of memory refresh
cycles to be performed per scanline. A
minimum value of 1 should be programmed
in this register.

3 Panel Off Mode

This bit provides a software alternative to
enter Panel Off mode. Note that Panel Off
mode will be effective in both CRT and flat
panel modes of operation.

0 Nommnal mode (default on reset)
1 Panel Off mode

In Panel Off mode, the CRT / FP display
memory interface is inactive but CPU
interface and display memory refresh are
still active. The internal RAMDAC is also
inactive.

4  Panel Off Control Bit 0

This bit is effective only in Panel Off mode
(bit-3 = 1 or PNLOFF/ = 0).

0 Video data is forced inactive but CRT
and flat panel timing signals (HSync,
VSync, Blank / Display Enable, and
PCLK/SHFCLK) are active (default
on reset)

1 Video data and CRT and flat panel
timing signals are forced inactive

Note: XR61 bit-7 controls the inactive level
for video data in text mode; XR63 bit-7
controls the inactive level for video data in
graphics mode: O=low when inactive
1=high when inactive

Panel Off Control Bit 1

This bit is effective only in Panel Off mode
(bit-3 = 1 or PNLOFF/ = 0).

0 Inactive video data and/or timing pins
are driven (default on reset) .

1 Inactive video data and/or timing pins
are tri-stated

Standby Control

This bit is effective only in Standby mode
(STNDBY/ pin low). Standby mode is
effective for both CRT and flat panel modes.
In Standby mode, CPU interface to display
memory and intemnal registers is inactive.
The CRT / FP display memory interface,
video data and timing signals, and internal
RAMDAC are inactive (all CRT and flat
panel video control and data pins are 3-
stated). Display memory refresh is
controlled by this bit.

0 Self-Refresh DRAM support.

1 Display memory refresh frequency is
derived from the 32KHZ input
(divided per a 2-bit value in XR5F)

CRT Mode Panel Off

This bit is effective in CRT mode only (non-
simultaneous CRT and flat panel) (XRS1
bit-2 = 0).

0 Video data (P7-0) and flat panel timing
signals (BLANK/, LP, FLM,
SHFCLK, ACDCLK) are not 3-stated
(default on reset)

1 Video data (P7-0) and flat panel timing
signals (BLANK/, LP, FLM,
SHFCLK, ACDCLK) are 3-stated

If XR06 bit-0 = 1 (external RAMDAC), PO-
7 and BLANK/ are not tri-stated, even if the
above bitissetto 1.
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LINE GRAPHICS OVERRIDE REGISTER (XRS53)
Read/Write at 1/0 Address 3B7h/3D7h
Index 53h

D7|D6|D5|D4{D3{D2]D1]Do]

Disable AR10 bit-2

Alt Line Gr Char Code Cir]
FRC Option 1

FRC Option 2

Pixel Packing
Reserved

Hi-Color Flat Panel

54

Disable AR10 Bit-2

0 Use ARI1O bit-2 for Line Graphics
control (default on Reset).

1 Use XRS3 bit-1 instead of AR10 bit-2
for Line Graphics control

Alternate Line Graphics Character Control
This bit is effective only if bit-0= 1.
0 Ninth pixel of line graphics character

is set to the background color
1 Ninth pixel of line graphics character
is identical to the cighth pixel
FRC Option 1
FRC Option 2
Pixel Packing (65530 only)

These bits should be programmed only
when color STN pancls arc used. These
bits should be programmed to 00 for
monochrome pancls or TFT color panels.

00 3-bit Pack. XRS50 bits 54 can be 00,
01, or 10.

01 4-bit Pack. XRS50 bits 5-4 can be 00
or 01. If a DD pancl is used, XR50
bits 5-4 must be sct to 01 without
frame acceleration or 00 with frame
acceleration (not available currently).

10 Reserved

11 Extended 4-bit Pack. XRSO bits 5-4
must be programmed to 01.

These bits are effective in the 65530 only
for Color STN panels when FRC is
enabled.

7

Reserved (0)

High Color Mode Flat Panel Operation
(65530 only)

0 Hi Color operation in low-resolution
modes on flat panel

1 Hi Color operation in hi-resolution
modes on flat panel
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FPINTERFACE REGISTER (XR54)
Read/Write at 110 Address 3B7h/3D7h
Index 54h

|Ip7iDs|Ds|{D4|D3]D2{D1|DoO]

FP Blank Polarity
FP Blank Select

FP Clock Select

FP Feature Control

FP LP Polarity

FP FLM Polarity

This register is used only in flat panel modes.

0

FP Blank Polarity

This bit controls the polarity of the BLANK/
pin in flat panel mode. In CRT mode,
XR28 bit-0 controls polarity of the BLANK/
pin.

0 Positive polarity

1 Negative polarity

FP Blank Select

This bit controls the BLANKY/ pin output in
flat panel mode. In CRT mode, XR28 bit-1
controls the BLANK/ output. This bit also
affects operation of the flat panel video
logic, generation of the FP HSync (LP)
pulse signals, and masking of the Shift
Clock.

0 The BLANK/ pin outputs both FP
Vertical and Horizontal Blank. In
480-line DD panels, this option will
generate exactly 240 FP HSync (LP)
pulses.

1 The BLANK/ pin outputs only FP
Horizontal Blank. During FP Vertical
Blank, the flat panel video logic will
be active, the FP HSync (LP) pulse
will be generated, and Shift Clock can
not be masked. Note however that
Shift Clock can still be masked during
FP Horizontal Blank.

Note: The signal polarity selected by bit-0 is
applicable for either selection.

3-2

54

FP Clock Select Bits 1-0

Select flat panel dot clock source. These
bits are used instead of Miscellaneous
Output Register (MSR) bits 3-2 in flat panel
mode. See description of MSR bits 3-2.

FP Feature Control bits 1-0

Select flat panel dot clock source. These
bits are used instead of Feature Control
Register (FCR) bits 1-0 in flat panel mode.
See description of FCR bits 1-0.

FP HSync (LP) Polarity
This bit controls the polarity of the flat panel
HSync (LP) pin.

0 Positive polarity

1 Negative polarity
FP VSync (FLM) Polarity
This bit controls the polarity of the flat panel
VSync (FLM) pin.

0 Positive polarity
1 Negative polarity
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HORIZONTAL COMPENSATION REGISTER

(XRSS)
Read/Write at 1/0 Address 3B7h/3D7h
Index 55h

|p7lD6]Ds|D4]D3|D2{D1]DO]

Reserved

This register is used only in flat panel modes when
flat panel compensation is enabled (XRS51 bit-6 = 1).

0  Enable Horizontal Compensation (EHCP)

0 Disable horizontal compensation
1 Enable horizontal compensation

1 Enable Automatic Horizontal Centering

(EAHC) (effective only if bit-0 is 1)

0 Enable non-automatic horizontal cen-
tering. The Horizontal Centerin
Register is used to specify the left
border. If no centering is desired then
the Horizontal Centering Register can

be programmed to 0.

1 Enable automatic horizontal centering.
Horizontal left and right borders will

be computed automatically.

2 Enable Text Mode Horizontal Compression
(ETHC) (this bit is effective only if bit-0is 1
in flat panel fext mode). Setting this bit will
tumn on text mode horizontal compression re-
l%ardless of horizontal display width or

orizontal panel size.

0 Text mode horizontal compression off
1 Text mode horizontal compression on.
8-dot text mode is forced when 9-dot
text mode is specified (SRO1 bit-0=0

or Hercules text).

Note: This bit affects the horizontal pixel
panning logic. When text mode horizontal
compression is active, programming 9-bit

panning will result in 8-bit panning.
3  Reserved
4 Reserved

Ena H Compensation
Ena H Auto Centering

Gr H Compression Method
Ena Auto H Doubling
Alternate Hsync Polarity
Alternate Vsync Polarity

5

6

7

Enable Automatic Horizontal Doubling

(EAHD) (this bit is effective if bit-0 is 1)

0 Disable Automatic Horizontal Dou-
bling. Horizontal doubling will only
be performed for flat panels when
SRO1 bit-3 = 1 in any emulation mode
or when 3B8/3D8 bit-0 & 3B8/3D8
bit-4 = 0 in CGA emulation.

1 Enable Automatic Horizontal Dou-
bling. Horizontal doubling will be

rformed for flat panels when SR0O1
it-3 = 1 in any emulation mode or
when 3B8/3D8 bit-0 & 3B8/3D8 bit-4
= 0 in CGA emulation or when the
Horizontal Display width (CRO1) is
equal to or less than half of the
Horizontal Panel Size (XR18).

Alternate CRT Hsync Polarity
0 Positive
1 Negative

Alternate CRT Vsync Polarity
0 Positive
1 Negative

Note: bits 6 and 7 above are used in flat

R'almel mode (XR51 bit-2 = 1) instead of
SR bits 6 and 7). This is pnmarily used

for simultaneous CRT / Flat Panel display.
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HORIZONTAL CENTERING REGISTER (XR56)
Read/Write at I!O Address 3B7h/3D7h
Index 56h

|D7]Ds|Ds|D4|D3|D2]D1 |DoO|

- Left Border

This register is used only in flat panel modes when
non-automatic horizontal centering is enabled.

7-0 Horizontal Left Border (HLB)

Programmed Value (in character clocks)
= Width of Left Border - 1
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VERTICAL COMPENSATION REGISTER (XR57)
Read/Write at /O Address 3B7hi3D7h
Index 57h

|D7|D6]Ds|D4|D3|D2|D1 {DoO]

Enable V Compensation
Enable Auto V Centering
Enable Text V Stretching

Text V Stretch Method
Enable Gr V Stretching
Gr V Stretch Method
Reserved

This register is used only in flat panel modes when
flat panel compensation is enabled.

0  Enable Vertical Compensation (EVCP)

0 Disable vertical compensation
1 Enable vertical compensation

1 Enable Automatic Vertical Centering

(EAVC)
This bit is effective only if bit-Q is 1.

0 Enable non-automatic vertical
centering. The Vertical Centering
Register is used to specify the top
border. If no centering is desired then
the Vertical Centering Register can be
programmed to 0.

1 Enable automatic vertical centering.
Vertical top and bottom borders will
be computed automatically.

2 Enable Text Mode Vertical Stretching
ETVS) .
This bit is effective only if bit-Ois 1.
0 Disable text mode vertical stretching;
graphics mode vertical stretching is

used if enabled.
1 Enable text mode vertical stretching

4-3 Text Mode Vertical Stretching (TVS1-0)

These bits are effective if bits 2 and 0 are 1.

00 Double Scanning (DS) and Line
Insertion (LI) with the following
priority: DS+LI, DS, LI ,

01 Double Scanning (DS) and Line
Insertion (LI) with the following
priority: DS+LI, LI, DS.

10 Double Scanning (DS) and TallFont
(TF) with the following priority:
DS+TF, DS, TF.

11 Double Scanning (DS) and TallFont
(TF) with the following priority:
DS+TF, TF, DS.

Enable Vertical Stretching (EVS)
This bit is effective only if bit-O is 1.

0 Disable vertical stretching
1 Enable vertical stretching

Vertical Stretching (VS)

Vertical Stretching can be enabled in both
text and graphics modes. This bit is
effective only if bits 5 and O are 1.

0 Double Scanning (DS) and Line
Replication (LR) with the following
priority: DS+LR, DS, LR.

1 Double Scanning (DS) and Line
Replication (LR) with the following
priority: DS+LR, LR, DS.

Reserved (0)
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VERTICAL CENTERING REGISTER (XRS8)
Read/Write at 1/0 Address 3B7hi3D7h
Index 58h

{D7|D6|Ds|D4]D3{D2|D1 Do)

- Top Border LSBs

This register is used only in flat panel modes when
non-automatic vertical centering is enabled.

7-0 Vertical Top Border LSBs (VTB7-0)
Programmed value:
Top Border Height (in scan lines) — 1
This register contains the eight least signif-
icant bits of the programmed value of the
Vertical Top Border (VTB). The two most

significant bits are in the Vertical Line
Insertion Register (XR59).

VERTICAL LINE INSERTION REGISTER (XRS59)
Read/Write at 1/O Address 3B7h!3D7h
Index 59h

[p7|D6|D5]D4]D3]D2[D1{DO|

l———1 V Line Insertion Height

Reserved
I Top Border Bits 8-9

-

Reserved

This register is used only in flat panel text mode
when vertical line insertion is enabled.

3.0 Vertical Line Insertion Height (VLIH3-0)
Programmed Value:
Number of Insertion Lines — 1

The value promgrammed in this register - 1
is the number of lines to be inserted between
the rows. Insertion lines are never double
scanned even if double scanning is enabled.
Insertion lines use the background color.

4 Reserved (0)

6-5 Vertical Top Border MSBs (VTB9-8)

This register contains the two most signif-
icant bits of the programmed value of the
Vertical Top Border (VTB). The eight least
significant bits are in the Vertical Centering
Register (XRS58).

7 Reserved (0)
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VERTICAL LINE REPLICATION REGISTER

(XRSA)
Read/Write at 1/O Address 3B7h/3D7h
Index SAh
|D7|D6|Ds|D4]|D3]|D2]D1|Do|
—— | Line Replication Height
- Reserved

This register is used only in flat panel text or
graphics modes when vertical line replication is
enabled.

3-0 Vertical Line Replication Height (VLRH)

Programmed Value = Number of Lines
Between Replicated Lines - 1

Double scanned lines are also counted.
In other words, if this field is programmed
with '7', every 8th line will be replicated.

7-4 Reserved (0)

PANEL POWER SEQUENCING

DELAY REGISTER (XR5B) (65530 Only)
Read/Write at 110 Address 3B7h/3D7h
Index 5Bh

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

- Delay Value

This register is used only when the Panel Power
Sequencing feature is enabled. Defaults to 81h on
RESET to be compatible with the 65520 which has a
fixed delay of 32 mS.

7-4 Programmable value of panel power
sequencing during power up. Can be

programmed up to 60 milliseconds in
increments of four milliseconds each. A
value of 0 results in no delay.

3-0 Programmble value of panel power
sequencing during power down. Can be-
programmed up to 480 milliseconds in incre-
ments of 32 milliseconds. A value of 0
results in no delay.

ACDCLK CONTROL REGISTER
(XRSE)

Read/Write at I/O Address 3B7h/3D7h
Index SEh

[D7{D6|D5|D4|D3|D2|D1]Do}

- ACDCLK Count

ACDCLK Control

This register is used only in flat panel mode.

6-0 ACDCLK Count (ACDCNT)

These bits define the number of Hsyncs
between adjacent phase changes on the
ACDCLK output. These bits are effective

- only when bit 7 = 0 and contents of this
register are grater than 2.

Programmed Value = Actual Value — 2

7 ACDCLK Control

0 The ACDCLK phase changes
depending on bits 0-6 of this register

1 The ACDCLK phase changes every
frame if frame accelerator is not used.
If frame accelerator is used, the
ACDCLK phase changes every other
frame.
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POWER DOWN REFRESH REGISTER (XRSF)
Read/Write at 110 Address 3B7h/3D7h
Index SFh

BLINK RATE CONTROL REGISTER (XR60)
Read/Write at 1/0 Address 3B7h/3D7h
Index 60h

{D7|D6|Ds|D4{D3{D2[D1]Do| {Dp7]|D6|D5|D4[D3{D2| D1]{D0}

- Cursor Blink Rate
- Power Down Refresh Freq
] ~— Char Blink Duty Cycle
7-0 Power Down Refresh Frequency This register is used in all modes.
These bits define the frequency of memory 5.0 Cursor Blink Rate
refresh cycles in power down (standby)
mode (STNDBY/ pin low). CAS-Before- These bits specify the cursor blink period in
RAS (CBR) refresh cycles are performed. terms of number of Vsyncs (50% duty
P . cycle). In text mode, the character blink
If ﬁ’nglz b“l'ﬁ =1 &‘he m.tef‘éa{)beg?;’se%‘ fwo period and duty cycle is controlled by bits 7-
:lexis $h cyc'es lsth elet';'lmggl y Bl 77 o f 6 of this register. These bits default to
LS register per the table below. Bils 2-7.0 000011 (decimal 3) on reset which
this register are reserved for future use in corresponds to eight Vsyncs per cursor blink
this mode (and should be programmed t0 0). period per the following formula (four
10 Approximate Refresh Interval Vsyncs on and four Vsyncs off):
0 0 16 usec (32KHZ pin period + 2) Programmed Value = (Actual Value) /21
(l) (1) giﬁzgg gggg gig g:ggg)* 2) Note: In graphics mode, the pixel blink
11 128 usec (32KHZ pin peﬂOd * 4) peﬂOd is fixed at 32 Vsyncs per cursor blink
period with 50% duty cycle (16 on and 16
If XR52 bit-6 = 0, a value of 0 causes no off).
refresh to be performed. Self-Refresh .
DRAMSs should be used. 7-6 Character Blink Duty CYde

These bits specify the character blink (also
called ‘attribute blink") duty cycle in text
mode.

Character Blink
6 Duty Cycle
0 50%
1 25%
0 50%
1 75%

For setting 00, the character blink period is
equal to the cursor blink period. For all
other settings, the character blink period is
twice the cursor blink period (character blink
is twice as slow as cursor blink).

(default on Reset)

—— O OMN
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SMARTMAP™ CONTROL REGISTER (XR61)
Read/Write at 110 Address 3B7h/3D7h
Index 61h

ID7]Ds|DsID4|D3|D2)D1 |D0}

SmartMap™ Enable

SmartMap™ Threshold

SmartMap™ Saturation
Text Enhancement

Text Video Output Polarity

This register is used in flat panel text mode only.

4-1 SmartMap Threshold

These bits are used only in flat panel text
mode when SmartMap is enabled (bit-0 =
1). They define the minimum difference
between the foreground and background
colors. If the difference is less than this
threshold, the colors are separated by adding
and subtracting the shift values (XR62) to
the foreground and background colors.
However, if the foreground and background
color values are the same, then the color
values are not adjusted.

SmartMap Saturation
This bit is used only in flat panel text mode

when SmartMap is enabled (bit-0=1). It
selects the clamping level after the color

0 SmartMap Enable addition/subtraction.

0 Disable SmartMap, use color lookup 0 The color result is clamped to the
table and use internal RAMDAC maximum and minimum values (OFh
palette if enabled (XRO06 bit-2 = 1). and O0h respectively)

1 Enable SmartMap, bypass both color 1 The color result is computed modulo
lookup table and intemal RAMDAC 16 (no clamping)
palette in flat panel text mode.

Although color lookup table is Text Enhancement
bypassed, translation of 4 bits/pixel e hif :
data to 6 bits/pixel data is still This bit is used only in flat panel text mode.
performed depending on AR10 bit-1 0 Nommal text
ggh(:)r:gscfhrome / color display) as 1 Text attribute 07h and OFh are
) reversed to maximize the brightness of
Qutput ARIQDbit-1=0 ARIQbit-1=1 the normal DOS prompt
Out0 In0 In0
Outl Inl Inl Text Video Output Polarity (TVP)
&g %2% In0+1n{22[n2 +In3 This bit is effective for flat panel text mode
Outd In3 In3 only.
Out5 In3 In3 0 Normal polarity
L. 1 Invented polarity
Note: This bit does not affect CRT text / . . L
graphics mode or flat panel graphics mode; Note: Graphics video output polarity is
i.e: the color lookup table is always used, controlled by XR63 bit-7 (GVP).
and similarly the internal RAMDAC palette '
is used if enabled.
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Extension Registers

SMARTMAP™ SHIFT PARAMETER
REGISTER (XR62)

Read/Write at 110 Address 3B7h/3D7h
Index 62h

|p7]D6]D5|D4|D3{D2]D1|DO]

——— I Foreground Shift

- Background Shift

This register is used in flat panel text mode when
SmartMap is enabled (XR61 bit-0 = 1).

3-0

74

Foreground Shift

These bits define the number of levels that
the foreground color is shifted when the
foreground and background colors are closer
than the SmartMap Threshold (XR61 bits 1-
4). If the foreground color is "greater” than
the background color, then this field is
added to the foreground color. If the
foreground color is "smaller" than the
background color, then this field is sub-
tracted from the foreground color.

Background Shift

These bits define the number of levels that
the background color is shifted when the
foreground and background colors are closer
than the SmartMap Threshold (XR61 bits 1-
4). If the background color is "greater” than
the foreground color, then this field is added
to the background color. If the background
color is "smaller” than the foreground color,
then this field is subtracted from the
background color.

SMARTMAP™ COLOR MAPPING CONTROL
REGISTER (XR63)

Read/Write at 1/0 Address 3B7h/3D7h

Index 63h

{D7{D6|Ds|D4|D3{D2{D1|Do}

——

- Color Threshold

Reserved
Gr Video Output Polarity

5-0 Color Threshold

These bits are effective for monochrome
(XRS51 bit-5 = 1) single/double drive flat
panel with 1 bit/pixel (XRS50 bits 4-5 = 11)
without FRC (XRS50 bits 0-1 = 11). They
specify the color threshold used to reduce 6-
bit video to 1-bit video color. Color values
equal to or greater than the threshold are

e mapped to 1 and color values less than the
threshold are mapped to 0.

6 Reserved

This bit must be set to 1 in rev O silicon
(reset defaults this bit to 1 in rev 0)

7  Graphics Video Output Polarity (GVP)

This bit is effective for CRT and flat panel
graphics mode only.

0 Nommal polarity
1 Inverted polarity

Note: Text video output polarity is
controlled by XR61 bit-7 (TVP).
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$ 33 380, p00ee Extension Resisters
2 cgist
FP ALTERNATE VERTICAL TOTAL FP ALTERNATE OVERFLOW

REGISTER (XR64) REGISTER (XRG65)

Read/Write at I/O Address 3B7h/3D7h Read/Write at 1/O Address 3B7h/3D7h

Index 64h Index 65h

ID7|D6|Ds|D4|D3|D2|D1{Do]

- FP Alternate V Total

|

This register is used in all flat panel modes.

7-0 FP Alternate Vertical Total

The contents of this register are 8 low order
bits of a 10-bit value. Bits 9 and 10 are
defined in XR65. The vertical total value
specifies the total number of scan lines per
frame. Similar to CRO6.

Programmed Value = Actual Value - 2

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

FP Alt V Total Bit-8

FP V Panel Size Bit-8

FP Alt Vsync Stant Bit-8
FP Alt Vsync Start Bit-10
FP Alt V Total Bit-10

FP Alt V Total Bit-9

FP Alt Panel Size Bit-9
FP Alt Vsync Start Bit-9

This register is used in all flat panel modes.

FP Alternate Vertical Total Bit-8

FP Vertical Panel Size Bit-8

FP Alternate Vertical Sync Start Bit-8
FP Alternate Vertical Sync Start Bit-10
FP Alternate Vertical Total Bit-10

FP Alternate Vertical Total Bit-9

FP Vertical Panel Size Bit-9

FP Alternate Vertical Sync Start Bit-9

N A N AW =D
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Extension Registers

CHraD

FP ALTERNATE VERTICAL SYNC START FP ALTERNATE VERTICAL SYNC END
REGISTER (XR66) REGISTER (XR67) '
Read/Write at 110 Address 3B7h/3D7h Read/Write at 110 Address 3B7h/3D7h
Index 66h Index 67h

{D7|D6]|Ds|D4|D3]D2]D1]DO}

- FP Alternate VSync Start

This register is used in all flat panel modes.

7-0 FP Alternate Vertical Sync Start

The contents of this register are the 8 low
order bits of a 10-bit value. Bits 9 and 10
are defined in XR65. This value defines the
scan line position at which vertical sync
becomes active. Similar to CR10.

Programmed Value = Actual Value — 1

" |D7|D6|D5]D4]D3|D2{D1|Do]

L— | FP Al Vsync End

- Reserved

This register is used in all flat panel modes.

3-0 FP Alternate Vertical Sync End

The lower 4 bits of the scan line count that
defines the end of vertical sync. Similar to
CRI11. If the vertical sync width desired is
N lines, the programmed value is:

(contents of XR66 + N) ANDed with OFH
7-4 Reserved (0)
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Extension Registers

VERTICAL PANEL SIZE REGISTER (XR68)
Read/Write at /O Address 3B7h/3D7h
Index 68h

[D7]De]Ds]D4]D3]D2]D1 D0

-

- Vertical Panel Size

This register is used in all flat panel modes.
7-0 Vertical Panel Size

The contents of this register define the
number of scan lines per frame.

Programmed Value = Actual Value - 1

PROGRAMMABLE OUTPUT DRIVE REGISTER

(XR6C) (65530 Only)

Read/Write at 110 Address 3B7h/3D7h

Index 6Ch

D7{D6|D5|D4|D3]D2{D1]Do]
Level Sense Select Mode
Level Sense Select Voltage
Flat-Panel Output Drive
Bus Interface Output Drive
Memory Intfc Output Drive

:l» Reserved

This register is used to control the output drive of the
bus, video, and memory interface pins.

0 Input Level Sense Selection Mode

0 Automatic level sense select (Default)
(chip detects Vcc voltage internally)

1 Manual level sense selection (bit-1
used to determine input threshold)

1  Input Level Sense Selection Voltage

0 Vcc forinternal logic is SV (Default)
1 Vcc forintemnal logic is 3.3V

2 Flat Panel Interface Output Drive Select

0 Lower drive (Default)
1 Higherdrive

3 BusInterface OQutput Drive Select

0 Lower drive (Default)
1 Higher drive

4  Memory Interface Qutput Drive Select

0 Lower drive (Default)
1 Higherdrive

7-5 Reserved

POLYNOMIAL FRC

CONTROL REGISTER (XR6E)
Read/Write at 110 Address 3B7h/3D7h
Index 6Eh

(D7]D6{Ds]D4{D3]|D2|D1]Do]

- Polynomial ‘N’ Value

- Polynomial ‘M’ Value

-

This register is effective in flat panel mode when
polynomial FRC is enabled (see XRS50 bits 0-1). It
is used to control the FRC polynomial counters. The
values in the counters determine the offset in rows
and columns of the FRC count. These values are
usually determined by trial and error.

3-0 Polynomial 'N' value
7-4  Polynomial ‘M’ value

This register defaults to '10111101' on RESET.
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CHIFS Etenson Registers
FRAME BUFFER Enable Frame Accelerator

CONTROL REGISTER (XRG6F) This bit should be used for DD flat panels
Read/Write at 110 Address 3B7hI3D7h only. This bit should be programmed to 0
Index 6Fh when bit-0 = O or for non-DD panels. It

[D7]Dé]Ds]D4]D3[D2]D1]D0]

Frame Buffer Enable
Frame Accelerator Enable
Frame Buffer Memory Type

Frame Buffer Refresh Count

Reserved (must be 0)

This register is effective in flat panel mode only.

0

Frame Buffer Enable

This bit is used to enable the external frame
buffer. Frame acceleration is available by
setting bit-1 = 1. Frame buffering (with or
without acceleration) is needed for simulta-
neous CRT and DD/DS %anel operation. In
case of simultaneous CRT and plasma or SS
panels, the frame buffer is not used therefore
this bit should be set to 0. In all cases of
simultaneous CRT and flat panel display,
XR51 bit-2 (Dis(glay Type) should be set to
1 (flat Eimel isplay) and XRO06 bit-2
(Disable Internal DAC) must be programmed
to O to enable the intemal DAC. The frame
buffer with acceleration may also be needed
to drive high resolution DD panels.

0 Disable external frame buffer (default)
1 Enable extemnal frame buffer

enables frame acceleration using an external
frame buffer consisting of a single 64Kx4 or
256Kx4 VRAM which can be used to
support high resolution DD panels. The
user must program XR351 bits 1-0to 11 (DD
ganel), 1 bits 5-4 to 10 (Clock Divide

y 4) and bit-0 of this register to 1 (enable
external frame buffer) when using the frame
accelerator.

0 Disable frame accelerator (default)
1 Enable frame accelerator

Frame Buffer Memory Type

0 Frame buffer consists of a 64Kx4
VRAM. This buffer allows a
maximum panel size of 1024x512
(subject to other restrictions) (default
on reset).

1 Frame buffer consists of a 256Kx4
VRAM. This buffer allows a
maximum panel size of 2048x1024.
Note that if there is no frame acceler-
ation, the maximum panel size is
limited to 1280x1024 because the
maximum capacity of the internal line
buffer for DD panels is limited to
1280.

5-3 Frame Buffer Refresh Count

7-6  Reserved (must be programmed to 0)
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Read/Write at 110 Address 3B7h/3D7h
Index 70h

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

Extension Registers
SETUP/DISABLE CONTROL REGISTER (XR70) FP COMPENSATION
DIAGNOSTIC REGISTER (XR7D)
Read/Only at 110 Address 3B7h/3D7h
Index 7Dh
[D7{D6]D5]|D4]|D3|D2[D1]DO0]
- Reserved (0)
- Reserved (0)
~— 3C3/46E8 Register Disable |

6-0 Reserved (0)

7  3C3/46ES8 Register Disable

0 In the MC and PI bus, port 3C3h
works as defined to provide control of
VGA disable (the DISA/ pin may also
be used to disable the VGA). In the
PC bus, port 46E8h works as defined
to provide control of VGA disable and
setup mode (DISA/ and SETUP/
functions are not provided on pins).

1 In the MC and PI bus, writes to I/O
port 3C3 have no effect (the VGA can
still be disabled via the DISA/ pin). In
the PC bus, writcs 1o I/O port 46E8h
have no effect (the VGA remains
enabled and will not go into setup
mode).

Note: Writes to registcr 46E8 are only
effective in PC bus configurations (46E8 is
ignored in MC and Pl bus configurations
independent of the statc of this bit). Writes
to 3C3 are only cffective in MC and PI bus
configurations (3C3 is ignored in PC bus
configurations independcent of the state of
this bit).

Reads from ports 3C3 and 46E8h have no effect

independent of the programming of this register

(both 3C3 and 46E8h are write-only registers).

This register is cleared by RESET.

This register is effective in flat panel mode only.

These bits are reserved for future use and currently
all read back zero.
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Extension Registers
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CGA /HERCULES COLOR SELECT REGISTER

(XR7E)

Read/Write at 110 Address 3B7hi3D7h

Index 7Eh

|D7|D6]|Ds|D4]D3]|D2|D1{Do]
Color bit-0 (Blue)
Color bit-1 (Green)
Color bit-2 (Red)
Color bit-3 (Intensity)
Intensity Enable
Color Set Select

]~ Reserved (0)

This I/O address is mapped to the same register as
I/O address 3D9h. This alternate mapping effec-
tively provides a color select register for Hercules
mode. Writes to this register will change the copy at
3D%h. The copy at 3D%h is visible only in CGA
emulation or when the extension registers are
enabled. The copy at XR7E is visible when the
extension registers are enabled.

5-0 See register 3D9
7-6 Reserved (0)

DIAGNOSTIC REGISTER (XR7F)
Read/Write at 110 Address 3B7h/3D7h
Index 7Fh

[D7|Ds{D5|D4{D3|D2|D1|Do|

‘—— | 3-state Control

- Test Function

Test Function Enable
Special Test Function

0  3-State Control Bit 0

0 Normal outputs (default on Reset)

1 3-state output pins: PALRD/,
PALWR/, P7-0, PCLK, HSYNC,
VSYNC, BLANK/, FLM, LP,
ACDCLK, SHFCLK, RDY, 0WS/,
I0CS16/, and IRQ.

1  3-State Control Bit 1

0 Nommal outputs (default on Reset)

1 3-state output pins: RASA/, RASB/,
CASA/, CASB/, WEA/, WEB/,
DTOEA/, DTOEB/, SCLK, AAO0-8
and BAO-8.

5-2 Test Function

These bits are used for internal testing of the
chip when bit-6 = 1.

6  Test Function Enable
This bit enables bits 5-2 for internal testing.

0 Disable test function bits (default)
1 Enable test function bits

7  Special Test Function

This bit is used for intemal testing and
should be set to O (default to O on reset) for
normal operaton.
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Programming and Parameters

GENERAL PROGRAMMING HINTS

The values presented in this section make certain
assumptions about the operating environment. The
flat panel clock is assumed to be input on CLKIN.
The values programmed into the SmartMap™ control
registers (XR61 and XR62) give a threshold of 3
with foreground and background shift of 3 but
SmartMap™ is tummed off. To enable it, set XR61
bit-0 = 1. The value programmed in the ACDCLK
Register (XR5E) will produce minimal ghosting on
most LCD panels. However, this value should be
optimized for each panel model. Certain LCD Panels
(Epson in particular) require the ACDCLK to be
synchronized to vertical sync. For this panel XRSE
should be programmed to 80h.

The horizontal parameter values presented here are
the minimum required for each panel type. For high
resolution panels, these parameters may be changed
to suit the panel size. The horizontal values equal the
number of characters clocks output per line. In dual
drive panels this value includes both panels.
Therefore, the horizontal values are double those
expected.

Due to pipelining of the horizontal counters, certain
sync or blank values may result in no display.
Generally, the horizontal blank start must equal the
display end and the blank end must equal the
horizontal total. The horizontal sync start and end
values have a wide range of acceptable values. The
65520/ 530 also has the versatility to program an LP
delay to aid in interfacing to panels with a wide
variety of timing requirements.

If a 400 or 350 Line Panel is used, vertical
compensation should be enabled via register XRS57.
Generally, the vertical sync start should equal the
vertical total and panel size. The panel size should be
increased to include the blank times. For DD panels,
this should be done in multiples of 2 to accommodate
both the upper and lower panel. The 65520 / 530
also has the versatility to insert extra LPs for every
extra line the panel requires.

In order to program the 65520 / 530 for simultaneous
display, two FLM signals are required. The first
shorter FLM will match the normal FLM frequency
as the data is displayed on the first half of the CRT
display data. The second FLM will be longer to
allow for the CRT blank time. The FLLM delay is

programmed in XR2C and should be equal to the
CRT blank time + 1.

For flat panel types and sizes not presented here,
start with the parameters for a panel that most closely
resembles the target panel. Adjust the flat panel
configuration registers as needed and adjust the
horizontal and vertical parameters as needed.
Adaption to a non-standard panel is usually a trial
and error process.

These parameters are recommended by Chips and
Technologies for the 65520 / 65530. They have
been tested on several different flat panel displays.
Customers should feel free to test other register
values to improve the screen appearance or to
customize the 65520 / 530 for other flat panel
displays.
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EXTENSION REGISTER VALUES

The 65520/530 controller can be programmed for a wide variety of flat panels, compensation techniques and
backwards compatibility. The following pages provide the following 65520/530 Extension Register Value tables:

Table
#1
#2
#3
#4
#5
#6
#7
#8
#9

#10
#11
#12

Extcpsion
Registers
Minimum
Additional
Additional
Additional
Additional
Additional
Additional
Additional
Additional
Additional
Additional
Additional

Display Tvoe Descript
Analog CRT Monitor (VGA Mode)

CRT, Flat Panel & Simultaneous Display Emulation Modes

640x480 Monochrome LCD-DD Panels (Sharp LM64P80)
Simultaneous 640x480 Monochrome LCD-DD & CRT Display
640x480 16 Internal Gray Scale Plasma Panel ( Matsushita S804)
640x480 16 Intemnal Gray Scale EL Panel (Sharp LI64ZUS0)
640x480 Color TFT LCD (Sharp LQ9D011/Hitachi TX26D02VC2AAA)
Simultaneous 640x480 Color TFT L.CD & CRT Display

1024x768 Monochrome LCD-DD Panel (Sanyo LCM-5941-24NAK)
1024x768 Monochrome LCD-DD Panel (Sharp LM10P10)

1024x768 Monochrome LCD-DD Panel (Hitachi LMG9050ZZFC)
1280x1024 Monochrome LCD-DD Panel (Hitachi LMG9100ZZFC)

Table #1 specifies the values for the minimum Extension Registers required for the 65520/530 to boot to an analog
CRT monitor.

Table #2 specifies values for the additional Extension Registers required for emulation of EGA, CGA, MDA and

Note that the registers in Table #2 should be used in conjuction with the

Hercules backwards compatibility modes.
registers specified in Table #1. For registers listed in both tables, use the values in Table #2 (shown in bold text).

Tables #3 - #]2 specify values for the additional Extension Registers required to support various flat panels. Note
that the registers in Tables #3 - #12 should be used in conjuction with the registers specified in Table #1 (and
optionally Table #2). For registers listed in more than one table, use the values in Tables #3 - #12 (shown in bold
text) for the particular flat panel.
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Table #1 - Analog CRT Monitor Display Mode
Initial Boot-Up Extension Register Values

g
E
g

XRO02
XR04
XR06
XROB
XROC
XROD
XROE
XROF
XR10

XR11 .

XR14
XR15
XRI1E
XR1F
XR24
XR25
XR28
XR2B
XR51
XRS52
XRS3
XR54
XRS5S
XRS56
XRS57
XRS58
XRS59
XRS5A
XR5E
XRSF
XR60
XR61
XR62
XR63
XR70
XR7F

88es888888888338388°2

CPU Interface
Memory Mapping
Palette Control
CPU Paging
Start Address Top
Auxilary Offset
Text Mode
Software Flag
Single/Low Map
High Map
Emulation Mode
Write Protect
Altemate Offset

Virtual EGA Switch

Alternate Scanline

Horizontal Virtual Panel Size

Video Interface
Default Video

Display Type

Power Down Control

Ovemide

Alternate Miscellenous Output

Horizontal Compensation
Horizontal Centering
Vertical Compensation

Vertical Centering

Vertical Line Insertion
Vertical Line Replication

ACDCLK Control

Power Down Mode Refresh

Blink Rate Control

SMARTMAP Control
SMARTMAP Control
Color Mapping Control

Setup Control
Diagnostic

Note 1

Note 2

Note 1) Memory Mapping Register XR04 is automatically re-programmed with the video memory configuration

Note 2) Software Flag Register XROF's definition:
Bits 0-1 Set by the BIOS depending upon the video memory configuration

by the video BIOS

Bit 5 0 - All modes use the BMP selected dot clock

1 - All extended packed pixel modes use 40 MHz dot clock
All other modes use the BMP selected dot clock

Bit 6 0 - 1024x768 16 color Interlaced CRT monitor

1 - 1024x768 16 color Non-Interlaced CRT monitor
Bit 7 0 - TallFonts (8x19/8x30 font) disabled

1 - TallFonts (8x19/8x30 font) enabled

Revision 0.6

117

Preliminary

65520 /530



Table #2 - CRT, Flat Panel & Simultaneous Display Emulation Modes

i

Register Yalue(in Hex) Register

Ira
Extension Register Values
XR14 00
XR1S 18
Register  Yalue (in Hex)
XR14 01
XR1S5 0D
XR18 27
XR19 2B
XR1A A0
XR1B 2D
XR1C 28
XR1D 10
XRI1E 14
XR7E 30
Register  Value (in Hex)
XR14 52
XR15 0D
XR7E OF
Register  Value (in Hex)
XROD 02
XR14 52
XR15 0D
XR18 59
XR19 60
XR1A 8F
XR1B 6E
XR1C sC
XR1D 31
XRIE 16
XR7E OF

Emulation Mode
Write Protect

Register
Emulation Mode
Write Protect

Altemate Horizontal Display Enable End
Altemate Horizontal Retrace Start
Altemate Horizontal Retrace End
Altemnate Horizontal Total

Altemate Horizontal Blanking Start
Altemnate Horizontal Blanking End

Alternate Offset

Monochrome Color Select

Register

Emulation Comments

Write Protect

Monochrome Color Select

Register
Auxiliary Offset
Emulation Mode
Write Protect

Alternate Horizontal Display Enable End
Altemate Horizontal Retrace Stant
Altemate Horizontal Retrace End
Aliernate Horizontal Total

Aliemate Horizontal Blanking Start
Altemnate Horizontal Blanking End

Alternate Offset

Monochrome Color Select

Comments

EGA Emulation
EGA Emulation

Comments

CGA Emulation
CGA Emulation
CGA Emulation
CGA Emulation
CGA Emulation
CGA Emulation
CGA Emulation
CGA Emulation
CGA Emulation
CGA Emulation

Comments

MDA Emulation
MDA Emulation
MDA Emulation

Comments

Hercules Emulation
Hercules Emulation
Hercules Emulation
Hercules Emulation
Hercules Emulation
Hercules Emulation
Hercules Emulation
Hercules Emulation
Hercules Emulation
Hercules Emulation
Hercules Emulation

Note: 1) Bold text indicates registers with values different from those shown in Table #1
2) Non-bold text indicates additional registers (not included in Table #1)
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Table #3 - Monochrome 640x480 LCD-DD (e.g., Sharp LM64P80) Panel Mode
Extension Register Values (with a 64k x 4 VRAM frame accelerator)

Register Yalue(inHex) Register Comments
XR06 02 Palette Control Disable Internal DAC
XR19 54 Altemate Horizontal Retrace Start
XR1A 19 Altemate Horizontal Retrace End
XR1B 59 Alternate Horizontal Total
XR1C 4F Alternate Horizontal Blanking Start
XR2C 04 Flat Panel Vsync Delay
XR2D 50 Flat Panel Hsync Delay (CP disabled)
XR2E 50 Flat Panel Hsync Delay (CP enabled)
XR2F 00 Flat Panel Hsync Width
XR50 25 Panel Format
XRS2 41 Power Down Control
XRS3 0oC Override
XR64 E4 Altemate Vertical Total
XR65 07 Alternate Overflow
XR66 EO Alternate Vertical Sync Start
XR67 01 Altemnate Vertical Sync End
XR68 DF Alternate Vertical Display Enable End
XR6E BD Polynomial FRC Control Register Optimize For LCD
XR6F 1B Frame Buffer Control

Note: 1) Bold text indicates registers with values different from those shown in Table #1
2) Non-bold text indicates additional registers (not included in Table #1)
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Table #4 - Simultaneous Monochrome 640x480 LCD-DD & CRT Display Mode
Extension Register Values (With A 64Kx4 or 256Kx4 VRAM Frame Buffer)

XR19 S5A Altemate Horizontal Retrace Start
XRI1A 1F Altemate Horizontal Retrace End -
XR1B 68 Altemate Horizontal Total

XR2C 21 Flat Panel Vsync Delay

XR2D 50 Flat Panel Hsync Delay (CP disabled)
XR2E 50 Flat Panel Hsync Delay (CP enabled)
XR2F 00 Flat Panel Hsync Width

XRS50 25 Panel Format

XR52 41 Power Down Control

XRS53 0C Override

XR64 0B Altemnate Vertical

XR65 26 Altemmate Overflow

XR66 EA Alternate Vertical Sync

XR67 oC Alternate Vertical Sync

XR68 DF Altemnate Vertical Display Enable
XR6E BD Polynomial FRC Control Register Optimize For LCD
XR6F 1B Frame Buffer Control

Note: 1) Bold text indicates registers with values different from those shown in Table #1
2) Non-bold text indicates additional registers (not included in Table #1)
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Table #5 - 640x480 16 Internal Gray Scale Plasma Panel (Matsushita S804)
Extension Register Values (No Frame Buffer)

Register Yalue(inHex) Register Comments
XR19 60 Altemate Horizontal Retrace Start
XR1A 00 Altemate Horizontal Retrace End
XR1B 60 Alternate Horizontal Total
XR1C 4F Flat Panel Horizontal Panel Size
XR2C 04 Flat Panel Vsync Delay
XR2D 62 Flat Panel Hsync Delay (CP disabled)
XR2E 6d Flat Panel Hsync Delay (CP enabled)
XR2F 08 Flat Panel Hsync Width
XRS50 17 Panel Format
XRS51 .. C4 Display Type
XRS52 01 Power Down Control
XRS53 oC Override
XR54 39 Alternate Miscellenous Output
XR64 0D Altemate Vertical
XR65 26 Alternate Overflow
XR66 E8 Altemnate Vertical Sync
XR67 0A Altemnate Vertical Sync
XR68 DF Altemate Vertical Display Enable
XR6F 00 Frame Buffer Control

Note: 1) Bold text indicates registers with values different from those shown in Table #1
2) Non-bold text indicates additional registers (not included in Table #1)
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Table #6 - 640x480 16 Internal Gray Level EL Panel ( Sharp LJ64ZUS0)
Extension Register Values (No Frame Buffer)

XR19 52 Alternate Horizontal Retrace Start
XR1A 15 Altemate Horizontal Retrace End
XR1B 54 Alternate Horizontal Total

XR1C 4F Flat Panel Horizontal Panel Size
XR2C oC Flat Panel Vsync Delay

XR2D 4F Flat Panel Hsync Delay (CP disabled)
XR2E 4E Flat Panel Hsync Delay (CP enabled)
XR2F 81 Flat Panel Hsync Width

XRS50 17 Panel Format

XR51 C4 Display Type

XR52 41 Power Down Control

XRS4 F9 Alternate Miscellenous Output

XR64 FO Altemnate Vertical

XR65 07 Alternate Overflow

XR66 ES Alternate Vertical Sync

XR67 OE Altemate Vertical Sync

XR68 DF Altemate Vertical Display Enable
XR6F 00 Frame Buffer Control

Note: 1) Bold text indicates registers with values different from those shown in Table #1
2) Non-bold text indicates additional registers (not included in Table #1)

Revision 0.6 122 Preliminary  65520/530



WHirS

®

Table #7 - 640x480 Color TFT LCD Flat Panel Mode (Sharp LQ9D011 or Hitachi TX26A02VC)
Extension Register Values (No Frame Buffer)

XR06
XR19
XR1A
XR1B
XR1C
XR28
XR2C
XR2D
XR2E
XR2F
XRS50
XRs1
XRS52
XR53
XR54
XR64
XR65
XR66
XR67
XR68
XR6F

C2
56
13
SF
4F
02
00
80
02
42
47
C4
41
0oC
F9
04
26
E2
05
EO
00

Palette Control

Altemate Horizontal Retrace Start
Altemate Horizontal Retrace End
Alternate Horizontal Total

Flat Panel Horizontal Panel Size
Video Interface

Flat Panel Vsync Delay

Flat Panel Hsync Delay (CP disabled)
Flat Panel Hsync Delay (CP enabled)
Flat Panel Hsync Width

* Panel Format

Display Type

Power Down Control

Overide

Alternate Miscellenous Output
Altemate Vertical

Alternate Overflow

Altemate Vertical Sync

Altemate Vertical Sync

Altemnate Vertical Display Enable
Frame Buffer Control

Comments

Color Reduction

Change Polarity

Note: 1) Bold text indicates registers with values different from those shown in Table #1
2) Non-bold text indicates additional registers (not included in Table #1)
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Table #8 - Simultaneous 640x480 Color TFT LCD & CRT Display Mode
(Sharp LQ9D011 or Hitachi TX26A02VC)

Extension Register Values (No Frame Buffer)
Register YValue(in Hex) Register

XR06
XR19
XRI1A
XR1B
XR28
XR2C
XR2D
XR2E
XR2F
XRS0
XRS1
XRS2
XRS3
XRS54
XR64
XR65 -
XR66
XR67
XR68
XR6F

co
SA
1F
68
02
00
80
02
46
47
c4
a1
0C
F9
04
26
E2
05
EO
00

Palette Control

Altemate Horizontal Retrace Start
Altemate Horizontal Retrace End
Alternate Horizontal Total

Video Interface

Flat Panel Vsync Delay

Flat Panel Hsync Delay (CP disabled)
Flat Panel Hsync Delay (CP enabled)
Flat Panel Hsync Width

Panel Format

Display Type

Power Down Control

Override

Alternate Miscellenous Output
Alternate Vertical

Alternate Overflow

Altemate Vertical Sync

Altemate Vertical Sync

Altemate Vertical Display Enable
Frame Buffer Control

Comments

Color Reduction

Change Polarity

Note: 1) Bold text indicates registers with values different from those shown in Table #1
2) Non-bold text indicates additional registers (not included in Table #1)
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Table #9 - 1024x768 Monochrome LCD-DD (Sanyo LCM-5941-24NAK) Panel Mode
Extension Register Values (With A 256Kx4 VRAM Frame Buffer)

XR06
XR19
XR1A
XR1B
XR1C
XR2C
XR2D
XR2E
XR2F
XR30
XRS51
XRS2
XRS3
XR64
XR65
XR66
XR67
XR68
XR6E
XR6F

02
88
07
8A
7F
01
80
80
00
25
6F
41
0C
01
ES
00
01
FF
33
1F

Palette Control

Altemnate Horizontal Retrace Start
Altemate Horizontal Retrace End
Alternate Horizontal Total

Flat Panel Horizontal Panel Size

Flat Panel Vsync Delay

Flat Panel Hsync Delay (CP disabled)
Flat Panel Hsync Delay (CP enabled)
Flat Panel Hsync Width

Panel Format

Display Type

Power Down Control

Override

Altemate Vertical

Alternate Overflow

Altemate Vertical Sync

Altemate Vertical Sync

Altemnate Vertical Display Enable
Polynomial FRC Control Register
Frame Buffer Control

Comments

Optimize For LCD

Note: 1) Bold text indicates registers with values different from those shown in Table #1
2) Non-bold text indicates additional registers (not included in Table #1)
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Table #10 - 1024x768 Monochrome LCD-DD (Sharp LM10P10) Panel Mode
Extension Register Values (With A 256Kx4 VRAM Frame Buffer)

XR06
XROF
XR19
XR1A
XR1B
XR1C
XR2C
XR2D
XR2E
XR2F
XRS50
XRS51
XRS52
XR53
XR64
XR65
XR66
XR67
XR68
XR6E
XR6F

02
20
82
09
8A
TF
05
00
00
30
35
6F
41
0oC
06
ES
03
03
FF
33
1D

Palette Control

Software Flag

Altemnate Horizontal Retrace Start
Altemnate Horizontal Retrace End
Altemnate Horizontal Total

Flat Panel Horizontal Panel Size
Flat Panel Vsync Delay

Flat Panel Hsync Delay (CP disabled)
Flat Panel Hsync Delay (CP enabled)
Flat Panel Hsync Width

Panel Format

Display Type

Power Down Control

Override

Altemate Vertical

Altemate Overflow

Altemate Vertical Sync

Altemnate Vertical Sync

Altemnate Vertical Display Enable
Polynomial FRC Control Register
Frame Buffer Control

Comments

Optimize For LCD

Note: 1) Bold text indicates registers with values different from those shown in Table #1
2) Non-bold text indicates additional registers (not included in Table #1)
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Table #11 - 1024x768 Monochrome LCD-DD (Hitachi LMG9050ZZFC) Panel Mode
Extension Register Values (With A 256Kx4 VRAM Frame Buffer)

Register Yalue (in Hex)

XR06
XROF
XR19

XR67
XR68
XR6E
XR6F

02
20
82
09
8A
7F
07
00
00
30
35
6F
41
0C
06
E7
03
03
00
33
1D

Register

Palette Control

Software Flag

Altemate Horizontal Retrace Start
Altemate Horizontal Retrace End
Altemnate Horizontal Total

Flat Panel Horizontal Panel Size
Flat Panel Vsync Delay

Flat Panel Hsync Delay (CP disabled)
Flat Panel Hsync Delay (CP enabled)
Flat Panel Hsync Width

Panel Format

Display Type

Power Down Control

Override

Alternate Vertical

Alternate Overflow

Altemate Vertical Sync

Altemate Vertical Sync

Altemate Vertical Display Enable
Polynomial FRC Control Register
Frame Buffer Control

Comments

Optimize For LCD

Note: 1) Bold text indicates registers with values different from those shown in Table #1
2) Non-bold text indicates additional registers (not included in Table #1)
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Table #12 - 1280x1024 Monochrome LCD-DD (Hitachi LMG9100ZZFC) Panel Mode
Extension Register Values (With A 256Kx4 VRAM Frame Buffer)

XR06 02 Palette Control

XR19 A6 Alternate Horizontal Retrace Start
XR1A 1E Altemnate Horizontal Retrace End
XR1B AA Altemnate Horizontal Total

XR1C OF Flat Panel Horizontal Panel Size
XR2C 00 Flat Panel Vsync Delay

XR2D A0 Flat Panel Hsync Delay (CP disabled)
XR2E A0 Flat Panel Hsync Delay (CP enabled)
XR2F 03 Flat Panel Hsync Width

XRS50 25 Panel Format

XRS1 6F Display Type

XRS52 41 Power Down Control

XRS3 0C Override

XRS7 1F Vertical Compensation

XR64 FF Alternate Vertical

XR65 E7 Alternate Overflow

XR66 FF Altemate Vertical Sync

XR67 00 Altemate Vertical Sync

XR68 FF Alternate Vertical Display Enable
XR6E 9D Polynomial FRC Control Register Optimize For LCD
XR6F 1F Frame Buffer Control

Note: 1) Bold text indicates registers with values different from those shown in Table #1
2) Non-bold text indicates additional registers (not included in Table #1)
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Application Schematic Examples

This section includes schematic examples showing various 65520/530 interfaces. The schematics are broken
down into four main groups for discussion: ,

To

1) System Bus Interface

* PC/AT-Bus (ISA 16-Bit)

» PC/Chip (F8680) Bus Interface (ISA 8-Bit)
* MC-Bus

386 SL PI-Bus

* 386 SX or 386 DX Local Bus

2) Display Memory Interface

» Two or Four 256Kx4 DRAMs with optional Frame Buffer
* Two 256Kx4 VRAMs with optional Frame Buffer

» Four 256Kx4 VRAMs

* Two 256Kx8 VRAMs

* Two 128Kx8 PSRAMs with optional Frame Buffer

* Two 512Kx8 DRAMs with optional Frame Buffer

3) CRT/Flat Panel Interface
4) Clock Interface (82C404 Clock Chip)

design a system around the 65520 or 65530, select one schematic page from each of the four groups above.

Selection of a bus interface for the VGA controller is generally dictated by the type of bus available in the system.
If performance is a concemn, however, and a 386 CPU is being used, a local bus interface should be used instead.

Selection of a memory interface involves several factors:

Designing with four 256Kx4 DRAMs and a 64Kx4 VRAM frame buffer offers the most flexibility, allows
interface to all panel types, and allows all 65520/530 features to be used. In this configuration, two of the
DRAM s and the frame buffer can be left uninstalled on the PCB for the lowest cost subsystem (addition of the
two extra DRAMs allows the use of Super-VGA modes of operation on CRTs; addition of the frame buffer
allows the use of simultaneous display capability).

Designing with VRAMs results in faster performance and lower power, but with a cost penalty (VRAMs are
more expensive). An additional consideration is that some of the VRAM interface pins are used to support the
frame buffer. As a result, the frame buffer can only be implemented in 256KB VRAM configurations (two
256Kx4 VRAMs) and cannot be implemented in 512KB display memory configurations (four 256Kx4 or two
256Kx8 VRAMS). As a result, 512KB VRAM memory configurations cannot be used if simultaneous display
capability or interface to high-resolution flat panels (1024x768 monochrome) is required.

Designing with two 512Kx8 DRAMs results in a total of IMB of display memory with only two memory
chips. This may result in less PCB space used by the graphics subsystem. However, the 256Kx4 DRAM
configurations will generally be more cost effective, since generally only 512KB of display memory is
required.

Psuedo-Static RAMs may result in lower power, but require external data latches, since these pins do not have
a standard DRAM row/column addressing scheme.

Replacing the 64Kx4 VRAM frame buffer with a 256Kx4 VRAM allows interfacing to high resolution flat
panel displays with frame acceleration.
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Application Schematic Examples

3-{RESET
ZIdRFSH/ [DISANl (DISA) <DISA/>
2dBHE/ [BHE| (BHE) <BHE/S>
S{AEN Mion (Mo} <MiOf>
22 |ERMEN/[ADL/] (START/) <ADS/>
ZqIoWR/ [SETUP/] (SETUP/) <LDEV/>
2{IORD/ [CMD/] (CMD/) <CCLK>
SJMEMW/[S0/]  (VGACS/}<VGACS/>
2dMEMR/ [S1]  (RD)  <RDj>
I"{RDY = [RDY] (RDY/} <RDYs
2dows/ [CSFB/] (CSFB/) <NAS>
Z1RQ TRQ/] IRQ)  <IRQ/>
d10Cs16/[DS16/] (DSI&/) <BS16/>
65520/ 530
jg A9 [A19]
SIAI8  [Al8]
dhar (A1)
A6 [Al6]
2IAIS  [A15]
A4 [Al4]
BIAI3  [A13]
AL [A12)
SAll [All]
a0 [A10]
33| A9 A9)
32| A7 A7
2l a6 A6
2{as AS
37 A4 Ad
35 A3 A3
3 Al Al
A0 A0 (A0)  <BLEA
+5V = B3, B29, D16
1 o LV g;zgwxx/ (VGARD)
Cl17 14 67 D14
i 13 % D13
s Di2 65 |DL>
st b
—e—3 621 Do
iy 61 1pg
GND = B1, B10,B31,D18
§§ D7
3% gg
53
3-{D4
D3
%
D2
DO

Circuit Example - 65520 / 530 Notebook ISA Bus
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- Application Schematic Examples

RESET 100 ohm , o 13 eeeer
19— 9-RESH/ ZIJRFsH/ [DISA] (DISA) <DISA/>
» )-mﬁ —s—2%0BHE/ [BHE| (BHE) <BHEA>
C Al TS 2 ARN off (MO <MIO/>
B < nn//c = 100p n/c <<Z{ERMEN/{ADL/] {START/} <ADS/>
2 (4 - e
mGWR'/I j-%c IOWR/ [SETUP/] (SETUP/} <LDEV/>
I MEMWT ZJIORD/ [CMD/] {CMD/) <CCLK>
Bl I EMR/ 22 MEMW/ [SO/) VGACS/}<VGACS/>
E_E /DS 243 MEMR/ (S1/] RD/}  <RD/>
A0 e RDY [RDY] -{RDY/] <RDY/>
Ky 2qOows/ [CSFB/| (CSFB/) <NAP
0OCS16/ cJIRQ  [RQ/]  (IRQ}  <IRQ/>
d10Cs16/[DS16/] (DS16/) <BS16/>
MEMCS16/
CDor o
(CCoz ) a8 g
o3 ) LA22 HCTI125
CCo4 ) ﬁ"})
04T —0—
o ey e ED g 65520 / 530
07 a8 {—d -
C08
A0l n/c
B30 Y431818 MHzZ 1 2C404 Clock Chip
Al9 49
A a NI
Al -l s0a17 (A7)
(Al )iz 35| A16 A16
N Y
nEet an:
AL 431213 [A13
Als—SAL 42512 [A12
All AA11 (Al
2 AL0 40
Car 4 Qa0 [al0
(A2 2 S3A9 [A9]
A23 35 37 2?, m}
A6 3%
AS 35| A5 ﬁg%
:_<( as ;“; A4 Ad]
1D eyv) £7l e o
0 9-Al 3UA7 Al%
T 9-A0 30a0  [A0] (A0}  <BLES
+5V = B3, B29, D16 ENapi
D15 DIRfg =z |ENAVxx/ (VGARD)
= .;D—"J 4 p) g 67 g{i
Ci6 3 g AL+ 8¢ 1p13
Cl15 (( D12 Note: To enable the VGARD
Cl4 D11 5 ¢> 3 64 Dil A .
T( D10 rA ) &3 output, configuration pin 4
CT( D09 7 B A 3 62 g;o (XCV/ on AA4) must be
CT—( 8 8] 245 {2 5 61 Ipg connected to ground via a
—BL optional transceivers ENAD 47K resistor. In the 65520,
GND Bl.Bll;)£3l.Dl8 for additional bus drive || DIR[g 58 pin 69 (normally ENAVEE/)
A03 503 Lall 36 gg output; in the 65530, pin 82
o 4 L6 55 1De (normally ENAVDDY/)
A0G 3 5 >[5 34 |53 becomes a VGARD output.
ADT Do 88 al3 2
A08 8 245 [2 511D!
A0D DO

Circuit Example - 65520/ 530 Add-In Card ISA Bus (Extra Bus Drive Option)
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.c«i-‘.ﬂ“ i ';-5‘4 ® ) - Application Schematic Examples

(B680117)-RESEL_____ 13 IRESET
CR63002 9 _RESH/ (DACKIN - %—;’;c Rgg-l/ %BDISAI] EDISA/] <DISA/>
c-26dB HE] (BHE/) <BHEA>
GesoT H)-AEN %—3— AEN [MIO] (MO} <MIO/S>
nc—221ERMEN/[ADL/] ({START/} <ADS/>
— IOWR/ 23
(368012 ) 23910WR/ [SETUP/] (SETUP/} <LDEV/>
(868015 0RO ZZJIORD/ [CMD/] (CMD/} <CCLK>
E_ 68 )WNR/ 52q MEMW/ [S0/] VGACS/I<VGACS/>
680-10 3-MEV ZMEMR/ (S1]  (RD)  <RD/>
86806 ) —5gRDY {gsDFY%n RDY/} <RDY/>
— -] s/ CSFB/} <NA/>
CEes03 )-RQ2 HRQ  [RQ] (RQ)  <IRQA
nc18q10Cs16/ (DS16/] (DSI6/} <BSI6A

The video subsystem BIOS must be merged with the
system BIOS (contact CHIPS for more information)

(EeR0-152)-ENLOFE/ (BS3) 1o 65520/530 PNLOFF/ imput pin 14

(8680- :%:; /_(PS2) _ To 82C404 Clock Chip PWRDN/

C8680-151)-STNDBY/(ESL) . To 65520/530 STNDBY/ input pin 15 65520/ 530
Cos0-51 31431818 MHz 16 82c404 Clock Chip XTALIN :
(8680-120)-32-168 KHz To 65520/530 32KHZ input pin 102

The 82C404 PWRDN/ input may alternately be driven by 65530 pin
109 in 65530-based subsystems if 4-VRAM configuration is not used

(86800 )-Al3 Al [A19)
(68017 3418 A8 [A18]
( 8680-14 ) AT6 a6 Al7 [Al17]
B0 a3 AL Z1 eI A
(868021 341 VA4 [A14]
(868023 3413 HAI3  [A13]
 8680-25 )9 21]A12  [A12)
( 8680-27 )74+ 20| All All}
g g::;;?’Lm ‘QA;O Al0]
80-32 A% 38] A A9)
S8036 3 A7 1l A
68038 322 36l a6 6
¢ 868040 -4 39l As 25}
v 4
68043 ) 2‘; :‘j A4 Ad]
(C 080452 A7 7 et 232}
50 9-AlL 31
(C8680-50 341 LAl Al
C680-52 ) 30A0  [A0) {A0) <BLES
F8680
PC/Chip nc—=—{ENAVxx/ (VGARD)
Interface nc—S31 D15
NCT D14
n/c 65 D13
n/c €1 D12
#c 631D11
c—831p10
n/c-% D9
nc—811pg
(868068 )D& 3 o7
CR680:67 )L D6
C8630-66 12 36 1ps
680-64 )2 23 14
C8630-63 3 34 1p3
680-62 )22 23 1
_—__3 D1 52
680-61 D1 2 1p1
68060 1 1

Circuit Example - 65520 / 530 Interface to PC/Chip (8-bit ISA Bus)

Revision 0.6 132 Preliminary 65520/530



G (ml] - Application Schematic Examples

13 IRESET
Do oPA G_g RFSH/ [DISA/] (DISA/) <DISA/>
¢ass yPLH 2)BHE/ [BHE| (BHE) <BHES>
ey ZIAEN  [MIO] (MIOf) <MIO/>
Can > 29 |ERMEN/[ADL/] (START/} <ADS/>
A0l )-SEIUP/ h 23410WR/ [SETUP/] (SETUP/) <LDEV/>
E::B:M_j%‘}m[ —22310RD/ [CMD/] (CMD/} <CCLK>
¢Can -3 DAMEMW/[S0]]  (VGACS/)<VGACS/>
C 3 ‘“ MEMR/ [S1/] {(RDf} <RD/>
73 31RDY - [RDY] (RDY) <RDYA
1dows/ [CSFB/ (CSFB/) <CSFB/>
IHIRQ  [RQ]  (IRQ) ' <IRQ/>
d10Cs16/[DS16/] (DSI6/} <BS16/>

+5V or motherboard logic register 102h bit-0

D 14.31818 MHz To 82C404 Clock Chip

65520/ 530
Baw (a9
4.7|A18 Al8]
26 Al7 Al7]
25 Al6  [Al6]
y, Al5 Al5)
A4 [Al4)
,'i Al3 Al3)
21 Al2 Al2)
20 All All)
39 Al0 A10)
3 A9 A9}
37 A8 A8)
35| A7 A7)
35 A6 A6)
34 AS AS)
33 A4 Ad]
32 A3 A3]
a2 (a2)
50 Al Al]
== A0 A0] {A0} <BLE/>
e —S2{ENAVEE/ (VGARD)
67 D15
66 D14
5 D13
4 D12
3 D11
65. D10 Note: To select the
s1 102 MC-bus pinout
D8 configuration, the
AA1 (MC/) pin
Yyl 8876 2_81 D7 mustbecowted
Adl D03 56 D6 to ground via a
gj L(()) DOZ 3 D5 4.7K resistor.
= D4
D03 54
B39 ~1D3
¢ a3 D2 3 1p2
==
(__ B33 )_DOO 371D!1
C__A37T ) DO

Circuit Example - 65520 / 530 Notebook MC Bus
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D_E&E[_M,A 100 o 3 IRESET
EB 9 —9-RESH/ e 100 nc—2lRFSH/ [DISA/] (DISA/} <DISA/>
—_BHE T~pF 263
Co1 930 o 2°dBHE/ [BHE]| (BHE) <BHEA>
CA o nkc __I__ CPUR0I)boAlOf 2 AEN  [MIO/] (MIOf) <MIO/>
B AR ://c = SCPU-RC:.‘ 29 |ERMEN/[ADL/] {START/) <ADS/>
—2JOWR € PI-Bus-Specific Pins 2 ]
B3 Y 8%1 n/c us-spectiic oM +5Y 4:-3c IOWR/ [SETUP/] (SETUP/} <LDEV/>
Bla 30Kl nc  (CP J-uazm——:%c IORD/ [CMD/] (CMD/} <CCLK>
Bl Q—EF—L— we  (CPU-VO2 gl 22 MEMW/[S0]  [VGACS/)KVGACS/>
B MEMR  we  (cPUTTo -ERURE ZdMEMR/ [S1/]  {RD)  <RD/>
A WS n/c CPU-V03) 0 RDY RDY} (RDY/} <RDY/>
0CS16/ _____ pc  (LGA Package) nc—16g %%sus/ lgzsggn f’x'&n :IBRS?Z
— >
MEMCST6/ _ pve
n/c
—
n/c
9 e
8 /e
5 nc 65520 /530
i n"/f
c
31818 MHz _ 1, 82C404 Clock Chip
ISA Bus Pins
A ) 413 19 [A19]
A3 A Bag (1]
A -4l a7 (A7)
¢ AIs -l 32416 [Al6]
nEe g A
Al 43
AlR A13  [A13]
8 _2"Al 22
A19 A2 [A12]
20 —9-ALL AUA11 (A1l
Azl J-Al0 Qa0 (Al0)
a5 A0 39 4 "
22 a8 38 ]
23 )45 23 A8 A8]
AL SHA7 A7)
A 2% A6 A6]
A4 34 AS AS)
A3 33| Ad Ad]
A2 32| A3 A3]
27| A2 A2]
‘ &l S AL Al]
- 3% A0 A0) (A0}  <BLEA
+5V = B3, B29, D16
DIS . n/c—68— ENAVxx/ (VGARD)
D14 ) 61 gli
D13 66 D{3
D12 65 1o15
D1l 64102
D10 63 In10 Note: To select the PI-
ng g‘l D9 bus pinout configuration,
D8 the AAO (LB/) and AAL
GND = B1, B10,B31,D18 (MC/) pins must both be
DO7 58 connected to ground via a
D
ﬁgg %’? gg Dg 4.7K resistor.
A% 2 Doa 55102
A2 103 54 D2
A0T 202 23 1;2
A8 920 321pi
A09 DO

Circuit Example - 65520 / 530 Notebook PI Bus (386 SL)
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ﬂll': Application Schematic Examples

CPU-3 RESET Synchronization Logic ]3 RESET
SHE# +5V —ZIqRFSH/ [DISA (DISA/) <DISAS>
pPU19 ) /IOF :80 BHE/ ([BHE/] (BHE/} <BHES
Al CPU-23 31k SAEN [MIOf] (MIO/} <MIO/>
-E14 U-16 )= 221 ERMEN/[ADL/] {START/) <ADS/>
—  LDEV#

Local Bus Control Logic — == ~=———-———"—1_ BdI1oWR/ [SETUP/] {SETUP/) <LDEV/>
Ti LRS- k —2ZdIORD/ [CMD/] (CMD/) <CCLK>
TALL CPU-24 )—W/—,R#— n/c 2 MEMW/[S0/]  {VGACS/)<VGACS/>

PUBI0 CPU-25 3 RbVE 24AMEMR/ {S1/] (RD/} <RDp>

CPUG NEED <P RDY {RDY] (RDY/] <RDYp>
. PU6 2dows/ [CSFB/| (CSFB/} <NA/>
- 7~ BUSY# _ . HRQ  [RQ] (RQ) ~ <IRQA

¥ 04 10Cs16/ [DS16/} {DS16/} <BS16/>

PU-A¢ PU- n/c

P $ - n/c

L OCK#
PS8 ) e IRQY
: PU-4 BSI16% System Interrupt Controller
386DX CPU 386X CPU - U7 )AL 49
gc:vuE : Ui ALE 48 Nt mgl
E'CC U-HI 5U-72 ij ALL__4Ra17  [AI7
pPU pU-70 AlS [A16
CCPU 5066 >0 A1s  [AlS
- pU-65 Al 441412 [Al4
& 064 213 431 a1 (A3
C 5062 9 AL jf Al2  [A12
C PU-61 -4 A [an
C pU-60 ) A0  [A10
C P50 J-23———321 A9 A9
C 5058 )-28 A8 A8
CC 5U-56 2 A7 A7)
386DX CPU C PU-55 53] A6 A6
(CPU-A & 24 2 Aq 34 23 ﬁi
(CEUC C PUS2 343 331A3 A3
A
PUB (CPU-17_) A0 [AQ] (A0} <BLE/>
386DX CPU 386SX CPU
386DX CPU 336SX CPU ne —8Z{ENAVDD/ (VGARD)
(CPUM11 U1 )57 <7{DI15
(CPU-Pi2 5 ‘ D14
%PU- 3)-(CPUS83 pi5— 113
PUO-N12 CPU-86 —; eaP12 -
(CPUN13 ) CPUST 3 64 b1
gg U-M12 PU-8 503 D10 -
CPU-N14 —{ CPU-89 o8 6;' D9 Note: To select the local
(CPU-LI3 )—(CPU-90 )— D8 bus pinout configuration,
386DX CPU 386SX CPU the AAO (LB/) pin must

CPUKIZ)—( CPUS7 )R 7 be connected to ground

CPU-L14 PU-93 D03 3 D6 via a 4.7K resistor.

CPUXK13 )»— CPU-94 5 22-{Ds

CPU-K14 )—{ CPU- 553 21D4

CPU-J14 CPU-96 o= 25-{D3

CPU-H143—( CPU-99 }—pe 2> D2

(CPU-H13 — CPU-100)—1s 221D1
(CPU-HI2Z ) CPU-1_) DO

Circuit Example - 65530 Notebook 386SX/DX Local Bus
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“\ n ' r: Application Schemnatic Examples
(FA8) SBD7 108 ~;nnect to VRAM pin A8 if using 256Kx4 VRAM (required for high-res panel support)
) : p
(65530 404PD/) SBD6 —9110 e
(BAY) SBDS L-m nic
(AA9) SBD4 Hi- mic
(FD3) SBD3 1%
(FD2) SBD2 H12
(D1) sBD1 Hi
(FDO) SBDO
(SBD3) MBD7 }}2
(SBD2) MBD6H 1]
(SBD1) MBDsH13
(SBD0) MBD4|i73 53
MBD3H57 2D3
MBD215% D2
(ICTENA1)) MBDI1 52 D1
(TSENA1/) MBDO : DO
BAS }%g }7 A8 256K
. BATH27 16]A7 x4
' Dao[128 15| A8 pRAM
BA4HZS 14 A4
131 12
BA3H2] 12 A3 soJ
BA21733 1042 PKG
BA1 13> oAl
BAO AO
13 R1_33 oh P
RASB/PDI32 aaaRL 33ohm ___44Ras
33 oh 3 RAS
65520  CasB/prE-maRZatoun ——Zdcas
WEB/ P13 55q WE
or DTOEB/P+2%- n/c OE
65530 =
(FAT) SAD7 }f
(FA6) SAD6 1
(FAS) SADS fg
(FA4) SAD4 |2
(FA3) SAD3 [5
(FA2) SAD2 [£
(FA1) SADI 2
(FA0) SADO
(SAD3) MAD7 ‘;
(SAD2) MAD6F>
(SAD1) MADS5
(SADO) MAD4
M T
MAD2 22 b2
(CTENA0/) MAD1 12 4p1
(TSENAO/) MADO DO
155 18
AABRSY 17]A8 256K
cron A B
DRAM
(CEGS)  AAS }gf }2 AS
(CFG4)  AA4H2E 13 A
(56M)) (CFG3)  AA3[3 12'a3 50
(OSCN (CFG2)  AA2h 3 A2 PKG
(MCH (CFG1)  AAl Al r
(LB/) (CFG0)  AAQH46 9% a0 D.65152(;\//[ 530
RASA/D 3RS 37 ohm 33| RAS isplay Memory
CASA/D WV R6 33 ohm 34 <aS frad
WEA/D- e WEE—=mmm———sQ WE Two or Four
DTOEMP135” e OE 256Kx4 DRAMs
BLANK)  FRAS/PL © = (With Optional
(P9) (PALWR))  FCAS/PL2 _Frame Buffer)
(P10) (PALRD)) _ FWE/DZ%
(P8) (SENSE) _ FDTOE/P+
(P11) (PCLK) (FSC) FSOE/P>
Revision 0.6 136 Preliminary 65520/530



SnE EnunnLaune

\ n l r : Application Schematic Examples
(FA8) SBD7 %g Connect to VRAM pin A8 if using 256Kx4 VRAM (required for high-res panel support)
(65530 404PD/) SBD6 HD2- n/c
(BAS) SBDS i~ e
(AA9) SBD4 s
(FD3) SBD3 }}%
(FD2) SBD2 Hiy
(FD1) SBDI1 Hi%
(FD0) SBDO
(sBD3) MBD7HHS
(SBD2) MBD6H 1T
(SBDI) MBDS s
(SBDO) MBD4 77 74 77
MBD3 52 2 D3 s3pak
MBD2 %2 22 s2t%
(ICTENA1/) MBD] = DI SI
(TSENA1/) MBDOHZ Apo  sof2
Bag|125 10 .o
26 5
BA7H A7
Bas[2] L a6 zeK
BAS 2 AS
BA4 q‘i’ 12 A4 VRAM
BA3HS A3
BA2132 11 a2 SOJ
BA1 H33 1811 PKG
BAOH34 = 19 A0
RASB/p132 -*q RAS
65520  casp/plfw 1dcas
WEB/ DW‘ 40 WE
6 505f30 DTOEB/ P22\ = DTOE
SCLK
IF2q SOE FWE22{
(FAT) SAD7 1%
(FA6) SAD6 Hi
(FAS) SADS fo
(FA4) SAD4 |3
(FA3) SAD3 |5
(FA2) SAD2
(FA1) SADI [
(FAO) SADO
(SAD3) MAD7 ‘3‘
(SAD2) MAD6|2
(SAD1) MADS 2
(SAD0) MAD4 =5 74 77
MAD3 22 D3 s3fel
MAD2(323 D2 s2%
(ICTENAO/) MAD1 DI S1
(TSENAO/) MADOH2S Apo  sofd
AAg|LSS 10| o
(CFGT) AA7 {g }f A7 256K
(CFGO)  AASHS; 1245 x4
(CFG5) ~ AASHZS A
(CFG4)  AAd[3s 12| A4 VRAM |
(S6M/) (CFG3)  AA3HZ2 151 A3
(OSC/) (CFG2)  AA2h75 1] A2 SOJ
MC/) (CFG1)  AATHZL 5| Al PKG
(LB)) (CFG0)  AA0 3 190 A0
RASA/DIEZ qRAS 65520/ 530
CASA/P 5~V 2 CAS Display Memory
WEA/P 75— VV SGQWE Circuit
DTOEA/PIE2 - dDTOE
SCLK &V\'A 2§ SCLK ” Two 256K x4 VRAMS
® FRAS/PLS 220 SOE_FWE}&i (With Optional
073 L
) (PALWR/) FCAS/D
(P10) (PALRD/)  FWE/ c;‘%
(P8) (SENSE)_ FDTOE/P+7
(P11) (PCLK) (FSC) FSOE/P
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(FA8) sBD7 H®
(65530 404PD/) SBD6 HY2
(BAY9) SBDS
(AA9) SBD4 Hil
(FD3) SBD3 H-14
(FD2) SBD2 P
(¥D1) sBD1 P4
(FDO) SBDO
(SBD3) MBD7HS
(sBD2) MBD6HL
(SBD1) MBDsH1Z
(SBD0) MBD4 - -
MBD3H2! 24D3 s3 | 253 s3fe
N [122 2D 5326 2D} s
(ICTENA1/) MBDI 122 o1 s1 > 4o sip
(TSENA1/) MBDO D0 SO D0 SO
all s e
BA7H2S A A
BAG2] Uas 239K Ulas 255K
BAS = £ AS 4 A5
Bas 22 3| A2 VRAM 13] 44 VRAM
BA3 1% 7143 soy 7143 soy
BA21133 8|42 pKG 842 G
BAI 13 3ar oAl
BAOHLE— AO A0
3 PR J—
RASB/pA3— SdRAS |—— qRAS
65520  case/pliww dead  ———Zdcas
WEB/D 13— qWE —————QWE
p ;’;30 DTOEB/p 138w iJDIOE  |———qDTCE
SCLK SCLK
IF22qSOE FWEP2r  1F22d SOE_FWE[22|s
(FAT) SAD7 }f
(FA6) SADS [
(FAS) SADS 4
(FA4) SAD4
(FA3) SAD3 £
(FA2) SAD2 {7
(FA1) SAD1 [2
(FA0) SADO
(SAD3) MAD7f}
(SAD2) MADS|2
(SAD1) MADS5 %
(SAD0) MAD4 _
MAD3H22 24D3 S3jor Zps s3|o0
MAD2 |5 = D2 S2}5 fD2  S2i%
(CTENAO) MAD1H3] S s1p Sb1 - s12
(TSENAO/) MADO D0 SOf= D0 SO
l‘l 10 10
(CFGT) g [154 1543 1547
(CFG9 MM di{as e bijas e
(CFGa)  AAd4H2l 13 a4 VRAM L3l a4 VRAM
(S6M/) (CFG3)  AA3HZ2 a3 o) 18143 oo
(OSC/) (CFG2)  AA21 5 12 SOI a2 SO
MC) (CFG1)  AA1fH4T 18 A1 18 1
(LB) (CFGO) AA0 T A0 A0
RASA/PHZ A qRAS | —— qRAS
CASA/PIZ —2qcas | ——=2dcas
WEA/DIH-wA TqQWE —————QWE
DTOEA/D 32— dqDTOE | —————qDToE
SCLK =W T5ySCLK 53 75 SCLK [
(BLANK) FR AS,D;I_;_ e 1H=>q SOE_FWE={I =2 SOE_FWE}={k
S vy B i
10 WE/ c - —
@ ;?s)ENsE)D FDTOE/ o—?"l‘ n/c 65520/ 530 Display Memory Circuit - Four 256Kx4 VRAMs
(P11) (PCLK) (FSC) FSOE/pH— nkc
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(FA8) SBD7 }?g
(65530 404PD/) SBD6 132
(BAY) SBDS
(AA9) SBD4 Hil
(FD3) SBD3 Hl4
D2) SBD2 P
(FD1) SBD1 L
(FDO) SBDO
(SBD3) MBD7H1S e DS
(SBD2) MBD6HL] D6 s6}38
(sBD1) MBDSHS 3uDs  ss37
(SBDO) MBD4 1 Dt st
MBD3H2]
MBD2 %‘ g gz gz :
(ICTENA1/) MBD1 123 1 s1f
(TSENA1/) MBDOH: 2‘; gm S0
BA7|126 6137
BA6HZL 17] ag 256K
- BAs 128 8l X8
29 9> vrRAM
BA3 ey 2 e soJ
BA2 553 £={ A2
BAI {3 24 a1 PKG
BAO 2{ A0
RASB/DLI W L4dfFas
13 27 420
65520  CASB/p 35— WA———4IQCAS
WEB/pL3 m——LqwE _qsF{2
650;30 DTOEB/pl&—-W—IdDTCE |,
SC_DsF2|284
433 SOE DSF1}22
FAT7) sAD7 2
(FAG) SAD6
(FAS) SADS (32
(FA4) SAD4
(FA3) SAD3 [
(FA2) SAD2 [£
(FA1) SAD1 [$
(FAO) SADO
(SAD3) MaD7f2 e DS
(SAD2) MADS|3 5iD6  S6
(SAD1) MADs|3 s4Ds  sspl
Shom il —F 8 o
&
MAD2 2% O s2f
acrssNﬁgg MADOJLSS 8 &1) so]3
55 15
(CFOT)  AAT|ISS 6|43
(CFG6)  AAs[i33 1Tas 28K
(CFGS) AAS AS
(CFG4)  AA4HSL 1944 VRAM
(56M)) (CFG3)  AA3HES 243 o
(0SC) (CFG2)  AA2f 2 a2
MC/) (CFG1)  AAl £1a1 PKG
(LB (CFGO)  AAOHlde 25l A0
142 14—
RASA/ wa'———ﬁc RAS
CASA/ wa——l:,’c CAS 26
WEA/D-7e—MA———=qQWE__QSF[=—{
DTOEA/D 35 M1 29 PTOE  1g
® :33075 ,C'c 25dSGE DSF1122
73
REDN e _ _
(P8) (SENSE) _ FDTOE/Pi— nic 65520 / 530 Display Memory Circuit - Two 256Kx8 VRAMs
(P11) (PCLK) (FSC) FSOE/pLL— n/c
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Application Schematic Examples

65530 4051;;?)8/; SBD7 gg S/onnect to VRAM pin A8 if using 256Kx4 VRAM (required for high-res panel support)
( SBD6 c
(BA9) SBDS 1‘1’ nkc
(AA9) SBD4 [L1-nic
(FD3) SBD3 Hi%
(FD2) SBD2 14>
(FD1) SBDI His
(FD0) SBDO h i1 g i
(sBD3) MBD7HS PDDDDDDD
(SBD2) MBD6 iz 3015
(SBDI) MBDS Hiiq 3’12
(SBDO) MBDA4 (> 280213
MBD3 (122 N
MBD2 1% 251
(CTENA1)) MBDI |52 2310
(TSENA1/) MBDO 26] o
BAS 1,22 - 3 2; A8  128Kx8
BA6 5% 4 57|46
v VL) 3 [i2g)hy Hiachi
Bas 3L §D Qo943 HM6S8128LP
132 ? 610
BA2H33 71 B Y e
BAl 33 P A
BAO E AO_
RASB/b132 4> 119 CEWEOE CSRF
65520 CAsB/D}%————I o ?2 9 ps po]f
or 1%’%5 136 e | vl ¢
65530
(FAT) SAD7 }f
(FA6) SAD6 H
(FAS) SADS fg
(FA4) SAD4 |2
(FA3) SAD3 |5
(FA2) SAD2 [
(FA1) SADI f2
(FAO) SADO Wi st
(SAD3) MAD7 g DDDDDDDD
(SAD2) MADS |3 31'als
(SAD1) MADS {4 3
(SADO) MAD4 H=s 2813
MAD3 53 4A12
MAD2 (755 251A11
(CTENAO)) MADI (2] 23210
(TSENAO/) MADO s 26]'no
1 27
AAB 1SS 8 19 5|A8  128Kx8
(CFGT)  AAT[5R 17] 374 16 g} PS-RAM
(CFG6)  AAGHTS 14 15 7|8
RS AR IET 3 [iagls, i
(56M)) (CFG3)  AA3 :Lg gD Qg 1(9)A3 HMG658128LP
(0SC/) (CFG2)  AA2H%5 : 8 1Az
MC) (CFG1)  AA1 S 3 > 1l
@B/) (CFG0) AAO ] i AO____
142 11 CEWEOECSRE
RASA/D CD 1
CASA/D%—I = 2 9_%4 Loy, ( 65520/530 )
WEA/ L Display Memory
DTOEA/D——}‘;g n/c +5V Circuit
SCLK I we STNDBY/  (65520/530 pin 15) 128Kx8
(BLANK/)  FRAS/P73 PSRAMS
(P9) (PALWR))  FCAS/D%> (With Optional
(P10) (PALRD/)  FWE/D7% ith Up
(P8) (SENSE)  FDTOE/P7 Frame Buffer)
(P11) (PCLK) (FSC) FSOE/ P
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L "'1 ' : Application Schematic Examples
(FA8) SBD7 Hos- Connect to VRAM pin A8 if using 256Kx4 VRAM (required for high-res panel support)
(65530 404PD/) sm)g 1% we
(BA9) SBD
(AA9) SBD4 K1l
D2 SBD2 [11
(@D1) SBD1 P
(FDO) SBDO P
(sBD3) MBD7HHS 26| e
(SBD2) MBD6fy3 231155
(sBD1) MBD5H1S 240
(SBDO) NNggg 21 2 D3
MBD2H 31 D2
(CTENA1/) MBDI1HZ 7| Pl
(TSENA1/) MBDOHZ ) Y
25
Bas 26 19] 45 s12K
BAG6HZL 1826
path2s 17) A°DRAM
D [120 1<35 a
131 ]
BA3 A3
132 12|43 soy
DA2[133 11|42 PKG
BAaoH34 3 100 40
139 8
65520  cAsh/DL3E e 2’3@_2%3
WEB/ 131 d
or DTOEB/P13S nic _‘2:20 OE
65530 =
(FA7) SAD7 }f
(FA6) SADS6 Hi
(FAS) SADS
(FA4) SAD4 2
(FA3) SAD3 |
(FA2) SAD2 [
(FAI) SADI 2
(FAO) SADO o
(SAD3) MAD7f3 26/ o7
(SAD2) MADS3 25 D
(SAD1) MADS |2 24| D2
(SAD0) MAD4 H 5| 03
MAD3 4
MaDa 138 3p2
(ICTENAO/) MADI SZ 2D}
(TSENAO/) MADO 9o
155 20
AA8 A8 512K
(CECD AATHSS 1547 38
152 17| A6 DRAM
(CFG5) AAS AS
(CFG4) AA4 }i; }g A4 Use this memory configuration
(56M/) (CFG3) AA3 148 > A3 S0J to implement 1IMB of display
(0SC)) (CFG2) AA2 147 11 A2 pkG memory for support of high
MChH (CFGI)  AAl 146 10 Al resolution display modes
(LB/) (CEG0)  AAO = AO
RASA/DIEZNAx SqRAS
CASA/ DTZZ—’V/V: 2QCAS
DT%EEQJIDWX/VC 22 Olé‘: .65520 /530
SCLK P35 by _l__c Display Memory
® FRAS/PL Circuit
(P10) (PALRD) _ FWE/p-2 (With Optional
(P8) (SENSE)  FDTOE/D—= Frame Buffer)
(P11) (PCLK) (FSC)FsOEptr—mo— | o
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Application Schematic Examples

Optional latch for
interface to panels with
16 data bits (high-
resolution monochrome
panels and some color
STN panels)

(520 VGARD) ENAVEE/
(530 VGARD) ENAVDD/

SHECLK

Optional outputs used for
Color TFT panel drive only

— To Panel Power Control Circuitry

(DE) ACDCLK
LP

FLM
(FRAS/) BLANK/
(DBE)

P7 55

65520 P70
or P5 93
65530 P4 g
P3 3¢

Flat Panel P21

VGA Controller 158

J1 = CRT Analog Video
15-Pin Connector

(PCLK) (FSOE/-FSC) P11 75

(PALRD/) (FWE/) P10 73

(PALWR/)) (FCAS/)) P9 74

(SENSE) (FDTOE/) P8

__|.__ Digital Ground 47 Analog Ground
R |89
88 180 ohms
Gl%6
B
87
AVCC Y 45V
VREF[E (0L 2o b L L47uHd
IREF |34 aa—q UF |0.1] 0.047
AGND}S2 -
Rser 1% é
11 B HSYNC
VSYNC|-8 o _VSYNC >—pmi%
STNDBY/ 13 g

PNLOFEF/ oﬁl | Tic PNLOFF/ and STNDBY/ high if not used

65520 / 530 Rset Calculations

The following equations are used
Rset value for the 65520 or 65530:
_ VBGAP
Iref = X
Idac Ratio x Iref
2.1 x VBGAP
Mdac = Rset
2.1 x VBGAP
Idac

Rset =

For doubly terminated outputs (RLOAD plus CRT monitor

to determine the optimal load of 75€2), Rcolor = 50Q for RL=150Q and Rcolor =
37.5Q for RL=75Q. For 0.7V full scale output voltage,
calculations are:

for RL=150€: Idac =0.7 + 50.0 = 35.0 mA
(where Ratio = 2.1) for RL=75Q: Idac=0.7+375=18.6 mA

(where VBGAP = 1.23V) for RL=150Q2: Rset = (2.1 x1.23 + 35.0) x 1000 = 74Q2
for RL=75Q: Rset=(2.1 x 1.23 + 18.6) x 1000 = 138Q

Circuit E

Revision 0.6
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12768 KHz : 2;5:;0 /530 VGA
14318 MHz _g XTALL MCLK B——33-ohms aaa 103, g (MCLK)
/e —H XTALO LK [2—sfohms ma—I10% €K1 (MCLK/CLKIN)
12 INITO CLK/SELO > 106 CLK2 (SELO/CLK)
14| DATA/SEL1 CLK3 (SEL1/DATA)
) : FPVGA
PWRDN/ 14 EEMODE nﬁ%’fﬁw
J PWRDN Clock If a 14.31818 MHz crystal is used
From System OUTDIS . AVCC }11__ instead of the 14.31818 MHz clock
Pow.er Control INTCLK Chip SO-16l + provided by the system, the crystal may
Logic or 65530 3 FEATCLK DIP-1§ . "} 0.1{47uF be connected directly to the 82C404
*404PD/ (pin 109) 4 ipvec GND - XTALIN and XTALOUT pins. Other
I 0.1 , = discrete components (e.g. 47pF
= acitors to ground) are not required.
45V Z‘ZJ*(.)‘hm cap ground)

Indicates direct connection to

T 82C404 power/ground distribution plane
na (3 [T selo/CIk  Pwrdry
0.1uF SellData  IntClk ; [13]
3 ]i AV Initl
anr | =2 | |==| (€] obis/ DVee | (T3
) Gnd mnit0 | [12] {=<] 0.1uF
(&1 xin Foik ¢ [11]) I
Xout EM/ @ Note: The 82C404 SOIC
MCIk Cik:[9] package width is greater than the
TN standard 16-pin SOIC. The 82C404
e 0.45 > <— 16-pin SOIC package is the same width
Dy ' > as the standard 20-pin SOIC package.

82C404 Recommended PCB Layout
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\l'lll": - Flat Panel Interface Examples

Flat Panel Interface Examples

This section includes schematic examples showing how to connect the 65520 / 530 to various flat panel displays.

Monochrome Panels
Panel Panel Panel Panel Panel Data Panel
Manufacturer Part Number Resolution Technology Drive Interface _ Transfer Gray Levels
1) Epson EG-9005F-LS 640x480 LCD DD 8-Bit 8 Pixels/Clk 2
2) Citizen G6481L-FF 640x480 LCD DD 8-Bit 8 Pixels/Clk 2
3) Sharp LM64P80 640x480 LCD DD 8-Bit 8 Pixels/Clk 2
4) Sanyo LCM-6494-24NAC 640x480 LCD DD 8-Bit 8 Pixels/Clk 2
5) Hitachi LMG5162XUFC 640x480 LCD DD 8-Bit 8 Pixels/Clk 2
6) Matsushita S804 640x480 Plasma SS 8-Bit 2 Pixels/Clk 16
D Shax'p LI64ZU50 640x480 EL SS 8-Bit 2 Pixels/Clk 16
ich R ion Panel
Panel Panel Panel Panel Panel Data Panel
Manufacturer Part Number Resolution Technology Drive Interface _ Transfer Gray Levels
8) Hitachi LMG9100ZZFC 1280x1024 LCD DD 16-Bit 16 Pixels/Clk 2
9) Hitachi LMG9050ZZFC 1024x768 LCD DD 16-Bit 16 Pixels/Clk 2
10) Sharp LM10P10 1024x768 LCD DD 16-Bit 16 Pixels/Clk 2
11) Sanyo LCM-5491-24NAK 1024x768 LCD DD 16-Bit 16 Pixels/Clk 2
Color Panels
Panel Panel Panel Panel Panel Data Panel
Manufacturer Part Number Resolution Technology Drive Interface __ Transfer  Colors
12) Hitachi TM26DS0VC2AA 640x480x3 TFTLCD SS 9-Bit 1 Pixel/Clk 512
13) Sharp LQ9DO011 640x480x3 TFTLCD SS 9-Bit 1 Pixel/Clk 512
14) Optrex DMF6121 640x480x3 STNLCD SS 16-Bit 5-1/3 Pixels/Clk 8
15) Sanyo t LCM5313/5314-22NAK 640x480x3 STNLCD SS 16-Bit 5-1/3 Pixels/Clk 8
16) Sanyo t LCM5327-24NAK 640x480x3 STNLCD SS 16-Bit 5-1/3 Pixels/Clk 8
17) Seiko t X642G 640x480x3 STNLCD SS 8-Bit  2-2/3 Pixels/Clk 8
18) Sharp t LM64C03P 640x480x3 STNLCD SS 8-Bit  2-2/3 Pixels/Clk 8

T = Requires 65530 to support Color STN LCD Panels

SS = Single Panel Single Scan
DD = Dual Panel Dual Scan
TFT = Thin Film Transistor
STN = Super Twist Nematic
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\"n Flat Panel Interface Examples
65520 65520 PCB DK Board | DK Board  Mono! Mono: Color | Color Color STN
65530 65530 Signal 26-Pin 50-Pin_iSingle! Dual { TFT | STN Extended
EBing# Pin Name Name Connector: Connector : Panel | Panel : Pane] :4-bit Pack 4:bit Pack
98 PO PNLO 17 13 PO UD3 | BO RO 1 RO-GO-G5-B5-B10-Ri1
97 Pi PNL1 15 i5 P1 i UD2 T BI GO BO-RI-R6-G6-Gi1-Bi1
[ P2 PNL2 i3 17 P2IUDI T B2 B0 GI1-Bi-B6-R7-Ri2-G12
95 P3 PNL3 11 19 P3: UD0 B3 R1 R2-G2-G7-B7-B12Ri3
04 P4 PNLA 25 26 P4 LD3 TGO Gl B2-R3-R8-G8-G13-B13
93 Ps PNL3 23 28 PSS LD2 Gl Bi G3B3-B8-R9-Ri4-Gi4
92 P6 PNL6 21 30 P6  IDi i G2 R2 T R4-G4-GH-BI-BI4RIS
91 P7 PNL7 i9 32 P77 LD0 TGS G2 B4-R5R10-G10-G15-B15
n/a Latched PO PNLS = 34 = OD7 j:7] Z
n/a Latched Pi PNL9 - 36 ~ TUD6 I = R3 =
n/a Latched P2 PNL10 - 38 —TTUDS T = G3 —
n/a Latched P3 PNLii Z 40 TTUDE TS B Z
nj/a Latched P4 PNL12 - 42 D o N R4 =
nja Latched P5 PNL13 = 44 VLD T = G4 =
n/a Latched P6 PNL14 = 46 ZTTIDS TS B4 Z
n/a Latched P7 PNLI15 = 48 - LD4 . ZTURS =
74 FDTOE/ P8 = 45 N [ z
73 FCAS/ P9 - 47 - i = iRl = =
72 FWE/ P10 = 49 - TR TC =
71 ESOE/ Pil = 50 T & M SHECLKL
99 SHFCGLK SHFCLK 9 9 CL2 i CL2 CL2 "CL3 SHECLKU
8i ACDCLK ACDCILK i i M i MM M M
79 FLM FLM 3 3 FLM: FLM {FLM " FLM FLM
78 Lp LP 5 5 CL1 i CL1: CLi: 'CLi CL1
75 FRAS/ BLANK/ (DE) 2 7 —2 - - -
82 ENAVDD/ ENAVDD/ 4 ii i B .
= = VECE 6.8 20,21 Tz - T -
Z Z VEC 0,12 - S z Z Z
= Z GND 704 246810 oo -
- = GND 16,18 112,14,16,18; ~ & it -
Z Z GND 20,22 127293133 LIy I =
- - GND 2426 37394143 Ty Z
(M) ACDCLK[ 1 [ 2 JGND
(FRAME) (VS) FLM[3 [4 |GND
(LOAD) (CL1) (HS) LP[5 1 6 |GND
CL2) (SHFCL(I?B S%FCLK ; 180 g%
ACDCLK| 1 | 2 |BLANK/ ( ENAVDD/[11[12]GND
FLM| 3 | 4 |[ENAVDD/ (BO)(UD3)  PNLO[13[14|GND
LP| 5[ 6 |+sv B1)(UD2) PNL1{15]16 |GND
ooy o
20 {1+
SHF%II‘)I; 191 :‘2’ ::3 +SV[21[22]+12V
+12v[23124 12V
UD1{13 | 14 |GND -12V][25]26 |PNL4 (LD3)(GO)
uD2(15[16 |GND GND[27]28|PNLS (LD2)(G1)
woshirlis o e
L“g‘; 3 3(2) gg GND[33[34|PNL8 (UD7)
GND[35[36 |PNL9 (UD6)
LD2{23 | 24 {GND GND| 37| 38 |PNL10 (UDS)
LD3{25 [26 |GND GND[39[40{PNL11 (UD4)
GND|[41 |42 |PNL12 (LD7)
GND|{43744 |PNL13 (LD6)
(RO) P8{45[46 |PNL14 (LD5)
R1) P9[47 |48 |PNL15 (LD4)
(R2) P10[49]50]P11  (SHFCLKL) (R3)
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Cocrocs Epson EG-9005F-LS
Connector borel
13-11 )__ENAVDD/ Connector
I S —
3 —GNI CT D xscL
3.
E En 0 2—ACDCLK (MY p r
By Sll;m ({S) —5
. S i —C T Ow
T3 < FIM _ (VS)
i ND__—_ C_EZ DN
= S 3
D Y E— L v
CBED
0 )—PFLl (R3)
&’53;84 P10 (R2)
C a7 B (R1)
C s )—rt8 (ROY
PNL15 (1.D4)
E 'Ejﬁﬂ' PNL14_(LD5)
544 y—ENLI3 (D6
34> 9—ENL12 _(LD7)
¢ T340 9—ENL1L (UD4)
C 33 < PNL10 (UD5)
C 1336 9—ENL9 _ (UD6)
1334 —ENLS__(UD7)
35 )—ENL7 _(AD0) (G3)

) CL 335~ PNL6 (D) (G2) 15 )L
Ti9r_PNLS (D2 (G) ¢ ls 3 LDt
1306 3PNt — oo ¢ 189 LD3

i W L, J
E '3:].’}—< PNL2__(UDD) _(B2) ( i 83‘1)
C TS 9_ENLL (UDD) (BI) 12 uDy
O 9—PNLO(UD3) (BO) 13 Upe
GND —
(1343 y—r—
C .341ﬁ—g%
( '3-:%m +
( -3’373__GW
3335 4l
C)3-33 9—SND
33 9—OND
. 1320 Y—SND
C 1327 y—SGhD
C 1318 >—SND
(1316 ,Lgig
L) O vss
1320 )—3Y
E3'Zl +5V P _ l VDD
12V " T0 I E
e S EO
13-23 +12
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65520 / 530 Interface - Epson EG-900SF-LS (640x480 Monochrome LCD DD Panel)

Revision 0.6 147 Preliminary 65520/530



Citizen G6481L-FF
DK PCB Panel
Connector Connector
T3] ) AVDD DISPOFF/
B y—SND
C 139 )—é—*%‘r—’-( C_T Dcp
75 3 ACDCTK O] ' T
] GND
5315% () CE O o
36 N
(3 y-EM (S (10D FRAME
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C g H—GND $
— P11 ®R3)
gjg 510 R2)
J3-4=I-( P (R1)
4 P8 (RO)
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J.J v 4 D l3
344 2PN 12— aD7)
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¢ 1338 9 AL (D3
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=36 s ooy
——_PNL7__(LD0) _(G3) —
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Fﬁ:’;—y’wml 2 3o
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- )
335 _y—OND
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@S S D
L.E-]ﬁ—-am
13-16
E 13-14 )—CND C_3 D Vvss
5V
1320 )>—+
E 1321 V4 C_< VDD
+12V
Eg% +12V
- +28V ( 1 Vo
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65520 / 530 Interface - Citizen G6481L-FF (640x480 Monochrome LCD DD Panel)
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L"n' Flat Panel Interface Examples
Sharp LM64P80
Panel
Connector
L
3 Dce
C_ 2 cp1
C 1 Ds
—  PI] R3)
v ST (R2)
B b2 (R1)
N S 2. (ROY
———  PNLIS_(LD4)
ey DL DS
3 PNL13_(LD6)
B4 I pNr oy
B0 -G
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PNL6 (LD (G2) Do
PNLS __(LD2)_(G1) B
PNLA__(LD3)__(G0) DLs
PNL3__(UD0)_(B3) Do
PNL2 _(UDI)_(B2) Do
PNL1__(UD2) _(B1) Do
PNLO _(UD3)__(BO) DUa
y_GND
13— GND I
12 GND
13-37—33“—1)
335 oD
¢ 1333 y—GND
(1331 )—SND
1370 )—ShD
1327 —SND
1318 g“—Ng S
J13-16 —Np
C J3-14 )
C a0 )Y 5 ) VDD
Ca1 Y 4 DISP
T i — ——C 6 D vss
3323 —=—

13-24
J3-25
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<<

-18V VEE
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Li"lll": - Flat Panel Interface Examples

Sanyo LCM-6494-24NAC
DK PCB e
Connector Connector
(T3 )—NAVDD DISPOFF/
s a v S  E—
¢ g-oog—ggf)c“'( : CTNiSD CL2
. J3- )——'—————1
(C S ACDCLK M) (R M
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X2 PN (D0 _(B3) e oo
e o S8 R (U3 )
( 13-17 )—5 > CN19 ) UD1
1315 J—ENLL QDD (Bl) CNI-109 UD2
&3-13 $—ENLO _(UD3) _(BO) NI UD3
GND
J3-43 )
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3739 9—GND
(L 337 )—oND
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{1333 3—SND
(_J331 )—G\“)
1329 0 (CN7-20) VSS
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3169 o CCNi<4 ) Vss
EATID CN12 ) VSs
¢ 3320 ) ng (_CN2-16 ) VDD
(3321 ) {_CN2-17) VDD
v
(GRETTID e
2 +12V 23V CNZ.23) VEE
1323 ) 23V %2-22 VEE
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28 v NC Vo

65520/ 530 Interface - Sanyo LCM-6494-24NAC (640x480 Monochrome LCD DD Panel) )
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"\nl Flat Panel Interface Examples
Hitachi LMG5162XUFC

DK PCB Panel

Connect Connector
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CTIID S A1 NN o
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Ce<PNLY (UDD) (B3) ] Ubo
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3] I
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65520 / 530 Interface - Hitachi LMGS5162XUFC (640x480 Monochrome LCD DD Panel)

Revision 0.6 151 ' Preliminary  65520/530



Flat Panel Interface Examples
Matsushita S804
goKPCB Panel
nnector
1)_ENAVDD1 mector
2 2—SHECIK ——C B 6D
29 2—GND (23 ) CLOCK/
0 + ( 24 ) GND
AEIDDCLKM (28 ) GND
e e e =
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1}19—5 :: “i ﬁﬁ’ @R & 7 DATA-00
D oy (157 W T { ) DATA01
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.12V 4 +12V
8:3'24 12V 2 +12V
1325 _)—

65520 / 530 Interface - Matsushita S804 (640x480 16-Gray Level Plasma Panel)
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"\ m | Flat Panel Interface Examples
Sharp LI64ZUS0

DK PCB &Mﬂ
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65520/ 530 Interface - Sharp LJ64ZUS0 (640x480 16-Gray Level EL Panel)
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ii..i.1|| . - Flat Panel Interface Examples

Hitachi LMG9100ZZFC

DK PCB Panel
Connector Connector
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F _"S - Flat Pane Interface Examples

Hitachi LMG9050ZZFC
DK PCB Panel
Connector Connector
( 3-11 M/__
CL GND ______
-2 —shraix 22 Dcr2
oo —1 —— o
R L1
% 2 GND ¢
— 3_—%_%]) (HS) 21 _Dcu
C_J3-6_)r—r v C )
gﬁ%:lcm = i
134
D I
C s )y—GND_
~ Pl R3)
E_EE(,?J‘ 510 (R2)
L.;.-A7J‘ P9 R1)
& .:1.-45 5 7] (RO)
y—PNL15S (LD4) o
C .2‘:8( )\JL1 (1.DS) liL gllg
J < D’ e
J3-44 ) >§'}j g'?) \)r .6 3 bi
1342 5Niil 3 pus
E s~ PNLIL (UD4) DU4
(_J3-38 ) ENL1O (UDII)65)) 2 DUS
¢ T36 —ENLY_( £ buy
s PNL8  (UD7D) 8 bu7
~_PNL7 _(AD0) (G3) - %
(LS;:;(?{ PN] (LD (G2) i g{-‘(l)
1330 2 PNIS—Dn—61) 179 DL2
3 o S £ § 515
Crio N (JDO)) (B@‘) - DU
ConT o { 1) @:) : bU2
T PNLL D) @®1) =T
I 2y (UD3) _(BO) 4 pu3
)
GND
1343 r—=
¢ 134) )—g$
339 g
I -0
C 335 9—SND
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Bie 34 23___) VSS1
320 33— 2D Voo
e -
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E 12V NC —(C2%67 D vo

65520 / 530 Interface - Hitachi LMG9050ZZFC (1024x768 Monochrome LCD DD Panel) ).
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Flat Panel Interface Examples

Sharp LM10P10

Panel

Connector

Preliminary  65520/530
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wHIirES . Flat Pane Interface Examples

Sanyo LCM-5491-24NAK

DK PCB bancl
ector ENAVD Connector
( NAVDD/
i S
— )_51;_}1=)CLK = cLa
(_J3-10 Y S — 1 6O
% 312 3SgCLK(M) [ C 2 OM™
s o — CEou
C 36 )——
S — C TR
¢ 57— —BLANK/(DE)
C s y—oip
ERH—
a7 3 b2 (R1)
7345 L8 (RO)
~__ PNL15 @1D4) jp—
-z R S 315
2 T3a4 —ENLI3 (LDO) —2 s
1342 % NLS EJ%?) (24 )LD
ﬁiia) PNL10__(UD3) — %ggg
¢TI 36 N —(oon {I5) UDs
¢ 334 —ENL8 _(UDT) T uDe
N PNL7 _(LDO) _(G3)
¢ ‘Eﬁ? <_PNL6 (DD (G2 G LLg(l)
C g 9—ENLS __(LD2) (Gl) LD
C o6 y-ENl4 (D) (GO) 19 QL
TR0 —ENL3  (UDO) (B3)
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GND
330 —3ND
1337 )—%$
( 43'35 )—'c";"%
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1331 XD
C 1329 5N )’-_5.6 VSS1
C 1327 —GND 27 ) vss1
318 6N (5 9 Vss2
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D ~__+5V =
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65520/ 530 Interface - Sanyo LCM-5491-24NAK (1024x768 Monochrome LLCD DD Panel)
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Flat Panel Interface Examples

Hitachi TM26DS0VC2AA
DK PCB Panel
Connector Connector
ENAVDD/
—3U 3—6np —T G\
—I55-—_SHECIK 1 DCLK
( .;_0)__(_:'ND____0
< ACDCLK (M)
e reeed  GND
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— P11 {(R3) —
CEm— @
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PNL15 (1L.D4)
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) 223, e
— 43 PNLI2 (D7) —( 32 N
¢ 130 3 NE-0R
S L38 2-pNO —ube) —C 22 o
C 334 )—ENL8  (UD7)
\_PNL7__(LDO) (G3)
—E32 2 pNie o) (G —£ < &
C o —ENLS (LD)) (GL) 3 Gl
CSiS PNLA(ID3) (G0) | — &
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¢ 13a1 33Nk
i oD
@wiE D
( -35 )T‘I_D
GRS S
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@ T S ]
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N |
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65520 / 530 Interface - Hitachi TM26D50VC2AA (640x480 512-Color TFT LCD Panel)
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Flat Panel Interface Examples

WCra

Sharp LQ9DO11

Panel

Connector
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65520 / 530 Interface -Sharp LQ9D011 (640x480 512 Color LCD TFT Panel)
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CHIFES

Flat Panel Timing

Flat Panel Timing

This section shows detailed timing diagrams for the
65520 / 530 outputting data and control sequences to
a variety of panel types. The 65520 is a highly
configurable controller which can interface to
virtually all existing monochrome LCD, EL, Plasma
and Color TFT LCD panels. The 65530 is pin
compatible with the 65520 and contains a superset of
the 65520 features and can interface to virtually all
existing panels (monochrome and color). The panel

types supported are:
- 8 pixels/clock, 1 bit/pixel

- 1 pixel/clock, 6 bits/pixel

- 2 pixels/clock, 4 bits/pixel
- 4 pixels/clock, 2 bits/pixels
- 8 pixels/clock, 1 bit/pixel

Single panel-Single drive (SS)
- 1 pixel/clock, 6 bits/pixel

- 2 pixels/clock, 4 bits/pixel

- 4 pixels/clock, 2 bits/pixels

- 8 pixels/clock, 1 bit/pixel

The panel type (PT) is determined by XRS51 bits 1-0:

00 Single panel-Single drive (SS)
10 Dual panel-Single drive (DS)
11 Dual panel-Double drive (DD)

The 65520 and 65530 provide 4, 8 and 16 level
Frame Rate Control (FRC) techniques to generate
multiple gray levels on monochrome panels.

The FRC selected is determined by XRS50 bits 1-0:

00 8-frame FRC
- 01 16-frame FRC
10 4-frame FRC

Additionally, if XRS50 bits 1-0 are 11, XRS50 bits 7-6
control VAM and FRC:

00 VAM

01 3 bits/pixel VAM

10 2-frame FRC

11 2-frame FRC + 3 bits/pixel VAM (530 only)

The 65520/530 can be programmed to output 1 pixel
per shift clock, 2 pixels per shift clock, 4 pixels per
shift clock or 8 pixels per shift clock. This is
achieved by programming the frequency ratio
between the dot clock and the shift clock.

The shift clock divide (CD) is set by XRS50 bits 5-4:

00 shift clock = dot clock; 1 pixel/shift clock

01 shift clock = dot clock/2; 2 pixels/shift clock
10 shift clock = dot clock/4; 4 pixels/shift clock
11 shift clock = dot clock/8; 8 pixels/shift clock

The pixel output timings are shown for the following
panel configurations:

1) Dual Panel-Double Drive 640x480
Monochrome LCD Panel
8 pixels/shift clock, 1bit/pixel

CD = 10 (with Frame Accelerator)
CD =11 (without Frame Accelerator)
FRC = 00, 01, 10, 11

PT =11

2) Dual Panel-Single Drive 640x480
Monochrome LCD Panel
4 pixels/shift clock, 2 bits/pixel

CD =10
FRC = 00, 01, 10
PT . =10

3) Single Panel-Single Drive Plasma/EL Panel
2 Pixels/Shift Clock, 4 Bits/pixel Interface

CD =01
FRC =11
PT = 00
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Flat Panel Timing
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P1 Y en ] 6y | :':j (634.1) | (638.,1) Y(634.240) (638.240)
P2 I an @ an ) :;ﬂ (635.1) | (639.1) (635,240} (639.240)
p3 1 .y J @ ] ',; Y (636,1) ] (640.1) Y(636.240) (640.240)
P4 Y (1.241) { (5.241) ) :':, 1(633.241)(637,241) Y(633.480) (637.480)
PS ] (2241 ] (6.241) | " Y(634,241)}(638,241) Y(634.480) (638,480)
P6 Y24 Y G24n] 7 J635.241)(639.241) Jc635,480) (639.480)
P? Y («.241) ] (8.241) ] :ﬂ(sss.zu)X(uo.zu) Y(636,430) (640.480)

Panel Timing - LCD DD
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CHIFS - Fla Pnd Tiring
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Flat Panel Timing

P4
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P6

P7

R -1 . .1 -1 21 -1
r i

I tl'lj ! 13.15 ! A » " o
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; W T Y©39.) _x—fr‘ié‘x_(s 480) Y(635.450)
-4 -4 P -4 4 -4 -4

P T e

~ /-
. 4,1 L1 1 480 ,480
_r‘(ﬂi—x7_)_r_l 3 T eED : (638 480) {640,480y

1 -
r
i) 1] //
x -2 x -2 x . -2 -2 x -2 x -2
L

. 1] // 'y L] 'y *
X-4x-4x,;,X-4X-4 x-4X-4

D Y

Panel Timing - Plasma Panel with 2 Pixels/Shift Clock
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Flat Panel Timing

swex _ [T L, L1 LI

Po LD Y @D 7 n ®%D 37.480) Y(639.480)
~/-
. : T . .
P1 -2 ) > R ) -2 ] ) -2
/-
1,1 . 1 L1 39,480
P2 ERV , JAUR (A _fm"‘rz—4 ) )

P4

x (27) x (41) x

x (6§ x m 638.:80) ,?80)

PS5

(]

P6

x (?.41)] (f;‘l) X

A X( 1) Y (640,1) _X(_x(—ess,m) 640,480)
/ -2 -2 2 -2

x (63.8.il) X(64_04.l) X(63s_,280) X(64o_,230)

~/-
2,1 4,1 638,1 640,1 638,480) ¥(640,480
pP7 x (-8) x (_8) l . X( -8) X( -8) X( & )X( 4 )

Panel Timmg EL Panel wnth 2 Pixels/Shift Clock
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4332028 o8 22 asess ®
5555058 318258000 Flat Panel Timi
i e
DCLK [ L1 L B ] | | L
SHFCLK ] L _ L L
P11 X RO3) X RIG3) X ) { RO(1) X R2(1) ) {
P10 X ROZ) X RIZ) X ) { RO(0) ) { R2(0) ) {
P9 1 1(1 X R1(1) ) { R3(1) A
P8 ) @O @O ) { R1(0) ) { R3(0) ) {
P7 XG0 X GI3) X ) { G(1) ) { G2(1) X
P6 GO XGID) X X (€] ) { G2(0) X
P5 GO(1 Gl1(1 ) { Gl1(1) X G3(1) A
P4 1_G0(0) X G1(0) X X G1(0) ) { G3(0) )|
P3 X_B0(3) X BI@3) X X BO(1) X B2(1) X
P2 X _BO(2) X Bi(2) X X B0(0) X B2(0) X
Pi X_BOM) X Bi{l) X X BI(1) X B3(1) ) {
PO X_BOO) X B1(0) X X B1(0) A B3(0) )|
CD: 00 ( 1 pixel /clock ) 01 ( 2 pixels /clock )
4 Level 4 Level
VAM: 8 Level
16 Level
Panel Timmg - Color TFT LCD Panel with Voltage Amplitude Modulation (V. AM)
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Flat Panel Timing

:

HEE
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SHFCLK

Wz
V2772222222
22227222
V22

222

00 (1 pixel/clock )

None
3Level
4 Level

16 Level

SpEpENEREN
R I B
B2 B4 X

) G4

D R4
T BT B3 X
X_ Gt X G3 X
X RIT X RI_ X

2222444

01 ( 2 pixel/clock )

None
3 Level
4 Level
16 Level
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Flat Panel Timing

ax [ 1ML rirrorL

SHFCLK — A Y__ A Y A .
P7 G2 X__RS ) Y X Gio__ X RiI3_ X B15 X
P6 X 2 X__Ba X G7 X__Ri0___ X Biz_ X GI15 X
Ps ) G Y X G4 X __R7 X B9 X__G12__X R15 X
P4 X_Gi ) ST X__B6 X G9 ) IV @ Bl4 X
P3N RI X__B3 X__Gé6 X RO X_BIT X Gl4 X
P2 __BO X G3 X__R6 X B8 ) STV R14 X
Pl X__Go ) G X) ) G X G8 X_RiL__X B13 X
PO X__RoO X B2 X _G5 X RS X_Bi0__X G13 X

D 10 (5 & 1/3 pixels / clock )
FRC: None, 3 level, 4 level, 16 level
Panel Pack Interface (65530 only)
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SHFCLKU
(Pin99)

SHFCLKL
(pin 71)

P6

P4

P2
P1

SN RRuENLLNN®

Flat Panel Timing

T [ 1 L

— — L L
X B4 X RS X R0 X G0 X_ _Gi5_ X BIS )
X R& X G4 Y G9 X B9 X Bia RIS X
X G3___X__BI Y BE X R9 X_Ri4__X Gla___ |
X B2 X R3 X R [ G8 X__Gi3_ X B13__ )
X RZ__X__G62__X__G61__X B7 X _Biz__X RI3__ )
X Gl BI X_B6___X R7 X_Riz__X G12__
X BO X _RI Y _R6 X G6 ) K<V BIT___J
X RO Go Y G5 X B5 X__Bi0___ X RIL__X

10 (5 & 1/3 pixels /clock )

None, 3 level, 4 level, 16 level

Panel Timing
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Flat Panel Pixel Timing
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Flat Panel Pixel Timing

The 65520 / 530 is the most flexible flat panel
graphics controller available, enabling the widest
possible range of panel interfaces. This section
includes timing diagrams for the following
configurations:

Monochrome, Single Drive, 1 pixel/clock

Monochrome, Single Drive, 2 pixels/clock

Monochrome, Single Drive, 4 pixels/clock

Monochrome, Single Drive, 8 pixels/clock

Panel with 16 internal levels of gray, Single

Drive, 1 pixel/clock, 4 bits/pixel

---"Panel with 16 intemal levels of gray, Single

Drive, 2 pixels/clock, 4 bits/pixel

- Monochrome, Double Drive, 8 pixels/clock

- Monochrome, Double Drive, 8 pixels/clock
with Frame Accelerator

- Monochrome, Double Drive, 1024 x 768 16
pixels/clock without Frame Accelerator

- Monochrome, Double Drive, 1024 x 768 16
pixels/clock with Frame Accelerator

- Monochrome, Double Drive, 1280 x 1024 16
pixels/clock without Frame Accelerator

- Monochrome, Double Drive, 1280 x 1024 16

pixels/clock with Frame Accelerator

Extension register 50 (XR50) bits 5-4 define the
clock divide (CD):

00 - Shift clock frequency = dot clock frequency

01 - Shift clock frequency = dot clock frequency/2
10 - Shift clock frequency = dot clock frequency/4
11 - Shift clock frequency = dot clock frequency/8

Extension Register 50 (XR50) bits 1-0 determine the
FRC level used:

00 - 8-frame FRC
01 - 16-frame FRC
10 - 4-frame FRC
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Flat Panel Pixel Timing

ok _ [ LTIl
ssax _ [ L LI LT LI LrI1

X (LD X D XGD X AD X GO X ED X TN Y0 X o0 Y aon

PO

[ NN [ N [ SN I

LT L

111

e

Monochorome, Single Drive, 1 pixel/clock, CD = 90, FRC = 00, 01, 10

— 4 1 1 LJd L_J1

L LI LI 1

I L L | L1 | [ L
) G ¢ ) D GRS (% § M SIS (- ) M G ¢ ) MR (S ([} )
G 1)) B SRS ¢ 7 ) AN GEN ) ) B G ¢/ ) R SR A))

Gz 7

i rirzisiizriazzzzzzzzzzzzzzzrzZzzzrzzzzzzz

Monochrome, Single Drive, 2 pixels/clock, CD = 01, FRC = 00, 01, 10

Divide 00 & 01)

These timing diagrams show the 65520 / 530 outputs to the flat panel for two scenarios:

Panel Pixel Timing - Single Drive (Clock

1) One pixel per shift clock (where shift clock frequency = dot clock frequency)
for monochrome panels with no internal gray-scale generation

2) Two pixels per shift clock (where shift clock frequency = dot clock frequency / 2)
for monochrome panels with no internal gray-scale generation

Revision 0.6

172

Preliminary 65520/ 530



NE RRNSLIEEE

(& g |

ra

ax _ [ L LI LIL /Lol rrreri
SHRCLK  __ | { | | |

P3 X @D X CH)) X azn
P2 X (€A))] X () X (L)
Pl X [¢R)) X [(H)) X {10.1
PO X (D) X 630 X .0
P4 7 zzzzzz2zzzz7zzz2z7z7z272 G
Ps

3

P7

' Mosochrome, Single Drive, 4 pixelsiclock, CD = 16, FRC <00, 01, 10

pax _ [ ML 1L LIl I riorrrr
SHRaK __ | l |

P7 ) { (8.1) X

P6 X (A)) X

PS X () X

P4 ) { (5,1) )

P3 X CR)) X

P2 X (3.1) ) {

P1 X [¢R)) X

PO X (W) X

Monochrome, Single Drive, 8 pixels/clock, CD = 11, FRC = 00,01,10

Panel Pixel Timing - Single Drive (Clock Divide 10 & 11)

These timing diagrams show the 65520 / 530 outputs to the flat panel for two scenarios:

1) Four pixels per shift clock (where shift clock frequency = dot clock frequency / 4)

for monochrome panels with no internal gray-scale generation

2) Eight pixels per shift clock (where shift clock frequency = dot clock frequency / 8)

for monochrome panels with no intemnal gray-scale generation
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(L D)-1 X 2,101 X(3,1)- X (4D)-1 X (5.1)-1 X (6,11 X (7.1)-1 X (8,1)-1 X (0.13-1 X'(70,1)-1
LAD-2 X @12 XG.1-2 X (4D-2 X Q-2 X (6,132 X (7.1)-2 X (8.1)-2 X (0.1N-2 X (10,1)-2

PO X (1,1)-1 A 3,11 A O,1)-1 X (7,1)-1 X (3,1)-1
Pl A {,1)-2 ) 3.1)-2 X 3. D-2 X (T.1)-2 A {(9.1)-2
P2 X (1,1)-4 ) { (3,1)-4 A O,1)4 ) | (7,1)-4 X 9.1)-4
P3 X (L1)-5 A G,1)-8 X £3,1)-8 ) { (7,1)-¢ A (5,1)-8
P4 A 2.1)-1 ) { (4,1)-1 X (6,1)-1 ) ¢ (8,1)-1 ) (10,1)-1
Ps ) { (21)-2 A (4.1)-2 ) (6,1)-2 A (8,1)-2 X (10,1)-2
P6 A (2,1)-4 X (4,1)-4 X (6,1)-4 X [CRIES X (19,134
P7 X (2.1)-8 ) { (4138 A {6,1)-8 A (8,1)-8 X (10,1}-8
Monochrome, Single Drive, 2 pixels/clock, CD =01, FRC =11
Panel Pixel T

iming - Single Drive (Clock Divide 00 & 01)

These timing diagrams show the 65520 / 530 outputs for a monochrome flat panel display with 16 levels of

internal gray scale generation. Two scenarios are presented:

1) One pixel per shift clock (where shift clock frequency = dot clock frequency)

2) Two pixels per shift clock (where shift clock frequency = dot clock frequency / 2)
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pcex | L L L1 L1 L1 LI |

SHFCLK __ | 1 |
PO X N X
Pl X [¢X)) X
P2 ) { [€N)) A
P3 X 4,1) X
P4 X (1.241) )
P5 ) { (2,241) X
P6 ) { (3.241) X
P7 X @230 X

Monochrome, Double Drive, 8 pixels/dock, CD =11, FRC =00, 01, 10
Without Frame Accelerator

P

This timing diagram shows the 65520 / 530 outputs for a double drive monochrome panel with an eight pixels per
shift clock interface where the shift clock frequency equals the dot clock frequency divided by 8.
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C"H."’h““ Flat Panel Pixel Timing
DCLK 1T LI L [ J b LI 1

SHFCLK __| | 1 | I

PO X D X GD X

P Y ¢R)) X () —X

P2 X X)) X (A X

P3 X [ZN)) X R X

P4 Y 1,23]) ) { (5,241) X

Ps X [P I3) X GVII) X

P6 X EWLS] X 7231 X

P7 X CWIN) X (8241) X

Monochrome, Double Drive, 8 pixels/clock, CD =10, FRC = 00,01, 10
With Frame Acceleration
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fl’"i": : Flat Panel Pixel Timing

SHRAK — 1 . f
po X [{W)) X .1) D & o.1
p1 X (¢8)) A 6.1) X (ae.1
2 X G.D X (.1 X (1.1
P3 X (€8] X @D X (2,0
P4 X (1.385) ) & (3.385) X (9.385)
Ps X (2.385) X (6.3835) X (10.383)
P6 X_ (3.385) X (7.383) X (11.383)
P (34.385) X (8.385) X (12,385}

65520/530 Pixel Shift Order for a 1024x768 1 bit/pixel Monochrome LCD-DD Panel (CD=11)
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Flat Panel Pixel Timing

Hir
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e St [ U I A I I I O O O

SHFCLK — 1 I 1 1
PO X LD X [&)) X o,1) X 13.1) X
P1 X [¢3)) X 6.1) X (0. X (4,1 X
P2 X [€X)) X () X aLn X (5.1 X
P3 X CAY) X &D X DX aen X
P4 ) { (1.383) X (5.383) X (9.383) X (13.385) ) {
PS5 X (2.385) X (6.385) A (10,385) ) { (14,385) ) {
Ps X (3,385) X (7,385) X (11,385) X (15,385) X
P7 G 1) Y C3655) I OVR5) D G 6 (5 N

65520/530 Pixel Shift Order for a 1024x768 1 bit/pixel Monochrome LCD-DD Panel
With Frame Acceleration (CD = 10)

Panel Pixel Timmg 1024 x 768 LCD-DD with Frame Buffer Acceleration
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Flat Panel Pixel Timing

srak ] v =
po X 1) X G.0) X [CH)
Pt X () X (6,1) X (10,1)
P2 X @.1) Y (7.1) Y (11,1)
p3 X () X @3.1) X az.n
Pse X 313 X 3313 X (9,513)
ps X (2,513) X (6,513) X (10,513)
p6 X (3.513) X (7,513) X (1T,513)
P71 XC @513} Y (8,513) ) & (12,513)

65520/530 Pixel Shift Order for a 1280x1024 1 bit/pixel Monochrome LCD-DD Panel

Without Frame Acceleration (CD= 11)

Panel Pixel Timmg 1280 x 1024 LCD-DD without Frame Buffer Acceleration
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Flat Panel Pixel Timing

SHFCLK 1 l J l
PO X @D X G0 X 9.0 X 3.0 ) O
P1 X (¢A)) X [(R))] X (¢L8)) X (€%8)) ) O
P2 X [€X)) X () X [(YW)) X ((E8)) )
P3 X @n X [¢H)) X azh X ((L:N)) )
P4 Y (1,513) Y (3,513) Y (9,513) 4 (13,513) )
PS X (¢R1K) X 6313) X (0313) X (14313 —
P6 X (3,013) X (7,913) ) { (11,513) X (15,513) x:
P7 X (4,513) X (8,513) X (12,513) X {16,513) E

65520/530 Pixel Shift Order for a 1280x1024 1 bit/pixel Monochrome LCD-DD Panel
With Frame Acceleration (CD = 10)

D-DD with Frame Buffer Acceleration
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fﬁ" - Electrical Specifications
Electrical Specifications

ABSOLUTE MAXIMUM CONDITIONS

Symbol : Parameter Min : Typ Max Units

Pp  iPower Dissipation - i - 1 w
Voc  iSupply Voltage -0.5 - 7.0 \%

V; iInput Voltage -0.5 - Vect0.5 v
Vo iOutput Voltage 205 1 I Vt0s |V
Top iOperating Temperature (Ambient) =25 - 85 °C

Tsrc i Storage Temperature -0 @ - 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 i Mn | Typ | Mx Units
Ve  :Supply Voltage (SV £10%) . 4.5 5 55 1V
Ve iSupply Voltage (33V +10%) . 30 | 33 . 36 \%
T, iAmbient Temperature o { - i 170 °C

DAC CHARACTERISTICS (Under Normal Operating Conditions Unless Noted Otherwise)

Symbol : Parameter Notes i Min | Typ | Max @ Units
Vo {Output Voltage Io<10mA 15 1 - | - |V
o Output Current Vo<IV@3750Load! 21 ST T mA

Full Scale Eror A
DAC to DAC Corelation - 12T - %
DAC Linearity x2 T IULSB
Fuli Scae Settiing Time A A
Rise Time 10% to 90% - - i 6 i nS
Glitch Energy . - | — i 200 | pVsec
Comparator Sensitivity S ) S N ¥

Note: Unless otherwise specified, specifications above apply to both 5V and 3.3V operation.

Electrical specifications contained herein are preliminary and subject to change without notice.
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Electrical Specifications

DC CHARACTERISTICS (Under Normal Operating Conditions Unless Noted Otherwise)
Symbol : Pararneter {Notes Min | Typ | Max__ Units
Iopg Power Supply Current :0°C, 5.5V, 50 MHz Clk, DAC Enabled - 150 | 170 mA
Ioepo i Power Supply Current :0°C, 5.5V, 50 MHz Clk, DAC Disabled - 125 150 mA

Iocpg  {Power Supply Current :0°C, 3.3V, 40 MHz Clk, DAC Enabled - TBD i TBD mA
Iono Power Supply Current i0°C,33V,40MHz Clk, DACDisabled] - (TBD . TBD | mA
Iocs Power Supply Current :0°C, 5.5V, Standby - TBD 1 mA
I, InputLeakage Current -100 | -  +100 | uA
Iy  Output Leakage Current;High Impedance -100 - 74100 | uwA
V, . InputLow Voltage Al input pins 0.5 — 0.8 Y
Vi  iInput High Voltage All input pins except clocks 2.0 - {Vget05 v
CLKO, CLK1, CLK2, CLK3 2.8 - {Vect05 v
Vo iOutput Low Voltage Under max load per table below (§V) - - 0.45 A"
Vo iOutputLow Voltage  :Under max load per table below (3.3V) - i - i 05 \%
Vo Output High Voltage | Under max load per table below (5V) | V0.5 - | - \'
Vg OutputHigh Voltage Under max load per table below 33V) | 24 | - | - v
DC DRIVE CHARACTERISTICS (Under Normal Operating Conditions Unless Noted Otherwise)
Symbol : Parameter :Output Pins i _DC Test Conditions _: Min : Units
Iy iOutput Low DriveRDY, IRQ, OWS/, IOCS16/ VourVoL Voc45Vi 7 | mA
'HSYNC and VSYNC Vour=VoL Vo455V 24 mA
'P0-7, PCLK, SHFCLK, D0-15 Vour=VoL Voc=4-5Vi 3.5 mA
RASA/, RASB/, CASA/, CASB/ Vour=VoL Vec45Vi3.5 | mA
'BLANK/, FLM, LP, FPEN/ ‘Vour=VoL» Voc45V: 4 | mA
All other outputs Vour=Vow Vec45V: 2 mA
Iy Output High Drive RDY, IRQ, OWS/, IOCS16/ Vour=Vow Yoc=t-5V: 8 | mA
HSYNC and VSYNC Vour=Vow Voc45V: 24 mA
PO-7, PCLK, SHFCLK, DO-15 Vour=Vow Voc=4-5V: 4 | mA
'RASA/, RASB/, CASA/, CASB/ Vour=Vow Voc=t-SV: 4 | mA
'BLANK/, FLM, LP, FPEN/ Vour=Vomw Vo4V 4 | mA
| All other outputs Vour=Vom Vec=4.5V. 2 mA
AC TEST CONDITIONS (Under Normal Operaiing Conditions Unless Noted Otherwise)
. . Output = Output  Capacitive
Output Pins ¢ Low Voltage | High Voltage | Load
DO0-15, RDY, IRQ, O0WS/, IOCS16/ VoL 3.0v i 150pF
P0O-7, PCLK, SHFCLK, FPEN/ VoL 3.0V 150pF
HSYNC, VSYNC, BLANK/, FLM, LP Voo | 30V 150pF
All Others Vo IOV 25pR

Notez Unless otherwise specified, specifications above apply to both 5V and 3.3V operation.
Electrical specifications contained herein are preliminary and subject to change without notice.
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..\' n i r -: . Electrical Specifications

AC TIMING CHARACTERISTICS - CLOCK TIMING

Symbol : Parameter Notes [ M Typ | Max  Units
To iCLK Period 50.350 MHz, (5V) 20 - - nS
T. CLK Period 40 MHz, (3.3V) 25 - - nS

Tq; CLK High Time 0.45T - 0.55T, nS
Tq. CLK Low Time 0.45T. - 0.55T, nS
Ty MCLK Period 50.350 or 56.644 MHz 17.6 - 20 nS
Tyg; MCLK High Time 0.45T), - 0.55T), nS
Tyg MCLK Low Time 0.45Ty, - 0.55T)y nS
Tge Clock Rise / Fall - - 5 nS
— iMCLK Frequency for 100 ns DRAMs (5V) : - i 50.350 : - MHz
— iMCLK Frequency for 80 ns DRAMs (5V) - . 56.644 | - - MHz
Tc

T Ta
CLKIN —
(CLKO, CLK1, CLK2, CLK3) —0_/ m

AC TIMING CHARACTERISTICS - RESET TIMING

Symbol :Parameter Notes Min i Typ Max ¢ Units
TREs RESET Pulse Width 64Tc | - - ES
TrsrR RESET Delay from CCLK rising edge iLocal Bus only 4 : - - _ " 'nS
TREs 'RESET Delay to CCLK fallingedge :Local Bus only 13 - - . nS

CCLK y
— s e ——

Note: Unless otherwise specified, specifications above apply to both 5V and 3.3V operation.
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L --rll ' '_ -: Electrical Spedifications
FOR REFERENCE ONLY: BUS TIMING CHARACTERISTICS
8§MHz :125MHz: 20MHz
Symbol ;| Parameter PCBus | MCBus | PIBus Units
TaDL :Address Latch Pulse Width 50min : 40 min 50 min nS
Tcp iDelay from Start of Cycle to Command Strobe 50 min 40 min 50 min nS
TcoM iDelay from Address Valid to Command Strobe 109 min | 85min - nS
TcMp iCommand Strobe Pulse Width (Asynchronous Cycle) 176 min | 90 min 70 min nS
Tomp iCommand Strobe Pulse Width (Synchronous Cycle) 176 min 90 min 40 min nS
TEND :Delay from End of Command to Start of Next Cycle 50min | 40min O min nS
Tas :Address Setup to Start of Cycle 0 min 10 min 10 min nS
TASL :Address Setup to Start of Command 29 min - - nS
TAH Address Hold from Start of Command Smin | 5min -5 min nS
TrROD (Read Data Delay from Start of Command 187 max 60 max - nS
TRDs Read Data Setup to End of Command 62min | 30min . 20min |  nS
TRDH (Read Data Hold from End of Command (Data Tumoff) Omin : Omin 12 min nS
_ 30max T 30max | 30max | nS
TWDD :Write Data Delay from Start of Command . 40max @ Omax l4max @ nS
TwpH ;Write Data Hold from End of Command (Data Turnoff) 10 min 10 min 10 min nS
40max : 40 max 40 max nS
Tics :Delay from Address to IOCS16/ 90max @ - - nsS
TMcs Delay from Address to MEMCS16/, DS16/, CSFB/ 66max | 55max - nS
Tzws Delay from Start of Command to Start of OWS/ (16-bit) Omax | < Z nS
Tzws :Delay from Start of Command to Start of OWS/ (8-bit) Imin - - SYSCLK
TzwH iDelay to End of OWS/ from End of Command 0max | - ZTTTs
TrRDY :Delay to Start of RDY from Start of Command 30 max - - nS
TRDYM :Delay to Start of RDY from Address & Status Valid - 30 max - nS
TRDYH :Delay from End of RDY to End of Command 1 SYSCLK: 60 min - nS
TrDB :Delay from Start of Cycle to RDY/ Low (Sync) - i - 28 max nS
TrOB :Delay from Start of Cycle to RDY/ Low (Async) - - 92 min nS
TrDBH :Delay from End of Command to RDY/ High - - 20 max nS

Note: PC bus specifications correspond to an 8 MHz bus (SYSCLK period of 125nS) (12 MHz bus SYSCLK period would be 80nS)

MC bus specifications correspond to a 2SMHz CPU (PS/2 Model 80)

PI bus specifications correspond to 20 MHz CPU; timing specifications scale with clock frequency for other CPU speeds
0WS/ is synchronous to SYSCLK in some systems and has other timing restrictions than shown above (esp. for 8-bit cycles)
Either OWS/ or RDY may be asserted, but not both (PC Bus)

0WS/ is used for memory accesses only; it works for I/O writes in some systems but not for I/O reads

At the end of the cycle, RDY and OWS/ should be driven high before being tri-stated
RDY in the MC bus should be generated based on address, status, and MIO/ only
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W T pole
Start of End of
Cycle Cycle
Unlatched (LA) Addresses :
& Status} :
Latched (SA) Addresses
(& BHF/ on the PC) W
> f¢—| Tics !
10CS16/ (PC) ' Y/
TMCS - :
SRS | 1| | L
MEMCSI16/ (PC) X - 4
' | - fTan !
—ip] ¢— TASL .

ALE . non-DMA cycles) k X
(high(l)fsr(;)% & master oycles) —1 7 -

Tas-» Je—b
ADL/ (MC), PSTART/ (PI) 1K v

TcoM
Too| TcMp  TEND
e > »|
CMD/, IORD/, IOWRY/, —\
MEMR/, MEMW/ 7 :
Tzws (] > TzZWH
O0WS/ (PC Mem Only) * j .
TRDYM

TRDB
RDY/ (PI) _%

) TrRDY > > TRDYH

RDY (PC, MC) "4 :
'DIDD'
TRDS

s otes| o
Data (Rest) —————A | )
| MMTWDD Wb TvoH
- Data(Write)——i—m

t Status signals are: MIO/ (MC, PI), S0/ & S1/ (MC), AEN (PC-[/O), BHE/ (MC, PI), RD/ (PI), RFSH/ (PC-Mem)

Note: Addresses must be latched on the Jeading edge of PSTARTY/ for the P] bus (addresses are not valid on the irailing edge)
Addresses should be latched on the trailing edge of ALE for the PC bus (addresses are not valid on the leading edge)
Addresses should be latched on the leading or trailing edge of ADL/ for the MC bus (addresses are valid on both edges)
Addresses may be latched on the Jeading edge of CMDY/ instead on PC and MC bus (not PIt) if ALE or ADL/ are not used

PC/MC/PI Bus Timing Characteristics for Non-Bus-Master Peripheral Devices
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AC TIMING CHARACTERISTICS - BUS TIMING

Symbol ;| Parameter :Notes Min : Typ Max | Units
Tpw i{Command Strobe Pulse Width PC Bus 120 | — i - | nS
Tcpw ;Command Strobe Pulse Width MC & PI Bus 9% : - . - :nS
Tqg iCommand Strobe Hold from Ready Mem Accesses Only 0 - i - | nS
Tyxr iCommand Strobe Inactive to Next Strobe 80 - - nS
Tpsc (Address Setup to Command Strobe (SV) 30 - - i nS
T,sc iAddress Setup to Command Strobe (3.3V) 50 - . - inS
Tggc iStatus Setup to Command Strobe (5V) 30 - - i nS
Tssc [Status Setup to Command Strobe (3.3V) S0 i - { - inS
Tpya Address Hold from Address Enable 0 - - nS
Teya iStatus Hold from Address Enable 20 | - | - nS
Trps Read Data Setup to Read Strobe : 30 - i - inS
Trsg Read Data Setup to Ready Mem Accesses Only 25 - . - oS
Trpy iRead Data Hold from Read Strobe 10 - i - i nS
Trpz iRead Data Tristated from Read Strobe (5V) - - 40 nS
Tpoz Read Data Tristated from Read Strobe (3.3V) - - {66 : nS
Twpp : Write Data Delay from Address Enable - - 120 | nS
Twpy | Write Data Hold from Write Strobe . 10 0 - | - . nS
Tee 'RDY Low Delay from Command Strobe (3V) _PC Bus Mem Only — . - 40 =S
Tre RDY Low Delay from Command Strobe (33V)  PC Bus Mem Only - 2766 ns
Tes RDY Low Delay from Status (5V) MC Bus Mem Only T
Tpis RDY Low Delay from Status (3.3V) :MC Bus Mem Only - - | 66  nS
Trpw RDY Pulse Width :Mem Accesses Only 0 — 128Tm. nS
Teea CSFB/ Active from Address/Status Valid (5V)  MC Bus Only - - 140  =nS
Tera {CSFB/ Active from Address/Status Valid (33V) MC Bus Only - - 66  nS
Tcg  (CSFB/ Inactive from End of Strobe (5V) MC Bus Only - - 40 | nS
Tep CSFB/ Inactive from End of Strobe (33V) 'MC Bus Only ST 66 s
Teac RDY/ Active from Command Strobe PIBus Only ZTm | - | -  nS
Tore RDY/ inactive from Command Strobe (5V) PI Bus Only TTTITTA TS
Tgric RDY/Inactive from Command Strobe (33V)  {PI Bus Only - - {66 | nS

Note:  Unless otherwise specified, specifications above apply to both 5V and 3.3V operation.
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Electrical Specifications

AQ0-19, Status
(PC Status: RFSH/,
(MCStatus: S0/, S1/, MIO,
(PI Status: RD/, MIO/)

« TASC

Tcrw

2222222222227

TNXT ——»

Command Strobe TSSC__ " fe—Tama !
(PC 1/0: TORD/, IOWR) \ TSHA X
(PC Mem: MEMR/, MEMW))
(MC & PI: CMD))
—» TPAL <—»| TPAL
PALRD/, PALWR/ (PC 1/O)  TIRLC X 7
(PC Bus) —»-
TRLS (MC Bus) - TRPW TG*E
RDY (PC & MC Mem) X £
TRSR » < P
TrDS > - TRDH
Data Rea 7

| | TwoH
N —

< TCFA > < » TcH
CSFB/ (MC) X F
TRrRAC TRIC

RDY/ (PI) X F

Bus Cycl Timmg
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wHirEs Electrical Specifications
AC TIMING CHARACTERISTICS - DRAM TIMING
2DRAM | 2DRAM | 4DRAM | 4DRAM
Symbol : Parameter Min Max Min Max___ Units
Tgc iRead/Write Cycle Time : 18Tm -5 - 12Tm - 5 - nS
Tgas /RAS/Pulse Width 14Tm -5 - 8Tm -5 - nS
Trp RAS/Precharge 4Tm - 4Tm - nS
Tegp i{CAS/to RAS/ precharge 4Tm -5 - 4Tm -5 - nS
TcsH iCAS/ Hold from RAS/ 5Tm - 5Tm - nS
Trep RAS/to CAS/ delay 3Tm -5 - 3Tm-5 - nS
Tesy |RAS/Hold from CAS/ 2Tm -5 - 2Tm -5 - nS
Tep iCAS/Precharge Tm-5 - Tm -5 - nS
Tcas /CAS/Pulse Width 3Tm -5 - 3Tm -5 - . nS
Tons; (CAS/ Pulse Width (Fast Page Cycic) 71" IS S B "' B
Tosg iRow Address Setup to RAS/ 2Tm-10 | - | 2Tm-10} - nS
Tasc iColumn Address Setup to CAS/ Tm-10 | -  Tm-10 : - nS
Tgay ROW Address Hold from RAS/ Tm - Tm - nS
Teay Column Address Hold from CAS/ Tm - Tm - nS
Tcac Data Access Time from CAS/ - 2Tm -5 - Tm—5 & N0S
Trac iData Access time from RAS/ 5Tm - STm - nS
Tpg | Write Data Setup to CAS/ Tm-S$ - Tm -5 - nS
Tpy | Write Data Hold from CAS/ 2Tm -5 - 2Tm -5 - inS
Tec {CAS Cycle Time 3Tm - 3Tm - i nS
Tws WE/ Setup to RAS/ 5 - 2Tm - . nS
Twp WE/Hold from RAS/ 0 - - - nS

Note:  Unless otherwise specified, specifications above apply to both SV and 3.3V operation.
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< TrC
TRAS
«—— TAR—» le— Trp —»
RAS/ N
- Tpc———» F—— TRSH—¥
TRPS) (¢ TReD TCAS f~Tcasr—||
CAS/ LT
Tcp—»
TcsH >
TCAH
T.
Tasy | IRap 'I_'A’SC TAsc1->4—>1mH ‘.’ ASR4_
Address %—l’mw Column /W ' Column% Z Row
¢ 1,3 TCWL—»
Tws TcewL—> 'JD ?:l
WE/ ' 7,

Tos|| Toy Tbs| Tox
DATA 20220 R e = R = DX

DRAM Page Mode Write Cycle Timing

Note: The above diagram represents a typical page mode write cycle.
The number of actual CAS cycles may vary between 0 and 4.
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< TrC
TRAS »
— TRP —»
RAS/ N
TeC H ¢—— TRSH ——»
‘TCRP-— ¢— TRCD—>
—TCAs—] < Tcas1 —|
CAS/ \
Tcp—»
< TcsH ,
TASR | [TRAH, TcaH, Tasc ksl FCAH _.1TASR4_
Address Row }@k Column W( Column Row
<> TAsC
WE/ TcAC,
—TCAC—» -
«— Tan —» TAA
DATA HIGH £ meng ) HICHZ (Read ) HIGHZ
——TRAC———»

DRAM Page Mode Read Cycle Timing

Note: The above diagram represents a typical page mode read cycle. The number of actual CAS cycles
may vary. The maximum number of CAS cycles allowed is 32 (when the FIFO is being filled).
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AC TIMING CHARACTERISTICS - REFRESH TIMING

Symbol ; Parameter iNotes i Min Typ | Max : Units
Tqr iRAStCASdelay Tm=17.7@ 56 MHz STm-5 - i5Tm+5: nS
Tesg i(CAStoRAS delay :STm = 88.3 ns (56 MHz) or 100 ns (SOMHz) | Tm -5 - Tm+5 { nS
TRAs (RAS pulse width :5Tm -5 - i5Tm+5: nS

Tcsr | [TCHR

CAS-Before-RAS (CBR) DRAM Refr&sh Cycle Timing

Note: Unless otherwise specified, specifications above apply to both 5V and 3.3V operation.
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Wy "' l" 3 Electrical Specifications
AC TIMING CHARACTERISTICS - VRAM TIMING
2VRAM : 2VRAM : 4VRAM | 4VRAM

S | : Parameter - Min Max Min Max Units
Tpe iRead/Write Cycle Time 12Tm - 9Tm - nS
Tras [RAS/Pulse Width 8Tm - 5Tm - nS
Tpg iColumn Address Hold from RAS/ Tm - Tm - nS
Tgp RAS/Precharge 4Tm -~ 4Tm - nS
Tegp CAS/to RAS/ precharge 4Tm - 4Tm - nS
Tesy CAS/Hold from RAS/ STm - STm - nS
Trep RAS/to CAS/ delay 2Tm - 2Tm - nS
Trsy RAS/Hold from CAS/ 2Tm - 2Tm - nS
Tepn (CAS/Precharge Tm - Tm - nS
Tcas [CAS/Pulse Width 3Tm - 3Tm - nS
Tecas; {CAS/Pulse Width (Fast Page Cycle) 2Tm - 2Tm | - nS
Tpsg Row Address Setup to RAS/ : 2Tm-10 | - 2Tm-10 | - nS
Tpsc iColumn Address Setup to CAS/ ™Tm-10 | -  Tm-10 : - nS
Trap Column Address from RAS/ Tm - Tm - nS
Trag iRow Address Hold from RAS/ Tm - Tm - nS
Teay (Column Address Hold from CAS/ Tm - Tm - nS
Tcac Data Access Time from CAS/ - 2Tm - 2Tm nS
Trac :Data Access Time from RAS/ - STm - STm nS
Toga iData Access Time from OE/ - 4Tm - 4Tm nS
Twp WE/Pulse Width 6Tm - 6Tm - nS
T Write Data Setup to CAS/ Tm - Tm - nS
Tpy i Write Data Hold from CAS/ 2Tm - 2Tm - nsS |
Toer | Write Data Hold from RAS/ 4Tm - 4Tm - nS
Tws WE/Setup to RAS/ 5 - 2Tm - nS
Twp WE/Hold from RAS/ 0 - - - nS

Note:  Unless otherwise specified, specifications above apply to both 5V and 3.3V operation.
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Electrical Specifications

AC TIMING CHARACTERISTICS - DISPLAY MEMORY (VRAM)

VRAM TIMING - TIMING SPECIFICATIONS (continued)

Symbol :Parameter Min Typ Max | Units
Tps iDT/Low Sewp Ty-S - - nS
Tppy DT/ Low Hold after RAS/ Low 4Ty - - nS
Ty DT/ Low Hold afier CAS/ Low 3Ty -5 - - nS
Ty DT/ High Setup Ty-S - - nS
Ty DT/ High Hold Ty - - nS

VRAM TIMING - CLOCK USED FOR SERIAL PORT

Symbol ;Parameter Min Typ Max . Units

Tsoe  iSequencer Clock 40 - 50 i nS
VRAM TIMING - SERIAL PORT TIMING

Symbol :Parameter Min Typ Max ! Units
Tgcp iSCPrecharge Time - 0.45 Ty - : nS
Tsca iAccess Time from SC - - 25 . nS
Tsoy iSerial Output Hold Time 5 - - . nS
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< TRC
< TRASP —-»>
¢ TRP —»
RAS/ N
<¢— TRCD —¥
TPC—n P TRSH——»
p-Towrs e Toas— ST
cas/ Z \ 1[
4 ToN—» Ter—»
TCSH —|
JASE 'ow A1, TASC]n»M»‘ —»| TASR je—
Address Row Column Column 7 Row
| 1
T. >

¢ TRAD> ASe 'TRCH 'I‘Rci_si Taa

WE/,WB/ _7////////////////4; TRGH

TRcs i¢—TACP » M g
ToEA ¢-TOFF—» T <«T
| {’ OEA
DT/,0E/ % P LLRLARNRN f/////d. Z %

T Toac Tozh o Jfreae T OF

1/00-/03 HIGHZ Reaq )HICHZ Read HIGHZ

VRAM Page Mode Read Cycle Timing
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A A
v

je——— TRAL —>|je— Trp —»

RAS/

{ > l¢—— TRsH—>
'4\'[‘(:1&» 4— TRCD— Tec

Teas—] | <—TCAS—>
CAS/ ’/4 i \
e TCPN—» Tcp—+»
TCSH
‘- -
LA 'nwi TASC TASC > T TASR (¢—
Address Row YK Coluean X777777% ot Row
1
o W

|

o1, 08 77 7777777777

Tol Tos| | ToH

1/00-1/03 ///////////////////47///////////’///////////////////////////////

VRAM Page Mode Write Cyde Timing )
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< TRC »
TRAS »
TAR 4—— TRP —¥
RAS/ ) 4 \
l¢——TRCD—» TRSH >
l < TcH >
<—TCRP¥
TCAs >
CAS/ 74
e TCPN > o
‘TASC
TASR T TcaH
Address Row Start Address
|
WE/
mS TCDH
¢——————— TRDH ————»
— \
!
Data HIGH Z
SOE/ VH

VRAM Transfer Cycle Timing

|
\
|
|
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RAS/ 4
TIHS Ty
DTOE/
Tscc,p Tscc,, Tscc,.p Tsce
Tsc Tsc TSc
sC % %—/
Tscp Tscp Tscp
Tscp Tscp Tsce T
| TsoH | Tsom TSOH
SIO1-SI04 “YData Out { Data OurYData OudData Out¥Data OuX Data OuX
! I I l
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Electrical Specifications

AC TIMING CHARACTERISTICS - VRAM REFRESH TIMING

Symbol | Parameter ‘Notes i Mn | Typ : Max : Units
Tqr RASt0 CASdelay iTm=17.7@ 56 MHz 5Tm-5{ - i5Tm+5 nS
Tesg (CASWRAS delay  :STm =88.3ns (56 MHz) or 100ns (SOMHz) | Tm-5 | -  Tm+S5 | nS
Tras |RAS pulse width | STm-5: - STm+5: nS

CAS-Before-RAS (CBR) VRAM Refresh Cycle Timing

Note:  Unless otherwise specified, specifications above apply to both 5V and 3.3V operation.
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AC TIMING CHARACTERISTICS - VIDEO TIMING

S 1 : Parameter Min i Max |  Units
Tgyn HSYNC, VSYNC delay from CLKIN (5V) - 50 nS
Tsyn iHSYNC, VSYNC delay from CLKIN (3.3V) - 80 nS
Tgp iCLKIN to SHFCLK delay (S5V) - 30 nS
Tgp CLKIN to SHFCLK delay (3.3V) - 50 nS
Tspy Panel data setup to SHFCLK 5 - nS
Typn iPanel data hold to SHFCLK 10 - nS
Tgyp iFLM, LP, ACDCLK setup to SHFCLK (5V) 5 - nS
Tgyp FLM, LP, ACDCLK setup to SHFCLK (3.3V) 8 - nS
Thyp {FLM, LP, ACDCLK hold to SHFCLK (5V) 10 - nS
Tyyp {FLM, LP, ACDCLK hold to SHFCLK (3.3V) ' 16 - nS

TSYN
HSYNC, VSYNC ;

TsD i
SHFCLK h —t
TSPN < THPN >
PANEL DATA * m
THYP -~
Tsyp >

FLM, LP, ACDCLK * X

Note:  Unless otherwise specified, specifications above apply to both 5V and 3.3V operation.
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Mechanical Specifications

Mechanical Specifications

. 7 See Notc 2
. & =
l?sd ““(’)"25 ;F oS3323% 5223 fnumE,SoNs =
0. (0. 6 . se  &s sa 88 __seas E
L | | ) g | B
160-Pin Soc | B DIMENSIONs:

Plastic Flat Pack 2o | B mm ()
Lead Width g Rl | B
0.30 20.10 ¥ @ g =
(0.012 10.004) F655x0 R & =
CHIPS Part No. XOO0OKX 3 =
Vendor Mask Identifier YYWW ccccee n =

Date Code LLLLLIL =2  Clearance
Lead Length _ o || 0.150 (0.006)
See Note 2 € — J’ ! L— 0.600 (0.024)
Pin 1 See Note 1 N Seating B :‘3"(3;"};‘)‘
. 30.7 (1.209) g Flanc RS
Footprint 21— 1'248)
. R=CHIPS Revision
Note 1:  Package Body Size = 28 £0.2 (1102 #0.008)\Y _Country of Assembly
Note 2: Lead Length = 0.7 10.2 (0.028 +0.008) L=Lot Code (Optional)

Suggested PCB Pad Layout

ABABAABABAABABAABABAABABAABABAABABAABAB

e

3 —_— 160-Pin Plastic Flat Pack
= Suggested PCB Pad Layout

E: —= Pad Size = 2.54 mm x 0.30 mm (0.100 in x 0.012 in)"~

——= ‘A’ Spacing = 0.65 mm (0.0256 or 0.026 in) (see note)
—= B’ Spacing = 0.65 mm (0.0256 or 0.025 in) (see note)

&—= Note: If the PCB layout system 1o be used can handle
i — fractional mils, use 0.0256 center-to-

2 — center spacing. If not, use a combination of
= 0.025 and 0.026 inch spacings as indicated
3
&
<

Footprint 33.0 mm (1.300 in)

= CABABA' repeated) to approximate the exact
—] spacing as closely as possible.

T 000nan

ABABAABABAABABAABABAABABAABABAABABAABAB
Footprint 33.0 mm (1.300 in)

e

ABABAABABAABABAABABAABABAABABAABABAABAB
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