65535

Highly integrated design (flat panel/
CRT controller, RAMDAC, clock
synthesizer, non-multiplexed busdi-
rect panel drive)

Integrated interfacefor Multiple Bus

Architecture

* Local bus (32-bit or 16-bit 386sx)
including VL-Bus compatibility

» EISA/ISA (PC/AT) Bus

Flexible display memory configura-
tions:

e One 256Kx16 DRAM (512K)

e Two 256K x16 DRAMs (1IMB)
 Four 256K x4 DRAMs (512K)

V GA flat panel subsystem with color
STN-DD. Simultaneous Display
capability can be implemented with
single 256Kx16 DRAM

Programmable Linear Acceleration
video memory addressing feature
provides ability to "linearly map"
video memory thusovercoming pag-
ing and 1/0 bottlenecks. High per-
formance Linear Acceleration driv-
ers are available for popular appli-
cation programs such as Windows.

Interface to CHIPS PC Video
69001A (82C9001A) and 69003/4
Video Windowing Controllerstodis-
play "live" video or specialized video
overlay on flat panel displays.

Supports LCD, EL and Plasma
panels to 1280x1024 resolution

Supportsnon-interlaced CRT moni-
torswith resolutions up to 1024x256
colors

Hi-color display capability (16-bits
per pixel) with on-chip palette on flat
panels and CRT monitors up to
640x480 resolution

High PerformanceFlat Panel / CRT VGA Controller

Direct interface to color and mono-
chrome dual panel/dual drive (DD)
and single panel/single drive (SS)
panels (supports 8,9,12,15 and 18-
bit datainterfaces)

Advanced Power Management
features minimize power con-
sumption during:

« Normal operation

« Standby (sleep) modes

« Panel-off, Power-saving Mode

Flexible on-board Activity timer
facilitates ordered shutdown of the
display system with optional back-
light shutdown or 65535 entering
low-power panel-off mode with flat
panel powered down

Power Sequencing control outputs
regulate application of Biasvoltage,
+5V to the panel and +12V to the
inverter for Backlight Operation

A ddress
D ata

Control
16 or 32-bit
386/438
Local Bus
or
ISA System Bus

14.31818 M Hz

or

32-bit local bus

or

Mixed 3.3V/5.0V +/-10% operation

High performance resulting from
zero wait-state writes (write buffer)
and minimum wait-state read (inter-
nal Asynchronous FIFO design)

SMARTMAP™ intelligent color-to-
gray-scale conversion enhances text
legibility

Text enhancement feature improves
whitetext contrast onflat panel displays

Fully compatible with IBM® VGA
and enhanced backward compatibil-
ity withEGA, CGA, Hercules™, and
MDA without using NMIs

ElAJ-standard 160-pin plastic flat
pack

Chip pinouts optimized for PCB
layout

—®» To CRT
—®» Display

Additional 256K x16
Video M emory

One or two
DRAMS
(x16 configurations)

PCVideo Interface

System Block Diagram
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Product Overview

The 65535 High Performance, True Color
VGA Flat Pand/CRT Controller providesa
low-power, minimum chip-count  graphics
solution for high performance, full-features
notebook and pen-based  portable PCs. The
65535 requiresonly asngle256Kx16 DRAM

tocompleteaV GA subsystemdisplay witha
color STN-DD pand and 34-bitlocd bus. This
two chipimplementation requires|essthan 2
square inches (1290 sg mm) of board space.
Asan option, the 65535 supports a second
256K x16 DRAM which may be used as
additional display memory to support
CRT resolutions up to 1024x768 with 256
colorsor 640x480 SX/DX,486'S Series, and
386DX locd bus, 16-hit 386SX locd bus, and
EISA/ISA buses. The 65535 employs
separate address and data buses and direct
flat panel drive capability, sothat no externa

buffersarerequired.

High Performance Features

The 65535 employs a number of perfor-
mance enhancement techniques, including
direct 32-bitlocal bus, CPU, 32-bit memory
interface capability, and integrated write
buffer and linear memory addressing sup-
ported driver technology. CHIPS software
driver scoressignificantly higher than those
obtainablewith competing solutions based
onasimilar architecture.

Display Support

The 65535 supports a wide variety of
monochrome and color Single-Panel,
Single-Drive (SS) and Dual-Panel, Dual
Drive(D/D) passive STN and Single-Panel,
Single Drive active matrix TFT/MIM
LCDs. On CRT displays, the 65535
supports up to 1024x768 with 256 colors,
640x480 with 64K colors. With D/D-
L CDs, the 65535 usesthe upper portion of
display memory astheframe buffer during
simultaneous CRT/LCD display or LCD-
only operation with a single 256x16
DRAM.

The 65535 provides many features to
enhanceflat panel display quality includ-
ing multiple RGB color to gray scale
reduction techniques, fast vertical center-
ing, line replication or stretching, blank
lineinsertion, tall font sdection andtextin-
tendty enhancement. The CHIPS proprietary
polynomid-based FrameRate Control (FRC)
and dithering algorithm is programmable,
producing optimum gray scalesfor agiven
panel model and reducing flicker without
increasing the vertical refresh rate.

Power M anagement

The dedicated power pins for the 65535's
interlogic, clock interface, bus interface,
color paette, memory interface, and flat
panel interface provide full 5.0V, 3.3V or
"mixed" 3.3V and 5.0V operation in any
combination. Both self-refresh and slow
refresh (32KHz) type DRAMS are sup-
ported.

Two power saving-modesare supported by
the 65535. In 'Panel-Off' mode, the 65535
turnsof theflat pandl, initiatesapanel power
sequence, and optionally turns off the pal-
ette. The 65535 'Standby' mode provides
additional power savingsby suspending all
video activities allowing the input clocks
to be shut off. The'Standby' mode

may be activated either through register
programming or a hardware powerdown
pin.

The 65535's programmabl e activity timer
provides for powerdown of the backlight
only on entering 'Panel-Off' modeindepen-
dent of system BIOS. The 65535 provides
an activity indicator output indicating any
I/O or memory request to the VGA to
facilitate external powerdown circuitry.

Softwar e Support

The 65535 isfully compatible with the IBM
VGA graphics standard register, gate and
BIOS levelswhile providing full backwards
compatibility withthe EGA, CGA, MDA
and Hercules graphics standards without
using NMls. CHIPS and third -party
vendors supply VGA-compatible BIOS,
end-user utilities, and extended mode
software driversfor common application
programs such as Windows, AutoCAD,
WordPerfect, etc. CHIPS' drivers for
Microsoft Windows provide the highest
available performancein acontroller of this
architecture while offering visual enhance-
mentsspecificfor portableapplications.

CHIPSet, WinPC, and XRAM Video Cache are trademarks of Chips and Technologies, Inc.
All other trademarks are the property of their respective holders.

P
7% Address
4% Data
16 or 32-bit

386/486

Local Bus

Control

INTEGRATED 32-BIT LOCAL BUSSUPPORT

The 65535 provides lowest chip count solution for 32-bit local busimplementations. A com-
plete high performancelocal busgraphics sub-system for theIntel 'S seriesor other 32-bit CPU
requires only the 65535 and asingle 256K x 16 DRAM. No external clock chips, buffers, glue
logic, or ASICsarerequired for the 65535 local bus sub-system.

65535

Thisunique configuration supports 32-bit local bus, linear accel eration, single-scan and dual-
scan passive color and active matrix color LCDs, and simultaneous display.

__ » TOCRT
Display

ACLE

—» Pand
Display

16
256Kx16 DRAM
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Introduction

65535
High Performance
Flat Panel / CRT VGA Controller

m Highly Integrated Design (Flat Panel/CRT m Direct interface to Color and Monochrome Dual

Controller, RAMDAC, Clock Synthesizer, non-
multiplexed bus, direct panel drive)

m Integrated Interface for Multiple Bus Architec-

Panel / Dua Drive (DD) and Single Panel /
Single Drive (SS) panels (supports 8, 9, 12, 15,
and 18-bit data interfaces)

tures m  Advanced Power Management features minimize
* Local Bus (32-bit 386/486 or 16-bit 386SX) power consumpti on during:
(including VL-Bus compatibility) » Normal Operation

* EISA/ISA (PC/AT) Bus * Standb $SIeep) Modes

m Flexible display memory configurations: ) Pénd- f Power-Savlr.mg.Mode. -
e One 256K x16 DRAM 512K B) m Flexible on-board ACtIVIty_ Timer fauhtat&s
« Two 256Kx16 DRAMs (1MB) ordered shut-down of the dlspla%/ system with
« Four 256Kx4 DRAMs (512K B) optional backlight shutdown or 65535 enterin

m VGA Flat Panel subsystem with Color STN-DD
Simultaneous  Display capability can be
implemented with single 256Kx16 DRAM

m Programmable Linear Acceleration video
memory addressing feature provides ability to
"linearly map" video memory thus overcoming

low power Panel-off mode with Flat Pan
powered down

m Mixed 3.3V / 5.0V £10% Operation

m Power Sequencing control

outputs regulate
e, +5V to the Panel and

application of Bias volt > ¢
acklight operation

+12V to theinverter for

paging and 1/O bottlenecks. High performance m High Performance resulting from Zero Wait-

Linear Acceleration drivers are available for State writes (write buffer) and minimum Wait-

popular application programs such as Windows. State reads (internal Asynchronous FIFO design)
m Inteface to CHIPS PC Video 69001A ™ j i -to- .

B2CO001A) and 60003/4 Video Windowing Comyaron enhances ter leaibiy )

ontrollers to display "live" video or specializ . _

video overlay on Flat Panel displays m Text EnhanFclemSnaL gleg]:urie improves white text
m Supports LCD, Electro Luminescent (EL), and contrast on at _ IPYS

Gas Plasma panels to 1280 x 1024 resol ution m Fully Compatible with IBM™ VGA and En-

m Supports non-interlaced CRT monitors with
resolutions up to 1024 x 768, 256 colors

m Hi-color display capability (16 bits per pixel)
with on-chip palette on Flat Panels and CRT
monitors up to 640x480 resolution

hanced Backward Compatibility with EGA,

CGA, Hercules™, & MDA without using NMIs

m ElAJstandard 160-pin Plastic Flat Pack
m  Chip Pinouts optimized for PCB Layout

16 or 32

BIOS
ROM |

Address
Data

65535

RGB——» ToCRT
H/V Sync——  Display

Panel Control——» ToFat

16 or 32-hit 386/486 Control Pandl Data Panel
Local Bus 1431818MHz 4+ %15 2% 16 18 Display
- Or -
16-bit ISA Additional 256Kx16
System Bus 256K)\(/1ige[3RAM Video Memory or
M 32-bit local bus or
emory PC-Video Interface

System Diagram
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Fixed typo in configuration pin table (AAO & AA1in 1.0 Data Sheet pg 23)
Added CRT Power Management section to intro (DPM S support)

Updated Supported Video Modes table

Changed pin name: pin 104 AA4 (CFG4) (EV#)

Changed bus config pin names: BRDY#to LRDY# & BLAST#to GND
Made same changes in Pin Descriptions section

Removed Pl & MC pin descriptions (no longer supported)

All 'Reserved' notation changed to 'Reserved (0)' in Registers section
Changed M2D6 to M3D6 and M3D2 to M2D2 in GR05

Changed Config Register XR01 (assigned CFG4; other misc changes made)
Added XR03, XR29, and XR73 register definitions

Added bhit descriptions to Software Flags Registers 0 & 2 (XROF & XR44)
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Changed name of XR53 to 'Panel Format Register 3' to match 65540

Edited Panel Power Sequencing Delay Register (XR5B)
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Fixed programming parameters for some panels
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Removed Pl & MC bus interface schematics
Changed Panel/CRT Output Application Schematic
- Added VESA Display Data Channel (DDC) connections
- Changed RSET Value from 383 to 270 ohms
- Fixed typo on connector pin J3-40
Fixed typos in PC-Video Interface Application Schematic

Updated Panel Interface Schematics & added worksheet parameter tables
Fixed Monochrome SS 8-bit panel interface schematics
Modified Timing Section

Operating & standby current specifications added

Local Bus section rewritten

ALE Timing added to ISA

Pl & MC Bustiming removed

Clock Timing modified

Parameters added to RESET timing

Changed RESET timing in Electrical Specifications
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I ntroduction

The 65535 VGA Flat Panel / CRT controller
provides a low-power, minimal chip-count graphics
solution for high performance, full-featured
notebook and pen-based portable PCs. Through the
innovative frame-buffer design, a single 256Kx16
DRAM chip is the only additional component
required to implement a complete flat panel
graphics subsystem which supports simultaneous
flat panel / CRT operation with all panel types
including dual scan color STN-DD panels. A
complete a VGA sub-system can be implemented in
less than 2 sguare inches (1290 sq mm). As an
option, the 65535 supports an additional 256K x16
DRAM, which may be used as additional display
memory to support CRT resolutions up to
1024x768 with 256 colors and up to 640x480 with
64K colors (16bpp "high color" modes). The 65535
can directly interface to the 32-bit 486DX/SX and
386DX local bus, 16-bit 386SX local bus, and
EISA/ISA buses. The 65535 employs separate
address and data buses and direct flat panel drive
capability, so that no external buffers are required.

The 65535 employs a number of performance
enhancement techniques, including direct 32-hit
local bus CPU or 32-bit memory interface
capability, an integrated write buffer and FIFO, and
linear addressable display memory.

The 65535 supports a wide variety of monochrome
and color Single-Pand, Single-Drive (§S) and
Dual-Panel, Dua-Drive (D/D) passive STN-DD
and active-matrix TFT / MIM LCDs, EL and
plasma panels. The 65535 supports monochrome
panels with resolutions up to 1280x1024 16 gray
scales or 1024x768 64 gray scales. The 65535
produces up to 226,981 colors on passive STN-DD
LCDs, up to 185,193 colors on 512-color active-
matrix LCDs, and up to 1,771,561 colors on 4,096-
color active-matrix LCDs:

9-bit 12-bit
'6512-Color’ '4096-Color' Dither FRC
512 (89) 4096 (16°) No No
3,375 (15%) 29,791 (319)7 No Yes
24,389 (299) 226,981 (613) Yes No

185193 (579 1,771,561 (1213)" Yes Yes
T New capability in 65535, not available in 65530

The 65535 supports 4,096-color active matrix
panels with resolutions up to 1280x1024 16 colors

and 1024x768 256 colors. In addition, the 65535
simultaneously displays 64K colors at 640x480
resolution on 18-bit "high color" active-matrix
LCDs. The 65535 provides a variety of
programmable features to optimize display quality,
such as Vertica and Horizontal Compensation,
SMARTMAP™, Text Enhancement, three
selectable color to gray scale reduction techniques,
and a polynomial FRC gray scale algorithm, which
reduces flicker on fast response "mouse quick”
L CDs without diminishing gray scale linearity.

The 65535 employs a variety of advanced power
management features to reduce power consumption
of the display subsystem and extend battery life.
The 65535's internal logic, memory interface, bus
interface and flat panel interface can be
independently configured to operate at either 3.3V
or 5.0V. The 65535 is optimized for minimum
power consumption during normal operation and
two power-savings modes — Panel Off and Standby.
During Panel Off, the 65535 turns off the flat panel,
and the VGA sub-system remains active. The
palette may also be automatically shut off during
Panel Off mode to further reduce power
consumption. During Standby, the 65535's CPU
interface is inactive, and the 65535 internal logic is
powered down. During Standby mode, the 65535
suspends all CPU, memory and display activities.
In this mode, the 65535 places the DRAM in the
self-refresh mode of operation, and the 65535's
reference clock input can be shut off. The 65535
also supports a programmable activity timer which
monitors VGA activity. After all display activity
ceases, the timer will automatically shut the panel
down by either disabling the backlight or putting
the 65535 into Panel Off mode.

The 65535 is fully compatible with the VGA
graphics standard at the register, gate, and BIOS
levels. The 65535 provides full backwards
compatibility with the EGA, CGA, MDA and
Hercules graphics standards without using NMls.
CHIPS' and third-party vendors supply fully VGA-
compatible BIOS, end-user utilities and drivers for
common application programs (e.g., Windows,
052, Word Perfect, Lotus, etc). CHIPS' drivers
for Windows include a Big Cursor (to increase the
cursor's legibility on monochrome flat panels) and a
panning/scrolling driver (to increase performance).
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MINIMUM CHIP COUNT / BOARD SPACE

The 65535 provides a minimum chip count/board
space, yet highly flexible VGA sub-system. The
65535 integrates a high-performance VGA flat
panel/CRT controller, industry-standard RAMDAC,
clock synthesizer, monitor sense circuitry and an
activity timer in a 160-pin plastic flat pack package.
In its minimum configuration, the 65535 requires
only a single 256Kx16 DRAM, such that a
complete VGA sub-system for motherboard
applications can be implemented with just two ICs.
This configuration consumes less than 2 square
inches (1290 sg mm) of board space and is capable
of supporting simultaneous flat panel/CRT display
requirements while directly interfacing to a 32-hit
local bus. Asan option, a second memory chip may
be implemented to increase performance (via a 32-
bit data path to display memory) and support
graphics modes which require more than 512
KBytes of display memory. No external buffers or
gluelogic are required for the 65535's bus interface,
memory interface or panel interface. The 65535
employs separate address and data buses with
sufficient drive capability, such that the bus can be
driven directly. The 65535 also provides up to 18
bits of panel data with sufficient drive capability
such that virtually all flat panels can be driven
directly.

DISPLAY MEMORY INTERFACE

The 65535 supports multiple display memory
configurations, providing the OEM with the
flexibility to use the same VGA controller in
several designs with differing cost, power
consumption and performance criteria. The 65535

= One 256Kx16 DRAM (512 KBytes)
= Two 256Kx16 DRAMs (1 MBytes)
= Four 256Kx4 DRAMSs (512 KBytes)

Implementing the 65535 with a single 256Kx16
DRAM results in a cost-efficient, minimum-chip-
count / board-space display sub-system. In this
configuration, the 65535 supports standard and
SuperVGA resolution modes on a flat panel or
external CRT monitor. (Alternatively, four 256K x4
DRAMs may be used for display memory).

Performance is significantly improved when the
65535 is configured with a 32-bit data path to
display memory, which is accomplished by using
two 256Kx16 DRAMs. Two 256Kx16 DRAMSs
support al standard, Super, and Extended VGA
resolutions up to 1024x768 8bpp (256 colors) as
well as 16bpp "High-Color" up to 640x480.

The table below summarizes the various display
memory options and corresponding CRT and flat
panel display capabilities.

Display memory control signals are derived from
the integrated clock synthesizer's memory clock.
The 65535 serves as a DRAM controller for the
system's display memory. It handles DRAM
refresh, fetches data from display memory for
display refresh, interfaces the CPU to display
memory, and supplies all necessary DRAM control
signals.

The 65535 supports 'two-CAS / one-WE' DRAMs
and '‘one-CAS / two-WE' 256Kx16 DRAMs. The
65535 supports the self-refresh features of 256K x16
DRAMs and certain 256Kx4 DRAMs during
STANDBY mode, enabling the 65535 to be

supports  the  following  display ~ memory powered down completely during suspend/resume
configurations: operation.
Memory CRT Simultaneous | PC Video/ Overlay
Configuration Resolution Display Support
(1) 256Kx16 DRAM 640x400 8bpp Yes Yes
(512 KBytes) 640x480 8bpp
800x600 8bpp
1024x768 4bpp
(2) 256Kx16 DRAMs 640x480 16bpp Yes No
(1 MBytes) 1024x768 8bpp
1280x1024 4bpp

( Supported Display Memory Options & Display Resolutions '
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CPU BUSINTERFACE
The 65535 provides a direct interface to:

m 32-bit 486DX/SX and 386DX local bus
= 16-bit 386SX local bus
= EISA/ISA (PC/AT) bus

Strap options allow the user to configure the chip
for the type of interface desired. Control signals for
al interface types are integrated on chip. All
operations necessary to ensure proper operation in
these various environments are handled in afashion
transparent to the CPU. These include internal
decoding of all memory and |I/O addresses, bus
width trandations, and generation of necessary
control signals.

HIGH PERFORMANCE FEATURES

The 65535 includes a number of performance-
enhancement techniques including:

m Direct 32-bit local bus CPU support

m 32-bit memory interface with 16-bit local bus
m Integrated write buffer and FIFO

m Linearly addressable display memory

The 65535's 32-bit and 16-bit local bus operation
provides significantly higher performance than the
dower ISA bus. A 32-bit memory interface limits
the CPU data bus to 16-bits. An optiona 32-bit
interface to display memory provides additional

bandwidth for demanding configurations such as
high speed local bus or simultaneous display with
dual drive panels. When using an |SA-bus configu-
ration, the 65535's write buffer enables zero wait-
state cycle operation. The 65535's internal
asynchronous FIFO design provides minimum wait-
state reads and fast display updates.

The 65535's linearly addressable display memory
alows display memory to be accessed in any area
of upper memory up to 1 MByte in size. Software
drivers optimized for linearly addressable memory
improve video performance as much as 80%.
These drivers are available from your local CHIPS
sales office.

PC VIDEO / OVERLAY SUPPORT

The 65535 allows 18 bhits of external RGB video
data to be input and merged with the internal VGA
data stream. The 65535 supports two forms of
video windowing: (i) color key input and (ii) X-Y
window keying. See extension registers XR3A to
XR3F for description of the 65535 color keying
feature. The X-Y window key input is an aternate
function on pin 79 and can be used to position the
live video window coordinates. The 65535 can be
used in conjunction with Chips and Technologies,
Inc. PC-Video products to provide portable multi-
media solutions.

CPU Memory

Simultaneous PC Video/ Overlay

32-bit 486DX VL bus
32-bit 386DX VL bus

Configuration Configuration Display Support
16-hit EISA/ISA (PC/AT) bus 16-hit or 32-hit Yes Yesfor 16-bit memory bus
16-bit 386SX VL bus No for 32-bit memory bus
32-hit 486SX VL bus 16-bit only Yes No

( Supported CPU / Bus Options '

Revision 2.0

65535



Introduction

DISPLAY INTERFACE

The 65535 is designed to support a wide range of
flat panel and CRT displays of all different types
and resolutions

Flat Panel Displays

The 65535 supports all flaa panel display
technologies including plasma, e ectroluminescent
(EL) and liquid crystal displays (LCD). LCD panel
interfaces are provided for single panel-single drive
(SS) and dual panel-dual drive (DD) configurations.
A single 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 aternating from two separate areas of
video memory. In addition, a dua drive panel
requires the data from the two areas to be provided
to the panel simultaneously. Due to its integrated
frame buffer and 18-data-line panel interface, the
65535 supports al panels directly. Support for
LCD-DD panels does not require external hardware
such as a frame buffer. Support for high-resolution,
'high color' flat panels also does not require
additional components. The 65535 handles display
data sequencing transparently to applications
software, providing full compatibility on both CRT
and flat pandl displays.

9-bit 12-bit
'512-Color’ '4096-Color' Dither FRC
512 (89) 4096 (16°) No No
3,375 (15%) 29,791 (319)7 No Yes
24,389 (299) 226,981 (613) Yes No
185,193 (57%) 1,771,561 (12137 Yes Yes

U New capability in 65535, not available in 65530

There is currently no standard interface for flat
panel displays. Interface signals and timing
requirements vary between panel technologies and
suppliers. The 65535 provides register
programmable features to alow interfacing to the
widest possible range of flat panel displays. The
65535 provides a direct interface to panels from
vendors such as Sharp, Sanyo, Epson, Seiko Instru-
ments, Oki, Toshiba, Hitachi, Fujitsu, NEC,
M atsushita/Panasonic and Planar.

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 signalsto the panel. Thisresultsin
severe damage to the panel and may disable the
panel permanently. The 65535 provides a simple
and elegant method to sequence power to the flat
panel display during various modes of operation to

conserve power and provide safe operation to the
flat panel. The 65535 provides three pins called
ENAVEE, ENAVDD and ENABKL to regulate the
LCD Bias Voltage (VEE), the driver electronics
logic voltage (VDD), and the backlight voltage
(BKL) to provide intelligent power sequencing to
the panel. The timing diagram below illustrates the
power sequencing cycle. In the 65535, the power
on/off delay time (TPo) is programmable (with a
default of 32 mS).

The 65535 initiates a 'panel off' sequence if the
STNDBY# input is asserted (low), or if XR52 hit-4
is set to a '1' putting the chip into Standby mode.
The 65530 also initiates a 'panel off' sequenceif the
chip is programmed to enter 'panel off' mode (by
setting extension register XR52 hit-3=1), or if the
'Display Type' is programmed to 'CRT" (extension
register XR51 bit-2 transitions from '1' to '0"). The
65535 initiates a 'panel on' sequence if the
STNDBY# input is high and the chip is
programmed to 'panel on' (XR52 bit-3 transitions
from a'l' to '0") and 'flat panel display' (XR51 bit-2
isset to'l').

Panel On Panel Off
ENAVDD

—» Tpo —> Tpoe—
ENABKL
Flat Panel .
Control & valid
Data Signals

—> Tpo —» Tpo
ENAVEE
( Panel Power Sequencing '
CRT Displays

The 65535 supports high resolution fixed frequency
and variable frequency analog monitors in inter-
laced and non-interlaced modes of operation.
Digital monitor support is also built in.

The 65535 supports resolutions up to 1024x768 256
colors or 640x480 65,536 colorsin 1 MByte display
memory configurations; 1024x768 16 colors or
640x480 256 colors are supported in 512 KByte
display memory configurations. The following
tableslists all 65535 CRT monitor video modes.
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Supported Video Modes - VGA Standard
Max MCLK| Horizontal | Vertical
Mode#| Display Text |Font| Pixe / DotClock | Frequency |Frequency, Video
(Hex) Mode |Colors|Display| Size |Resolution| (MH2) (KH2) (Hz) |Memory| CRT
0+,1+ Text 16 |40x 25| 9x16| 360x400 | 56/ 28.322 315 70 256 KB | A,B,C
40 x 25| 8x14| 320x350 | 56/ 25.175 315 70 256 KB | A,B,C
40x 25| 8x8 | 320x200 | 56/ 25.175 315 70 256 KB | A,B,C
2+,3+ Text 16 |80x25|9x16| 720x400 | 56/ 28.322 315 70 256 KB | A,B,C
80x 25| 8x14| 640x350 | 56/ 25.175 315 70 256 KB | A,B,C
80x 25| 8x8 | 640x200 | 56/ 25.175 315 70 256 KB | A,B,C
4 Graphics 4 |40x25| 8x8 | 320x200 | 56/ 25.175 315 70 256 KB | A,B,C
5 Graphics 4 [40x25| 8x8 | 320x200 | 56/25.175 315 70 256 KB | AB,C
6 Graphics 2 |80x25| 8x8 | 640x200 | 56/ 25.175 315 70 256 KB | A,B,C
7+ Text Mono | 80x 25| 9x16| 720x400 | 56/ 28.322 315 70 256 KB | AB,C
80x 25| 9x14| 720x350 | 56/ 28.322 315 70 256 KB | A,B,C
80x 25| 9x8 | 720x350 | 56/ 28.322 315 70 256 KB | A,B,C
D Planar 16 |40x 25| 8x8 | 320x200 | 56/ 25.175 315 70 256 KB | A,B,C
E Planar 16 | 80x25| 8x8 | 640x200 | 56/25.175 315 70 256 KB | AB,C
F Planar | Mono | 80 x 25| 8x14| 640x350 | 56/ 25.175 315 70 256 KB | A,B,C
10 Planar 16 | 80x25|8x14| 640x350 | 56/25.175 315 70 256 KB | A,B,C
11 Planar 2 |80x30|8x16| 640x480 | 56/ 25.175 315 60 256 KB | A,B,C
12 Planar 16 | 80x30|8x16| 640x480 | 56/25.175 315 60 256 KB | A,B,C
13 |Packed Pixell 256 |40x 25| 8x8 | 320x200 | 56/ 25.175 315 70 256 KB | A,B,C

Note: All of the above VGA standard modes are supported directly in the 65535 BIOS (both 32K and 40K BIOS versions).
All of the above VGA standard modes are supported at both 3.3V and 5V.
Max MCLK refers to the maximum clock rate required for proper mode operation.

CRT Codes:
A PS2fixed frequency analog CRT monitor or equivalent (31.5/ 35.5 KHz Horizontal Frequency Specification)
B Multi-Frequency CRT monitor (37.5 KHz Minimum Horizontal Frequency Specification) (NEC MultiSync 3D or equivalent)
C Multi-Frequency High-Performance CRT Monitor (48.5 KHz Min H Freq Specification) (Nanao Flexscan 9070s, MultiSync 5D, or equivalent)
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Supported Video Modes - Extended Resolution
Max MCLK| Horizontal | Vertical

Mode#| Display Text |Font| Pixel |/DotClock | Frequency Frequency Video

(Hex) Mode |Colors| Display| Size |Resolution| (MH2z) t (KH2) (Hz) |Memory| CRT
20 |4bitLinear| 16 |80x30|8x16| 640x480 | 56/ 25.175 315 60 512KB |AB,C
22 |4bitLinear| 16 |100x 37| 8x16| 800x600 | 56/ 40.000 37.5 60 512KB | B,C
24 | AbitLinear| 16 |128x 48| 8x16 | 1024x768 | 65/ 65.000 48.5 60 00000000 C
241 65 /44.900 35.5 43 B,C
30 |8hitLinear| 256 |80x 30|8x16| 640x480 | 56/ 25.175 315 60 512KB |AB,C
32 |8hitLinear| 256 |100x 37| 8x16| 800x600 | 65/40.000 375 60 512KB | B,C
34 | 8hitLinear| 256 |128 x 48| 8x16| 1024x768 | 65/ 65.000 48.5 60 1MB C
341 65/44.900 35.5 43 B,C
40 |15bitLinear| 32K | 80x 30| 8x16| 640x480 | 65/50.350 315 60 1MB |AB,C
41 |16bitLinear| 64K | 80x 30| 8x16| 640x480 | 65/50.350 315 60 1MB |AB,C
60 Text 16 |132 x 25/ 8x16 | 1056x400 | 65/ 40.000 30.5 68 256 KB |A,B,C
61 Text 16 |132 x 50 8x16 | 1056x400 | 65/ 40.000 30.5 68 256 KB |A,B,C

6A, 70 Planar 16 |100 x 37| 8x16| 800x600 | 56/ 40.000 37.5 60 256 KB | B,C

72,75 Planar 16 |128 x 48 8x16 | 1024x768 | 65/ 65.000 48.5 60 512 KB C

72,751 65/44.900 355 43 B,C
78 |Packed Pixel| 16 |80x25|8x16| 640x400 | 56/ 25.175 315 70 256 KB |A,B,C
79 |Packed Pixel| 256 | 80x 30| 8x16| 640x480 | 56/ 25.175 315 60 512KB |AB,C
7C |Packed Pixel| 256 |100 x 37| 8x16| 800x600 | 65/ 40.000 375 60 512KB | B,C
7E |Packed Pixel| 256 |128 x 48 8x16 | 1024x768 | 65 / 65.000 48.5 60 1MB C
7E 1 65/ 44.900 35.5 43 B,C

Note: Support for the modes in the above tableisincluded directly in the BIOS (both 32K and 40K versions).

The'l' in the mode # column indicates "Interlaced'.
Max MCLK refersto the maximum clock rate required for proper mode operation.
Supported Video Modes - High Refresh
Max MCLK| Horizontal | Vertical

Mode#| Display Text |Font| Pixel |/DotClock | Frequency [Frequency, Video

(Hex) Mode |Colors| Display| Size |Resolution| (MHz) t (KH2) (Hz) |[Memory| CRT
12* Planar 16 |80x30|8x16| 640x480 | 56/ 31.500 375 75 256 KB | B,C
30 |8hitLinear| 256 |80x 30|8x16| 640x480 | 65/ 31.500 375 75 256 KB C
79 |Packed Pixel| 256 | 80x 30|8x16| 640x480 | 65/ 31.500 375 75 512 KB C

6A, 70 Planar 16 100 x 37| 8x16| 800x600 | 65/ 49.500 46.9 75 512 KB C
32 | 8hitLinear| 256 |100x 37| 8x16| 800x600 | 65/ 49.500 46.9 75 1MB C
7C |Packed Pixel| 256 |100x 37| 8x16| 800x600 | 65/ 49.500 46.9 75 1MB C

Note: Support for the modes in the above table isincluded in the 40K version of the BIOS.
Max MCLK refersto the maximum clock rate required for proper mode operation.

T Refer to Electrical Specifications section for maximum clock frequencies for 5V and 3.3V operation.

CRT Codes:
A PS/2 fixed frequency analog CRT monitor or equivalent (31.5/ 35.5 KHz Horizontal Frequency Specification)
B Multi-Frequency CRT monitor (37.5 KHz Minimum Horizontal Frequency Specification) (NEC MultiSync 3D or equivalent)
C Multi-Frequency High-Performance CRT Monitor (48.5 KHz Min H Freq Specification) (Nanao Flexscan 9070s, MultiSync 5D, or equivalent)
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Simultaneous Flat Panel / CRT Display

The 65535 provides simultaneous display operation
with Multi-Sync variable frequency or PS/2 fixed
frequency CRT monitors and single panel-single
drive LCDs (LCD-SS), dua 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 65535 provides simultaneous CRT
display with LCD-SS, Plasma, and EL panels by
driving the panels with CRT timing. LCD-DD
panels require video data aternating between two
separate locations in memory. In addition, a dual
drive panel requires data from both locations simul-
taneously. The 65535 provides simultaneous
display with monchrome LCD-DD panels with a
single 256K x16 DRAM.

DISPLAY ENHANCEMENT FEATURES

Display quality is one of the most important
features for the success of any flat panel-based
system. The 65535 provides many features to
enhance the flat panel display quality.

"TRUE-GRAY" Gray Scale Algorithm

A proprietary polynomia-based Frame Rate
Control (FRC) and dithering algorithm in the
65535's hardware generates a maximum of 61 gray
levels on monochrome panels. The FRC technique
simulates a maximum of 16 gray levels on
monochrome panels by turning the pixels on and off
over severa frames in time.  The dithering
technique increases the number of gray scales from
16 to 61 by altering the pattern of gray scales in
adjacent pixels. The persistence (response time) of
the pixels varies among panel manufacturers and
models. By re-programming the polynomial (an 8-
bit value in Extension Register XR6E) while
viewing the display, the FRC agorithm can be
adjusted to match the persistence of the particular
panel without increasing the panel's vertical refresh
rate. With this technique, the 65535 produces up to
61 flicker-free gray scales on the latest fast response
"mouse quick" film compensated monochrome
STN-DD LCDs. The aternate 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. CHIPS polynomial FRC gray scae
algorithm reduces flicker without increasing the
vertical refresh rate.

RGB Color To Gray Scale Reduction

The 24 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 scale reduction techniques:

1) NTSC Weighting: 5/16 Red 9/16 Green 2/16 Blue
2) Equa 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 useful for
Applications such as Microsoft Windows 3.1 which
often uses Blue for background colors. Green Only
is useful for replicating on aflat panel the display of
software optimized for IBM's monochrome
monitors which use the six Green bits of palette
data.

SmartMap™

SmartMap™ is a proprietary feature that can be
invoked to intelligently map colorsto gray levelsin
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,
aword 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 gray scale values. In
the example, underlined and italicized text would be
illegible if yellow is mapped to gray scale 4, green
to gray scale 6 with the blue background mapped to
gray scale 5.

SmartMap™ compares and adjusts foreground and
background gray scale values to produce adequate
display contrast on flat panel displays. The
minimum contrast value and the foreground /
background gray scale adjustment values are
programmed in the 65535's Extension Registers.
This feature can be disabled if desired.

Text Enhancement

Text Enhancement is another feature of the 65535
that improves image quality on flat panel displays.
When turned "on," the Text Enhancement feature
displays Dim White as Bright White, thereby opti-
mizing the contrast level on flat panels. Text
Enhancement can be turned "on" and "off" by
changing abit in one of the Extension Registers.
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Vertical & Horizontal Compensation

Vertica & Horizontal Compensation are program-
mabl e features that adjust the display to completely
fill the flat panel display. Vertical Compensation
increases the useable 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 partialy fills the
useable 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 65535 offers the
following Vertica 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
a 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 lineisreplicated, 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 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.

The 65535 implements the Tall Font™ scheme so
that there are very few blank lines on the flat panel
in text modes. For example, using 8x19 font would
fill 475 lines on a 480 line panel in VGA mode 3.
If extension register XR28 hit-7=0, lines 1, 9, 12 of
the 16 line font are replicated to generate 8x19 font.
If extension register XR28 Bit-7=1, line O is repli-
cated twice and line 15 is replicated once. The Tall
Font™ scheme is implemented in hardware thereby
avoiding any compatibility issues.

Each of these Vertica Compensation techniques
can be controlled by programming the Extension
Registers. Each Vertical Compensation feature can
be individually disabled, enabled and adjusted. A
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:

m Double Scanning+Line Insertion, Double
Scanning, Line Insertion

m Double Scanning+Line Insertion, Line
Insertion, Double Scanning
m Double Scanning+Tal Fonts, Double

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

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

m  Double Scanning+ Line Replication, Double
Scanning, Line Replication

m Double Scanning+ Line Replication, Line
Replication, Double Scanning

Horizontal Compensation 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 display equals
the unused area at the right. Non-Automatic
Horizontal Centering enables the left border to be
set (via programming the Horizontal Centering
Extension Register) such that the image can be
positioned anywhere on the display. Automatic
Horizontal Doubling 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.
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ADVANCED POWER MANAGEMENT
Normal Operating Mode

The 65535 is a full-custom, sub-micron CMOS
integrated circuit optimized for low power
consumption during normal operation. The 65535
provides CAS-before-RAS refresh cycles for the
DRAM display memory. The 65535 provides
"mixed" 3.3V and 5.0V operation by providing
dedicated VCC pins for the 65535's internal logic,
bus interface, memory interface, and display
interface. If the 65535 internal logic operates at
3.3V then the memory interface, bus interface, and
panel interface can independently operate at either
3.3V or 5.0V. Clock VCC must be the same as the
VCC of the internal logic. The 65535 provides
direct interface to 386DX/SX and 486DX/SX local
bus which conserves power when 3.3V micropro-
cessors are used. A flexible clock synthesizer is
used to generate independent memory and video
clocks. The 65535's performance-enhancement
features minimize the memory clock frequency (and
thus power consumption) required to achieve a
given performance level. The 65535's proprietary
gray scaling algorithm produces a flicker-free
display with a minimum video clock and panel
vertical refresh rate. (Note: the power
consumption of the controller increases linearly
with video clock frequency).

Mixed 3.3V and 5.0V Operation

The 65535 supports operation at either 5.0V £10%
or 3.3V x0.3V. The 65535 also provides "mixed"
5V [/ 3.3V operation by providing dedicated Vcc
pins for the 65535's internal logic, bus interface,
memory interface, and display interface. Each
dedicated Vcc can be either 5V or 3.3V, such that
the 65535 internal logic operates at 3.3V and the
various interfaces at either 3.3V or 5V. Clock Vcc
must be the same as the Vcc of the internal logic.
The following table shows the relationship between
the Vcc inputs and the interface pins controlled by
each VCC input. In "mixed" voltage mode, the
reference VCC input on pin 132 must be 5V ( can
only be 3.3V if al other VCC inputs are 3.3V).

Vcc Pins Interface Pins Affected
62, 139 Internal Logic -
118 Memory 100-131
19, 29 Bus 1-40, 133-153, 159
52 Display 47-76
132 Reference —
86 Extra 78-99
157, 158 Clock t 155, 156
45 DAC 41,44.46

T Must be the same as the V cc of the internal logic.

When switching from 5V to 3.3V (or vice versa),
the clock frequency must be maintained. If
switching voltage requires a clock change, the clock
must be switched to a lower frequency before
switching to a lower voltage. The maximum clock
frequency rating for 3.3V operation is 56 MHz.

Power Sequencing During Mixed Voltage
Operation

During a power up sequence, the internal logic and
internal clock VCCs must be turned on before or at
the same time as the rest of the VCCs. During a
power down sequence, IVCC and CVCC must be
the last VCCs to be turned off. The VCC inputs for
the internal DAC, CPU bus and Display bus may be
turned off while the VCC inputs to the internal
logic remain turned on. In this mode of operation,
the internal DAC, CPU bus, and display bus VCC
pins are floating.

Panel Off Mode

In 'Panel Off' mode, the 65535 turns off the flat
pane interface logic. The VGA sub-system
remains active, such that the CPU can read/write
display memory and 1/O registers. The 65535's
video clock can be reduced significantly, saving
power. Panel Off mode is activated via software
(by programming Extended Register XR52 hit-
3=1).

Standby Mode

In 'Standby' mode, the 65535 suspends all CPU,
memory and display activities. The 65535 places
the DRAM in either slow refresh or self-refresh
mode of operation, and the 65535's clock can be
shut off. The VGA sub-system dissipates a
minimum amount of power during Standby. Since
the 65535 is afully static device, the contents of the
controller's registers and on-chip palette are
maintained during Standby. Therefore, Standby
mode provides fast Suspend / Resume modes.
Standby mode may be activated by forcing the
STNDBY# pin low or via software (by
programming XR52 bit-4 = '1'). The state of all
65535 pins during Standby mode is summarized in
tables in the pin description section.

CRT Power Management / DPM S

The 65535 supports the VESA DPMS (Display
Power Management Signaling) protocol. This
includes the ability to independently stop HSYNC
and/or VSYNC and hold them at a static level to
signal the CRT to enter various power-saving states.
Additionally, the RAMDAC may be powered down
and the clock frequencies lowered for further power
savings.

Revision 2.0
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CPUACTIVITY INDICATOR/TIMER

The 65535 provides an output pin called ACTI (pin
75) to facilitate an orderly power down segquence.
The ACTI output is an active high signal which is
driven high every time a vaid VGA memory
read/write operation or VGA 1/O read/write opera-
tion is executed by the CPU. This signal may be
used by power management circuitry to put the
65535 in Panel Off or Standby power down modes.
The 65535 may also evoke its own low power
operation by using the activity timer which
monitors the ACTI signal. The activity timer will
either disable the backlight or evoke Panel Off
mode after a specified time interval. This time
interval is programmed in 30 second intervals via
Extension Register XR5C.

FULL COMPATIBILITY

The 65535 is fully compatible with the IBM™
VGA standard at the hardware, register, and BIOS
level. The 65535 aso provides enhanced backward
compatibility to EGA™, CGA™, Hercules™, and
MDA™ gtandards without using NMIs. These
controllers include a variety of features to provide
compatibility on flat panel displays in addition 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 65535 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 65535 employs an "Extension”" Register set to
control its enhanced features. These Extension
Registers provide control of the flat panel interface,
flat panel timing, vertica compensation,
SMARTMAP™, and Backwards Compatibility.
These registers are aways accessible 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.

Panel I nterface Registers

The Flat Panel Interface characteristics are
controlled 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 65535 is
designed to support a wide range of panel types and
sizes, the control of these featuresis fully program-
mable. The video polarity of text and graphics
modes is independently selectable to allow black
text on a white background and still provide normal
graphicsimages.

Alternate Pandl 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 alow
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 alternate 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 65535
(internal registers) is readable and writable. This
feature is fully compatible with IBM's VGA.
Additional registers are provided to allow read back
of internal latches not readable in the IBM VGA.
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RESET, SETUP, AND TEST MODES

Reset Mode

When this mode is activated by pulling the RESET
pin high, the 65535 is forced to VGA-compatible
mode and the CRT is selected as the active display.

In addition, the 65535 is disabled; it must be ena-
bled after deactivating the RESET pin by writing to
the Global Enable Register (102h in Setup Mode for
ISA bus configurations or to port 3C3h in Local
Bus configurations). Accessto all Extension Regis-
ters is aways 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 Globa Enable register is
accessible. In ISA bus configurations, setup mode
is entered by writing a 1 to bit-4 of port 46E8h.
This port is incorporated in the 65535. While in
Setup mode, the video output is active if it was
active prior to entering Setup mode and inactive if it
was inactive prior to entering Setup mode. After
power up, video BIOS can optionally disable the
video 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, al output pins of the 65535 chip may
be disabled for testing of circuitry externa to the

chip. The 65535 will enter Tri-State mode if it sees
arising edge on XTALI during RESET with one of
the display memory data pins pulled low (MADO
pin 114). The 65535 will exit Tri-State mode with
the enabling memory data pin (MADO) high or
RESET low.

ICT (In-Circuit Test) Mode

In this mode, all pins of the 65535 chip may be
tested individually to determine if they are properly
connected. The 65535 will enter ICT mode if it
sees a rising edge on XTALI during RESET with
one of the display memory data pins pulled low (a
different pin from the one used to enable Tri-state
mode: MAD1). InICT mode, al digital signal pins
become inputs which are part of along path starting
at ENAVDD (pin 48) and proceeding to lower pin
numbers around the chip to pin 1 then to pin 160
and ending at VSYNC (pin 50). If al pinsin 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 al pins are connected properly by toggling al
pins one at a time (XTALI last) and observing the
effect on VSYNC. XTALI must be toggled last
because rising edges on XTALI with either of the
enabling memory data pins high or RESET low will
exit ICT mode. As a side effect, ICT mode effec-
tively Tri-States all pins except VSYNC.

Display
Modeof RESET STNDBY# Memory Video
Operation Pin Pin Access Output
Reset High XXX e e
Setup - - No Yes
Test - - No Yes
Standby  Low Low No No
Panel Off Low High Yes No
Note:  Combinations of pin levels not shown above areillegal and
should not be used.

( Reset / Setup / Test / Standby / Panel Off Mode Summary '
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CHIP ARCHITECTURE
The 65535 integrates six major internal modules:
Sequencer

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

CRT Controller

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

Graphics Controller

The Graphics Controller interfaces the 8, 16, or 32-
bit CPU data bus to the 32-bit internal data bus used
by the four planes (Maps) of display memory. It
also latches and supplies display memory data to
the Attribute Controller for use in refreshing the
screen image. For text modes this data is supplied
in parallel form (character generator data and
attribute code); for graphics modesit 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 severa types of logica
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

RGB 5-6-5 External Video—»

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-hit
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-hit 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 65535 integrates a VGA compatible triple 6-bit
Color Lookup Table (sometimes referred to as a
"CLUT" or just "LUT") and high speed 6/8-bit
DACs. Additionally true color bypass modes are
supported displaying color depths of up to 24bpp
(8-red, 8-green, 8-blue). The palette DAC can
switch between true color data and LUT data on a
pixel by pixel basis. Thus, video overlays may be
any arbitrary shape and can lie on any pixel
boundary. The hardware cursor is also a true color
bitmap which may overlay on any pixel boundary.

The internal palette DAC register 1/O addresses and
functionality are 100% compatible with the VGA
standard. In al bus interfaces the palette DAC
automatically controls accesses to its registers to
avoid data overrun. This is handled by holding
RDY in the ISA configuration and by delaying
RDY# for VL-Bus and local bus interfaces.

Extended RAMDAC display modes are selected in
the Palette Control Register (XR06). Two 16bpp
formats are supported: 5-red, 5-green, 5-blue Targa
format and 5-red, 6-green, 5-blue XGA format.
The internal Palette / DAC may also be disabled via
the Palette Control Register (XR06).

—» Red
24

y

High Color Pixel Data—»

—» Green

-» Blue

LUT Pixd Data &

Triple 6-bit 18
LUT

Color Palette/ DAC Internal Block Diagram
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Clock Synthesizer

An integrated dua clock synthesizer supports all
pixel clock (VCLK) and memory clock (MCLK)
frequencies which may be required by the 65535. A
block diagram of the dual clock synthesizer section
is shown in the figure below. Each clock synthe-
sizer may be programmed to output frequencies
ranging between 1IMHz and the maximum specified
operating frequency for that clock (refer to
"Electrical  Specifications’ for 3.3V and 5V
operation) in increments not exceeding 0.5%. The
frequencies are generated by an 18-bit divisor word.
This value contains divisor fields for the Phase
Lock Loop (PLL), Voltage Controlled Oscillator
(VCO) and Pre/Post Divide Control blocks. The
divisor word for both synthesizers is programmable

via the Clock Control Extension

(XR30:32).

VCLK aways has three registers from which to
select its frequency. This duplication is required for
VGA compatibility. CLKO and CLK1 are fixed at
the VGA compatible frequencies 25.175MHz and
28.322MHz respectively. These values can not be
changed unlike CLK2 which is fully programmable.
The active VCLK register set is selected by the
clock select bitsin the VGA "Miscellaneous Output
Register".

A more detailed description of the operation and
programming of the clock synthesizer block is given
in the Functional Description section of this
document.

Registers

VCLK Register Table

VGA CLKO = 25.175MHz -

VGA CLK1 = 28.322MHz -

21

VCLK Synthesizer

A

CLK2 =Programmable

XR32:30——

MCLK Register Table

= MCLK =Programmable

2}' = MCLK Synthesizer

CLKSEL1:0

MISC Output Reg[3:2]

( Clock Synthesizer Block Diagram '
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CONFIGURATION INPUTS

The 65535 can read up to twelve configuration bits.
These signals are sampled on the memory address
bus AAO-AA8 (CFGO0-8) and on pins 38-40
(BCFG2-0) on the falling edge of RESET. The
65535 implements pull-up resistors on-chip on all
configuration input pins.

65535

Pin # Signal Active Functionality
100 LB# Low | BusConfiguration
101 ISA# | Low | BusConfiguration
102 2X# Low | 2x CPU Clock Select
103 RC# Low | ROMCSH# is output
104 EC# Low | Ext Clk Src Select
105 os# Low | External Osc Select
106 |undefined| Low Reserved

107 TSH Low | Test Mode Disable
108 LV# Low | Low Voltage Select

In the default configuration, the 65535 is set for
Auto Select for the bus interface. However, if the
user wishes to force a certain option, then a 4.7k
ohm resistor may be used to pull-down the desired
configuration pin:

ISA# (AAL) | LB#(AAO)

Pin 101 Pin 100 Functionality
Low Low Reserved
Low High ISA Bus
High Low Reserved
High High Autoselect

For autosel ection, the state of the pins 38-40 during
RESET determine the local bustype asfollows:

BCFG2 | BCFG1 | BCFGO Bus

Pin 40 Pin 39 Pin 38 Functionality
Low |don't care|don't care Reserved
High Low Low 386-32 bit
High Low High 386-16 hit
High High Low 486-32 bit
High High High 486-16 bit

AA?2 determines the CPU clock rate for purposes of
local bus implementation (0=2x CPU clock, 1=1x
CPU clock). AA3, when forced low during
RESET, enables ROMCS# (a decode for the CO000
address range) to be output on ZWS# (pin 38).
AA4 determines whether the internal VCO is
enabled or not (O=disabled, 1=enabled).

AA5, if forced to O, indicates that a reference
frequency of 14.414 MHz is forced on pin 155.

AA6 and AA7 are reserved. AAS8, when forced
low, selects 3.3V level of operation for the interna
logic and the clock core.

VIRTUAL SWITCH REGISTER

The 65535 implements a 'virtual switch register'. In
'EGA' mode, the sense bit of the Feature control
register (3C2 hit 4) may be set up to read a selected
bit from the 'virtual switch register' (an extension
register set up by BIOS at initiaization time)
instead of reading the state of the SENSE pin (or
internal comparator output). This reduces overall
video subsystem chip count by eliminating the
external multiplexers otherwise required on the
sense pin to implement TTL monitor support.

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 alows simulation of a light pen
hitin CGA and Hercules modes.

BIOSROM INTERFACE

In typical ISA bus applications, the 65535 is placed
on the motherboard and the video BIOS is
integrated with the system BIOS (in Local Bus
systems, the video BIOS is always included in the
system BIOS). A separate signa (ROMCS#) can
be generated on the ZWS# pin for 1SA bus or may
be created external to the 65535 for implementing a
separate external ROM BIOS.

Typicaly, an 8-bit BIOS is implemented with one
external ROM chip. A 16-bit dedicated video BIOS
ROM could be implemented with the 65535 if
required using two BIOS ROM chips, an externa
PAL, and a 74LS244 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
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 avideo BIOS
that is optimized for the 65535 hardware. The
BI1OS supports the extended functions of the 65535,
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.
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PACKAGE

The 65535 is available in a EIAJ-standard 160-pin
plastic flat pack with a 28 x 28 mm body size and
0.65 mm (25.6 mil) lead pitch.

APPLICATION SCHEMATIC EXAMPLES

Eventually, this document will include application
schematic examples of the following:

1. Bus Interface - 16-bit EISA/ISA Bus
Bus Interface - 16-bit Micro Channel Bus
Bus Interface - 16-bit x86 SL Pl Bus
Bus Interface - 16-bit 3865X/486SL C Local Bus
Bus Interface - 16-bit 486 Loca Bus
Bus Interface - 32-bit 486 Loca Bus

2. Memory Interface - 256Kx16 DRAMs (2C)
Memory Interface - 256Kx16 DRAMs (2W)
Memory Interface - 256Kx4 DRAMs

3. CRT / Pandl Interface
PC-Video Interface
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Pinouts

— o< ©
Memory Interface Eeocs o8 o | Memory Interfacy
Group A E%J%I = = % Group B
LlJ NN N\m
5 B0 CST5Ee8%05088 57 52k
= SSSSSSSS555>5> >> >>2
:tt% OTMNHO
QDo Lty® AT 0O~ ONTNON—HOORA
ooooozo$$ﬁ$@wNomQMNHoooooooooooooouoozom
<> qU I T LI LD DNONMNNOMMNDNSMNM A
S=5555S002 X< ICLLIILLIISSSSSSSSSSSSSXSSXSO0
R
QY59 INNI9885883RNEESRR58RIRFFSBBEIBIBS S
AT A A AAAAAAAAAAAAA A A
MAD5S—4| 121 (V(\:/ASB#;? Q/BO 80— CASBH#
MAD6 —}| 122 (WEBH#) (KEY) 79|j=H= WEB#
MAD7—4| 123 (PCLK) 78— RASB#__|
MADS—I}| 124 V44 | ====Xe]\|p
MAD9 —4| 125 P17) (GPIO1) 76| F—H— ENABKL
MAD10—q| 126 P16) (GPIO0) 75 == ACTI
MAD11 | 127 7412 P15
= | Ap= o
— Pin names shown indicate Local bus (ALE=1 (or LB#=0) & BCFG=1xx) —H—
MQB%:I gg Pin namesin brackets [...] indicate ISA bus (ALE=0 or ISA#=0 at reset) ;(1) ::: Eﬁ g'
— "Rvée—=d| 132 Pin namesin parentheses (...) indicate aternate function or name eoll=ri0 &
— BEo#—f| 133 [AQ] 68| = P9
BE2#C—{| 134 [Al] 67| = P8 2
A2—f] 135 66| H= P7 =
A3—=| 136 e | S =y
A4 | 137 64IH= PS5 o
A5c—}| 138 e3|fH= P4
lVCC—| 139 2= IVCC
A6 —| 140 61| —= P3
A7 141 60— P2
IGND—{| 142 50|f= IGND
A8—T]] 143 58— P1
A9—}| 144 57|

A10 =4 | 145 56— SHFCLK

A1l 1§ 146 DE)YBLANK#) 55| fF—1H—

Al12 —| 147 DE)BLANK#) 54|fFH—= LP

Al3—| 148 53|F¢H= FLM

Al14 —4| 149 521p=—= DVCC

A15 —j| 150 51|fF= HSYNC

e . o AE= ke

— 3/16/94 -

Als=]| 153 [LA1g] 48|f== ENAVDD
CGNDc—T| 154 (ENABKL) 47|#= ENAVEE
XTAL| =} 155 46— RED —

XTALOC—]| 156 T t—’g% —— AVCC
Svee | i ommvasinne G=5F 00 a4l CREEN
QW May also be configured as IR ==03500 I—
RESET = | 159 << << < Z L T 0i0 T May e o Q  TEZ2A=0Q |l AGRD
cGND=| 160222250 xXm<< or ROMCS# (ISA bus only) =22=2=20NZ=4110=2 RSET |
Clock N\~ N0 wor0odd8nIngneag I ReNeRennss83583S | DAC
Syntheszer A I T I NI T Group
Group IRERIRERIRIRIRIRARIRARIRERIRERIRERIRRIRIRIRIRERInIRIRIRInInAnInARInIRInRInIR]
XTALI = cno\—u\lmE%ﬁ% :H:DQEQQ:SU@OODN(DLD#MNUHOD#:(:tx:ﬁ::tt:tt:tt%
14.31818 MHz 222228%%025%DDDDDDgDDSDDDDDDgDDSQEdasgﬁa Bus
(internal clock < <=2 @ o mn @ oAxOOm Irgerface
synthesizer 2% 5 fcolKis Oan roup
referencecl ock) 1) o for 386 LDIT
s> X Tor 000
= Ix/2x for 486 LmOmM
Pins 9, 38-40, and 100-102 are sampled at reset to determine the bus configuration:
CFG1 CFGO Bus Configuration Local Bus Options BCFG2 BCFG1 BCFGO
L L Reserved BCFG: 210 Pin34(1x) Pin34(2x) Pin40 Pin39 Pin38 Pin133 Pin8
L H ForcelSA 386-32: 100 n/a CPURST BS16# GND GND BEO# BE1#
H L ForcelLB 386-16: 101 n/a CPURST BVCC GND BVCC BLE# BHE#
H H Sample pin-9 to 486-32: 110 RDYRTN# CPURST BSl6# BVCC GND BEO# BE1#
autoselect ISA/LB  486-16: 111 GND CPURST BS16# OEH# OEL# BEO# BE1#
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Pin List

Pin # Dir Drivel |Pin Name Pin # Dir_Drivel [Pin Name Pin # Dir Drive
A2 135 In — ||DO 31 1/0 4mA||MBDO (VB2) (D16) 82 1/0 4mA
A3 136 In — [[D1 30 I/O 4mA||MBD1 (VB3) (D17) 84 /O 4mA
A4 137 In — [|D2 28 /O 4mA||MBD2 (VvB4) (D18) 85 /O 4mA
A5 138 In — ||D3 27 1/0 4mA | |MBD3 (VB5) (D19) 87 1/0 4mA
A6 140 In — |[|D4 26 /O 4mA||MBD4 (VGO) (D20) 88 /O 4mA
A7 141 In — [|D5 25 /O 4mA||MBD5 (VG1l) (D21) 89 /O 4mA
A8 143 In — ||D6 24 1/0 4mA | |MBD6 (VG2) (D22) 90 1/0 4mA
A9 144 In — [|D7 23 /O 4mA||MBD7 (VG3) (D23) 91 /O 4mA
A10 145 In — ||D8 21 /O 4mA||MBD8 (VG4) (D24) 92 /O 4mA
All 146 In — ||D9 20 1/0 4mA||MBD9 (VG5) (D25) 93 1/0 4mA
Al12 147 In — |[|D10 18 1/0 4mA|[(MBD10 (VRO) (D26) 94 /O 4mA
Al13 148 In — [[D11 17 1/O0 4mA|[(MBD11 (VR1) (D27) 95 /O 4mA
Al4 149 In — [[D12 16 1/O 4mA||MBD12 (VR2) (D28) 9 1/0 4mA
A15 150 In — |[|D13 15 1/0 4mA|[(MBD13 (VR3) (D29) 97 /O 4mA
Al6 151 In — ||D14 14 1/O 4mA|[(MBD14 (VR4) (D30) 98 /O 4mA
Al7 [LA17] 152 In — |[|D15 13 1/O 4mA||MBD15 (VR5) (D31) 99 1/0 4mA
A18 [LA18] 153 In —
A19 [LA19] 1 In — ||DGND (Display) 49 — — ||IMGND (Memory) 115 —
A20 [LA20] 2 In — ||DVCC (Display) 52 — — ||MIO# [AEN] 10 In —
A21 [LA21] 3 In — MVCC (Memory) 118 —
A22 [LA22] 4 In — ||ENAVDD 48 Out 8mA
A23 [LA23] 5 In — ||ENAVEE(ENABKL) 47 Out 8mA | [OEH# (BCFG1) [MCS16# 39 Out 12mA
OEL# (BCFGO) [ZWSH] 38 Out 12mA
AAO0 (CFG0) (LB#) 100 1/0 4mA||FLM 53 Out 8mA
AAl (CFG1) (1SAH) 101 1/O 4mA PO 57 Out 8mA
AA2 (CFG2) (2X#) 102 1/O 4mA | |GND 2 — — [[P1 58 Out 8mA
AA3 (CFG3) (RCH#) 103 1/O 4mA | |GND 77— — ||P2 60 Out 8mA
AA4 (CFG4) (ECH) 104 1/O 4mA P3 61 Out 8mA
AA5 (CFG5) (Os#) 105 1/0 4mA | [GREEN 4 Out — ||P4 63 Out 8mA
AA6 (CFG6) (reserved) 106 1/0 4mA P5 64 Out 8mA
AA7 (CFG7) (TSH) 107 1/O 4mA | |HSYNC 51 Out 12mA| |P6 65 Out 8mA
AA8 (CFG8) (LV#) 108 1/0 4mA pP7 66 Out 8mA
AA9 (32KHZ) 109 1/O0 4mA|[IGND (Internal Logic) 50 — — ||P8 (SHFCLKU) 67 Out 8mA
IGND  (Interna Logic) 142 — — ||P9 68 Out 8mA
ADDHI 6 In — ||[IVCC (Internal Logic) 62 — — ||P10 69 Out 8mA
IVCC  (Interna Logic) 139 — — ||P11 70 Out 8mA
AGND 2 — — P12 71 Out 8mA
LCLK [IORD# 35 In — ||P13 72 Out 8mA
ADS# [ALE] 9 In — ||LDEV# [IOWR# 36 1/0 12 P14 73 Out 8mA
LRDY# [RDY] 37 Out 12mA| |P15 74 Out 8mA
AVCC 45 — — P16 (ACTI) (GPIOO) 75 1/0 8mA
LP (BLANK#)(DE) 54 Out 8mA | |P17 (ENABKL)(GPIO1) 76 1/0 8mA
BEO# [AOQ] 133 In — [|M (BLANK#)(DE) 55 Out 8mA
BE1# [BHE# 8 In — RASA# 110 Out 4mA
BE2# [Al] 134 In — |[|[MADO (TSENA#) 114 1/0 2mA | [RASB# (PCLK) 78 Out 4mA
BE3# [RFSH#| 7 In — ||MAD1 (ICTENA#) 116 1/0 2mA
MAD2 117 1/O 2mA | [RD# [MEMR#] 33 In —
BLUE 43 Out — ||MAD3 119 1/0 2mA
MAD4 120 1/O 2mA| |RED 46 Out —
BGND (Bus) 22 — — ||MAD5 121 1/0 2mA| |RESET 159 In —
BGND (Bus) 32 — — ||MAD6 122 1/0 2mA | [RRTN# [MEMW#] 34 In —
BVCC (Bus) 19 — — ||MAD7 123 1/0 2mA| [RSET 41 In —
BVCC (Bus) 29 — — ||MADS8 124 1/0 2mA| [RVCC (Reference) 132 — —
MAD9 125 1/0 2mA
BS16# (BCFG2) [IOCS16#] 40 Out 12mA||MAD10 126 /O 2mA | |[SHFCLK (CL2) (SHFCLKL) 56 Out 8mA
MAD11 127 1/O 2mA | [STNDBY# 11 In —
CASAH#(CASA#) 112 Out 4mA | [MAD12 128 1/0 2mA
CASAL# (WEAL#) 113 Out 4mA | |MAD13 129 1/O 2mA | |VSYNC 50 Out 12mA
MAD14 130 1/0 2mA
CASBH# (CASB#) (VB0) 80 /O 4mA||MAD15 131 1/O 2mA | (WEA# (WEAH#) 111 Out 4mA
CASBL# (WEBL# (VB1) 81 /O 4mA WEB# (WEBH#)(KEY) 79 Out 4mA
CGND  (Clock) 154 — — XGND 83 — —
CGND  (Clock) 160 — —
CVCC (Clock) 57 — — XTALI 155 In —
CVCC (Clock) 158 — — XTALO 156 Out —
XVCC 86 — —
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Pin Descriptions

System Bus Interface

Pin# Pin Name Type Active Description
31 DO 1/10 High  SystemDataBus
30 D1 /0 High
28 D2 /10 High
27 D3 /O High
26 D4 /O High
25 D5 /10 High
24 D6 /O High
23 D7 I/0  High
21 D8 I/0  High
20 D9 /10 High
18 D10 /0 High
17 D11 1/10 High
16 D12 I/0  High
15 D13 I/0  High
14 D14 1/10 High
13 D15 /0O High
133 BEO# [A(Q] In Low  System DataBusByte Enables. For EISA/ISA bus, pin
8 BEl# [BHE# In Low 7isanactivelow inputindicating a Refresh cycle (when
134 BE2# [A1l In Low low, display memory is not accessible).
7  BE3# [RFSH# In  Low
135 A2 In High  System Address Bus
136 A3 In High
137 A4 In High
138 A5 In High
140 A6 In High
141 A7 In High
143 A8 In High
144 A9 In High
145 Al10 In High
146 All In High
147  Al2 In High
148  A13 In High
149 Al4 In High
150 A15 In High  Onthe EISA/ISA bus A17-23 may belatched addresses
151 Al6 In High LA17-23.
152  A17  [LA17] In High
153 Al18 [LA18 In High ADDHI may be used to connect to LA?24 or adecode of
1 A19 [LA19 In High  addresses higher than A23. See description of XR08.
2 A20 [LA20 In High
3 A21 [LA21 In High Inexterna clock mode, ADDHI is used to input VCLK
4 A22 [LA22 In High  (XTALI isused to input MCLK); In clock test mode,
5 A23 [LA23] (MCLK) 1/0O High ADDHI is used to output VCLK and A23 is used to
6 ADDHI (VCLK) 1/O High  output MCLK. See XRO1 for more details.

Note: Pinnamesindicatelocal busconfiguration

Pin namesin brackets[...] indicate ISA bus
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Pin Descriptions

PIN DESCRIPTIONS

System Bus Interface (continued)

Pin# Pin Name

Type Active Description

159 RESET In High  Reset. Connect directly to busreset.

9 ADSH In Low  This pin is Address Strobe for local bus and Address
[ALE] In High  Latch Enablefor EISA/ISA Bus. Itindicatesthe start of
abuscycle.

10 MIO# In Both  For local bus operation, this pin indicates memory or

[AEN] In High 1/O cycle: 1 = memory, 0 = I/O. In EISA/ISA inter-
faces, it indicates a valid 1/0 address: 0 = valid I/O
address, 1 = Invalid 1/O address (latched internally).

33 RD# [MEMR# In Low  For local bus operation, this pin indicates a read (low)
or write (high) buscycle. In EISA/ISA bus, it indicates
aMemory Read cycle.

34 RDYRTN# [MEMWH#] In Low  The expected input signal on this pin is determined by

or CPURST In High  theBus Configuration (BCFG) inputs:

or GND In n/a

BCFG CFG Sdected Functionof
2 Bus ThisPin  Comment

Reserved Undefined -
Reserved  Undefined -

386-32 CPURST  2x clock
386-16 CPURST  2x clock

486-32 CPURST  2x clock
486-16 CPURST  2x clock

486-32 RDYRTN# VL-Bus
486-16 GND -

In 486 32-bit 1x-clock local bus interfaces, this pin
complies with the VL-Bus RDYRTN# signal. For 486
16-hit operation, this signal should be connected to
ground. For 2x-clock local bus operation for al CPU
types and data widths, this pin provides an input for the
CPU Reset (CPURST) signal which is used by the
65535 to synchronize the clock. In the EISA/ISA bus,
thispinisaninput that indicatesaMemory Writecycle.

=
o

PR RR PR ROIN
PR PR OO0 OX |

RO RO RO X X |
PR, OO OO0 kX

Note: Pinnamesindicatelocal busconfiguration

Pin namesin brackets[...] indicate ISA bus
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Pin Descriptions

PIN DESCRIPTIONS

System Bus Interface (continued)

Pin# Pin Name Type Active Description
35 CCLK In High Inlocal businterfaces, this pin connects to the 1x or 2x
[IORD#] In Low CPU clock (the '2X# configuration bit should be set

accordingly) or to LCLK on the VL-Bus (dways a 1x
clock). Thelocal businterfaceis synchronousto rising
edges. For EISA/ISA bus, this pin indicates an 1/0
Read Cycle.

40 BS16# [IOCS16#] Out Low Inlocal businterfaces, this pin should be connected to
BS16#. In the EISA/ISA bus interface, this pin serves
astheindicator for 16-bit 1/O capability.

37 LRDY# Out Low Ready. Driven low during local bus cyclesto indicate

[RDY] Out High the current cycle should be completed Driven low
during EISA/ISA bus cyclestoindicate the current cycle
should be extended with wait states. This signal is
driven high at the end of the cycle, then Tri-Stated.

36 LDEV# Out Low  For local bus, this pin is an output which indicates

[IOWRH#] In Low  decode of loca bus display memory addresses. This
pinisthe /O Writeinput for EISA/ISA bus.

39 OEH# [MCS16#] Out Low Inloca bussystems, thispinisused to enable the trans-
ceiverson D31-16 system datalinesfor 16-bit 486 local
bus operation. In EISA/ISA bus configurations, this
pinisMemory Select 16.

38 OEL# [ZWSH] Out Low Inlocal bussystems, thispinisused to enable the trans-

[IRQ] Out High  ceiverson D15-0 system data lines for 16-bit 486 local

[ROMCSH] Out Low bus operation. In EISA/ISA bus configurations, this

pin has three definitions. ZWS# (zero wait state out),
IRQ (interrupt out), or ROMCS# (Video BIOS ROM
enable). For selection between the various EISA/ISA
bus options, refer to XRO1 bit-3 (configuration bit-3)
and XR72 bit-0.

Note: Pinnamesindicatelocal busconfiguration

Pin namesin brackets[...] indicate ISA bus
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Pin Descriptions

PIN DESCRIPTIONS

Display Memory Interface

Pin# Pin Name Type Active Description

100 AAO0 (LB#® (CFGO0) /0 High DRAM address bus.

101  AA1 (ISA#)  (CFG1) 1/O  High

102 AA2 (2X#) (CFG2) /0 High  Thestate of AAO-AA8 arelatched on thefalling edge of
103 AA3 (RC#H (CFG3) /0 High RESET in XRO01 bits 0-7 and XR6C hit-1 respectively
104 AA4 (ECH) (CFG4) 1/10 High to determine various configuration options (refer to the
105 AA5 (OSH) (CFGbH) 1/10 High  extended register descriptions for complete configu-
106 AAG6 (reserved) (CFG6) 1/10 High ration details). Note that the 2X# configuration pin
107  AA7 (TSH) (CFG7) 1/10 High  should only be used in 16-bit local bus configurations.
108 AAS8 (LV#) (CFG8) 1/O  High

109 AA9 (32KHZ) 1/0 High  AA9, dternately, becomes the clock input for refresh of

non-self-refresh DRAMS.

110 RASA# Out Low Row addressstrobefor DRAM A

78 RASB# (PCLK) Out Low  Row addressstrobefor DRAM B

113 CASAL# (WEAL#) Out Low  Columnaddressstrobefor the DRAM A lower byte

112 CASAH# (CASA#) Out Low  Columnaddressstrobefor the DRAM A upper byte

81 CASBL# (VB1) (WEBL#) Out Low  Column addressstrobefor the DRAM B lower byte

80 CASBH# (VB0) (CASB#) Out Low  Column addressstrobefor the DRAM B upper byte

111 WEA# (WEAH#) Out Low  Writeenablefor DRAM A

79 WEB# (KEY) (WEBH#) Out Low  Writeenablefor DRAM B

Note: Pinnamesin parentheses(...) indicate alternate functions
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\l'lll': Pin Descriptions

PIN DESCRIPTIONS Display Memory I nterface (continued)
Pin# PinName Type Active Description

114 MADO TSENA#) /0 High  Databusfor DRAM A (lower 512K of display memory)

116 MAD1 ICTENA#) /0 High

117 MAD2 /10 High

119 MAD3 /1O High

120 MAD4 /O High

121 MAD5 1/0 High

122 MAD6 /10 High

123 MADY7 /0 High

124  MADS8 /10 High

125 MAD9 /10 High

126 MADI10 /10 High

127 MAD11 1/0 High

128 MADI12 /0 High

129 MADI13 /0 High

130 MAD14 /0 High

131 MADI15 /0 High

82 MBDO VB2 D16
84 MBD1 VB3 D17
85 MBD2 VB4 D18
87 MBD3 VB5 D19
88 MBD4 VGO D20
89 MBD5 VGl D21
90 MBDG6 VG2 D22

:;8 nigﬂ Memory databusfor DRAM B (upper 512K B)
19
1/O High  When asecond DRAM isnot used, thisbusis also used
1/O High toinput 16 bits of RGB datafrom an external PC-Video
/10 High  subsystem. Alternately, these lines may be used to
:58 H!gﬂ interfaceto the system databus D31-D 16.
19

91 MBD7 VG3 D23 /0 High
92 MBD8 VG4 D24 /0 High
93 MBD9 VG5 D25 /10 High
94 MBD10 (VRO D26 /0 High
95 MBD11 (VR1 D2 /10 High
96 MBD12 (VR2 D28 /0 High
97 MBD13 (VRS D29 /10 High
98 MBD14 (VR4 D30 /0 High
99 MBD15 (VRS D31 /10 High

Note: Pin names in parentheses (...) indicate dternate functions: If ICTENA# islow with RESET high, a rising edge on XTALI will put
the chip into 'In Circuit Test' mode. In ICT mode, all digital signa pins become inputs which are part of a long path starting at ENAVDD
(pin 48) and proceeding to lower pin numbers around the chip to pin 1 then to pin 160 and ending at VSYNC (pin 50). If al 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 al pins are connected properly by toggling al pins one at a time and observing the effect on VSYNC. XTALI must be
toggled last because rising edges on XTALI with ICTENA# high or RESET low will exit ICT mode. As a side effect, ICT mode effectively
3-states all pins except VSYNC.

If TSENA# is low with RESET high, arising edge on XTALI will 3-state al pins. An XTALI rising edge without the enabling conditions
exits 3-state.
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Pin Descriptions

PIN DESCRIPTIONS

Flat Panel Display Interface

Pin# Pin Name Type Active Description
57 PO Out High 8,9, 12, or 18-hit flat panel data output. Refer to the
58 P1 Out High table below for confi gurationsfor various panel types.
60 P2 Out High
61 P3 Out High
63 P4 Out High
64 P5 Out High
65 P6 Out High
66 P Out High
67 P8  (SHFCLKU) Out High
68 P9 Out High
69 P10 Out High
70 P11 Out High
71 P12 Out High
72 P13 Out High
73 P14 Out High
74 P15 Out High Pins 75 and 76 may aso be configured as general
75 P16 (ACTI) GPIOO Out High  purpose 1/O pins. See the description of Extension
76 P17 (ENABKL) (GPIO1 Out High  Register XR72 for moreinformation.
53 FLM Out High  FirstLineMarker. Flat Panel equivalent of VSYNC.
54 LP (CLY) Out  High LatchPulse. Flat Panel equivalent of HSYNC.
56 SHFCLK (CL2) (SHFCLKL) Out High  Shift Clock. Pixel clock for flat panel data.
55 M (DE) Out High ?nal may also be configured as Display Enable
(DE) or TFT Panels. See description of XR4F bit-6.
11 STNDBY# In Low  Standby Control Pin. Pulling this pin to ground places
the 65535 in Standby Mode.
48 ENAVDD Out High  Power sequencing control for panel driver electronics
voltageVbbD
47 ENAVEE Out High \F;ower sequencing control for panel LCD bias voltage
EE
Mono Mono Mono Color Color Color Color Color Color
65535 65535 SS DD DD TFT TFT STN STN STNDD STNDD
Pin# PinName Pand 8-bit 16-bit 15-bit 18-bit 8-bit 16-bit 8-bit 16-bit
57 PO PO uD3 ubD7 BO BO R1... R1... URL... URL...
58 P1 P1 uD2 uD6 B1 B1 B1... Gl... UGL... UGL...
60 P2 P2 uD1 uD5 B2 B2 G2... B1... UBL... UBL...
61 P3 P3 uDO uD4 B3 B3 R3... R2... UR2... UR2...
63 P4 P4 LD3 uD3 B4 B4 B3... G2... LRL1.. LR1...
64 P5 P5 LD2 ub2 GO B5 G4... B2... LGL... LGL...
65 P6 P6 LD1 uD1 G1 GO R5... R3... LB1.. LB1..
66 P7 P7 LDO uDO G2 Gl B5... G3... LR2... LR2...
67 P8 - - LD7 G3 G2 SHFCLKU  B3.. - UG2...
68 P9 - - LD6 G4 G3 - R4... - UB2...
69 P10 - - LD5 RO G4 - G4.. - UR3...
70 P11 - - LD4 R1 G5 - B4.. - UGS...
71 P12 - - LD3 R2 RO - R5.. - LG2...
72 P13 - - LD2 R3 R1 - G5.. - LB2...
73 P14 -~ - LD1 R4 R2 - B5... - LR3...
74 P15 - - LDO - R3 - R6... - LG3...
75 ACTI ACTI ACTI ACTI ACTI R4 ACTI ACTI ACTI ACTI
76  ENABKL ENABKL ENABKL ENABKL ENABKL R5 ENABKL ENABKL ENABKL ENABKL
56 SHFCLK SHFCLK SHFCLK SHFCLK SHFCLK SHFCLK SHFCLKL SHFCLK SHFCLK SHFCLK
Pixels per shift clk: 8 8 16 1 1 2-2/3 5-1/3 2-2/3 5-1/3
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Pin Descriptions

PIN DESCRIPTIONS CRT Interface and Clock Synthesizer

Pin# Pin Name Type Active Description
51 HSYNC Out Both  CRT Horizontal Sync (polarity isprogrammable)
50 VSYNC Out Both  CRT Vertical Sync(polarity isprogrammable)
46 RED Out High  CRT anaog video outputsfrom theinternal color palette
44 GREEN Out High DAC.
43 BLUE Out High
41 RSET In nfa  Setpointresistor for theinternal color palette DAC.
155  XTALI 1/10 High  Thispin serves asthe series resonant crystal input.
156 XTALO Out High  Thispin servesasthe seriesresonant crystal output.
65535 Pin # | Signal Name | Signal Status Signal Polarity

53 FLM ForcedLow XR54 hit 7

54 LP ForcedLow XR54 bit 6

56 SHFCLK ForcedLow N/A

55 M ForcedLow N/A

57 PO ForcedLow XR61 hit 7 (text); XR63 hit 7 (graphics)

58 P1 ForcedLow XR61 bit 7 (text); XR63 hit 7 (graphics)

60 P2 ForcedLow XR61 hit 7 (text); XR63 bit 7 (graphics)

61 P3 ForcedLow XR61 hit 7 (text); XR63 hit 7 (graphics)

63 P4 ForcedLow XR61 bit 7 (text); XR63 hit 7 (graphics)

64 P5 ForcedLow XR61 hit 7 (text); XR63 bit 7 (graphics)

65 P6 ForcedLow XR61 hit 7 (text); XR63 hit 7 (graphics)

66 P7 ForcedLow XR61 bit 7 (text); XR63 bit 7 (graphics)

67 P8 ForcedLow XR61 hit 7 (text); XR63 hit 7 (graphics)

68 P9 ForcedLow XR61 hit 7 (text); XR63 hit 7 (graphics)

69 P10 ForcedLow XR61 bit 7 (text); XR63 bit 7 (graphics)

70 P11 ForcedLow XR61 hit 7 (text); XR63 hit 7 (graphics)

71 P12 ForcedLow XR61 hit 7 (text); XR63 hit 7 (graphics)

72 P13 ForcedLow XR61 bit 7 (text); XR63 hit 7 (graphics)

73 P14 ForcedLow XR61 hit 7 (text); XR63 bit 7 (graphics)

74 P15 ForcedLow XR61 hit 7 (text); XR63 bit 7 (graphics)

75 P16 ForcedLow XR61 bit 7 (text); XR63 bit 7 (graphics)

76 P17 ForcedL ow XR61 bit 7 (text); XR63 bit 7 (graphics)

( Paned Output Signal Status During Standby Mode '
Signal Status
| 65535 Pin # | Signal Name Local Bus | Pl Bus [ ISA Bus

36 LDEV# Driven High Tri-Stated N/A

37 LRDY# Tri-Stated Tri-Stated Tri-Stated

38 OEL# Driven BVCC Tri-Stated (seenote 1)

39 OEH# Driven GND Tri-Stated

40 BS16# Tri-Stated GND Tri-Stated

156 XTALO Driven (seencte2) | Driven(seenote2) | Driven (seenote 2)

78 RASB# Driven (see note 3) Driven (see note 3) Driven (see note 3)

79 WEB# Driven (see note 4) Driven (see note 4) Driven (see note 4)

80 CASBH# Driven (see note 4) Driven (see note 4) Driven (see note 4)

81 CASBL# Driven (see note 4) Driven (see note 4) Driven (see note 4)

( CPU, Memory, and Clock Output Signal Status During Standby Mode '
Notes:

1 In ISA bus mode, OEL# can be configured to be ROMCS#. ROMCS# will be driven high during Standby Mode.
2 The XTALO pin will adways be driven except when XR33 hit-2 is set to '1".
3 RASB# will be driven when using 2 x16 DRAMSs. or PC Video. This pin should be left disconnected for 32-bit VL bus operation.
4 These pins should be left disconnected when using a 32-bit VL bus or PC Video. These pins are driven when using a 32-bit memory bus.
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Pin Descriptions

PIN DESCRIPTIONS

Power and Ground

Pin# Pin Name Type Active Description
62 IVCC VCC -- Power (Internal Logic). Either 5V or 3.3V £10%
139 IVCC VCC --
19 BVCC VCC -- Power (Bus Interface). Either 5V or 3.3V +10%
29 BVCC VCC --
52 DvVCC VCC -- Power (Display Interface). Either 5V or 3.3V £10%
118 MVCC VCC -- Power (Memory Interface). Either 5V or 3.3V £10%
132 RVCC VCC -- Power (+5V referencefor mixed 3.3V / 5V interface)
86 XVCC VCC -- Power. Either 5V or 3.3V £10%
12 GND GND -- Ground
22  GND (BGND) GND --
32 GND (BGND) GND --
49  GND (DGND) GND --
59 GND (IGND) GND -
77 GND GND --
83 GND (XGND) GND -
115 GND (MGND) GND --
142  GND (IGND) GND --
45 AVCC VCC -- Analog power and ground pins for noise isolation for
42 AGND GND -- theinternal RAMDAC.
157 CVCC VCC -- Power and ground pins for noise isolation for the
158 CvCC VCC -- internal clock synthesizer. Must be the same as VCC
for internal logic.
154 CGND GND --
160 CGND GND -

Note: Pinnamesin parentheses (...) indicate alternate functions
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CHIFS 0 M2p
/O Map

PortAddress Read Write

(102 |Global Enable (1SA BusOnly) |Global Enable (1SA BusOnly) \

3B0 Reservedfor MDA/Hercules Reservedfor MDA/Hercules |

3B1 Reservedfor MDA/Hercules Reservedfor MDA/Hercules Mono

3B2 Reservedfor MDA/Hercules Reservedfor MDA/Hercules Mode

3B3 Reservedfor MDA/Hercules Reservedfor MDA/Hercules

3B4 CRTC Index CRTC Index

3B5 CRTCData CRTCData

3B6 Reservedfor MDA/Hercules Reservedfor MDA/Hercules

3B7 Reservedfor MDA/Hercules Reservedfor MDA/Hercules

3B8 HerculesM odeRegister (MODE) HerculesM odeRegister (MODE)

3B9 -- Set Light Pen FF (ignored)

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

3BB -- Clear Light Pen FF (ignored)

3BC

3BD Reserved for system parallel port

3BE

3BF Hercules Configuration Register (HCFEG)  |Hercules Configuration Register (HCEG)

3C0 AttributeController Index/Data AttributeController Index/Data

3C1 AttributeController Index/Data AttributeController Index/Data

3C2 Feature Read Register (FCR) MiscellaneousOutput Register (MSR)

3C3 Video Subsystem Enable (VSE) (LB Only) |Video Subsystem Enable (VSE) (LB Only)

3C4 Sequencer | ndex Sequencer | ndex

3C5 SeguencerData SeguencerData

3C6, 83C6 | Color PaletteMask Color PaetteMask

3C7,83C7 |ColorPdetteState Color Palette Read M ode | ndex

3C8, 83C8 |Color Palette Write Mode | ndex Color Pa ette Write M ode I ndex

3C9, 83C9 |ColorPdetteData Color PaletteData

3CA Feature Read Register (FEAT) --

3CB -- --

3CC MiscellaneousOutput Register (MSR) --

3CD -- --

3CE GraphicsController Index GraphicsController Index

3CF GraphicsController Data GraphicsController Data

30 - - Color |-

3D2 __ __ Mode |

3D3 -- --

3D4 CRTC Index CRTC Index

3D5 CRTCData CRTCData

3D6 CHIPS™ Extensions |ndex CHIPS™ Extensions |ndex

3D7 CHIPS™ ExtensionsData CHIPS™ ExtensionsData

3D8 CGA ModeRegister (MODE) CGA ModeRegister (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 FFE (ignored)

|46E8 [-- |Setup Control (1SA Bus Only) \
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Register Summary

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

Register Register Name Bits Access |/O Port-MDA/Herc 1/0 Port-CGA Comment
STOO0 (STAT)  Display Status 7 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
MODE CGA/MDA/HerculesModeControl 7 R/W 3B8 3D8
COLOR CGA Color Select 6 R/W n/a 3D9
HCFG HerculesConfiguration 2 W 3BF n/a
R 3D6-3D7 index 14 n/a XR14
RX, R0-11 '6845' Registers 0-8 RW 3B4-3B5 3D4-3D5
XRX, XR0-7F Extension Registers 0-8 RW 3D6-3D7 3D6-3D7
REGISTER SUMMARY - EGA MODE
Register Register Name Bits  Access 1/O Port-Mono 1/O Port-Color Comment
MSR Miscellaneous Output 7 W 3C2 3C2
FCR Feature Control 3 W 3BA 3DA
STOO (FEAT)  FeatureRead (Input Status 0) 4 R 3C2 3C2
STO1 (STAT) Display Status (Input Status 1) 7 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
SRX, SRO0-7 Sequencer 0-8 R/W 3C4-3C5 3C4-3C5
CRX, CRO-3F CRT Controller 0-8 R/W 3B4-3B5 3D4-3D5
GRX, GRO-8 Graphics Controller 0-8 R/W 3CE-3CF 3CE-3CF
ARX, ARO-14  Attributes Controller 0-8 R/W 3C0-3C1 3C0-3C1
XRX, XRO-7F Extension Registers 0-8 R/W 3D6-3D7 3D6-3D7
| REGISTER SUMMARY - VGA MODE |

Register Register Name Bits  Access |/O Port-Mono 1/O Port-Color Comment
VSE Video Subsystem Enable 1 R/W 3C3if LB 3C3if LB Disabled by XR70 hit-6
SETUP Setup Control 2 w 46E8if ISA 46E8if ISA  Disabled by XR70 hit-7
ENABLE Global Enable 1 R/W 102 if ISA 102if ISA Setup Only
MSR Miscellaneous Output 7 W 3C2 3C2

R 3CC 3CC
FCR Feature Control 3 W 3BA 3DA

R 3CA 3CA
ST00 (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 R/W 3C6, 83C6 3C6, 83C6
DACSTATE Color Palette State 2 R 3C7, 83C7 3C7, 83C7
DACRX Color Palette Read-M odel ndex 8 w 3C7, 83C7 3C7, 83C7
DACWX Color Palette Write-Mode Index 8 R/W 3C8, 83C8 3C8, 83C8
DACDATA Color Palette Data O-FF 3x6or3x8 R/W 3C9, 83C9 3C9, 83C9
SRX, SRO-7 Sequencer 0-8 R/W 3C4-3C5 3C4-3C5
CRX, CR0-3F CRT Controller 0-8 R/W 3B4-3B5 3D4-3D5
GRX, GR0-8  Graphics Controller 0-8 R/W 3CE-3CF 3CE-3CF
ARX, ARO-14  Attributes Controller 0-8 R/W 3C0-3C1 3C0-3C1
XRX, XR0-7F Extension Registers 0-8 R/W 3D6-3D7 3D6-3D7
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Register Summary

| REGISTER SUMMARY - INDEXED REGISTERS (VGA) |

Register  Register Name Bits Register Type Access (VGA) Access(EGA) 1/0 Port

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

SRO Reset 2 VGA/EGA R/W R/W 3C5

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

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

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

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

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

CRX CRTC Index 6 VGA/EGA R/W R/W 3B4 Mono, 3D4 Color
CRO Horizontal Total 8 VGA/EGA R/W R/W 3B5 Mono, 3D5 Color
CR1 Horizontal Display End 8 VGA/EGA R/W R/W 3B5 Mono, 3D5 Color
CR2 Horizontal Blanking Start 8 VGA/EGA R/W R/W 3B5 Mono, 3D5 Color
CR3 Horizontal Blanking End 5+2+1 VGA/EGA R/W R/W 3B5 Mono, 3D5 Color
CR4 Horizontal Retrace Start 8 VGA/EGA R/W R/W 3B5 Mono, 3D5 Color
CR5 Horizontal RetraceEnd 5+2+1 VGA/EGA R/W R/W 3B5 Mono, 3D5 Color
CR6 Vertical Total 8 VGA/EGA R/W R/W 3B5 Mono, 3D5 Color
CR7 Overflow 5 VGA/EGA R/W R/W 3B5 Mono, 3D5 Color
CR8 Preset Row Scan 5+2 VGA/EGA R/W R/W 3B5 Mono, 3D5 Color
CR9 Character Cell Height 5+3 VGA/EGA R/W R/W 3B5 Mono, 3D5 Color
CRA Cursor Start 5+1 VGA/EGA R/W R/W 3B5 Mono, 3D5 Color
CRB Cursor End 5+2 VGA/EGA R/W R/W 3B5 Mono, 3D5 Color
CRC Start AddressHigh 8 VGA/EGA R/W R/W 3B5 Mono, 3D5 Color
CRD Start AddressLow 8 VGA/EGA R/W R/W 3B5 Mono, 3D5 Color
CRE Cursor Location High 8 VGA/EGA R/W R/W 3B5 Mono, 3D5 Color
CRF Cursor Location Low 8 VGA/EGA R/W R/IW 3B5 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 R/W W 3B5 Mono, 3D5 Color
CR11 Vertical RetraceEnd 4+4 VGA/EGA R/W W 3B5 Mono, 3D5 Color
CR12 Vertical Display End 8 VGA/EGA R/W R/W 3B5 Mono, 3D5 Color
CR13 Offset 8 VGA/EGA R/W R/W 3B5 Mono, 3D5 Color
CR14 Underline Row Scan 5+2 VGA/EGA R/W R/W 3B5 Mono, 3D5 Color
CR15 Vertical Blanking Start 8 VGA/EGA R/W R/W 3B5 Mono, 3D5 Color
CR16 Vertical Blanking End 8 VGA/EGA R/W R/W 3B5 Mono, 3D5 Color
CR17 CRT Mode Control 7 VGA/EGA R/W R/W 3B5 Mono, 3D5 Color
CR18 Line Compare 8 VGA/EGA R/W R/W 3B5 Mono, 3D5 Color
CR22 Graphics Controller Data L atches 8 VGA R n/a 3B5 Mono, 3D5 Color
CR24 Attribute Controller Index/DatalLatch 1 VGA R n/a 3B5 Mono, 3D5 Color
CR3x Clear Vertical Display Enable FF 0 VGA w n/a 3B5 Mono, 3D5 Color
GRX GraphicsController Index 4 VGA/EGA R/W R/W 3CE

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

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

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

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

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

GR5 Mode 6 VGA/EGA R/W R/W 3CF

GR6 Miscellaneous 4 VGA/EGA R/W R/W 3CF

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

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

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

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

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

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

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

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

AR14 Color Select 4 VGA R/W n/a 3C0 (3C1)
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Register Summary

| EXTENSION REGISTER SUMMARY: 00-2F | Chips VGA Product Family

Reg Register Name BitsAccess Port Reset 82C450 64300 65510 65530 65540 65545
XRX ExtensionlndexRegister 7 RW 3D6 S X XXX XXX O ad O d d ad
XR00 ChipVersion 8 R/O 3D7 1100rrrr O a O a a O
XR01 Configuration 8 R/O 3D7 dddddddd ad ad ad ad ad ad
XR02 CPUlnterfaceControll 7 RW 3D7 00000-00 O ad d d ad O
XR03 CPUlnterfaceControl2 (ROM Intfc) 3 R/W 3D7 ee00°+10 . ad ad ad
XR04 MemoryControl 1 5 RW 3D7 -00--000 ad ad ad ad ad ad
XR05 MemoryControl2  (Clock Control) 6 R/W 3D7 «0+00000 O
XR06 Palette Control (DRAM Intfc) 8 R/W 3D7 00000000 a O a a O
XRO7 -reserved- (/OBase) --  -- 3D7 ad
XR08 LinearAddressinBase (LinearBaseL) 5 R/W 3D7 XXXXX® oo ad
XR09 -reserved- (Linear BaseH) --  -- 3D7 ad
XROA -reserved- (XRAM Mode) --  -- 3D7 . ad . .
XROB CPU Paging 5 RW 3D7 ---00000 O ad d d ad O
XROC StartAddressTop 2 RW 37 - 00 O a O a a O
XROD AuxiliaryOffset 2 RW b7 - ----- 00 ad ad ad a a O
XROE TextM odeControl 2 RW 3D7 ----00-- ad ad O a a O
XROF Softwar eFlags0 8 R/W 3D7 XX XXX XXX a O O O O
XR10 Single/LowM apRegister 8 RW 3D7 XX XXX XXX O ad O d d ad
XR11 HighMapRegister 8 RW 3D7 XX XXX XXX O ad O d d ad
XR12 -reserved- - - 3D7
XR13 -reserved- - - 3D7 . .
XR14 EmulatiorMode 8 RW 3D7 0000hh0O O ad O d d ad
XR15 Writérotect 8 RW 3D7 00000000 O ad O d d ad
XR16 VerticaDverflow 5 RW 3D7 «0+0-000 O
XR17 HorizontaDverflow 7 RW 3D7 «0000000 . O . .
XR18 AlternateHDispEnd 8 RW 3D7 XX XXX XXX O . O d d ad
XR19 AlternateH SyncStart (Half-line) 8 R/W 3D7 XX XXX XXX O ad O d d ad
XR1A AlternateH SyncEnd 8 RW 3D7 XX XXX XXX O O d d ad
XR1B AlternateHTotal 8 RW 3D7 XX XXX XXX O . O d d ad
XR1C AlternateH Blank Start/H Panel Size 8 R/W 3D7 XX XXX XXX O O O O O O
XR1D AlternateHBlankEnd 8 RW 3D7 OXXXXXXX O O d ad ad
XR1E Alternat©ffset 8 RW 3D7 XX XXX XXX O O d ad ad
XR1F VirtualEGASwitchRegister 5 RW 3D7 0---XXXX O O d ad ad
XR20 -reserved- - - 3D7 .
XR21 AltH SyncStart Ext Modes 8 RW 3D7 XX XXX XXX g d d
XR22 AltH SyncEnd Ext Modes 8 RW 3D7 XX XXX XXX g d d
XR23 AltH Total Ext 8 RW 3D7 XX X XX XXX . . . O O O
XR24 FPAItMaxScanline 5 RW 3D7 e e X XXXX . . ad ad ad ad
XR25 FPAItGrHVirtPanelSize 8 R/W 3D7 XX X XX XXX O O O
XR26 AltHSyncStart 8 RW 3D7 XX XXX XXX
XR27 -reserved- - - 3D7 . . . .
XR28 Videtnterface 5 RW 3D7 0000--0- g g g g d d
XR29 HalfLineCompare 8 RW 3D7 XX XXX XXX d ad
XR2A -reserved- - - 3D7 . . .
XR2B SoftwareFlagsl 8 RW 3D7 00000000 g g g g d d
XR2C FLM Delay 8 RW 3D7 XXX XXX XX . . g g d ad
XR2D LPDeay 8 RW 3D7 XXX XXX XX g g d d
XR2E LPDeay 8 RW 3D7 XXX XXX XX . . . g d d
XR2F LPWidth 8 R/W 3D7 XX X XX XXX . . O O O O
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 * = Reserved (read/write, reset to 0)

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

r = Chip revision # (starting from 0000)

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: 82C450 & 64xxx VGAs drive CRTs only, 65xxx VGAs drive both CRT and Flat Panel displays (Plasma, EL, and LCD)
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Register Summary

| EXTENSION REGISTER SUMMARY: 30-5F | Chips VGA Product Eamily

Reg Register Name BitsAccess Port Reset 82C450 64300 6551065530 65540 65545
XR30 ClockDivideControl 4 R/W 3D7 oo e e XXXX . ad . . ad 0
XR31 ClockM-Divisor 7 RW 3D7 e XXXXXXX ad ad 0
XR32 ClockN-Divisor 7 RW 3D7 e XXXXXXX ad ad 0
XR33 ClockControl 4 R/W 3D7 *000¢0-«- ad ad 0
XR34 -reserved- -- -- 3D7
XR35 -reserved- -- -- 3D7
XR36 -reserved- -- -- 3D7
XR37 -reserved- -- -- 3D7
XR38 -reserved- -- -- 3D7
XR39 -reserved- -- -- 3D7 .
XR3A Color Key0 8 RW 3D7 XX XXX XXX a ad ad
XR3B Color Key 1 8 RW 3D7 XXX XXXXX a ad ad
XR3C Color Key2 8 RW 3D7 XXX XXXXX a ad ad
XR3D Color KeyMask 0 8 RW 3D7 XXX XXXXX a ad ad
XR3E Color KeyMask 1 8 RW 3D7 XXX XXXXX a ad ad
XR3F Color KeyMask 2 8 RW 3D7 XX XXX XXX a ad ad
XR40 -reserved- (BitBIt Config) --  -- 3D7 ad ad O
XR41 -reserved- - - 3D7
XR42 -reserved- - - 3D7
XR43  -reserved- - - 3D7 . . . . . .
XR44 SoftwareFlagRegister 2 8 R/W 3D7 XX XXX XXX . ad d d ad O
XR45 SoftwareFlag Register 3 8 R/W 3D7 XX XXX XXX . . . . ad O
XR46 -reserved- - - 3D7
XRA7  -reserved- - - 3D7
XR48 -reserved- - - 3D7
XR49 -reserved- - - 3D7
XR4A -reserved- - - 3D7
XR4B  -reserved- - - 3D7
XRAC -reserved- - - 3D7
XR4AD -reserved- - - 3D7
XRAE -reserved- - - 3D7
XR4F PanelFormat2 5 RW 3D7 XX e o eXXX ad ad
XR50 PanelFormatl 8 R/W 3D7 XXXXXXXX a O O O
XR51 DisplayType 7 RW 3D7 000+0000 . . ad ad ad O
XR52 Power Down Control (RefreshCirl) 8 R/W 3D7 00000000 . O O O O O
XR53 PanelFormat3 7 RW 3D7 eXXXXXXO0 O O O O
XR54 Pandinterface 8 R/W 3D7 XXX XX XXX ad O O 0
XR55 HCompensation 6 RW 3D7 XXXX®®XX ad O O O
XR56 HCentering 8 R/W 3D7 XXX XXXXX O O O O
XR57 VCompensation 8 R/W 3D7 XX XXX XXX O O O O
XR58 VCentering 8 R/W 3D7 XXX XXXXX O O O O
XR59 VLinelnsertion 7 RW 3D7 XXX ®XXXX O ad ad O
XR5A VLineReplication 4 R/W 3D7 e o0 e XXXX d d ad g
XR5B PowerSequencingDelay 8 R/W 3D7 01110001 ad ad ad O
XR5C ActivitylndicatorControl 7 RW 3D7 OX ® XXXXX O O
XR5D FPDiagnostic 8 R/W 3D7 00000000 . . . . ad O
XR5E M(ACDCLK)Control 8 R/W 3D7 XXX XXXXX . . O O O O
XR5F Power DownM odeRefresh 8 R/W 3D7 XX XXX XXX O ad O
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 e = Reserved (read/write, reset to 0)

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

r = Chip revision # (starting from 0000)

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: 82C450 & 64xxx VGAs drive CRTs only, 65xxx VGAs drive both CRT and Flat Panel displays (Plasma, EL, and LCD)
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Register Summary

| EXTENSION REGISTER SUMMARY: 60-7F |

Reg Register Name BitsAccess Port
XR60 BlinkRateControl 8 RW 3D7
XR61 SmartMap™Control 8 RW 3D7
XR62 SmartMap™shifParameter 8 RW 3D7
XR63 SmartMap™ColorMappingControl 8 R/W 3D7
XR64 FPAlternateVerticalTotal 8 RW 3D7
XR65 FPAlternateOverflow 6 RW 3D7
XR66 FPAlternateVerticalSyncStart 8 RW 3D7
XR67 FPAlternateVertical Syncend 4 R/W 3D7
XR68 FPV Pandl Size 8 R/W 3D7
XR69 -reserved- -- -- 3D7
XR6A -reserved- -- -- 3D7
XR6B -reserved- -- -- 3D7
XR6C Programmabl®utpuDrive 5 RW 3D7
XR6D -reserved- -- -- 3D7
XR6E Polynomial FRC Control 8 RW 3D7
XR6F FramaBufferControl 3 RW 3D7
XR70 Setup/DisableControl 1 RW 3D7
XR71 -reserved- (GPIO Control) - -- 3D7
XR72 ExternalDevicd /O (GPIOData) 8 R/W 3D7
XR73 DPMSControl (Misc Control) 4 R/W 3D7
XR74  -reserved- (Configuration2) -- - 3D7
XR75 -reserved- (SoftwareFlags3) -- - 3D7
XR76 -reserved- -- -- 3D7
XR77 -reserved- -- -- 3D7
XR78 -reserved- -- -- 3D7
XR79 -reserved- -- -- 3D7
XR7A -reserved- -- -- 3D7
XR7B -reserved- -- -- 3D7
XR7C -reserved- -- -- 3D7
XR7D FPCompensationDiagnostic 0 R/O 3D7
XR7E CGA/HerculesColorSelect 6 R/W 3D7
XR7F Diagnostic 8 R/W 3D7
Reset Codes: Not changed by RESET (indeterminate on power-up)

Chips VGA Product Family

Reset 82C450 64300 6551065530 65540 65545
10000011 a 0 O O a
XXXXXXXX 0 O O a
XXXXXXXX 0 O O a
XIXXXXXX 0 O O a
XXXXXXXX 0 O O a
XXX ®®XXX 0 O O a
XXXXXXXX 0 O O a
e e X XXX 0 O O a
XXXXXXXX 0 O O a
*+0000d- 0 O O a
10111101 0 O O a
QeeeeeQ0 O O a
0------- 0 a 0 O O a

a
00000000 a
----0000 a O a
a
a
-------- . a 0 O O a
- - XXXXXX g . g g g g
00xxxx00 0 a 0 0 O a

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

r = Chip revision # (starting from 0000)

— = Not implemented (always reads 0)
e = Reserved (read/write, reset to 0)
0/1 = Reset to 0/1 by faling 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: 82C450 & 64xxx VGAs drive CRTs only, 65xxx VGAs drive both CRT and Flat Panel displays (Plasma, EL, and LCD)
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Registers

Registers

GLOBAL CONTROL (SETUP) REGISTERS

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

Note In setup mode in the IBM VGA, the Global
Setup Register (defined as port address 102) actually
occupiestheentirel/Ospace. 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, CHIPS
V GA Controllers decode the Global Setup register at
1/O port 102h only.

GENERAL CONTROL REGISTERS

Two Input Status Registers read the internal
comparator output (or the Virtual Switch Register),
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, accessto
video RAM, memory page, and horizontal and
vertical syncpolarity.

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 Herculesmode.

SEQUENCER REGISTERS

The Sequencer Index Register contains a 3-bit index
to the Sequencer Data Registers. The Reset Register
forces an asynchronous or synchronous reset of the
sequencer. The Sequencer Clocking Mode Register
controls master clocking functions, video
enable/disable and selects either an 8 or 9 dot

character clock. A Plane/Map Mask Register enables
the color plane and write protect. The Character
Font Select Register handles video intensity and
character generation and control sthe display memory
plane through the character generator select. The
Sequencer Memory Mode Register handles all
memory, giving access by the CPU to 4/ 16 / 32
KBytes, Odd / Even addresses (planes) and writing
of datato display memory.

CRT CONTROLLER REGISTERS

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

GRAPHICS CONTROLLER REGISTERS

The Graphics Controller Index Register contains a4-
bit index to the Graphics Controller Registers. The
Set/Reset Register controls the format of the CPU
data to display memory. It aso 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
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 1/O address range 3C6h-3C9h. Inmos IMSG176
(Brooktree BT471/476) compatible registers are
documented inthismanual.
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EXTENSION REGISTERS

The 65535 defines a set of extension registers which
are addressed with the 7-bit Extension Register
Index. The /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 groupsfor 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 inproviding backwardscompatibility.

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

5. Flat Panel Registers handle al internal logic
specific to driving of flat panel displays.

Note: The state of most of the Standard V GA Registersisundefined at reset. All registers specific to the

65535 (Extension Registers) are summarized in the Extension Register Table.
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\nlr: Global Control (Setup) Registers
Global Control (Setup) Registers

Register I/0 Protect

Mnemonic Register Name Index Access Address Group Page

SETUP Setup Control - W 46E8h (1SA bus only) - 41

VSE VideoSubsystemEnable — W 3C3h (Local busonly) - 41

ENAB Global Enable - R/W 102h (Setup mode only) - 42

SETUP CONTROL REGISTER (SETUP)
Writeonly at 1/0O Address 46E8h

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

Reserved(0)

VGA Enable
VGA Setup

} Reserved(0)

Thisregister is accessible in ISA bus configurations
only. It is ignored completely in Local Bus
configurations. Itisalsoignoredif XR70 bit-7 is set
to 1 (the default is 0).

Thisregister iscleared by RESET.

2-0 Reserved (0)

3 VGA Enable
0 VGAisdisabled
1 VGAisenabled
4  Setup Mode

0 VGAisinNorma Mode
1 VGAisinSetup Mode

7-5 Reserved (0)

VIDEO SUBSYSTEM ENABLE REGISTER
(VSE)

\AkitAn Minhvi Ak 1IN AAAr Ac~ DDA

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

VGA Sleep

- Reserved(0)

This register is accessible in Local Bus
configurations only. It is ignored in ISA 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).

Thisregister iscleared by RESET.

0 VGA Sleep

0 VGAisdisabled
1 VGA isenabled

7-1 Reserved (0)
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\I'III'D Global

Control

Registers

GLOBAL ENABLE REGISTER (ENAB)
Read/Writeat I/0O Address102h

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

VGA Sleep

- Reserved(0)

This register is only accessible in Setup Mode
(enabled by register 46E8 in I SA bus configurations.

Bit-0 of thisregister iscleared by RESET in ISA bus
configurations and set by RESET in Local Bus
configurations.
0 VGA Sleep
0 VGAisdisabled
1 VGAisenabled

7-1 Reserved (0)
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\nlr: General Control Registers
General Control & Status Registers

Register /O Protect

Mnemonic Register Name Index Access Address Group Page

ST00 Input Status 0 - R 3C2h - 43

ST01 Input Status 1 - R 3BAh/3DAN - 43

FCR FeatureControl - w 3BANh/3DA 5 44
R 3CAh

MSR MiscellaneousOutput - W 3C2h 5 44
R 3CCh

INPUT STATUS REGISTER 0 (ST00) INPUT STATUS REGISTER 1 (ST01)

Read only at I/O Addressat 3C2h

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

- Reserved(0)

— Switch Sense

- Reserved

3-0
4

6-5

— CRTI nterrupt Pending
Reserved (0)

Switch Sense

This bit returns the Status of the SENSE pin
or the Virtua Switch Register (XR1F)
output if enabled by XR1F bit-7. XR1F bit-
7 takes priority over the other settingsif set.

Reserved

These bits read back 00 in PC and Pl bus
configurationsand 11in MC configuration.

CRT Interrupt Pending

0 Indicatesno CRT interrupt ispending
1 Indicatesa CRT interrupt iswaiting to
beserviced

Read only at I/0O Address 3BAh/3DAh

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

DE/Hsync Output

Reserved(0)
VerticalRetrace/Video

VideoFeedback

Reserved(0)

2-1

5-4

V Sync Output
Display Enable/HSYNC Output

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

0 IndicatesDE or HSY NC inactive
1 Indicates DE or HSYNC active

Reserved (0)
Vertical Retrace/Video

The functionality of this bit is controlled by
the Emulation Moderegister (XR14 bit-5).

0 IndicatesVSYNC or videoinactive
1 IndicatesVSY NC or video active

Video Feedback 1, O

These are diagnostic video bits which are
selected viathe 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/O Address 3BBAW3DAO

Read at 1/0 Address 3CAh

Group5Protection

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

-~ Feature Control

— Reserved(0)
— VSync Control

~ Reserved(0)

1-0 Feature Control

These bits are used internal to the chip in
conjunction with the Configuration Register
(XR01). When enabled by XRO01 bits 2-3
and Misc Output Register bits 3-2 = 10,
these hits determine the pixel clock
frequency typically asfollows:

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
TechnologiesV GA controllers.
2 Reserved (0)
3  Vsync Control
Thisbit iscleared by RESET.

0 VSyncoutput ontheVSYNC pin
1 Logica 'OR' of VSync and Display
Enableoutput onthe VSYNC pin
This capability is not typically very useful,
but isprovided for IBM compatibility.

7-4 Reserved (0)

CRT Display Sync Polarities
H Display H Freq V Freq

P 200Line 15.7 KHz 60Hz
P 350Line 21.8 KHz 60Hz
N 400 Line 315 KHz 70Hz
N 480 Line 315 KHz 60Hz

ZT0Z2T0U<

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

Read at I/0O Address 3CCh

Group5Protection

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

I/OAddressSelect
—— RAM Enable

l Clock Select
Reserved(0)
Page Select
HSync Polarity
V Sync Polarity

Thisregister iscleared by RESET.

0 [1/O Address Select
This bit selects 3Bxh or 3Dxh as the 1/0
addressfor the CRT Controller registers, the
Feature Control Register (FCR), and Input
Status Register 1 (STO01).

0 Select 3Bxh /O address
1 Select 3Dxh1/O address

1 RAM Enable

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

3-2 Clock Select. Thesebitsusually select the
dot clock sourcefor the CRT interface:

MSR3:2 =00 = Select CLKO

MSR3:2=01=Sdect CLK1

MSR3:2 =10 = Select CLK2

MSR3:2=11=Select CLK3
See extension register XRO1 hits 2-3
(Configuration) and FCR bits 0-1 for
variations of the above clock selection
mapping. See also XR1F (Virtual Switch
Registef? for additional functionality
potentially controlled by thesebits.

4 Reserved (0)

5 Page Select. In Odd/Even Memory Map
Mode 1 (GR®6), this bit selects the upper or
lower 64 KByte page in display memory for
CPU access: 0O=select upper page; 1=select
lower page.

6 CRT HSync Polarity. 0=pos, 1=neg

P >480Line Variable Vaiabld ¢ / CRT VSync Polarity. 0=pos, 1=neg

(Blank pin polarity can be controlled viathe
Video Interface Register, XR28). XR55
bits 6-7 are used to control H/V sync
polarity instead of these bitsif XR51 bit-2 =
1 (display type = flat panel).
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\l'lll': CGA / Hercules Registers

CGA / Hercules Registers

Register /0 Protect
Mnemonic Register Name Index Access Address Group Page
MODE CGA/HerculesMode - R/W 3D8h - 45
COLOR CGA Color Select - R/W 3D%h - 46
HCFG HerculesConfiguration - R/W 3BFh - 46

CGA / HERCULES MODE CONTROL
REGISTER (MODE)
Read/Writeat |/O Address3B8h/3D8h

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

Hi-Res Text (CGA only)
Graphics Mode  (0=Text)
Monochrome (CGA only)
Video Enable

Hi-Res Graphics (CGA only)
Text Blink Enable

Reserved (0)

Page Select (Herc only)

This register is effective only in CGA and Hercules
modes. It is accessible if CGA or Hercules
emulation mode is selected or the extension registers
are enabled. If the extension registers are enabled,
the address is determined by the address select in the
Miscellaneous Outputs register.  Otherwise the
address is determined by the emulation mode. It is
cleared by RESET.

0 CGA 80/40 Column Text Mode
0 Select 40 column CGA text mode
1 Select 80 column CGA text mode
1 CGA/Hercules GraphicsText Mode

0 Selecttextmode
1 Sdectgraphicsmode

CGA Mono/Color Mode

0 Select CGA color mode

1 Select CGA monochromemode
CGA/Hercules Video Enable

0 Blankthescreen

1 Enablevideooutput
CGA High Resolution Mode

0 Select 320x200 graphicsmode

1 Select 640x200 graphicsmode
CGA/Hercules Text Blink Enable

0 Disablecharacter blink attribute (blink
attribute bit-7 used to control back-
groundintensity)

1 Enablecharacterblinkattribute

Reserved (0)

Hercules Page Select

0 Select the lower part of memory
(starting address BOOOOh) in Hercules
GraphicsMode

1 Select the upper part of the memory
(starting address B8000h) in Hercules
GraphicsMode
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CGA /| Hercules Registers

CGA COLOR SELECT REGISTER (COLOR)
Read/Writeat 1/O Address3D%h

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

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

} Reserved(0)

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

3-0 Calor
320x200 4-color: Background Color (color
when the pixel valueis0)

The foreground colors (colors when the
pixel vaueis1-3) are determined by bit-5 of
thisregister.

640x200 2-color:

Foreground Color (color when the pixel
valueisl)

The background color (color when the pixel
valueis0) is black.

4 Intensity Enable

TextMode: Enables intensified

background colors

Enables intensified
colors0-3

Don't care

320x200 4-color:

640x200 2-color:
5 Color Set Select

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

Pixel Color Set Color Set
Value 0 1
0 0 Colorperbitso-3  Color per bits0-3
01 Green Cyan
10 Red Magenta
11 Brown White

7-6 Reserved (0)

HERCULES CONFIGURATION
REGISTER (HCFG)
Writeonly at I/O Address 3BFh

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

Enable GraphicsMode
Enable Memory Page 1

- Reserved(0)

Thisregister iseffective only in Herculesmode. Itis
accessible in Hercules emulation mode or if the
extension registers are enabled. It may be read back
through XR14 bits2 & 3. Itiscleared 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 BOOOOh-
B7FFFh (in text mode the same area
of display memory wraps around 8
times within this range such that
BOOOO accesses the same display
memory location as B1000, B2000,
etc.).

1 Permit entry to Hercules Graphics
mode

1 Enable Memory Page 1

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

1 The Page Select hit 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 e Protect
Mnemonic Register Name Index Access Address Group Page
SRX Sequencer Index - R/W 3C4h 1 47
SR00 Reset 00h R/W 3C5h 1 47
SR0O1 ClockingMode 01h R/W 3C5h 1 48
SR02 Plane/MapMask 02h R/W 3C5h 1 48
SR03 Character Font 03h R/W 3C5h 1 49
SR04 MemoryMode 04h R/W 3C5h 1 50
SR0O7 Horizontal Character Counter Reset 07h w 3C5h - 50

SEQUENCER INDEX REGISTER (SRX)
Read/Writeat |/0O Address3C4h

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

——— - Sequencerindex

~ Reserved(0)

Thisregister iscleared by reset.
2-0 Sequencer

These bits contain a 3-bit Sequencer Index
val ue used to access sequencer dataregisters
at indices 0 through 7.

7-3 Reserved (0)

I ndex

SEQUENCER RESET REGISTER (SR00)
Read/Writeat I/0 Address 3C5h

Index 00h

Group 1Protection

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

Async Reset
——— Sync Reset

— Reserved(0)

0 Asynchronous Reset

0 Force asynchronous reset
1 Normal operation

Display memory data will be corrupted if
thisbit is set to zero.

1 Synchronous Reset

0 Force synchronous reset
1 Normal operation

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

7-2 Reserved (0)
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Sequencer Registers

SEQUENCER CLOCKING MODE
REGISTER (SR01)

Read/Writeat 1/0 Address 3C5h

Index O1h

Group 1Protection

SEQUENCER PLANE/MAP MASK
REGISTER (SR02)

Read/Writeat 1/0 Address 3C5h

Index 02h

Group 1Protection

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

8/9 Dot Clocks
Reserved(0) —_
Shift Load

Input Clock Divide
Shift 4

Screen Off

-~ Color Plane Enable

- Reserved(0)

l Reserved(0)

0 8/9 Dot Clocks 3-0 Color Plane Enable

Thisbit determineswhether acharacter clock

0 Write protect corresponding color

is8 or 9 dot clocks long. plane
0 Select9dots/character clock 1 Allow write to corresponding
1 Select8dots/character clock color plane.

In Odd/Even and Quad modes, these bits

Reserved (0) . ,
. still control access to the corresponding
Shift Load color plane.
0 Load video data shift registers every 7-4 Reserved (0)
characterclock
1 Load video data shift registers every
other character clock
Bit-4 of thisregister must be O for this bit to
beeffective.

3  Input Clock Divide

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

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

4  Shift 4

0 Load video shift registers every 1 or 2
character clocks (depending on bit-2
of thisregister)

1 Loadshift registersevery 4th character
clock.

5 Screen Off

0 Normal Operation

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

7-6 Reserved (0)
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Sequencer Registers

CHARACTER FONT SELECT
REGISTER (SRO03)
Read/Writeat 1/0O Address3C5h
Index 03h

Group 1 Protection

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

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

} Reserved(0)

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

SR04 bit-1 must be 1 for the character font select
function to be active. Otherwise, only character
fonts0 and 4 areavailable.

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 TableL ocation
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 'cod€' is:

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

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

Code

~Nooh~hwWNEFO
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Sequencer Registers

SEQUENCER MEMORY MODE
REGISTER (SR04)
Read/Writeat 1/0O Address3C5h
Index 04h

Group 1 Protection

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

Reserved
—— ExtendedMemory

Odd/EvenMode

Quad Four Mode

Reserved(0)

Reserved (0)
1 Extended Memory

0 Restrict CPU access to 4/16/32 K
Bytes
1 Allow completeaccesstomemory

Thisbit should normally be 1.
2 Odd/Even Mode

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

1 All planesare accessed simultaneously
(IRGB color)

Bit-3 of thisregister must be O for this bit to
be effective. Thishit affectsonly CPU write
accessesto 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. Thetwo low order
CPU address bits select the display
memory plane.

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

7-4 Reserved (0)

SEQUENCER HORIZONTAL CHARACTER
COUNTER RESET (SR07)

Read/Writeat |/0O Address3C5h

Index 07h

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

- Don't Care

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

The vertica line counter is clocked by a signal
derived from horizontal display enable (which does
not occur if the horizontal counter is held reset).
Therefore, if thewriteto SRO7 occursduring vertical
retrace, the horizontal and vertical counterswill 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.
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\nlr: CRT Controller Registers
CRT Controller Registers
Register /O Protect
Mnemonic Register Name Index Access Address Group Page
CRX CRTC Index - R/W 3B4h/3D4h - 52
CROO Horizontal Total 00h R/W 3B5h/3D5h 0 52
CRO1 Horizontal Display EnableEnd 01h R/W 3B5h/3D5h 0 52
CRO2 Horizontal Blank Start 02h R/W 3B5h/3D5h 0 53
CRO3 Horizontal Blank End 03h R/W 3B5h/3D5h 0 53
CRO4 Horizontal Sync Start 04h R/W 3B5h/3D5h 0 54
CRO5 Horizontal Sync End 05h R/W 3B5h/3D5h 0 54
CRO6 VerticaTotal 06h R/W 3B5h/3D5h 0 55
CRO7 Overflow 07h R/W 3B5h/3D5h  0/3 55
CRO8 Preset Row Scan 08h R/W 3B5h/3D5h 3 56
CR09 Maximum ScanLine 0%h R/W 3B5h/3D5h  2/4 56
CROA Cursor Start Scan Line OAh R/W 3B5h/3D5h 2 57
CROB Cursor End Scan Line 0Bh R/W 3B5h/3D5h 2 57
CROC Start Address High 0Ch R/W 3B5h/3D5h - 58
CROD Start Address Low ODh R/W 3B5h/3D5h - 58
CROE Cursor Location High OEh R/W 3B5h/3D5h - 58
CROF Cursor Location Low OFh R/W 3B5h/3D5h - 58
CR10 Vertical Sync Start (See Note 2) 10h W or R’'W  3B5h/3D5h 4 59
CR11 Vertical Sync End (See Note 2) 11h Wor R'W 3B5h3D5h  3/4 59
CR10 Lightpen High (See Note 2) 10h R 3B5h/3D5h - 59
CR11 Lightpen Low (See Note 2) 11h R 3B5h/3D5h - 59
CR12 Vertical Display EnableEnd 12h R/W 3B5h/3D5h 4 60
CR13 Offset 13h R/W 3B5h/3D5h 3 60
CR14 Underline Row 14h R/W 3B5h/3D5h 3 60
CR15 Vertical Blank Start 15h R/W 3B5h/3D5h 4 61
CR16 Vertical Blank End 16h R/W 3B5h/3D5h 4 61
CR17 CRT Mode Control 17h R/W 3B5h/3D5h  3/4 62
CR18 LineCompare 18h R/W 3B5h/3D5h 3 63
CR22 Memory Datal atches 22h R 3B5h/3D5h - 64
CR24 AttributeControllerToggle 24h R 3B5h/3D5h - 64

Note 1: When MDA or Herculesemulation is enabled, the CRTC I/O address should be set to 3BOh-3B7h by
setting the |/O address sel ect bit in the Miscellaneous Output register (3C2h/3CCh bit-0) to zero. When
CGA emulationisenabled, the CRTC I/O address should be set to 3D0h-3D7h by setting Misc Output
Register bit-0to 1.

Note 2:

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

registersare write-only (i.e., no read back). In both the EGA and VGA, thelight pen registers are at
index locations conflicting with the vertical sync registers. Thiswould normally prevent reads and writes
from occurring at the sameindex. Sincethelight pen registersare not normally useful, the VGA
provides software control (CRO3 bit-7) of whether the vertical sync or light pen registers are readabl e at
indices 10-11.
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CRT Controller Registers

CRTC INDEX REGISTER (CRX)
Read/Writeat |/O Address3B4h/3D4h

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

- CRTC Index

| Reserved(0)
5-0 CRTC Data Register Index
7-6 Reserved (0)

HORIZONTAL TOTAL REGISTER (CRO00)
Read/Writeat 1/0 Address 3B5h/3D5h

Index 00h

GroupOProtection

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

~ Horizontal Total

This register is used for al 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
determinesthe horizontal sweep rate.

HORIZONTAL DISPLAY ENABLE END
REGISTER (CRO1)

Read/Writeat 1/0 Address 3B5h/3D5h

Index O1h

GroupOProtection

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

~ Horizontal Display

Thisregister isused for all VGA and EGA modeson
CRTs. It isalso used for 640 column CGA modes
and MDA/Hercules text mode. In all 320 column
CGA modes and Hercules graphics mode, the
alternateregister isused.

7-0 Horizontal Display

Number of Characters displayed per scan
line—1.
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CRT Controller Registers

HORIZONTAL BLANK START
REGISTER (CR02)
Read/Writeat 1/0 Address 3B5h/3D5h
Index 02h

GroupOProtection

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

- H Blank Start

This register is used for al 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.

HORIZONTAL BLANK END
REGISTER (CRO03)
Read/Writeat 1/0 Address 3B5h/3D5h
Index 03h

GroupOProtection

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

- H Blank End

- DE Skew Control
Light Pen Register Enable

This register is used for al 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 CRO5 bit-7. Thisbit =
[( CRO2 + W) and 20h]/20h.

6-5 Display Enable Skew Control

Defines the number of character clocks that
the Display Enable signa is delayed to
compensatefor internal pipelinedelays.

7 Light Pen Register Enable

This bit must be 1 for norma operation;
when this bit is 0, CRTC registers CR10
and CR11 function as lightpen readback
registers.
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CRT Controller Registers

HORIZONTAL SYNC START
REGISTER (CR04)
Read/Writeat 1/0 Address 3B5h/3D5h
Index 04h

GroupOProtection

HORIZONTAL SYNC END
REGISTER (CRO05)
Read/Writeat 1/0 Address 3B5h/3D5h
Index 05h

GroupOProtection

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

~ Horizontal Sync End

- Horizontal Sync Start

~ Horizontal Sync Delay
H Blank End Bit 5

This register is used for al 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 isused.

7-0 Horizontal Sync Start

These bits specify the beginning of Hsync in
terems of Character clocks from the

This register is used for al 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 isused.

4-0 Horizontal Sync End

Lower 5 bits of the character clock count
which specifies the end of Horizontal Sync.

beginning of the display scan. These bits
aso determine display centering on the
screen.

If the horizontal sync width desired is N
clocks, then these bits = (N + contents of
CRO04) and 1Fh.

6-5 Horizontal Sync Delay

These bits specify the number of character
clocksthat the Horizontal Syncisdelayed to
compensatefor internal pipelinedelays.

7 Horizontal Blank End Bit 5

This bit is the sixth bit of the Horizonta
Blank End Register (CRO3).
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CRT Controller Registers

VERTICAL TOTAL REGISTER (CRO06)

OVERFLOW REGISTER (CRO07)
Read/Writeat 1/0 Address 3B5h/3D5h

Read/Writeat 1/0 Address 3B5h/3D5h

Index 06h Index 07h
GroupOProtection Group 0 Protection on bits 0-3 and bits 5-7
Group 3 Protection on bit 4
|D7|D6|D5|D4|D3|D2|D1|DO| |D7|D6|D5|D4|D3|D2[D1|DO|
] V Total Bit 8
— V DE End Bit 8

V Sync Start Bit 8

V Blank Start Bit 8
Line Compare Bit 8
V Tota Bit9

V DE EndBit 9

V Sync Start Bit 9

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

Thisregister isused in al modes. Thisregister isused in al modes.
7-0 Vertical Total 0 Vertical Total Bit 8

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

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

Programmed Count = Actual Count —2

~N o 0ok~ WON R
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CRT Controller Registers

PRESET ROW SCAN REGISTER (CRO08)
Read/Writeat 1/0 Address 3B5h/3D5h

Index 08h

Group 3Protection

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

- Start Row Scan Count

~ Byte Panning Control

Reserved(0)

MAXIMUM SCAN LINE REGISTER (CRQ9)
Read/Writeat 1/0 Address 3B5h/3D5h

Index 09h

Group 2 Protection on bits0-4

Group 4 Protection on bits5-7

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

Scan Lines Per Row

V Blank Start Bit 9
Line Compare Bit 9
Double Scan

4-0 Start Row Scan Count 4-0 Scan Lines Per Row
These hits specify the starting row scan These bits specify the number of scan lines
count after each vertical retrace. Every inarow:
horizontal retrace increments the character _
row scan line counter. The horizontal row Programmed Value=Actudl Value-1
scan counter is cleared at maximum row 5  Vertical Blank Start Register Bit 9
scan count during active display. This _ _ _
register is used for soft scrolling in text 6 Line Compare Register Bit 9
modes. 7 Double Scan
6-5 Byte Panning Control 0 Normal Operation
These bits specify the lower order bits for 1 Enablescanlinedoubling
the display start address. They are used for The verticd parameters in the CRT
horizontal panning in Odd/Even and Quad Controller (even for a split screen) are not
modes. affected, only the CRTC row scan counter
7 Reserved (0) (bits 0-4 of this register) and display
memory addressing screen refresh are
affected.
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CRT Controller Registers

CURSOR START SCAN LINE
REGISTER (CROA)
Read/Writeat 1/0 Address 3B5h/3D5h
Index OAh

Group2Protection

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

- Cursor Start Scan Line

— Cursor off

4-0

7-6

| Reserved(0)

Cursor Start Scan Line

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

Cursor Off

0 Text Cursor On
1 Text Cursor Off

Reserved  (0)

CURSOR END SCAN LINE
REGISTER (CROB)
Read/Writeat 1/0 Address 3B5h/3D5h
Index OBh

Group2Protection

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

~ Cursor End Scan Line

~ Cursor Delay
Reserved(0)

4-0 Cursor End Scan Line

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

Programmed Vaue=Actual Vaue+1

6-5 Cursor Deay

These bits define the number of character
clocks that the cursor is delayed to
compensatefor internal pipelinedelay.

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/Writeat 1/0O Address 3B5h/3D5h
Index OCh

CURSOR LOCATION HIGH REGISTER (CROE)
Read/Writeat 1/0O Address 3B5h/3D5h
Index OEh

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

- Display Start Address High
(Upper 8 hits)

~ Text Cursor Address
(Upper 8 bits)

7-0 Display Start Address High 7-0 Text Cursor Location High

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

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
64K byte boundariesrespectively.

START ADDRESS LOW REGISTER (CROD)
Read/Writeat 1/0 Address3B5h/3D5h
Index ODh

CURSOR LOCATION LOW REGISTER (CROF)
Read/Writeat 1/0O Address 3B5h/3D5h
Index OFh

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

~ Display Start AddressLow
(Lower 8 bits)

- Text Cursor Address
(Lower 8 bits)

7-0 Display Start Address Low 7-0 Text Cursor Location Low

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

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
64K byte boundariesrespectively.
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LIGHTPEN HIGH REGISTER (CR10)
Read only at 1/0 Address 3B5h/3D5h
Index 10h

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

LIGHTPEN LOW REGISTER (CR11)
Read only at I/O Address 3B5h/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/Writeat 1/0 Address 3B5h/3D5h

Index 10h

Group4Protection

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

~ V Sync Start
(Lower 8 hits)

This register is used in all modes. This register is
not readablein (Line Comparebit-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
becomesactive.

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

Index 11h

Group 3 Protection for bits4 and 5

Group 4 Protection for bits0-3, 6, and 7

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

V Sync End

V Interrupt Clear

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

This register is 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

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

5 Vertical Interrupt Enable

0 Enablevertical interrupt (default)
1 Disableverticalinterrupt

Thisbitiscleared by RESET.
6 Select Refresh Type

0 3refresh cyclesper scanline
1 5refreshcyclesper scanline

7 Group Protect O

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

0 Enablewritesto CRO0-CRO7
1 Disablewritesto CR0O0-CRO7

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

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

Group4Protection

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

~ V Display Enable End
(Lower 8 hits)

7-0 Vertical Display Enable End

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

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

Group 3Protection

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

- Display Buffer Width

7-0 Display Buffer Width. The byte starting
address of the next display row = Byte Start
Address for current row + K* (CR13 +
Z/2), where Z = hit 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
thisregister isdefinedinthe Auxiliary Offset
register (XROD). This dlows 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/Writeat 1/0 Address 3B5h/3D5h
Index 14h
Group 3Protection

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

Underline Position

Count by 4
DoublewordMode

40

Reserved(0)

Underline Position

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

Programmed Value = Actua scan line
number — 1

Count by 4 for Doubleword Mode

0 Frame Buffer Address is incremented
by 1or2

1 Frame Buffer Address is incremented
by 4 or 2

See CR17 hit-3 for further details.
Doubleword Mode

0 Frame Buffer Addressis byte or word
address

1 Frame Buffer Address is doubleword
address

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

Reserved (0)
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VERTICAL BLANK START
REGISTER (CR15)
Read/Writeat 1/0O Address 3B5h/3D5h
Index 15h

Group4Protection

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

~ V Blank Start
(Lower 8 hits)

Thisregister isused in al modes.
7-0 Vertical Blank Start

These are the 8 low order bits of a 10-bit
register. The 9th and 10th bitsarelocated in
the CRT Controller Overflow and Maximum
Scan Line Registers respectively. Together
these 10 bits define the scan line position

VERTICAL BLANK END
REGISTER (CR16)
Read/Writeat 1/0O Address 3B5h/3D5h
Index 16h

Group4Protection

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

~ V Blank End
(Lower 8 hits)

Thisregister isused in al modes.
7-0 Vertical Blank End

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

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.
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CRT MODE CONTROL REGISTER (CR17) 3 Count By Two
ﬁqeéaeo)l(/\/l\/;”eatI/OAddreSSSBSh/3D5h 0 Memory address counter s
. . i tedevery character clock
Group 3 Protection for bits0, 1, and 3-7 iheremen :
Group 4 Protection for bit 2 1 Memory  address  counter = is

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

Compatibility Mode
——— Select Row Scan Counter
Vsync Select
Count by 2
Reserved(0)

AddressNrap

Word/Byteviode
CRTC Reset

Compatibility Mode Support

This hit 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 activedisplay time

1 Norma operation, no substitution
takesplace

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 activedisplay time

1 Norma operation, no substitution
takesplace

Vertical Sync Select

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

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

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

Increment
CR14 CR17 Addressing
Bit-5 Bit-3 Every
0 0 1 CCLK
0 1 2 CCLK
1 0 4 CCLK
1 1 2 CCLK

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

Reserved (0)

Address Wrap (effective only in word
mode)

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

Word Mode or Byte Mode

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

1 Selectbytemode

Note: This bit is used in conjunction with
CR14 hit-6 to select byte, word, or double
word memory addressing asfollows:

CR14 CR17

Bit-6  Bit-6 AddressingMode
0 0 WordMode
0 1 ByteMode
1 0 DoubleWord Mode
1 1 DoubleWord Mode

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

CRTC Reset

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

Thisbit iscleared by RESET.
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Display memory addresses are affected by CR17 bit

CRT Controller Registers

6 as shown in the table below:

Logical Physica Memory Address

Memory Byte Word DoubleWord

Address Mode Mode Mode
MAOQO AO0O Note 1 Note 2
MAO1 A0l A00 Note 3
MAOQO2 A02 A0l AOQ0
MAO3 AO03 A02 A0l
MAO4 A04 AO03 A02
MAO5 A05 A04 AO03
MAO6 AO06 A05 A04
MAOQ7 AO07 A06 A05
MAO8 A08 AOQ7 A06
MAOQO9 A09 A08 AO07
MA10 Al0 A09 A08
MA11 All A10 A09
MA12 Al2 All Al10
MA13 Al3 Al2 All
MA14 Al4 Al3 Al2
MA15 Al5 Al4 Al3

Note1 = A13* NOT CR17 hit5

+A15* CR17 bit5

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

LINE COMPARE

REGISTER (CR18)

Read/Writeat 1/0 Address 3B5h/3D5h
Index 18h

Group 3Protection

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

~ Line Compare Target

(Lower 8 hits)

7-0

Line Compare Target

These are the low order 8 bits of a 10-bit
register. The 9th and 10th bitsare located in
the CRT Controller Overflow and Maximum
Scan Line Registers, respectively. This
register is used to implement a split screen
function. When the scan line counter value
is equal to the contents of this register, the
memory address counter isclearedto 0. The
display memory address counter then
sequentially addresses the display memory
starting at address 0. Each subsequent row
address is generated by the addition of the
Offset Register contents. Thisregister isnot
affected by the double scanning bit (CR09
bit 7).
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MEMORY DATA LATCH
REGISTER (CR22)

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

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

DataLatch n Bit 7
DatalLatchnBit 6
DataLatchnBit5
DataLatch n Bit 4
DataLatch n Bit 3
DataLatch n Bit 2
DataLatch n Bit 1
DataLatchnBit 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 I/0O Address 3B5h/3D5h

Index 24h

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

- Reserved(0)

— Index (0) / Data (1)

6-0 Reserved (0)
7 Index/Data

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

0 Nextwriteistotheindex
1 Nextwriteistoanindexed register

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

This is a standard VGA register which was not
documented by IBM.
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Graphics Controller Registers
Register /0 Protect
Mnemonic Register Name Index Access Address Group Page
GRX Graphics Index - R/W 3CEh 1 65
GRO0O Set/Reset 00h R/IW 3CFh 1 65
GRO1 Enabl eSet/Reset 01h R/IW 3CFh 1 66
GR02 Color Compare 02h R/W 3CFh 1 66
GRO3 DataRotate 03h R/IW 3CFh 1 67
GR04 Read Map Select 04h RIW 3CFh 1 67
GRO05 Graphics mode 05h R/W 3CFh 1 68
GRO06 Miscellaneous 06h R/W 3CFh 1 70
GRO7 Color Don't Care 07h R/W 3CFh 1 70
GRO8 BitMask 08h R/IW 3CFh 1 71

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

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

——— | Indexto Graphics
~ Controller Data
| Registers

- Reserved(0)

3-0 4-bit Index to Graphics Controller

Registers
7-4 Reserved (0)

SET/RESET REGISTER (GRO0O0)
Read/Writeat |/O Address3CFh
Index O0h

Group 1Protection

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

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

Reserved(0)

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

3-0 Set / Reset 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 hit in this register. The
Enable Set/Reset register (GR01) allows
selection of some of the source of datato be
written to individual planes. In Write Mode
3 (see GRO05), these bits determine the color

value.

7-4 Reserved (0)
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ENABLE SET/RESET REGISTER (GRO01)
Read/Writeat 1/0 Address3CFh

Index O1h

Group 1 Protection

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

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

- Reserved(0)

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 planeis set to O or
1 asspecified in the Set/Reset Register

7-4 Reserved (0)

COLOR COMPARE REGISTER (GR02)
Read/Writeat 1/0 Address3CFh

Index 02h

Group 1 Protection

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

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

Reserved(0)

3-0 Color Compare Planes 3-0

This register is used to 'reduce’ 32 bhits of
memory data to 8 bits for the CPU in 4-
plane graphics mode. These bits provide a
reference color valueto compareto dataread
from display memory planes 0-3. The Color
Don't Care register (GRO7) is used to affect
the result. Thisregister is active only if the
Graphics Mode register (GRO5) is set to
Read Mode 1. A match between the
memory dataand the Color Compareregister
(GR0O2) (for the bits specified in the Color
Don't Care register) causes alogical 1 to be
placed on the CPU data bus for the
corresponding data bit; amis-match returns
alogical 0.

7-4 Reserved (0)
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DATA ROTATE REGISTER (GRO03)
Read/Writeat 1/0 Address3CFh

Index 03h

Group 1Protection

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

Rotate Count O
Rotate Count 1
Rotate Count 2

Function Select

Reserved(0)

2-0

7-5

Data Rotate 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. Therotatefunctionisactiveonly if
the Graphics Mode register is programmed
for WriteModeO.

Function Select

These Function Select bits specify thelogical
function performed on the contents of the
processor latches (loaded on a previous
CPU read cycle) before the dataiswritten to
display memory. These bits operate as
follows:

Bit4 Bit3 Result
0 0 No changeto the Data
0 1  Logical 'AND' between Data
andlatched data
1 0O Logica 'OR' between Data
1 1

andlatched data
Logica "XOR' between Data
andlatched data

Reserved (0)

READ MAP SELECT REGISTER (GRO04)
Read/Writeat 1/0O Address3CFh

Index 04h

Group 1 Protection

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

Read Map Select O
— Read Map Select 1

- Reserved(0)

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 graphicsmode. These bits select the
memory plane from which the CPU reads
data in Read Mode 0. In Odd/Even mode,
bit-0 isignored. In Quad mode, bits0 and 1
are both ignored.

The four memory maps are selected as

follows:
Bitl Bit0 MapSelected
0 0 Plane 0
0 1 Plane 1
1 0 Plane 2
1 1 Plane 3

7-2 Reserved (0)
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GRAPHICS MODE REGISTER (GRO05)
Read/Writeat 1/0O Address3CFh

Index 05h

Group 1Protection

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

—] WriteMode
Reserved(0)
ReadMode

Odd/EverMode

Shift Register Mode

Reserved(0)

1-0 Write Mode

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

10
00

Write Mode

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.

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 al read
operations.

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

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

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 vaue specified in the
Set/Reset register.

The Enable Set/Reset register is
ignored. The Data Rotate is used.
Thiswrite 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
Selectregister.

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 alogical 1 if a match occurs for
each pixel and logical 0 if amis-match
occurs. In 16-bit read cycles, this
operation is repeated on the lower and
upper bytes.

(Continued onfollowing page)
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4 Odd/Even Mode
0 All CPU addresses sequentially accessall planes

1 Even CPU addresses access planes 0 and 2, while odd CPU addresses access planes 1 and 3. This
optionisuseful for compatibility withthe|BM CGA memory organization.

6-5 Shift Register Mode

These two bits select the data shift pattern used when passing data from the four memory planes through
the four video shift registers. If data bits 0-7 in memory planes 0-3 are represented as MOD0O-MOD?7,
M1D0-M1D7, M2D0-M2D7, and M3D0-M3D7 respectively, then the datain the serial shift registersis
shifted out asfollows:

LastBit 1st Bit Out-
Shifted Shift Shifted put
65 Out Direction —» Out to:

00: MODO MOD1 MOD2 MOD3 MOD4 MOD5 MOD6 MOD7 BitO
M1D0O M1D1 M1D2 M1D3 M1D4 M1D5 M1D6 M1D7 Bit1
M2D0 M2D1 M2D2 M2D3 M2D4 M2D5 M2D6 M2D7 Bit 2
M3D0O M3D1 M3D2 M3D3 M3D4 M3D5 M3D6 M3D7 Bit 3

01: Mi1DO M1D2 M1D4 M1D6 MODO MOD2 MOD4 MODG6 BitO
MibD1 M1D3 M1D5 M1D7 MOD1 MOD3 MOD5 MOD7 Bit1
M3DO M3D2 M3D4 M3D6 M2D0 M2D2 M2D4 M2D6 Bit 2
M3D1 M3D3 M3D5 M3D7 M2D1 M2D3 M2D5 M2D7 Bit 3

Ix: M3D0O M3D4 M2D0 M2D4 M1DO M1D4 MODO MOD4 BitO
M3D1 M3D5 M2D1 M2D5 M1D1 M1D5 MOD1 MOD5 Bit1
M3D2 M3D6 M2D2 M2D6 M1D2 M1D6 MOD2 MODG6 Bit 2
M3D3 M3D7 M2D3 M2D7 M1D3 M1D7 MOD3 MOD7 Bit 3

Note: 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 0 and so on. This allows one to have alarge monochrome (or 4 color) bit map and
display one portion thereof.

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

Ox and XR28 hit-4=1: M3D0O M2D0O M1DO MODO BitO
M3D1 M2D1 M1D1 MOD1 Bit1
M3D2 M2D2 M1D2 MOD2 Bit 2
M3D3 M2D3 M1D3 MOD3 Bit 3
M3D4 M2D4 M1D4 MOD4 Bit4
M3D5 M2D5 M1D5 MOD5 Bit5
M3D6 M2D6 M1D6 MODG6 Bit 6
M3D7 M2D7 MI1D7 MOD7Y Bit7

7 Reserved (0)
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MISCELLANEOUS REGISTER (GRO06)
Read/Writeat 1/0 Address3CFh

Index 06h

Group 1Protection

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

Graphicd/TextMode
Chain Odd/Even Planes

[~ Memory Map Mode

- Reserved(0)

3-2

7-4

GraphicdText Mode

0 TextMode
1 Graphics mode

Chain Odd/Even Planes

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

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

A0 =0: select planes0and 2
AO=1: selectplanesland 3

0 AOnotreplaced
Memory Map Mode

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

Bit 3 Bit 2 CPU Address

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

Reserved (0)

COLOR DON'T CARE REGISTER (GRQ7)
Read/Writeat 1/0O Address3CFh

Index 07h

Group 1 Protection

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

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

Reserved(0)

3-0 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. Thisregister is activein
Read Mode 1 only.

7-4 Reserved (0)
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BIT MASK REGISTER (GRO08)
Read/Writeat 1/0 Address3CFh
Index 08h

Group 1Protection

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

- Bit Mask
O=Immune to change
1=Changepermitted

7-0 Bit Mask

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

0 The corresponding bit in each of the
four memory planes is written from
the corresponding bit inthelatches

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

Attribute Controller and VGA Color Palette Registers

Register /0 Protect
Mnemonic Register Name Index Access Address Group Page
ARX AttributeIndex (for 3C0/3C1h) - R/W 3C0h 1 73
ARO0-AROF AttributeController Color Data 00-O0Fh R/W 3COhW3Cih 1 74
AR10 ModeControl 10h R/W 3COh/3Cilh 1 74
AR11 OverscanColor 11h R/W 3COh3Cih 1 75
AR12 Color PlaneEnable 12h R/W 3COh3Cih 1 75
AR13 Horizontal Pixel Panning 13h R/W 3COh/3Cih 1 76
AR14 Pixel Pad 14h R/W 3COh/3Clh 1 76
DACMASK Color Palette Pixel Mask - R/W 3C6h 6 77
DACSTATE Color Palette State - R 3C7h - 77
DACRX Color Pal ette Read-M ode I ndex - w 3C7h 6 78
DACX Color Palette Index (for 3C9h) - R/W 3C8h 6 78
DACDATA ColorPaetteData 00-FFh  R/W 3C%h 6 78
In regular VGA mode, all Attribute Controller ATTRIBUTE INDEX

registers are located at the same byte address (3C0h) REGISTER (ARX)

inthe CPU 1/0O space. Aninternal flip-flop controls Read/Writeat 1/0 Address 3COh

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

Registers. To select the Index Register, an 1/0 Read

is executed to address 3BAh/3DA to clear thisflip-

flop. After the Index Register has been loaded by an [D7[D6[D5|D4|D3|D2|D1|DY)

1/O Write to address 3COh, this flip-flop toggles, and T

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

Write to address 3COh toggles this flip-flop. The | Attribute Controll
flip-flop does not have any effect on the reading of rioute tontrofler
the Attribute Controller registers. The Attribute Data Registers
Controller index register is aways read back at |

address 3CO0h, the data register is aways read back EnableVideo

at address 3C1h. N

In one of the extended modes (See "CPU Interface - Reserved(0)

Register"), the Attribute Controller Index register is
located at address 3C0Oh and the Attribute Controller
Data register is located at address 3C1h (to alow
word 1/0 accesses). In another extended mode, the
Attribute Controller can be both read and written at
either 3COh or 3C1h (EGA compatible mode).

The VGA color palette logic is used to further
modify the video color output following the attribute
controller color registers. The color palette logic is
contained on-chip, however an external color palette
chip may still be used by disabling the internal color
palette (see XR06). DAC logic is provided on-chip
(or in the externa 'RAMDAC' chip if used) to
convert the final video output of the color palette to
anadlog RGB outputs for use in driving a CRT

display.

4-0 Attribute Controller Index

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

5 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 beinaccessibleto the CPU

7-6 Reserved (0)
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ATTRIBUTE CONTROLLER 2  Enable Line Graphics Character Codes
COLOR REGISTERS (ARO0O-AROF o . .
Read at I/O Address 3C1h ( ) Thl_sSt bit is dependent on bit O of the Override
Writeat I/O Address3C0/1h register.

Index 00-OFh _ 0 Make the ninth pixel appear the same
Group 1 Protection or XR63 bit-6 asthe background

1 For specia line graphics character
[07|D6|D5|D4|D3|D2[D1[DO| codes (OCOh-ODFh), make the ninth

Blue pixel identical to the eighth pixel of the
Green character. For other characters, the
ninth pixel is the same as the
Red background.
SecondaryBlue . .
SecondaryGreen 3 EnableBlink/Select Background I ntensity
SecondaryRed The blinking counter is clocked by the
l VSYNC signal. The Blink frequency is
defined in the Blink Rate Control Register
Reserved(0) (XR60).
5-0 Color Value 0 DisableBlinking and enabletext mode

These bits are the color vaue in the backgroundintensity

respective attribute controller color register 1 Enable the blink attribute in text and
aspointed to by the attribute index register. graphics modes.
7-6 Reserved (0) 4 Reserved (0)

5  Split Screen Horizontal Panning Mode

0 Scroll both screens horizontally as
ATTRIBUTE CONTROLLER specified inthe Pixel Panning register

MODE CONTROL REGISTER (AR10) 1 Scroll horizontally only the top screen
Read at 1/0 Address 3C1h as specified in the Pixel panning
Writeat I/O Address3C0/1h register

Index 10h 6 256 Color Output Assembler

Group 1Protection _ _ _
0 6-bits of video (trandlated from 4-bits

by theinternal color palette) are output
every dot clock

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

Text/GraphicsMode 1 Two 4-hit sets of video data are
Mono/Color Display assembled to generate 8-bit video data
Enable Line Graphics at half thefrequency of theinternal dot
Select Background clock (256 color mode).
Reserved(0) 7  Video Output 5-4 Select
Horizontal Split Sc
250(: (Z;)Tor Split Screen 0 Videobits4and5 aregenerated by the
. internal  Attribute Controller color
Video Output 4-5 Select pal etteregisters
0 Text/Graphics Mode 1 Video hits4 and 5 are the same as hits
0 Sdlecttext mode 0 and 1 in the Pixel Pad register
1 Selectgraphicsmode (AR14)

1 Monochrome/Color  Display

0 Selectcolordisplay attributes
1 Selectmonodisplay attributes
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OVERSCAN COLOR REGISTER (AR11)
Read at /O Address3C1h Read at /0 Address3C1h
Writeat |/O Address 3C0/1h Writeat |/O Address3C0/1h
Index 11H Index 12h

Group 1Protection Group 1Protection

COLOR PLANE ENABLE REGISTER (AR12)

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

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

- Overscan Color

Display Status Select

Reserved(0)

7-0 Overscan Color 3-0 Color Plane (3-0) Enable

These 8 hits 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

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

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

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).

5-4 Display Status Select

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

Status Register 1
Bit 5 Bit 4 Bit 5 Bit 4

0 0 P2 PO
0 1 P5 P4
1 0 P3 P1
1 1 P7 P6

7-6 Reserved (0)
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ATTRIBUTE CONTROLLER HORIZONTAL
PIXEL PANNING REGISTER (AR13)
Read at I/0O Address3C1h

Write At 1/0 Address 3C0/1h

Index 13h

Group 1 Protection

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

———| Horizontal
- Pixel Panning

~ Reserved(0)

3-0 Horizontal Pixel Panning

These bits select the number of pixelsto shift
the display horizontaly to the left. Pixel
panning isavailablein both text and graphics
modes. In 9 pixel/character text mode, the
output can be shifted amaximum of 9 pixels.
In 8 pixel/character text mode and all
graphics modes a maximum shift of 8 pixels
is possible. In 256-color mode (output
assembler AR10 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
CRO08 provides single pixel resolution for
panning. Panning is controlled asfollows:

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

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

7-4 Resarved (0)

ATTRIBUTE CONTROLLER
PIXEL PAD REGISTER (AR14)
Read at /0 Address3C1h

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

Index 14h

Group 1 Protection

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

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

Reserved (0)

1-0 Video Bits 5-4

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 asvideo bits7and 6 in
al modes except 256-color mode.

7-4 Reserved (0)
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COLOR PALETTE COLOR PALETTE
PIXEL MASK REGISTER (DACMASK) STATE REGISTER (DACSTATE)
Read/Writeat 1/0 Address3Céh Read only at 1/0 Address 3C7h

Group6Protection

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

Pixel Mask Bit-0 Palette State O
Pixel Mask Bit-1 L Paette State 1
Pixel Mask Bit-2 I

Pixel Mask Bit-3
Pixel Mask Bit-4
Pixel Mask Bit-5 - Reserved(0)
Pixel Mask Bit-6
Pixel Mask Bit-7

The contents of this register are logically ANDed 1-0 Palette State 1-0

with the 8 bits of video data coming into the color e

palette. Zero bitsin thisregister therefore cause the gg&’iﬁ:i'&?ﬁg ggroerllla(alj gt(ilg_reﬁs of thelast
corresponding address input to the color palette to be .

zero. For example, if this register is programmed 00 The last write was to 3C8h
with 7, only color palette registers 0-7 would be (writemode)
accessible; video output bits 3-7 would be ignored ;
and al color values would map into the lower 8 11 z;ggdlr?]gdg)v rite was to 3C7h

locationsinthecolor palette.
7-2 Reserved (0)

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

READ-MODE INDEX REGISTER (DACRX)
Writeonly at 1/0O Address 3C7h

Group6Protection

COLOR PALETTE

INDEX REGISTER (DACX)
Read/Writeat 1/0 Address 3C8h
Group6Protection

|D7|D6|D5|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

There is only one palette index register. There are
two ports used to access it (3C7h and 3C8h),
however, and the action taken by the chip isdifferent
depending on which port is used for the access. The
nature of thisdifferenceisin the auto-incrementation
of the index register. Refer to the explanation at
right under the Palette Data Register for additional
details.

COLOR PALETTE

DATA REGISTERS (DACDATA O00-FF)
Read/Writeat 1/0O Address3C9h

Index 00Oh-FFh

Group6Protection
[D7]p6[D5[D4[D3[D2]D1]Do)| Access
ist 2nd 3rd
Red0 Green0 BlueO
Redl Greenl Bluel
Red2 Green2 Blue2
Red3 Green3 Blue3
Red4 Green4 Blue4
Red5 Green5 Blue5
— Reserved (RIW) —
— Reserved (RIW) —

The palette index register points to one of 256 data
registers. Each data register is 18 hits in length (6
bits each for red, green, and blue), so 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 palette data port
(3C9N) in sequence: first red, then green, then blue,
then repeat for the next location if desired (the index
isincremented automatically by thepal ettelogic).

The index may be written at 3C7h and read or
written at 3C8h. When the index value is written to
either port, it iswritten to both the index register and
a 'save register. The save register (not the index
register) is used by the paette logic to point to the
current data register. When the index vaue is
written to 3C7h (read mode), it is written to both
index and save registers, then the index register is
automaticallyincremented. When the index vaue is
written to 3C8h (write mode), theautomaticincre-
menting of the index register does not occur.

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

The state of the RGB sequenceis not saved; the user
must access each three bytes in an uninterruptible
sequence (or be assured that interrupt service will not
access the palette index or dataregisters). When the
index register iswritten (at either port), the RGB se-
guence is restarted. Data 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.
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Extension Registers

Register Register 1/0 State After
Mnemonic__ Group Extension Register Name Index Access Address  Reset Page |
XRX -- ExtensionIndex -- R/W 3D6h - XXXXXXX 81
XR00 Misc Chip Version 00h RO 3D7h 1100rrrr 81
XR01 Misc Configuration 01h RO 3D7h dddddddd 82
XR02 Misc CPU Interface Control 1 02h R/W 3D7h 00000-00 83
XR03 Misc CPU Interface Control 2 03h R/W 3D7h ¢+00°°10 83
XR04 Misc Memory Control 1 04h R/W 3D7h -00--000 84
XR05 Misc Memory Control 2 05h R/W 3D7h «0+00000 84
XR06 Misc Palette Control 06h R/W 3D7h 00000000 85
XROE Misc Text Mode Control OEh R/W 3D7h ----00-- 87
XR28 Misc Vided nterface 28h R/W 3D7h 0000--0- 98
XR29 Misc Half-LineCompare 29h R/W 3D7h  XXXXXXXX 98
XR70 Misc Setup / Disable Control 70h R/W 3D7h 0------- 130
XR72 Misc External Devicel/O 72h R/W 3D7h 00000000 131
XR73 Misc DPMS Control 73h R/W 3D7h ----0000 132
XR7F Misc Diagnostic 7Fh R/W 3D7h 00xxxx00 133
XR08 Mapping Linear AddressingBase 08h R/W 3D7h XXXXXe®ee 85
XROB Mapping CPU Paging 0Bh R/W 3D7h --00-000 86
XROC Mapping Start Address Top 0Ch R/W 3D7h ------ X X 86
XR10 Mapping Single/Low Map 10h R/W 3D7h  XXXXXXXX 89
XR11 Mapping High Map 11h R/W 3D7h  XXXXXXXX 89
XROF Software Flags ~ Software Flags O OFh R/W 3D7h  XXXXXXXX 88
XR2B SoftwareFlags ~ Software Flags 1 2Bh R/W 3D7h 00000000 99
XR44 SoftwareFlags ~ Software Flags 2 44h R/W 3D7h xxxxxxxx 108
XR45 Software Flags ~ Software Flags 3 45h R/W 3D7h xxxxxxxx 108
XR14 Compatibility Emulation Mode 14h R/W 3D7h 0000hhOO 90
XR15 Compatibility Write Protect 15h R/W 3D7h 00000000 91
XR1F Compatibility Virtual EGA Switch 1Fh R/W 3D7h 0---XXXX 96
XR7E Compatibility CGA/Hercules Color Select 7Eh R/W 3D7h - -xxxxxx 133
XR30 Clock Clock Divide Control 30h R/W 3D7h  eeeexxxx 102
XR31 Clock Clock M-Divisor 31h R/W 3D7h e x X XXXXX 102
XR32 Clock Clock N-Divisor 32h R/W 3D7h e xXXXXXX 103
XR33 Clock Clock Control 33h R/W 3D7h <0000+ 104
XR3A MultiMedia Color Key 0 3Ah R/W 3D7h xxxxxxxx 105
XR3B MultiMedia Color Key 1 3Bh R/W 3D7h xxxxxxxx 105
XR3C MultiMedia Color Key 2 3Ch R/W 3D7h xxxxxxxx 106
XR3D MultiMedia Color Key Mask 0 3Dh R/W 3D7h xxxxxxxx 106
XR3E MultiMedia Color Key Mask 1 3Eh R/W 3D7h xxxxxxxx 107
XR3F MultiMedia Color Key Mask 2 3Fh R/W 3D7h  xxxxxxxx 107
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
h = Read-only Hercules Configuration Register Readback bits

r = Chip revision # (starting from 0000)

» = Reserved (read/write, reset to 0)
0/1 = Reset to 0 or 1 by falling edge of RESET
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Extension Registers
Register Register 1/10 State After
Mnemonic__ Group Extension Register Name Index Access Address  Reset Page |
XROD Alternate Auxiliary Offset 0Dh R/W 3D7h - ----- X X 87
XR16 Alternate Vertical Overflow 16h R/W 3D7h «0+0-000 92
XR17 Alternate Horizontal Overflow 17h R/W 3D7h «0000000 92
XR18 Alternate Alternate Horizontal Display End 18h R/W 3D7h  XXXXXXXX 93
XR19 Alternate Alternate H Sync Start 19h R/W 3D7h  XXXXXXXX 93
XR1A Alternate Alternate Horizontal Sync End 1Ah R/W 3D7h  XXXXXXXX 94
XR1B Alternate Alternate Horizontal Total 1Bh R/W 3D7h  XXXXXXXX 94
XR1C Alternate Alternate H Blank Start / H Panel Size 1Ch R/W 3D7h  XXXXXXXX 95
XR1D Alternate Alternate Horizontal Blank End 1Dh R/W 3D7h  OXXXXXXX 95
XR1E Alternate AlternateOffset 1Eh R/W 3D7h  XXXXXXXX 96
XR24 Alternate Alternate Maximum Scan Line 24h R/W 3D7h e e e XXXXX 97
XR25 Alternate Alternate Text Mode H Virtual Panel Size 25h R/W 3D7h  XXXXXXXX 97
XR26 Alternate Alternate Horizontal Sync Start Register 26h R/W 3D7h  XXXXXXXX 97
XR64 Alternate AlternateVertical Total 64h R/W 3D7h xxxxxxxx 126
XR65 Alternate AlternateOverflow 65h R/W 3D7h xxxsexxx 126
XR66 Alternate Alternate Vertical Sync Start 66h R/W 3D7h xxxxxxxx 127
XR67 Alternate Alternate Vertical Sync End 67h R/W 3D7h e e e exxXxX 127
XR2C Flat Panel FLM Delay 2Ch R/W 3D7h XX XXXXXX 99
XR2D Flat Panel LP Delay (Comp Disabled) 2Dh R/W 3D7h xxxxxxxx 100
XR2E Flat Panel LP Delay (Comp Enabled) 2Eh R/W 3D7h xxxxxxxx 100
XR2F Flat Panel LP Width 2Fh R/W 3D7h XXX XXXXX 101
XR4F Flat Panel Panel Format Register 2 4Fh R/W 3D7h xxeeexxx 109
XR50 Flat Panel Panel Format Register 1 50h R/W 3D7h xxxxxxxx 110
XR51 Flat Panel Display Type 51h R/W 3D7h 000-.0000 111
XR52 Flat Panel Power Down Control 52h R/W 3D7h 00000000 112
XR53 Flat Panel Panel Format Register 3 53h R/W 3D7h .00000x0 113
XR54 Flat Panel Panel Interface 54h R/W 3D7h xxxxxxxx 114
XR55 Flat Panel Horizontal Compensation 55h R/W 3D7h xxxeexxx 115
XR56 Flat Panel Horizontal Centering 56h R/W 3D7h xxxxxxxx 116
XR57 Flat Panel Vertical Compensation 57h R/W 3D7h xxxxxxxx 117
XR58 Flat Panel Vertical Centering 58h R/W 3D7h xxxxxxxx 118
XR59 Flat Panel Vertical Line Insertion 5%h R/W 3D7h xxxexxxx 118
XR5A Flat Panel Vertical Line Replication 5Ah R/W 3D7h  eeeexxxx 119
XR5B Flat Panel Panel Power Sequencing Delay 5Bh R/W 3D7h 10000001 119
XR5C Flat Panel Activity Timer Control 5Ch R/W 3D7h 0Ox e xXXXX 120
XR5D Flat Panel FP Diagnostic 5Dh R/W 3D7h 00000000 121
XR5E Flat Panel M (ACDCLK) Control 5Eh R/W 3D7h XXX XXXXX 122
XR5F Flat Panel Power Down Mode Refresh 5Fh R/W 3D7h xxxxxxxx 122
XR60 Flat Panel Blink Rate Control 60h R/W 3D7h 10000011 123
XR61 Flat Panel SmartMap™ Control 61h R/W 3D7h xxxxxxxx 124
XR62 Flat Panel SmartMap™ Shift Parameter 62h R/W 3D7h xxxxxxxx 125
XR63 Flat Panel SmartMap™ Color Mapping Control 63h R/W 3D7h x1xxxxxx 125
XR68 Flat Panel Vertical Panel Size 68h R/W 3D7h xxxxxxxx 128
XR6C Flat Panel Programmable Output Drive 6Ch R/W 3D7h ..0000d- 128
XR6E Flat Panel Polynomial FRC Control 6Eh R/W 3D7h 10111101 129
XR6F Flat Panel Frame Buffer Control 6Fh R/W 3D7h Qeeeee00 129
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 faling edge of RESET

h = Read-only Hercules Configuration Register Readback bits
r = Chip revision # (starting from 0000)

» = Reserved (read/write, reset to 0)
0/1 = Reset to 0 or 1 by falling edge of RESET
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EXTENSION INDEX REGISTER (XRX)
Read/Writeat /O Address3D6h

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

Index to
———— |- Extension Registers

— Reserved(0)

6-0 Index value used to access the extension

registers
7 Reserved (0)

CHIPS VERSION REGISTER (XRO00)
Read only at I/O Address 3D7h
Index 00h

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

- Chip Revision

- Chip Type

7-0 Chip Version - Chip Versions start at COh
and areincremented for every silicon step.
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CONFIGURATION REGISTER (XRO01)
Read only at I/O Address 3D7h
Index O1h

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

CFGO / LB# BusType
CFG1 / ISA# BusType
CFG2 / 2X#: CPU Clk Sele
CFG3 /| RC# ROMCSH# Cti
CFG4 /| EC#: Int/Ext Clocl
CFG5 / OS#: Osc Source
CFG6: Unassigned t
CFG7 /| TS# Test Mode Cti

These bits latch the state of memory address bus A
(AA bus) bits 0-7 on the faling edge of RESET.
The state of bits 0-7 after RESET effect chip internal
logic as indicated below. During RESET, interna
pullups are enabled for AA[7:0] and hence the status
of these bits will be high if no external pull-down
resistors are present on these pins.

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

1-0 CFG1.0 - CPU Bus Type

00 Reserved

01 ISA bus

10 Force Loca bus. The sate of
|OCS16#, MCS16#, and ZWS# pins
during RESET determines the bus
type asfollows:

BCFG2 BCFG1 BCFGO
Pin40 Pin39 Pin38 Bus
|OCS16# MCS16# ZWSH Type CCLK

L X X Reserved -
H L L 386-32 2x
H L H 386-16 2x
H H L 486-32 1x/2x
H H H 486-16 1x/2x

11 Autoselect. If ALE islow at RESET,
then ISA bus is selected otherwise
Loca bus is selected per BFG2-0 as
shown in the table above.

Internal  pull-ups are enabled on the
|OCS16#, MCS16#, and ZWSH# pins when
RESET is active. When RESET goes low,

automatically, and when CCLK = 1x,
pipeline mode is disabled. When the 486
Local Bus interface is selected (BCFG2-
0=110 or 111) and XRO01[2]=0, the
functions of RDY (pin 37) and MEMW#
(pin 34) areredefined as:

BCFG  XRO1[2] Pin34 Pin37
210 LBClkSdect MEMW# RDY

110 0 CPURST LRDY#
111 0 CPURST LRDY#

CFG2 - Local Bus CPU Clock Select

0 2x CPU Clock is input to the 65535
on the CCLK pin

1 1x CPU Clock is input to the 65535
on CCLK pin

This bit is meaningful for 386 / 486 local
bus only and isignored for other buses.

CFG3 - ROMCS# | ZWSH# Select T

0 ROMCS# output on ZWSH (pin 38)
1 ZWSH output on ZWSH pin (pin 38)

This bit is meaningful for ISA bus only. It
isignored for other buses (pin 38 has other
defined functions). Note that pin 38 can
aso be defined as an IRQ output (over-
riding the setting of thisbit) via XR72 bit-0.

CFG4 - Internal / External Clock Select

0 External Clock Chip (pin 6 ADDHI =
VCLK in, pin 155 XTALI = MCLK
in, & GPIO0-1=CLKSELO-1 out)

1 Interna Clock Synthesis
(pin6functionsas ADDHI)

CFG5 - Oscillator Source Select

0 External Clock drivesXTALI pin 155
1 Series resonant Crystal connected to
XTALI and XTALO (pins155-156)

CFG 6 - Unassigned t

CFGTY - Clock Core Test Mode Control

0 Enable clock core test mode. Output
MCLK on A23 (pin 5) and VCLK on
ADDHI (pin6)

1 Disableclock coretest mode

the IOCS16# pin is tri-stated for local buses
and the MCS16# and ZWSH# pins are Tri-
Stated for local buses except 486-16. When
CCLK = 2x, pipeline mode is detected

t CHIPS BIOS supports a feature which allows
'hardware' selection of one of four panels via a 2-hit
code presented on CFG3 and CFG6. Thisfeatureis
usable in local bus mode only since CFG3 has a
defined hardware functionin ISA bus mode.

Revison 2.0

82

65535



Extension Registers

CPU INTERFACE CTRL REGISTER 1 (XR02)
Read/Writeat /O Address3D7h
Index 02h

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

Enable 16-bit Mem Access
Digital Monitor Mode
Reserved(0)

Attribute Controller
Mapping
10-hit1/OAddressDecode

83C6-83C9 Palette Decode

7

Attribute FF Status (R/O)

8 / 16-bit CPU Memory Access

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

Digital Monitor Clock Mode

0 Norma (clk 0-1=25,28 MH2)
(default)

1 Digital Monitor (clk 0-1=14,16MHz)
14MHz = 56MHz + 4 or 28MHz + 2
16MHz =50MHz + 3

Reserved (0)

Attribute Controller Mapping

00 Write Index and Data at 3COh. (8-bit
accessonly) (default - V GA mapping)

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

10 Write Index and Data at 3COh/3C1h
(8-bit accessonly) (EGA mapping)

11 Reserved

/O Address Decoding

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

1 Decode only lower 10 bits of 1/0O
address. This affects the following
addresses: 3B4h, 3B5h, 3B8h,
3BAh, 3BFh, 3COh, 3C1lh, 3C2h,
3C4h, 3C5h, 3CEh, 3CFh, 3D4h,
3D5h, 3D8h, 3D9h, and 3DAh.

Palette Address Decoding
0 Externa palette registers can be
accessed only at 3C6h-3C9h (default)
1 External paette registers can be
accessed at both 3C6h-3C9h and
83C6h-83C9h  (for
pal ettechips)

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

Brooktree-type

CPU INTERFACE CTRL REGISTER 2 (XR03)
Read/Writeat |/O Address3D7h
Index 03h

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

Palette Write Shadow

- Reserved(0)

— Palette RDY Response
— Diagnostic (Set to 0)

| Reserved(0)

0 Palette Write Shadow

0 Chip responds normally to Palette
Write accesses (LDEV#isreturned for
VL-Busaccesses)

1 Palette write commands are executed
internally but the chip does not
respond externally (LDEV# is not
returned for VL-Bus accesses). This
conforms to VL-Bus "Pdette
Shadowing" requirements as it forces
the access to be passed on to the ISA
bus where add-in cards may be
shadowing theVGA color palette data.
Thisbit should normally be set to 1.

31 Reserved (0)

4 | SA Bus Palette Access RDY Response

0 Hold off the CPU using RDY for
pal ette accesses (read or write to 3C6-
3Coh).

1 Do not hold off the CPU using RDY
for palette accesses (read or write to
3C6-3C9h)

The internal RAMDAC has a minimum
specification for time between accesses. A
faster CPU is more likely to violate this
specification, so it is normally required to
add delay between accesses in software.
Thisbit may be set to 0 to effectively createa
CPU-transparent delay, however this is not
compatible with some systems. some
systemsignore RDY for palette accesses, so
for those systems, this bit must be set to 1.

5 Diagnostic (R/W but should be set to 0)
7-6 Reserved (0)
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MEMORY CONTROL REGISTER 1 (XR04)
Read/Writeat |/O Address3D7h

Index 04h
|D7|D6|D5|D4|D3|D2|D1[DO|
T Memory Configuration
: Memory Wraparound Ctrl
T Reserved(0)
— WriteBuffer Enable
I Reserved(0)

1-0 Memory Configuration

00 32-bit memory data path. Memory
databusison MAD15-0 & MBD15-0.

01 16-bit data path. The memory data
busis on MAD15-0.

10 Reserved

11 Reserved

2 Memory Wraparound Control

This bit enables bits 16-17 of the CRT
Controller address counter (default = 0 on
reset).

0 Disable CRTC addr counter bits16-17
1 Enable CRTC addr counter bits16-17

4-3 Reserved (0)

5 CPU Memory Write Buffer

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

7-6 Reserved (0)

Memory Control Register 2 (XRO05)
Read/Writeat 1/O Address3D7h
Index 05h

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

Disable Long CPU Cycles
CPU Access CAS# Ctrl
Display Access CAS# Citrl
DRAM CAS# Address
Memory CAS/WE Select
Reserved(R/W)

PC Video Interface Enable
Reserved(R/W)

0 Disable Long CPU Cycles

0 Enable long CPU cycles to put as
many CPU cycles as possible into one
RAScycle(default)

1 Disablelong CPU cycles

1 CPU Memory Access CASH# Cycle Control
2 Display Memory Access CASH# Cycle Cntrl

Bit-1 affects CPU accesses to display
memory. Bit-2 affects accesses to display
memory initiated by the 65535 for display
refresh. Both bits are defined asfollows:

0 3-MCLK CAS# cycle (2 low, 1 high)
for al read or write accesses (default)

1 4-MCLK CASH# cycle (3 low, 1 high)
for all read accesses and for the first
CASH cycle of page-mode write
accesses (following cyclesare 2L/1H)

These bits may be set to create looser
memory timing (e.g., for 3.3V operation, to
alow use of cheaper DRAMS, €tc.).

3 DRAM CAS# Address for Display Memory

0 9-bit CAS address symmetricDRAM
1 8-hit CAS address asymmetricDRAM

4  CASH/WE# Select for Display Memory

0 2CASH/1IWE#DRAM used (default)
1 1CAS#/2WE#DRAM used

5 Reserved (R/W)
6 PC Video Interface Enable

0 DisablePC Video Interface (default)

1 EnablePC Video interface on memory
group B pins (MBD15-0). 16-bit
memory  interface  should be
programmed (XR04[1-0]=01) and 16-
bit CPU interface should be used in
local bus configurations.

7 Reserved (R/W)
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PALETTE CONTROL REGISTER (XRO06) 5
Read/Writeat |/O Address3D7h
Index 06h

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

Disable Pixel Data Pins
Disable Internal DAC

~ Display Mode Color Depth
PC Video Color Key Enble
— Bypassinternal Palette

- FP Color Reduction Select

0 Disable Pixel Data Pins

0 Pixel data (P17:0) pinswill output flat
panel pixel data (default on Reset).

1 P7:0 will output CRT pixel data and
other pixel data lines (P17:8) will
output internal signals for diagnostic

Bypass Internal VGA Palette

0 Useinterna VGA palette (Default on
reset).

1 Bypass internal VGA palette which
will be powered down if DAC is
disabled.

Color Reduction Select

These bits are effective in flat panel mode.
These bits select the agorithm used to
reduce 24-bit or 18-bit color data to 8-bit or
6-bit color datafor monochrome panels.

00 NTSC weighting algorithm (default on
reset)

01 Equivaentweightingalgorithm

10 Greenonly

11 Color (no reduction). This setting
should be used when driving color
panels.

purpose.
. LINEAR ADDRESSING BASE REGISTER (XRO08)
1 Disable Internal DAC Read/Writeat 1/0 Address3B7/3D7h
Thishbit affectsthe DAC analog outpuits. Index 08h

0 Enable internal DAC (default on

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

Reset). DAC anaog outputs (R, G,
B) will be active and HSYNC and
VSYNC signalsaredriven (Default on
reset).

1 Disable internal DAC. The DAC
analog outputs (R, G, B) will be 3-
stated. Setting this bit forces power
down of the internal DAC. HSYNC
and VSYNC are forced inactive if

———— - Reserved(R/W)

~ LinearAddressBase

XRS5D[6] is 0 and will be driven if

XR5D[6] is 1.
3-2 Display Mode Color Depth 2-0
00  4or 8bits-per-pixel (default on reset) 7-3

01 16 bpp(5-5-5) (Sierracompatible)
10 24 bpp (truecolor)
11 16 bpp (5-6-5) (XGA compatible)

4 PC Video Color Key Enable

0 Disable PC Video Overlay (default on
reset)
1 Enable PC Video Overlay on color key

Reserved (R/W)
Linear Address Base

If linear addressing is enabled
(XROB[4]=1), these 5 bhits are compared to
ADDHI, A[23:20] to determine the base
address of the 1 MB of linear display
memory. For example, if the video memory
isto be placed at 12Mb address, this register
should be programmed to '01100. If
XR01[4]=0, ADDHI is ignored; if
XRO01[7]=0, ADDHI and A23 are ignored.
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CPU PAGING REGISTER (XRO0B)
Read/Writeat /O Address3D7h
Index OBh

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

Memory Mapping Mode
Single/Dua Map

CPU Address Divide by 4
Extended TextMode
Linear AddressingEnable

Linear AddressingSize

l Reserved(0)

0

1

Memory Mapping Mode

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

1 Extended Mode (mapping for > 256
KBytememory configurations)

CPU Single/Dual Mapping

0 CPU usesonly asingle 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).

CPU Address Divide by 4

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

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

CPU

Extended Text Mode

Set to enable text font 'scrambling' in plane
2. Setting this bit improves text
performance in single DRAM configura-
tions. This bit should be set in single
DRAM configurationsonly.

Linear Addressing Enable

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

1 Linear Addressing Enabled. The
video memory size for linear
addressing is determined by

XROB[5].

Linearly Addressable Memory Size

This hit controls the size of the linearly
addressable video memory and the decodes
for the linear address base are controlled by
XR08[7:3].

0 The linearly addressable video
memory size is 512 KBytes (default
on reset).

1 The linearly addressable video
memory sizeis1 MByte.

7-6 Reserved (0)

START ADDRESS TOP REGISTER (XROC)
Read/Writeat 1/O Address3D7h
Index OCh

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

- Start AddressTop

- Reserved(0)

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).

Reserved (0)
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AUXILIARY OFFSET REGISTER (XROD) TEXT MODE CONTROL REGISTER (XROE)
Read/Writeat I/O Address3D7h Read/Writeat I/O Address3D7h
Index ODh Index OEh
|D7|D6|D5|D4|D3|D2|D1[DO| |D7|D6|D5|D4|D3|D2|D1|DO|
LSB of Offset (CR13) | Reserved(0)
— LSB of Alt Offset (XRIE) )
Cursor Blink Disable
— Cursor Style
~ Reserved(0) ~ Reserved(0)

- Synchronous Reset Ignore

0 Offset Register LSB Thisregister is effective for both CRT and flat panel
This bit provides finer granularity to the text modes.
display memory address offset when word )
and doubleword modes are used. Thishitis 1-0 Reserved (0)
used with the regular Offset register (CR13). 2 Cursor Mode
1 Alternate Offset Register LSB 0 Blinking (default on Reset).
This bit provides finer granularity to the 1 Non-blinking
display memory address offset when word 3 Cursor Style
and doubleword modes are used. This bit is
used with the Alternate Offset register 0 Replace(defaulton Reset)
1 Exclusive-Or
(XR1E).
7-2 Reserved (0) 6-4 Reserved (0)

7 Synchronous Reset Ignore

When this bit is set, the chip will ignore
SR0O0 hit-1 (Synchronous Reset) and will
remain in normal operation. Synchronous
Reset is a holdover from the original VGA
which is no longer required. VGA
software, however, performs Synchronous
Resetsfreguently, creating the possibility for
display memory corruption if the chip isleft
in the Synchronous Reset state for too long.
The 65535 display memory sequencer does
not need to be periodically reset, so this bit
is provided to prevent potential display
memory corruption problems. For absolute
V GA compatibility, thisbit may be set to 0.
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SOFTWARE FLAGS REGISTER 0 (XROF)
Read/Writeat |/O Address3D7h
Index OFh
|D7|D6|D5|D4|D3|D2|D1[DO|
Memory Size
Reserved(0)
Hi / True Color Select
Packed Pixel Dot Clock
InterlaceSelect
Text Compensation Enable
This register contains eight read-write bits which
have no internal hardware function. All bits are
reserved for use by BIOS and driver software. For
reference, the functions of the bits of thisregister are
currently defined asfollows:
1-0 Memory Size
00 256KB
01 512KB
1x 1MB
2-3 Reserved (0)
4  Hi Color / True Color
0 Current mode is not hi-/true-color
mode
1 Current mode is hi-color / true-color
mode
5 Packed-Pixel Mode Dot Clock
0 Use default dot clock in packed-pixel
modes
1 Use 40MHz dot clock in packed-pixel
modes
Thisbit is used for high resolution panelsin
panel mode only.
6 Interlace Select
0 Set mode 24h, 34h, 72h/75h or 7Eh
interlaced
1 Set mode 24h, 34h, 72h/75h or 7Eh
non-interlaced
7 Text Compensation Enable / Disable
0 Tallfontdisabled
1 Tadlfontenabled
See also XR2B, XR44, XR45 for definition of other
software flags registers.
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SINGLE/LOW MAP REGISTER (XR10)
Read/Writeat /O Address3D7h
Index 10h

HIGH MAP REGISTER (XR11)
Read/Writeat /O Address3D7h
Index 11h

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

~ Higher Map
Base AddressBits17-10

- Single or Lower Map
BaseAddressBits17-10

Thisregister effects CPU memory address mapping. Thisregister effects CPU memory address mapping.

7-0 Single/ Low Map Base Address Bits 17-10 7-0 High 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 (XROB
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, thisregister controls the CPU

These hits define the Higher Map base
addressin 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 GRO6 bits 3-2 as

window into display memory based on the follows:
contents of GRO6 bits 3-2 asfollows: GROGbits3-2  High Map
GRO6 00 BOO0OO-BFFFF
Bits3-2 Low Map % 38080‘AFFFF
00 AOO0Q0-AFFFF ont care
11 Don't care

01 AOQ0Q00-A7FFF
10 BO0O000-B7FFF Singlemappingonly
11  B8O000-BFFFF Singlemappingonly
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EMULATION MODE REGISTER (XR14)
Read/Writeat /O Address3D7h
Index 14h

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

Emulation Mode

Herc Config (read only)

DE Status Mode

V Retrace Status Mode

V Sync Status Mode

1-0

3-2

5

Interrupt Polarity

Emulation Mode

00 VGA mode (default on Reset)
01 CGA mode

10 MDA/Herculesnode

11 EGA mode

Hercules Configuration
(3BFh) readback (read only)

Display Enable Status Mode

0 Select Display Enable status to appear
at bit 0 of Input Status register 1 (1/0
Address 3BAh/3DAh) (default on
reset). Normally used for CGA,
EGA, and VGA modes.

1 Select HSync status to appear at bit O
of Input Status register 1 (1/0 Address
3BAh/3DANh). Normally used for
MDA / Herculesmode.

Vertical Retrace Status Mode

0 Select VerticalRetrace status to appear
at bit 3 of Input Status register 1 (1/0
Address 3BAh/3DAh) (default on
Reset). Normally used for CGA,
EGA, and VGA modes.

1 SelectVideoto appear at bit 3 of Input
Status register 1 (I/O Address
3BAh3DAh). Normaly used for
MDA / Herculesmode.

Register

VSync Status Mode

0 Prevent VSync status from appearing
at bit 7 of Input Status Register 1 (1/0
Address 3BAh/3DAh).  Normally
used for CGA, EGA, and VGA
modes.

1 EnableVSync statusto appear as bit-7
of Input Status Register 1 (1/0
Address 3BAh/3DAh).  Normally
used for MDA/Herculesmode.

Interrupt Output Function

Thisbit controls the function of theinterrupt
output pin (IRQ):

bit-7=0 bit-7=0 bit-7=1
| nterrupt State PC Bus MC Bus Either Bus
Disabled 3-state 3-state  3-state

Enabled, Inactive 3-state 3-state  Low
Enabled,Active 3-state Low High
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WRITE PROTECT REGISTER (XR15)
Read/Writeat /O Address3D7h
Index 15h

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

Wr Protect Group 1 Regs
Wr Protect Group 2 Regs
Wr Protect Group 3 Regs
Wr Protect Group 4 Regs
Wr Protect Group 5 Regs

Wr Protect Group 6 Regs

Wr Protect Group O 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
(GRO0-08), and Attribute Controller
registers (AR00-14).

Note that AR11 is also protected by hit-7
which is ORed with this bit.

Write Protect Group 2 Registers

This bit affects CR09 bhits 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 CR09 hits 5-7, CR10, CR11
bits 0-3 and bits 6-7, CR12, CR15, CR16,
and CR17 bit-2.

Write Protect Group 5 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 VGA Color Palette
registers (3C6h-3C9h). If this bit is set, all
color paletteregistersarewrite protected.

Write Protect Group O Registers

This bit affects CRO-7 (except CRO7 bit-4).
Thishitislogically ORed with CR11 bit-7.

Write Protect AR11

Thisbit is ORed with bit-0, therefore writing
to AR11 is possible only if both bit-0 and
bit-7 are 0. This feature is used for write
protection of the overscan color. This is
important in order to keep application
software from changing the border color
while still permitting the attribute controller
to be changed for the addressable portion of
the display. Overscan is an ergonomics
requirement in some systems and this bit
will ensure software compatibility.
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VERTICAL OVERFLOW REGISTER (XR16)
Read/Writeat /O Address3D7h
Index 16h

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

Vertical Total Bit 10
Vertical Display End Bit 10
Vertical Sync Start Bit 10
Reserved(R/W)

Vertical Blank Start Bit 10
Reserved(R/W)

Line Compare Bit 10
Reserved(R/W)

This register is used for both normal and aternate
vertical parameters.

Vertical Total Bit-10
Vertical Display End Bit-10
Vertical Sync Start Bit-10
Reserved (R/W)

Vertical Blank Start Bit-10
Reserved (R/W)

Line Compare Bit-10
Reserved (R/W)

N o ok~ 0N R

HORIZONTAL OVERFLOW REGISTER (XR17)
Read/Writeat /O Address3D7h
Index 17h

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

1 Horizontal Total Bit 8
——— | Horizontal Disp End Bit 8
Horizontal Sync Start Bit 8
~ Horizontal Sync End Bit 5
Horizontal Blank Strt Bit 8
Horizontal Blank End Bit 6
Line Compare Bit 10

| Reserved(R/W)

This register is used for both normal and aternate
horizontal parameters.

0 Horizontal Total Bit-8
Horizontal Display End Bit-8
Horizontal Sync Start Bit-8
Horizontal Sync End Bit-5
Horizontal Blank Start Bit-8
Horizontal Blank End Bit-6
Line Compare Bit-10
Reserved (R/W)

~N o o~ WDN P

Revison 2.0

92

65535



Extension Registers

ALTERNATE HORIZONTAL
DISPLAY END REGISTER (XR18)
Read/Writeat 1/O Address3D7h

Index 18h

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

~ Alternate H Display End

Thisregister isused 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
CROL.

Programmed Vaue=Actual Value—1
Note: Thisregister isused in emulation modesonly.

It is not used in CRT or flat paned VGA
modes.

FP HSYNC START REGISTER (XR19)
Read/Writeat /O Address3D7h
Index 19h

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

- FP HSync Start

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

7-0 FP Alternate Horizontal Sync Start

These bits specify the beginning of the
HSync in terms of character clocks from the
beginning of the display scan. Similar to
CRO4.

Programmed Vaue=Actual Vaue—1
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FP HORIZONTAL SYNC END
REGISTER (XR1A)
Read/Writeat /O Address3D7h
Index 1Ah

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

~ FPH Sync End

~ Alternate H Sync Delay
FP Reserved

This register is used in al 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 CR05. If the horizontal sync
width desired is N clocks, then programmed
valueis:

(N + Contents of XR19) ANDed with 01F Hex

6-5 CRT Alternate Horizontal Sync Delay
See CRO5 for description
7 FP Reserved

FP HORIZONTAL TOTAL REGISTER
(XR1B)

Read/Writeat /O Address3D7h

Index 1Bh

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

- FP H Total

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

7-0 Alternate Horizontal Total

Thisregister contents are the total number of
character clocksper line. Similar to CROO.

Programmed Vaue=Actual Vaue—5
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ALTERNATE HORIZONTAL BLANK START /
HORIZONTAL PANEL SIZE REGISTER (XR1C)
Read/Writeat /O Address3D7h

Index 1Ch

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

- H Blank Start
(Horizontal Panel Size)

Thevaueinthisregister isthe 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-hit (text) characters. For double drive flat
panels the actual horizontal panel size must
be amultiple of two character clocks.

Programmed Vaue=Actual Value—1
or

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

ALTERNATE HORIZONTAL BLANK END
REGISTER (XR1D)

Read/Writeat /O Address3D7h

Index 1Dh

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

- HBlank End

| 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 0 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 displayed

Note: Thisregister isused in emulation modesonly.
It is not used in CRT or flat pane VGA
modes.
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ALTERNATE OFFSET REGISTER (XR1E) VIRTUAL EGA SWITCH REGISTER (XR1F)
Read/Writeat 1/0 Address3D7h Read/Writeat 1/0 Address3D7h
Index 1Eh Index 1Fh
|D7|D6|D5|D4|D3|D2|D1[DO| |D7|D6|D5|D4|D3|D2|D1|DO|
S | Virtual EGA Switches
Alternate —_—
- DisplayBuffer |
Width
- Reserved(0)
| — Sense Select
This register is used in all flat panel modes, CRT 3-0 Virtual Switch Register
%(gﬁétex'[ and graphics modes and Hercules graphics 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
-0 Alternate  Offset Miscellaneous Output Register (3C2h) bits
See CR13for description 3-2 asfollows:
Programmed Vaue=Actual Vaue—1 Misc3-2  XRI1FBit 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 O bit-4 (default
on Reset).

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

Revison 2.0 96 65535



Extension Registers

ALTERNATE MAXIMUM
SCANLINE REGISTER (XR24)
Read/Writeat /O Address3D7h

Index 24h

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

—— |- Alternate Max Scanlines

- Reserved(R/W)

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

4-0 Alternate Maximum Scanlines (AMYS)

Programmed V alue = number of scanlines
minus one per character row of TallFont

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

7-5 Reserved (R/W)

FP ALTERNATE TEXT MODE HORIZONTAL
VIRTUAL PANEL SIZE REGISTER (XR25)
Read/Writeat |/O Address3D7h

Index 25h

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

- AltText Mode
H Virtual Panel Size

Thisregister isused in flat panel 9-dot text modes.

7-0 FP Alternate Text Mode
Horizontal Virtual Pand Size

Programmed Value=9/8 [XR1C +1] -1

ALTERNATE HORIZONTAL SYNC START
OFFSET REGISTER (XR26)

Read/Writeat /O Address3D7h

Index 26h

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

~ Alt H Sync Start Offset

Thisregister isused in flat panel mode.

7-0 Horizontal Sync Start Offset

This value is added to CR04 ( Horizontal
Sync Start) when XR02 bit 2 isset to '1".
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VIDEO INTERFACE REGISTER (XR28)
Read/Writeat /O Address3D7h
Index 28h

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

Reserved(0)
Blank/DE Select

l Reserved(0)
256-Color Video Path
InterlaceMode

8-Bit Video Pixel Panning

3-2

Tall Font Replication

Reserved (0)
Blank / Display Enable Select

This bit is effective in CRT mode only. In
flat panel mode, XR54 bit-1 controls
BLANK# pinfunctionality.

0 BLANK# controls color palette output

default)
1 Display Enablecontrolspaletteoutput
Reserved (0)

256-Color Video Path

This bit is effective for both CRT and flat
panel in 256-color modes other than mode
13 (i.e., Super VGA modes).

0 4-bit video datapath (default on reset)
1 8-hit video data path (horizontal pixel
panning iscontrolled by bit-6)
Note: GRO5 bit-5must be O if thisbit is set

Interlace Video

This bit is effective only for CRT graphics
mode; it should be programmed to O for flat
anel. In interlace mode XR29 holds the
af-line positioning of VSync for odd
frames.

0 Non-interlaced video (default onreset)
1 Interlacedvideo

8-Bit Video Pixel Panning

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

0 AR13 hits 2-1 used to control pixel
panning (default on Reset)

1 ARI13 bits 2-0 used to control pixel
panning

Tall Font Replication

0 Lines1,9and 12 replicated once
1 LineOreplicatedtwice& linel5once

HALF LINE COMPARE REGISTER (XR29)
Read/Writeat /O Address3D7h
Index 29h

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

~ Half Line Compare

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

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
V Sync for odd frames.
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SOFTWARE FLAGS REGISTER 1 (XR2B)
Read/Writeat /O Address3D7h
Index 2Bh

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

Flag 0
Flag 1
Flag 2
Flag 3
Flag 4
Flag 5
Flag 6
Flag 7

This register contains eight read-write bits which
have no internal hardware function. All bits are
reserved for use by BIOS and driver software. For
reference, the functions of the bits of thisregister are
currently defined asfollows:

7-0 Display Mode

These hits are used by the BIOS to store the
current display mode number.

See also XROF, XR44, XR45 for definition of other
software flags registers.

FLM DELAY REGISTER (XR2C)
Read/Writeat /O Address3D7h
Index 2Ch

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

- FLM 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 V Sync active edge
with a delay specified by this register. The FLM
pulse width is always one line for SS panels and two
linesfor DD panels.

7-0 FLM Deay (VDday)

These bits define the number of HSyncs
between the internal VSync and the rising
edge of FLM.
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LP DELAY REGISTER (CMPR OFF) (XR2D)
Read/Writeat /O Address3D7h
Index 2Dh

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

~ LP Delay
(graphicsmodehorizontal
compression disabled

This register is used only in flat panel mode when
XR2F bit-6 = 0 and graphics mode horizontal
compression isdisabled The LP output is generated
from the FP Blank inactive edge with a delay
specified by XR2F hit-5 and the value in this
register. The LP pulse width is specified in register
XR2F.

7-0 LP Delay (HDeay)

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 X R2F bit-5.

Programmed Vaue=Actual Vaue—1

LP DELAY REGISTER (CMPR ON) (XR2E)
Read/Writeat 1/O Address3D7h
Index 2Eh

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

~ LP Delay
(graphicsmodehorizontal
compression enabled

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 hit-4 and the
value in this register. The LP pulse width is
specified in register XR2F.

7-0 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 X R2F hit-4.

Programmed Vaue=Actual Vaue-1
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LP WIDTH REGISTER (XR2F)
Read/Writeat /O Address3D7h
Index 2Fh

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

LP Width

LP Delay (XR2E) Bit-8

LP Delay (XR2D) Bit-8

LP Delay Disable

FLM Delay Disable

This register is used only in flat panel mode. This
register together with XR2D or XR2E defines the
LP output pulseinflat panel mode.

3-0

LP Width

These bits define the width of LP output
pulsein terms of number of character (8-dot
only) clocksin flat panel mode.

Programmed Vaue=Actual Value—1

LP Delay (XR2E) Bit-8

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

LP Delay (XR2D) Bit-8

This bit is the msb of the LP Delay
parameter for graphics mode with horizontal
compression disabled

LP Delay Disable

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

1 LPDelay Disable the LP active edge
will coincide with the FP Blank
inactiveedge.

FLM Delay Disable

0 FLM Delay Enable XR2C is used to
delay the external FLM active edge
with respect totheinternal FLM active
edge.

1 FLM Delay Disable theexternal FLM
active edge will coincide with the
internal FLM activeedge.
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CLOCK DIVIDE CONTROL REGISTER 0 (XR30) CLOCK M-DIVISOR REGISTER (XR31)
Read/Writeat 1/0 Address3D7h Read/Writeat 1/O Address3D7h
Index 30h Index 31h
|D7|D6|D5|D4|D3|D2|D1[DO| |D7|D6|D5|D4|D3|D2|D1|DO|

— ReferenceDivisor Select .

- VCO Post Divide

| ~ M-Divisor Value

- Reserved(R/W)

— Reserved(RIW)

The three clock data registers (XR30-XR32) are
programmed with the loop parameters to be loaded
into the clock synthesizer. The Memory and Video
clock VCO's both have programmable registers.
Which of the VCO's is currently selected for
programming is determined by the Clock Register
Program Pointer (XR33[5]).

Thedatawrittento thisregister iscal culated based on
the reference frequency, the desired output
frequency, and characteristic VCO constraints as
described in the Functional Description.

Data is written to registers XR30, and XR31
followed by awriteto XR32. The completion of the
write to XR32 causes data from all three registersis
transferred to the VCO register file simultaneously.
This prevents wild fluctuations in the VCO output
during intermediate stages of a clock programming
sequence.

Select
Selectsthereferencepre-scalefactor:

0 Divideby4
1 Divideby1

Select
Selectsthepost-dividefactor:

000 Divideby1
001 Divideby?2
010 Divideby4
011 Divideby8
100 Divideby 16
101 Divideby 32
110 Divideby 64
111 Divideby 128

Reserved (R/W)

0 Reference Divisor

3-1 Post Divisor

-4

The three clock data registers (XR30-XR32) are
programmed with the loop parameters to be loaded
into the clock synthesizer. The Memory and Video
clock VCO's both have programmable registers.
Which of the VCO's is currently selected for
programming is determined by the Clock Register
Program Pointer (XR33[5]).

Thedatawrittento thisregister iscal culated based on
the reference frequency, the desired output
frequency, and characteristic VCO constraints as
described in the Functional Description.

Data is written to registers XR30, and XR31
followed by awrite to XR32. The completion of the
write to XR32 causes data from all three registersis
transferred to the VCO register file simultaneously.
This prevents wild fluctuations in the VCO output
during intermediate stages of a clock programming
sequence.

VCO M-Divisor

M-Divisor value caculated for the desired
output frequency.

7 Reserved (R/W)

6-0
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CLOCK N-DIVISOR REGISTER (XR32)
Read/Writeat /O Address3D7h
Index 32h

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

- N-Divisor

— Reserved(R/W)

The three clock data registers (XR30-XR32) are
programmed with the loop parameters to be loaded
into the clock synthesizer. The Memory and Video
clock VCO's both have programmable registers.
Which of the VCO's is currently selected for
programming is determined by the Clock Register
Program Pointer (XR33[5]).

Thedatawrittento thisregister iscalculated based on
the reference frequency, the desired output
frequency, and characteristic VCO constraints as
described in the Functional Description.

Data is written to registers XR30, and XR3l
followed by awrite to XR32. The completion of the
write to XR32 causes data from all three registersis
transferred to the VCO register file simultaneously.
This prevents wild fluctuations in the VCO output
during intermediate stages of a clock programming
sequence.

6-0 VCO N-Divisor

N-Divisor value calculated for the desired
output frequency.

7 Reserved (R/W)
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CLOCK CONTROL REGISTER (XR33)
Read/Writeat |/O Address3D7h
Index 33h

|D7|D6|D5|D4|D3|D2|D1[DO|
|—} Reserved(0)

Oscillator Powerdown
Reserved(R/W)

Video Clock Select

CLK Reg Program Pointer
Power Sequencing Clock
Reserved(R/W)

1-0 Reserved (0)

These bits are reserved for future use and
must be programmed to O for proper
operation.

2 Oscillator Powerdown

0 OSCEnabled (default onreset)
1 OSCDisabled

Thishit iseffectiveif XR01[5] =1 and
XR33[6] = 1.
3 Reserved (R/W)
4  Video Clock Select
0 UseVCLK asVideo Clock Source

XR01[4] = 1 (internal clock source):
use the output of the internal VCLK
VCO asthevideo clock

XR01[4] = 0 (external clock sourcet):
use the XTALI input pin (externa
video clock input) asthe video clock

1 UseMCLK asVideo Clock Source

XRO01[4] = 1 (internal clock source):
use the output of the internal MCLK
VCO divided by 2 asthe video clock

XRO01[4] = 0 (external clock sourcet):
use the ADDHI input pin (external
memory clock input) divided by 2 as
thevideo clock

Clock Register Program Pointer

This bit determines which VCO is being
progranmed. Following a write to XR32
the data contained in XR32:30 is synchro-
noudly transferred to the appropriate VCO
counter latch.

0 VCLKVCOselected
1 MCLKVCOselected

Power Sequencing Reference Clock
If XRO1[4]=0 (externa clock sourcet):

0 Use AA9 pin as 32 KHz clock input
for panel power sequencing and slow
refresh clock (default on reset).
Asymmetric DRAM option
(XR05[3]=1) should not be enabled.

1 Usethe MCLK divided by 1536 asthe
reference clock for panel power
sequencing. For 56 MHz memory
clock, panel power sequencing would
be 36.5 KHz.

If XR01[4]=1 (internal clock source):

0 Usethe XTALI input pin (or the oscil-
lator on the XTALI & XTALO pins)
divided by 384 as the panel power
sequencing reference clock and slow
refresh clock. For an input clock of
14.414 MHz, panel power sequencing
clock would be 37.5 KHz (default on
reset).

1 Use AA9 pin as 32 KHz clock input
for panel power sequencing reference
clock and slow refresh clock.
Asymmetric DRAM option
(XR05[3]=1) should not be enabled in
this case.

Reserved (R/W)

T For the external clock option, GPIO0-1 are used
to output clock selects 0 and 1, the ADDHI pinis
used to input the memory clock, and the XTALI
pinisused to input the video clock.

Revison 2.0

104

65535



PH-HHHHIEH -G
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COLOR KEY REGISTER 0 (XR3A) COLOR KEY REGISTER 1 (XR3B)
Read/Writeat 1/0 Address3D7h Read/Writeat 1/0 Address3D7h
Index 3Ah Index 3Bh
|D7|D6|D5|D4|D3|D2|D1[DO| |D7|D6|D5|D4|D3|D2|D1|DO|
~ Color Compare Data 0 ~ Color Compare Data 1

7-0 Color Compare Data 0

These bits are compared to the least signif-
icant 8 bits of the background video stream.
If a match occurs on al enabled bits (see
Color Compare Mask Register XR3D) and
the key is enabled (XR06[4]), external
video is sent to the screen. External videois
input on the MBD15:0, CASBH# and
CASBL# pins. The logica masking and
compare operations are described in the
functional description.

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

7-0 Color Compare Data 1

These bits are compared to bits 15:8 of the
background video stream. |f a match occurs
on all enabled bits (see Color Compare Mask
Register XR3D) and the key is enabled
(XR06[4]), external video is sent to the
screen. External video is input on the
MBD15:0, CASBH# and CASBL# pins.
Thelogical masking and compare operations
are described in the functional description.
This register should be masked from partici-
pating in the comparison in 4BPP and 8BPP
modes. This is accomplished by setting
Color Mask Register 1 (XR3E) = OFFh.
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COLOR KEY REGISTER 2 (XR3C)
Read/Writeat |/O Address3D7h
Index 3Ch

COLOR KEY MASK REGISTER 0 (XR3D)
Read/Writeat /O Address3D7h
Index 3Dh

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

~ Color Compare Data 2 ~ Color Compare Mask 0

7-0 Color Compare Data 2 7-0 Color Compare Mask 0

These hits are compared to bits 23:16 of the
background video stream. |f a match occurs
on all enabled bits (see Color Compare Mask

This register is used to select which bits of
the background video data stream are used in
the comparison with the Color Compare Data

Register XR3D) and the key is enabled 23:0. Thisregister controls hits 7:0.
(XR06[4]), external video is sent to the - -

screen.  External video is input on the 0 E[?}e?ati?)%% participate in- compare
MBD15:0, CASBL# and CASBH# pins. 1 Data does not participate in compare
Thelogical masking and compare operations operation (masked)

are described in the functional description.
This register should be masked from partici-
pating in the comparison in 4BPP, 8BPP
and 16BPP modes. It should only be used
in 24BPP modes. This is accomplished by
setting Color Mask Register 2 (XR3F) =
OFFh.
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COLOR KEY MASK REGISTER 1 (XR3E)
Read/Writeat /O Address3D7h
Index 3Eh

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

~ Color Compare Mask 1

7-0 Color Compare Mask 1

This register is used to select which bits of
the background video data stream are used in
the comparison with the Color Compare Data
23:0. Thisregister controls bits 7:0.

0 Data does participate in compare
operation

1 Data does not participate in compare
operation(masked)

COLOR KEY MASK REGISTER 2 (XR3F)
Read/Writeat /O Address3D7h
Index 3Fh

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

~ Color Compare Mask 2

7-0 Color Compare Mask 2

This register is used to select which bits of
the background video data stream are used in
the comparison with the Color Compare Data
23:0. Thisregister controls hits 7:0.

0 Data does participate in compare
operation

1 Data does not participate in compare
operation(masked)
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SOFTWARE FLAGS REGISTER 2 (XR44)
Read/Writeat /O Address3D7h
Index 44h

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

- Set Panel Type

: Optimal Compensation Ena

| Reserved(0)

This register contains eight read-write bits which
have no internal hardware function. All bits are
reserved for use by BIOS and driver software. For
reference, the functions of the bits of thisregister are
currently defined asfollows:

3-0 Set Pane Type (40K BIOS Only)

00 Panel #1
01 Panel #2
02  Panel #3
03 Panel #4
04 Panel #5
05 Panel #6
06  Panel #7
07 Panel #38

08-0F Reserved

4  Optimal Compensation Enable

0 Disableoptimal compensation
1 Enableoptimal compensation

7-5 Reserved (0)

See also XROF, XR2B, XR45 for definition of other
software flags registers.

SOFTWARE FLAGS REGISTER 3 (XR45)
Read/Writeat |/O Address3D7h
Index 45h

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

Flag 0
Flag 1
Flag 2
Flag 3
Flag 4
Flag 5
Flag 6
Flag 7

This register contains eight read-write bits which
have no internal hardware function. All bits are
reserved for use by BIOS and driver software. For
reference, the functions of the bits of thisregister are
currently defined asfollows:

7-0 Flags (Reserved)

See also XROF, XR2B, XR44 for definition of other
software flags registers.
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PANEL FORMAT REGISTER 2 (XR4F)
Read/Writeat /O Address3D7h
Index 4Fh

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

——— |- Bits Per Pixel

— Reserved(R/W)

M Functionality Select
LP Functionality Select

Thisregister isused only in flat panel mode.

2-0 Bits Per Pixel Selection

Thevaluein thisfield, along with the dither
and FRC settings, determines gray / color

level sproduced:
No FRC
# of msbs Gray / Gray /
Used C(%r C(%r
to Generate Levels Levels
Gray / Color  without with
Levels Dithering Dithering
001 1 2 5
010 2 4 13
011 3 8 13
100 4 16 61
101 5 32 125
110 6 64 253
111 8 256 n/a
2-Frame FRC
(Color TFT or Monochrome Panels)
# of msbs Gray / Gray /
Used C(fll}cl)r Cc%r
to Generate Levels Levels
Gray / Color  without with
Levels Dithering Dithering
010 1 3 9
011 2 7 25
100 3 15 57
101 4 31 125

16-Frame FRC
(Color or Monochrome STN Panels)

# of msbs Gray / Gray /

Used Color Color
to Generate Levels Levels
Gray / Color  without with
Levels Dithering Dithering
001 1 2 5
010 2 4 13
011 3 8 29
100 4 16 61

The setting programmed into thisfield deter-
mines how many most-significant color-bits
/ pixel are used to generate flat panel video
data. In general, 8 bits of monochrome data
or 8 bits/color of RGB color data enter the
flat panel logic for every dot clock. Not all
of these bits, however, are used to generate
output colors/ gray scales, depending on the
type of panel used, graphics/ text mode, and
the gray-scaling al gorithm chosen (the actual
number of bits used isindicated in the table
above). If the VGA palette is used then a
maximum of 6 bits/pixel (bits 7-2) (setting
'110") should be used. If the VGA paletteis
bypassed then a maximum of 8 bits/pixel
(bits 7-0) (setting '111) may be used. With
2-frame and 16-frame FRC, settings not
listed in the tables above are undefined.
Also note that settings which achieve higher
gray / color levels may not necessarily
produce acceptable display quality on some
(or any) currently available panels. This
document contains recommended settings
for various popular panels that Chips and
Technologies has found to produce
acceptable results with those panels.
Customers may modify these settings to
achieve a better match with their require-
ments.

Reserved (R/W)

M Pin Select

0 M signa goestothe M pin (default on
reset

1 FP Display Enable (FP Blank#) signal
goes to the M pin. Polarity is
controlled by XR54[(].

LP Pin Select

0 FPHSync ?LI_D) signal goesto the LP
pin. Polarity 1s controlled by
XR54[6] (default on reset). _

1 FPDisplay Enable (FP Blank#) signal
goes to the LP pin. Polarity is
controlled by XR54[(].
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PANEL FORMAT REGISTER 1 (XR50)
Read/Writeat |/O Address3D7h

Index 50h

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

Frame Rate Control

Dither Enable

- Clock Divide

— Color VAM Panel Control

Thisregister isused only inflat panel mode.

1-0

Frame Rate Control (FRC)

FRC is gray scale simulation on a frame by
frame basis to generate gray scales on on
monochrome flat panels that do not support
gray levelsinternally.

32

00

01

10

11

00
01

10
11

No FRC. This setting is used for
panels which can generate gray scales
Internally. o
16-frame FRC. One to four bits/pixel
output to the panel are possible and
therefore this setting is used only with
panels which do not support internal
gray scaling. This setting is used to
simulate 16 gray levels per pixel. The
bits per pixel are gpecified by
XR4F[2-0] and the valid values are
010, 011, 100 and 101.

2-frame FRC. One to four bits/pixel
output to the panel are possible and
therefore this setting can also be used
with panels that support internal gray
scalln?. Number of input bits used
(specified in XR4F[2-0]) are one more
than the number of output bits and
therefore, the valid values for
XR4F[2-0] are 010,011,100 or 101.
Reserved

Dither Enable

Disabledithering

Enable dithering for 256-color modes
(AR10bit-6 = Tor XR28 bit 4= 1)
Enabledithering for all modes
Reserved

6-4 Clock Divide (CD)

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

000

001

010

011

100

Shift Clock Freq = Dot Clock Freq.
This setting is used to output 1 pixel

er shift clock with a maximum of 8

pp (bits/pixel) for single drive
monochrome panels. For double drive
color panels, this setting is used to
output 2-2/3 4-bit pack pixels. FRC
and dithering may be enabled.

Shift CIk Freq = 1/2 Dot Clock Freg.
This setting is used to output 2 pixels

er shift clock with a maximum of 8

its/pixel for singledrivemonochrome
panels and 4 bpp for single drive color
panels. For double drive color panels,
this setting is used to output 5-1/3 4-
bit pack pixels. FRC and dithering
can be enabled.

Shift Clk Freq = 1/4 Dot Clock Freg.
This setting is used to output 4 pixels

er shift clock with a maximum of 4

pp for single drive mono panels and
2 bits/pixd for single drive color
panels. For double drive
monochrome panels, this setting is
used to output 8 pixels per shift clock
with 1 bit/pixel. FRC and dithering
can be enabled.

Shift Clk Freq = 1/8 Dot Clock Freqg.
This setting is used to output 8 pixels

er shift clock with a maximum of 2

pp for single drive mono panels and
1 bit/pixel for single drive color
panels.  For double drive mono
panels, this setting is also used to
output 16 pixels per shift clock with 1
bit/ i|)é§|' FRC and dithering can be
en .

Shift Clk Freq = 1/16 Dot Clock Freq.
This setting is used to output 16 pixels
er shift clock with maximum of 1
it/pixel for single drive monochrome
panels. Dithering can also be enabled.

7 Color VAM Pand Control

Thishit is effective only when color Voltage
AmplitudeModulation (VAM) pandl isused.

0
1

15-hitcolor VAM panel interface
18-bitcolor VAM panel interface
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DISPLAY TYPE REGISTER (XR51)
Read/Writeat /O Address3D7h
Index 51h

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

} Panel Type

Display Type
Shift Clock Divide
Reserved(R/W)

Shift Clock Mask

Enable FP Compensation

LP During V Blank

Panel Type (PT)
Thesebitsare effectivefor flat panel only.

00 SinglePanel SingleDrive (SS)
01 Reserved
10 Reserved
11 Dua Panel DoubleDrive(DD)

Display Type (DT)

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

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

1 FP(Flat Pandl) display
BLANK? pin outputs FP Blank

Shift Clock Divide
Thisbitiseffectivefor flat panel only.

0 Shift Clock to Dot Clock relationship
expressed by XR50[6-4].

1 Inthismode, the Shift Clock isfurther
divided by 2 and different video data
isvalid on therising and falling edges
of Shift Clock.

Reserved (R/W)

Shift Clock Mask (SM)
Thishitiseffectivefor flat panel only.

0 Allow shift clock output to toggle
outsidethedisplay enableinterval

1 Force the shift clock output low
outsidethedisplay enableinterval

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
compensationregisters.

0 DisableFPcompensation
1 EnableFPcompensation

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 (eg.,, 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
internal FPBlank inactiveedge

1 FP HSync (LP) is generated from
internal FP Horizonta Blank inactive
edge

Revison 2.0 111

65535



Extension Registers

POWER DOWN CONTROL REGISTER (XR52)
Read/Writeat /O Address3D7h
Index 52h

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

—} Normal Refresh Count

Panel Off Mode
Software Standby Mode

Standby/Panel Off Control

Standby Refresh Control
CRT Mode Control

2-0

Normal Refresh Count

These bits specify the number of memory
refresh cycles to be performed per scanline.
A minimum vaue of 1 should be
programmed in thisregister.

Panel Off Mode

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

0 Normal 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 arestill
active. The internad RAMDAC is aso
inactive.

Software STANDBY Mode

This bit provides an alternative way to enter
the Standby mode. When this bit is set, the
65535 enters Standby mode. To exit
Standby mode, when this bit is set,
STNDBY# pin must be asserted and then
reasserted. This bit will also be reset when
STNDBY# pin goes active (low).

0 Normal Mode (default onreset)
1 Standby Mode

Standby and Panel Off Control

This bit is effective in Flat Panel Mode
during Standby and Panel Off modes
(XR52[3] = 1 or XR52[4] = 1 or
STNDBY#pin 11 active (low)).

0 Video data and/or flat panel control
signals are driven inactive (default on
reset).

1 Video data and flat panel control
signals pins are tri-stated with a weak
interna pull-down.

Note: XRG61 hit-7 controlstheinactive level
for video data in text mode; XR63 bit-7
controls the inactive level for video datain

graphics mode:

0=low when inactive
1 =highwheninactive

Note: This bit does not affect HSYNC and
VSYNC pins. In Standby and Panel Off
modes, HSYNC and VSYNC will be driven
low.

Standby Refresh Control

This bit is effective only in Standby mode
(STNDBY# pin low). Standby mode is
effectivefor both CRT and flat panel modes.
In Standby mode, CPU interface to display
memory and interna 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 thishit.

0 Sef-RefreshDRAM support.

1 Display memory refresh frequency is
derived from XR33 bit-6. This bit
indicates whether the internal RCLK
or the external 32 KHz is used for
slow refresh.

CRT Mode Control

Thishit iseffectivein CRT mode only (non-
simultaneous CRT and flat panel) (XR51
bit-2 = 0).

0 Video data and flat panel control
signals are 3-stated with weak internal
pull-down (default on reset).

1 Video data and flat panel control
signalsareinactive.
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PANEL FORMAT REGISTER 3 (XR53) 6 FRC Option 3
read/\ifiteat|/OAddress3D7h Thisbit affects 2-frame FRC

0 FRC datachangesevery frame
1 FRCdatachangesevery other frame

7 Reserved (R/W)

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

Disable AR10 bit-2

Alt Line Gr Char Code Ctrl
FRC Option 1

FRC Option 2

Pixel Packing
FRC Option 3
Reserved(R/W)

0 Disable AR10 Bit-2

0 Use AR10 hit-2 for Line Graphics
control (default on Reset).

1 Use XR53 hit-1 instead of AR10 bit-2
for Line Graphicscontrol

1 Alternate Line Graphics Character Control
Thishit iseffectiveonly if bit-0=1.

0 Ninth pixel of line graphics character
is set to the background color

1 Ninth pixel of line graphics character
isidentical totheeighthpixel

2 FRC Option 1
FRC Option 2
5-4  Pixel Packing

These bits should be programmed only
when color STN panelsare used. These bits
should be programmed to 00 for
monochrome panels or TFT color panels.

00 3-hit Pack. XR50 bhits 5-4 can be 00,
01, or 10.

01 4-bit Pack. XR50 bits 5-4 can be 00
or 01. If aDD panel is used, XR50
bits 5-4 should be set 00.

10 Reserved

11 Extended 4-bit Pack. XRS50 bits 5-4
must be programmed to O1.

These bits are effective only for Color STN
panels when FRC is enabled.
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INTERFACE REGISTER (XR54)

Read/Writeat |/O Address3D7h
Index 54h

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

FP Blank Polarity
FP Blank Select

FP Clock Select

FP Feature Control

FP LP Polarity

FP FLM Polarity

Thisregister isused 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 Positivepolarity
1 Negativepolarity

FP Blank Sedlect

This bit controls the BLANK# 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)
pul ses.

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: Thesignal polarity selected by bit-0is
applicablefor either selection.

54

FP Clock Select Bits 1-0

Select flat panel dot clock source. Thesebits
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. Thesebits
are used instead of Feature Control Register
(FCR) bits 1-0 in flat panel mode. See des-
cription of FCR bits 1-0.

FP HSync (LP) Polarity

Thisbit controls the polarity of theflat panel
HSync (LP) pin.

0 Positivepolarity
1 Negativepolarity
FP VSync (FLM) Polarity

Thisbit controls the polarity of theflat panel
VSync (FLM) pin.

0 Positivepolarity
1 Negativepolarity
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HORIZONTAL COMPENSATION 4-3
REGISTER (XR55)

Read/Writeat |/O Address3D7h 5
Index 55h

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

EnaH Compensation
EnaH Auto Centering
EnaH Compression

l Reserved(R/W)

Ena Auto H Doubling
Alternate HSync Polarity
Alternate V Sync Polarity

This register is used only in flat panel modes when
flat panel compensation isenabled (XR51 bit-6 = 1).

0 Enable Horizontal Compensation (EHCP) 6

0 Disablehorizontal compensation
1 Enablehorizontal compensation

1 Enable Automatic Horizontal Centering 7
(EAHC) (effective only if bit-0 is 1)

0 Enable non-automatic horizontal cen-
tering. The Horizontal Centering
Register is used to specify the left
border. If no centering is desired then
the Horizontal Centering Register can
be programmed to 0.

1 Enableautomatic horizontal centering.
Horizontal left and right borders will
becomputedautomatically.

2 Enable Text Mode Horizontal Compression
(ETHC) (thishbit is effective only if bit-0is
1in flat panel text mode). Setting this bit
will turn on text mode horizontal
compression regardless of horizontal display
width or horizontal panel size.

0 Text modehorizontal compression off

1 Text mode horizontal compression on.
8-dot text mode is forced when 9-dot
text mode is specified (SR01 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.

Reserved (R/W)

Enable Automatic Horizontal Doubling
(EAHD) (thishitiseffectiveif bit-0is1)

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 hit-0 & 3B8/3D8
bit-4 =0in CGA emulation.

1 Enable Automatic Horizontal Dou-
bling. Horizontal doubling will be
performed for flat panels when SRO1
bit-3 = 1 in any emulation mode or
when 3B8/3D8 hit-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 Postive
1 Negative

Note: bits 6 and 7 above are used in flat
panel mode (XR51 bit-2 = 1) instead of
MSR bits 6 and 7). Thisis primarily used
for simultaneous CRT / Flat Panel display.
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HORIZONTAL CENTERING REGISTER (XR56)
Read/Writeat |/O Address3D7h
Index 56h

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

- LeftBorder

This register is used only in flat panel modes when
non-automatic horizontal centeringisenabled.

7-0 Horizontal Left Border (HLB)

Programmed V alue(incharacter clocks)
= Width of Left Border —1
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VERTICAL COMPENSATION REGISTER (XR57)
Read/Writeat /O Address3D7h
Index 57h

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

Enable V Compensation
Enable Auto V Centering
Enable Text V Stretching

Text V Stretch Method
Enable Gr V Stretching
Gr V Stretch Method

Disable Fast Centering

This register is used only in flat panel modes when
flat panel compensationisenabled.

0 Enable Vertical Compensation (EVCP)

0 Disablevertical compensation
1 Enablevertical compensation

1 Enable Automatic Vertical Centering
(EAVC)

Thishitiseffectiveonly if bit-Ois 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 O.

1 Enable automatic vertical centering.
Vertical top and bottom borders will
becomputedautomatically.

2 Enable Text Mode Vertical Stretching
(ETVS)

Thishit iseffectiveonly if bit-0is 1.

0 Disable text mode vertical stretching;
graphics mode vertical stretching is
used if enabled.

1 Enabletextmodevertical stretching

4-3 Text Mode Vertical Stretching (TVS1-0)

These bitsare effectiveif bits2 and O 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)
Thishitiseffectiveonly if bit-0is 1.
0 Disablevertical stretching
1 Enablevertical stretching
Vertical Stretching (VS)

Vertical Stretching can be enabled in both
text and graphics modes. This bit is
effectiveonly if bits5and 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.

Disable Fast Centering

Thisbit is effective only if XR58[1-0] = 11.

0 EnableFast Centering
1 DisableFast Centering
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VERTICAL CENTERING REGISTER (XR58)
Read/Writeat |/O Address3D7h
Index 58h

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

- TopBorder LSBs

This register is used only in flat panel modes when
non-automaticvertical centeringisenabled.

7-0 Vertical Top Border LSBs (VTB7-0)
Programmedvalue:
Top Border Height (inscan 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 (XR59)
Read/Writeat |/O Address3D7h
Index 59n

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

——— - V Linelnsertion Height

— Reserved(0)
— TopBorder Bits8-9

- HardwareLineReplication

This register is used only in flat panel text mode
whenvertical lineinsertionisenabled.

3-0 Vertical Line Insertion Height (VLIH3-0)
ProgrammedValue:
Number of Insertion Lines—1

The value programmed in thisregister - 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 (XR58).

7 Hardware Line Replication

This bit is effective in text mode when Line
Replication is selected (XR57[2] = 1).
Hardware line replication, when enabled,
replicates linesto display a 19-line character
from a 16-line font as specified in XR28 bit-
7.

0 Normal textmodelinereplication
1 Hardwarelinereplicationisenabled
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VERTICAL LINE REPLICATION
REGISTER (XR5A)
Read/Writeat /O Address3D7h

Index 5Ah

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

Extension Registers
PANEL POWER SEQUENCING
DELAY REGISTER (XR5B)
Read/Writeat 1/0 Address3D7h
Index 5Bh
|D7|D6|D5|D4|D3|D2|D1|DO|
———  Line Replication Height ———  Delay on Power Down
- Reserved(R/W) — Delay on Power Up

This register is used only in flat pane text or
graphics modes when vertical line replication is
enabled.

3-0 Vertical Line Replication Height (VLRH)

Programmed Vaue = Number of Lines
Between Replicated Lines—1

Double scanned lines are al so counted.

In other words, if this field is programmed
with '7', every 8th line will be replicated.

7-4 Reserved (R/W)

This register is used only in flat panel modes. The
generation of the clock for panel power sequencing
logic is controlled by XR33[6]. The delay intervals
below assume a 37.5 KHz clock generated by the
interal clock synthesizer. If the 32KHZ input is
used, the delay intervals should be scaled accord-

ingly.

3-0 Programmable value of panel power-
sequencing during power down. Thisvalue
can be programmed up to 459 milliseconds
inincrements of 29 milliseconds. A value of
Oisnot valid.

Programmable value of panel power
sequencing during power up. This value can
be programmed up to 54 milliseconds in
increments of 3.4 milliseconds. A value of
Oisnot valid.
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ACTIVITY TIMER CONTROL REGISTER (XR5C)
Read/Writeat |/O Address3D7h
Index 5Ch

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

Activity Timer Count

Reserved(R/W)
Activity Timer Action
Enable Activity Timer

This register is used to control the Activity timer
functionality. The activity timer usesthe same clock
as power sequencing which is controlled by
XR33[6]. Thedelay intervals below assume a 35.7
KHz clock, if an external 32 KHz input is used, the
delay isscaled accordingly.

4-0 Activity Timer Count

For a 35.7 KHz clock the counter granu-
larity is approximately 25.6 seconds. The
minimum programmed value of 1 resultsin
25.6 second delay and the maximum count
of 32 resultsin adelay of 13.7 minutes. If
the clock input on AA9 is other than 32
KHz, the delay should be scaled accord-

ingly.
5 Reserved (R/W)

6 Activity Timer Action

0 When the activity timer count is
reached, the ENABKL pin is deacti-
vated (driven low to turn the backlight
off)

1 When the activity timer count is
reached, Panel Off modeisentered.

7 Enable Activity Timer

0 Disableactivity timer (default onreset)
1 Enableactivitytimer
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FP DIAGNOSTIC REGISTER (XR5D)
Read/Writeat /O Address3D7h
Index 5Dh

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

Enable Pal ette Powerdown
Enable Accessin PNLOFF
Enable Activity Timer Test
Force 16-hit Local Bus
Disable Vertical Comp
18-hit Color Test Mode
HSync/V Sync Deactivation
Enabl e Pal ette Powerdown

0 Enable VGA Palette Powerdown in Panel
Off Mode.

0 Disable VGA Palette powerdown in
Panel Off Mode (default on reset)

1 Enable VGA Palette powerdown in
Panel Off mode

1 Enable CPU Accessto VGA Palette in Panel
Off Mode.

Thisbit is effective when bit 0=1 or bit 7=1.

0 Disable CPU accessto VGA Palettein
Panel Off Mode (default on reset)

1 Enable CPU accessto VGA Pdettein
Panel Off Mode

2  EnableActivity Timer Test

0 Disable Activity Timer test mode
(default on reset)
1 EnableActivity Timertest mode

3  Force 16-Bit Local Bus

This bit is effective when 32-bit local bus
and 16-bit memory interface are used during
font load.

0 Do not force 16-bit local bus when
loading font (default on reset)

1 Force 16-bit local bus when loading
font

4  Disable Vertical Compensation

0 Vertical compensation can be enabled
inall cases (default on reset)

1 Disable vertica compensation if
Vertical Display Enable End equals
Vertical Panel Size.

18-bit Color TFT Test Mode

0 Disable18-bitcolor TFT test mode
(default on reset)
1 Enable18-bit color TFT test mode

Prevent HSYNC and VSYNC Deactivation

0 Allow HSYNC and VSYNC to be
deactivated when XRO06[1] = 1
(default on reset)

1 Prevents HSYNC and VSYNC from
being deactivated when XR06[1] = 1.

Enable VGA Palette Powerdown in VGA
Palette Bypass M ode

0 Disable VGA paette powerdown
when XR06[5]=1

1 EnableVGA palette powerdown when
XR06[5]=1 and XR06[1]=1
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M (ACDCLK) CONTROL REGISTER (XR5E)
Read/Writeat /O Address3D7h
Index 5Eh

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

- M (ACDCLK) Count

— M (ACDCLK) Control

Thisregister isused only in flat panel mode.

6-0 M (ACDCLK) Count (ACDCNT)

These bits define the number of HSyncs
between adjacent phase changes on the M
(ACDCLK) output. These bits are effective
only when bit 7 = 0 and contents of this
register are grater than 2.

Programmed Vaue=Actual Vaue—2

POWER DOWN REFRESH REGISTER (XR5F)
Read/Writeat /O Address3D7h
Index 5Fh

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

~ Power Down Refresh Freq

Power Down Refresh Frequency

These bits define the frequency of memory
refresh cycles in power down (standby)
mode (STNDBY# pin low). CAS-Before-
RAS (CBR) refresh cycles are performed.

If XR52 hit-6 = 1, the interval between two
refresh cycles is determined by bits 0-3 of
thisregister per the table below. Bits 4-7 of
this register are reserved for future use in
this mode (and should be programmed to 0).

7 M (ACDCLK) Control _
0 The M (ACDCLK) phase changes 3210 Approximate Refresh Interval
depending on bits 0-6 of thisregister 0000 16 usec/ cvcle
1 The M (ACDCLK) phase changes 0001 4 | ng c
every frameif frame accelerator is not 0010 63 usec/ cycle
used. If frame accelerator is used, the 0011 78 usec/ cycle
M (ACDCLK) phase changes every 0100 94 usec/ cycle
other frame. 0101 109 usec/ cycle
0110 125 usec/ cycle
0111 141 usec/ cycle
1000 156 usec/ cycle
These refresh intervals assume a 32 KHz
clock. If the interna clock is used, the
refreshinterval isscaled accordingly.
If XR52 hit-6 = 0, a value of 0 causes no
refresh to be performed. Self-Refresh
DRAMs should be used in this case.
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BLINK RATE CONTROL REGISTER (XR60)
Read/Writeat |/O Address3D7h
Index 60h

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

-~ Cursor Blink Rate

~ Char Blink Duty Cycle

Thisregister isused in all modes.

5-0 Cursor Blink Rate

These bits specify the cursor blink period in
terms of number of VSyncs (50% duty
cycle). In text mode, the character blink
period and duty cycleis controlled by bits 7-
6 of this register. These bits default to
000011 (decimal 3) on reset which
corresponds to eight VSyncs per cursor
blink period per the following formula (four
V Syncs on and four V Syncs off):

Programmed Value= (Actual Vaue)/2-1

Note: In graphics mode, the pixel blink
period isfixed at 32 V Syncs per cursor blink
period with 50% duty cycle (16 on and 16
off).

Character Blink Duty Cycle

These bits specify the character blink (also
called 'attribute blink’) duty cycle in text
mode.

CharacterBlink
76 DutyCycle
00 50%
01 25%
10 50% (default on Reset)
11 75%

For setting 00, the character blink period is
egual to the cursor blink period. For all
other settings, the character blink period is
twicethe cursor blink period (character blink
istwice as slow as cursor blink).
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SMARTMAP™ CONTROL REGISTER (XR61)
Read/Writeat /O Address3D7h
Index 61h

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

SmartMap™ Enable

SmartMap™ Threshold

SmartMap™ Saturation
Text Enhancement
Text Video Output Polarity

Thisregister isused in flat panel text mode only.

0 SmartMap™ Enable

0 Disable SmartMap™, use color
lookup table and wuse interna
RAMDAC palette if enabled (XR06
bit-2 = 1).

1 Enable SmartMap™, bypass both
color lookup table and interna
RAMDAC palette in flat panel text
mode. Although color lookup table is
bypassed, trandation of 4 bits/pixel
data to 6 bits/pixel data is dtill
performed depending on AR10 hit-1
(monochrome / color display) as

follows:
Output AR10bit-1=0 AR10bit-1=1
Out0 InO InO
Outl Inl In1
Out?2 In2 In2
Out3 In3 INO+In1+In2+In3
Out4 In3 In3
Outs In3 In3

Note: This bit does not affect CRT text /
graphics mode or flat panel graphics mode;
i.e.. the color lookup table is aways used,
and similarly the internal RAMDAC palette
isused if enabled.

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 isused only in flat panel text mode
when SmartMap™ is enabled (bit-0 = 1). It
selects the clamping level after the color
addition/subtraction.

0 The color result is clamped to the
maximum and minimum values (OFh
and 00h respectively)

1 The color result is computed modulo
16 (no clamping)
Text Enhancement
Thishitisused only inflat panel text mode.

0 Normal text

1 Text attribute O07h and OFh are
reversed to maximize the brightness of
thenormal DOS prompt

Text Video Output Polarity (TVP)

This bit is effective for flat panel text mode
only.

0 Normal polarity
1 Invertedpolarity

Note: Graphics video output polarity is
controlled by XR63 hit-7 (GVP).
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SMARTMAP™ SHIFT PARAMETER
REGISTER (XR62)

Read/Writeat /O Address3D7h

Index 62h

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

——— - Foreground Shift

~ BackgroundShift

This register is used in flat panel text mode when
SmartMap™ isenabled (XR61 bit-0 = 1).

3-0

7-4

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 "smaler" 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 sub-
tracted from the background color.

SMARTMAP™ COLOR MAPPING CONTROL
REGISTER (XR63)

Read/Writeat /O Address3D7h

Index 63h

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

-~ Color Threshold

— Reserved(R/W)
Gr Video Output Polarity

5-0 Color Threshold

These bits are effective for monochrome
(XR51 bit-5 = 1) single/double drive flat
panel with 1 bit/pixel (XR50 bits 4-5 = 11)
without FRC (XR50 bits 0-1 = 11). They
specify the color threshold used to reduce 6-
bit video to 1-bit video color. Color vaues
equal to or greater than the threshold are
mapped to 1 and color values less than the
threshold are mapped to O.

6 Reserved (R/W)
Reset defaultsthisbit to 1.

7  Graphics Video Output Polarity (GVP)

This bit is effective for CRT and flat panel
graphics mode only.

0 Normal polarity
1 Invertedpolarity

Note:  Text video output polarity is
controlled by XR61 bit-7 (TVP).
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FP ALTERNATE VERTICAL TOTAL
REGISTER (XR64)

Read/Writeat |/O Address3D7h

Index 64h

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

- FP Alternate V Total

Thisregister isused 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.

ProgrammedVaue=Actua Value—2

FP ALTERNATE OVERFLOW
REGISTER (XR65)
Read/Writeat |/O Address3D7h
Index 65h

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

Thisregister isused in all flat panel modes.

FP Alternate Vertical Total Bit-8
FP Vertical Panel Size Bit-8

Reserved (R/W)

Reserved (R/W)

FP Alternate Vertical Total Bit-9
FP Vertical Panel Size Bit-9

N o o0 WN B O

FP Alt V Totd Bit-8
FPV Pand Size Bit-8
FP Alt VSync Start Bit-8
Reserved (R/W)
Reserved (R/W)

FP Alt V Tota Bit-9

FP Alt Panel Size Bit-9
FP Alt VSync Start Bit-9

FP Alternate Vertical Sync Start Bit-8

FP Alternate Vertical Sync Start Bit-9
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FP ALTERNATE VERTICAL SYNC START
REGISTER (XR66)

Read/Writeat |/O Address3D7h

Index 66h

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

~ FP Alternate VSync Start

Thisregister isused 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 definesthe
scan line position at which vertical sync
becomes active. Similar to CR10.

Programmed Vaue=Actual Value—1

FP ALTERNATE VERTICAL SYNC END
REGISTER (XR67)

Read/Writeat /O Address3D7h

Index 67h

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

———  FP Alt VSync End

~ Reserved(R/W)

Thisregister isused 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
CR11. If the vertical sync width desired is
N lines, the programmed valueis:

(contents of XR66 + N) ANDed with OFH
7-4 Reserved (R/W)
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VERTICAL PANEL SIZE REGISTER (XR68)
Read/Writeat |/O Address3D7h
Index 68h

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

~ Vertical Panel Size

Thisregister isused in all flat panel modes.

7-0 Vertical Pand Size

The contents of this register define the
number of scan lines per frame.

Programmed Vaue=Actual Value—1

Panel size bits 8-9 are defined in overflow
register XR65.

PROGRAMMABLE OUTPUT DRIVE
REGISTER (XR6C)

Read/Writeat 1/O Address3D7h

Index 6Ch

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

Reserved(R/W)

CFG8/ Core Vcc Select
Flat Panel Output Drive
BusInterface Output Drive
Memory Intfc A Out Drive
Memory Intfc B Out Drive
T Reserved(R/W)

Thisregister isused to control the output drive of the
bus, video, and memory interface pins.

0 Reserved (R/W)

1 CFG8- Core Vcc Selection
This bit determines pad input threshold. On

thefalling edge of RESET, thisbit will latch
the state of AA8 pin (CFG8).

0 Vccforinterna logicis3.3V
1 Vccforinterna logicis5V (Default)

2  Flat Panel Interface Output Drive Select

0 Lowerdrive(Default)
1 Higher drive (doubles the rated output
drive)

3 Buslinterface Output Drive Select

0 Higher drive (Default) (doubles the
rateddrive)
1 Lower drive

4  Memory Interface A Output Drive Select

This bit affect memory interface group A
control pins:. RASA#, CASAH#, CASAL#,
and WEA#.

0 Lowerdrive(Default)
1 Higher drive (doubles the rated output
drive)

5 Memory Interface B Output Drive Select

This bit affect memory interface group A
pins: RASB#, CASBH#, CASBL#,
WEB#, and MBD15:0

0 Lowerdrive(Default)
1 Higher drive (doubles the rated output
drive)

7-6 Reserved (R/W)
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POLYNOMIAL FRC CONTROL REGISTER
(XR6E)

Read/Writeat /O Address3D7h

Index 6Eh

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

——— - Polynomia 'N' Vaue

~ Polynomia 'M' Value

This register is effective in flat panel mode when
polynomial FRC is enabled (see XR50 bits 0-1). It
isused 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.

FRAME BUFFER CONTROL REGISTER
(XR6F)

Read/Writeat /O Address3D7h

Index 6Fh

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

FrameBuffer Enable
FrameAccelerator Enable

Reserved(R/W)

FrameBuffer Method

Thisregister iseffectivein flat panel modeonly.

0 Frame Buffer Enable

This bit is used to enable the external frame
buffer. Frame buffering and frame acceler-
ation are required for simultaneous CRT and
DD/DS panel operation. In case of simulta-
neous CRT and plasma or SS panels, the
frame buffer is not used therefore thsese bits
should be set to 0. The frame buffer with
acceleration isalwaysrequired to drive LCD
DD panels.

0 Disableframebuffer (default)
1 Enableframebuffer
1 Frame Accelerator Enable

Thisbit should alwaysbe set to 1 for DD flat
panels. This bit should be
programmed to O when XR6F[0] = 0
or for non-DD panels.

0 Disableframeaccel erator (default)
1 Enableframeaccelerator

6-2 Reserved (R/W)

7 Frame Buffer Method

0 Frame buffer is stored in upper
portion of display memory
1 Reserved
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SETUP / DISABLE CONTROL REGISTER (XR70)
Read/Writeat |/O Address3D7h

Index 70h

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

~ Reserved(0)

— 3C3/46E8 Register Disable

6-0 Reserved (0)
7 3C3 /| 46E8 Register Disable

Note:

0

In the MC and Pl bus, port 3C3h
works as defined to provide control of
VGA disable. In the ISA bus, port
46E8h works as defined to provide
control of VGA setup and disable
modes (setup and disablefunctionsare
not provided on pins).

In the MC and PI bus, writes to I/O
port 3C3 have no effect. In the ISA
bus, writes to I/O port 46E8h have no
effect (the VGA remains enabled and
will not go into setup mode).

Writes to register 46E8 are only

effectivein I1SA bus configurations (46E8 is
ignored in MC and Pl bus configurations
independent of the state of this bit). Writes
to 3C3 are only effectivein MC and Pl bus
configurations (3C3 is ignored in ISA bus
configurations independent 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).

Thisregister iscleared by reset.
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EXTERNAL DEVICE I/0 REGISTER (XR72)
Read/Writeat /O Address3D7h
Index 72h

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

ZWSH# Pin Control
ENAVEE Pin Control
GPIOO0 (ACTI) Data

- GPIOO (ACT]I) Pin Control

GPIO1(ENABKL) Data

ZWS# Pin Control
Thishit is effective when XR01[3]=1.

0 Pin 38 is used as ZWS# (Zero Wait
State) for I1SA bus or POS# for Micro
Channel bus (default on reset).

1 Pin 38 is used as IRQ for ISA or
Micro Channel bus.

ENAVEE Pin Control

0 Pin 47 is used as Enable VEE
(ENAVEE) output (default on reset)

1 Pin 47 is used as Enable Backlight
(ENABKL) output

GPIOO (ACTI) Data

This bit always reads back the state of the
ACTI pin (pin 75). When ACTI is
configured as general purpose output
(XR72[4-3]=11) this bit determines the data
output on ACTI pin.

GPIOO (ACTI) Pin Control

This bit is effective only when XR01[4]=1
and XR50[7]=0.

00 Pin 75 is ACTI output (default on

}- GPIO1 (ENABKL) Pin Ctrl

7-6

GPIO1 (ENABKL) Data

This bit always reads back the status of the
ENABKL pin (pin 76). When ENABKL is
configured as general purpose output
(XR72[7-6]=11), this bit determinesthe data
output on the ENABKL pin.

GPIO1 (ENABKL) Pin Control

This bit is effective only when XR01[4]=1
and XR50[7]=0.

00 Pin 76 is used to output ENABKL
(enablebacklight) (default onreset)

01 Reserved

10 Pin 76 is general purpose input 1

(GPIOY)
11 Pin 76 is general purpose output 1
(GPIOY)

reset)
01 Reserved
10 Pin 75 is genera purpose input O
(GPIO0)
11 Pin 75 is genera purpose output O
(GPIOO)
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DPMS CONTROL REGISTER (XR73)
Read/Writeat /O Address3D7h
Index 73h

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

HSYNC Data
HSYNC Control
VSYNC Data
VSYNC Control

Reserved(0)

This register is provided to allow the controller to
independently shut down either or both of the
HSYNC and VSYNC outputs. This capability
allowsthe controller to signal aCRT monitor to enter
power-saving states per the VESA DPMS (Display
Power Management Signaling) Standard. The
DPMSstatesare:

H \Y4 Power M anagement State
Active Active Normal Operation
Inactive Active Standby (Quick Recovery) Opt
Active Inactive Suspend (Max Power Savings)
Inactive Inactive Off (Autorecoveryisoptional)

0 HSYNC Data

If XR73 bit-1 (bit-1 of this register) is
programmed to 1, the state of thisbit will be
output on HSYNC (pin 51).

1 HSYNC Control

Determines whether bit-0 of this register or
internal CRTC horizontal sync information
isoutput on HSYNC (pin 51).

0 CRTCHSYNC isoutput (Default)
1 XR73[0] isoutput

2 VSYNC Data

If XR73 bit-3 (bit-3 of this register) is
programmed to 1, the state of thisbit will be
output on VSYNC (pin 50).

3 VSYNC Control

Determines whether bit-2 of this register or
internal CRTC vertical sync information is
output on VSYNC (pin 50).

0 CRTCVSYNCisoutput (Default)
1 XR73[2] isoutput

7-4 Reserved (0)
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CGA/HERCULES COLOR SELECT REGISTER
(XRTE)

Read/Writeat /O Address3D7h

Index 7Eh

|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

l Reserved(0)

This 1/0O address is mapped to the same register as
I/O address 3D9n. This alternate mapping effec-
tively provides a color select register for Hercules
mode. Writesto thisregister will change the copy at
3D9h. The copy at 3D%h is visible only in CGA
emulation. The copy at XR7E isawaysvisible.

5-0 See Register 3D9
7-6 Reserved (0)

DIAGNOSTIC REGISTER (XR7F)
Read/Writeat /O Address3D7h
Index 7Fh

|D7|D6|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: HSYNC,
VSYNC, FLM, LP, M (ACDCLK),
P15-0, SHFCLK, ACTI, ENABKL,
ENAVDD, andENAVEE.

1 3-State Control Bit 1

0 Normal outputs (default on Reset)
1 3-state output pins: RASA#, RASB#,

CASAL#,  CASAH#, CASBL#,
CASBH#, WEA#, WEB#, and AAO-
0.

5-2 Test Function
These bits are used for internal testing of the
chip when bit-6 = 1.
6 Test Function Enable
Thisbit enables bits5-2 for internal testing.

0 Disabletest function bits(default)
1 Enabletest function bits

7 Special Test Function

This bit is used for internal testing and
should be set to O (default to O on reset) for
normal operation.
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Clock Synthesizer

Anintegrated clock synthesizer supports all required
pixel clock (VCLK) and memory clock (MCLK)
frequencies. Each of the two phase lock loops may
be programmed to output frequencies ranging
between 1M Hz and the maximum specified operating
frequency for that clock in increments not exceeding
0.5%. The frequencies are generated by an 18-bit
divisor word. This value contains fields for the
Phase Lock Loop (PLL), Voltage Controlled Oscil-
lator (VCO) and Pre/Post Divide Control blocks.
The divisor word for both synthesizers is program-
mable viaClock Control Registers XR30-32.

MCLK Operation

Normal operational frequencies for MCLK are
between 50MHz and 68MHz. Refer to the Electrical

Specifications for maximum frequencies at 3.3V and
5V (the maximum frequency at 3.3V will be dlightly
lower). Normal MCLK operational frequencies are
defined by the display memory sequencer parameters
described in the Memory Timing section. The
frequency selected is also dependent upon the AC
characteristics of the display memories connected to
the 65535. A typical match is between industry
standard 70ns access memories and a 65MHz
MCLK. The MCLK output defaults to 60MHz on
reset and isfully programmable. Thisinitia valueis
conservative enough not to violate sslow DRAM
parameters but not so slow as to cause a system
timeout on CPU accesses. The MCLK frequency
must always equal or exceed the host clock (CCLK)
frequency.

VCLK Register Table

VGA CLKO = 25.175MHz
VGA CLK1 =28.322MHz 21 VCLK Synthesizer
> CLK2=Programmable
/
XR32:30—— MCLK Register Table
» MCLK =Programmable 2%’ » MCLK Synthesizer
LKSELI:
CLKS 0 MISC Output Reg[3:2]
( Clock Synthesizer Register Structure'
1 ______________________________________________________________________

XR32[6:0] -~ —— 5| N »{ Detector Pump M VEO et
; L
: Internal :
i _ LoopFilter :
XR31[6:0] ;: o Mo ;
XR30[3:1] post-VCOdivider select
Phase-L ockedL oopOscillator
( Clock Synthesizer PLL Block Diagram '
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VCLK Operation

The VCLK output typically ranges between 19MHz
and 66MHz. VCLK has atable of three frequencies
from which to select a frequency. This is required
for VGA compatibility. CLKO and CLK1 are fixed
at the VGA compatible frequencies of 25.175MHz
and 28.322MHz respectively. These values can not
be changed unlike CLK2 which is fully program-
mable. The active frequency is chosen by clock
select bitsMSR[3:2].

Programming the Clock Synthesizer

The desired output frequency is defined by an 18-bit
value programmed in XR30-32. The 65535 has two
programmable clock synthesizers; one for memory
(MCLK) and one for video (VCLK). They are both
programmed by writing the divisor values to XR30-
32. The clock to be programmed is selected by the
Clock Register Program Pointer XR33[5]. The
output frequency of each of the clock synthesizersis
based on the reference frequency (Frer) and the 4
programmedfields:

Field # Bits

Prescale N (PSN) XR30[0] (+1 or +4)

M counter (M') = XR31[6:0] (M'=M - 2)

N counter (N') XR32[6:0] (N'=N-2)
Post Divisor (P) XR30[3:1] (+2P; 0£P£5)

FrRer * 4 * M
PSN * N * 2P

Four =

The frequency of the Voltage Controlled Oscillator
(Fvco) isdetermined by these fields asfollows:

Frer * 4 * M
PSN * N

Fvco =

where Frer = Reference frequency (between 4 MHz
- 20 MHz; typically 14.31818 MHZz)

Note: If areference frequency other than 14.31818
MHz is used, then the frequencies loaded on
RESET will not be correct.

Programming Constraints

There are five primary programming constraints the
programmer must be aware of

4 MHz £ FrRer£ 20 MHz
150 KHz £ FRer/(PSN * N) £ 2 MHz
48 MHz < Fvco £ 220 MHz
3£EM £127
3EN £127

The constraints have to do with trade-offs between
optimum speed with lowest noise, VCO stahility,
and factors affecting the loop equation.

The value of Fvco must remain between 48 MHz
and 220 MHz inclusive. Therefore, for output
frequencies below 48 MHz, Fvco must be brought
into range by using the post-V CO Divisor.

To avoid crosstalk between the VCO's, the VCO
frequencies should not be within 0.5% of each other
nor should their harmonics be within 0.5% of the
other's fundamental frequency.

The 65535 clock synthesizers will seek the new
frequency as soon asit isloaded following awrite to
XR32. Any change in the post-divisor will take
affect immediately. There is a possibility that the
output may glitch during thistransition of post divide
values. Because of this, the programmer may wish
to hold the post-divisor value constant across arange
of frequencies (eg. changing MCLK from the reset
value of 50MHz to 66MHZz). There is also the
consideration of changing from a low fregquency
VCO value with a post-divide +1 (eg. 50MHZz) to a
high frequency +4 (eg. 220MHz). Although the
beginning and ending frequencies are close together,
the intermediate frequencies may cause the 65535 to
fail in some environments. Inthisexampletherewill
be a short-lived time frame during which the output
frequency will be in the neighborhood of 12.5MHz.
The bus interface may not function correctly if the
MCLK frequency falls below a certain value.
Register and memory accesses which are
synchronized to MCLK may be so slow asto violate
bus timing and cause a watchdog timer error.
Programmers should time-out the system (CPU) for
approximately 10ms after writing XR32 before

p Post Divisor accessing the VGA again. This will ensure that
accesses do not occur to the VGA while the clocks
000 1 areinanindeterminate state.
001 2
010 4 Note: On reset the MCLK isinitialized to a 60MHz
011 8 output with a post divisor = 2 (Fvco= 120MHz).
100 16
101 3
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Programming Example

The following is an example of the calculations
which areperformed:

Derive the proper programming word for a 25.175
MHz output frequency using a 14.31818 MHz refer-
encefrequency:

Since 25.175 MHz < 48 MHz, double it to 50.350
MHz to get Fvco in its valid range. Set the post
dividefield (P) to 001.

Prescaling PSN = 4

Theresult:
Fvco=50.350 = (14.31818 x 4 x M/4 x N)
M/N = 3.51655
Several choicesfor M and N areavailable:

M N Fvco Error

109 31 50.344 -0.00300
102 29 50.360 +0.00500

Choose (M, N) = (109,31) for best accuracy.
Prescaling PSN = 1

Theresult:
Fvco=50.350 = (14.31818 x 4 x M/1 x N)
M/N = 0.879127
M N Fvco Error
80 91 50.349 -0.00050

FrRer/(PSN x N) = 157.3KHz

Therefore M/N = 80/91 with PSN = 1 is even better
than with PSN = 4.

XR30 = 0000010b (02h)
XR31 =80 - 2 = 78 (4Eh)
XR32 =91 - 2 = 89 (59h)
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Clock Synthesizer PCB Layout Considerations

Clock synthesizers, like most analog components,
must be isolated from the digital noise which exists
on a PCB power plane. Care must be taken not to
route any high frequency digita signals in close
proximity to the analog sections. Inside the 65535,
the clocks are physically located in the lower left
corner of the chip surrounded by low frequency
input and output pins. This helps minimize both
internally and externally coupled noise.

The memory clock and video clock power pins on
the 65535 each require similar RC filtering to isolate
the synthesizers from the VCC plane and from each
other. The filter circuit for each CVCCn / CGNDn
pair isshown inthefigureto theright:

VCC

C2

H
[y

+5V
s 10W
| o Ann cvcen
0.1uF 47yF |, 0.1uF
-~ ~ -~
® CGNDn
L eND

The suggested method for layout assumes a multi-
layer board including VCC and GND planes. All
ground connections should be made as close to the
pin / component as possible. The CVCC trace
should route from the 65535 through the pads of
the filter components. The trace should NOT be
connected to the filter components by a stub. All
components (particularly the initial 0.1pF capacitor)
should be placed as close as possible to the 65535.

GND " 1A19

[ 1A20

GND 1 A2z1

IIIII-QD —Y )
9=l ] CGNDO

GND 7 x7ALI
[ XTALO
CVCCOo

CvCC1i
1 RESET#
(Mm==i ] CGNDL
NOTE: Do GND
not connect
Vcchere. cs VCe
Route the trace
through the >
decouplingcap
pad as shown. vee
GND
GND Designator | Value
C1,C3,C4,C6,C7 | 0.1uF
GND C2,C5 4T
T R1,R2 10W
Always pass the Vcc trace through the decoupling cap pad. Do not |eave a stub as shown here.
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VGA Color Palette DAC

The 65535 integrates a VGA compatible triple 6-bit
lookup table (LUT) and high speed 6/8-bit DACs.
Additionally the internal color palette DAC supports
true-color bypass modes displaying color depths up
to 24bpp (8-8-8). The palette DAC can switch
between true-color data and LUT data on a pixel by
pixel basis. Thus, video overlays may be any
arbitrary shape and can lie on any pixel boundary.
The hardware cursor is also a true-color bitmap
which may overlay both video and graphics on any
pixel boundary.

The internal palette DAC register 1/0 addresses and
functionality are 100% compatible with the VGA
standard. In all bus interfaces the palette DAC
automatically controls accesses to its registers to
avoid dataoverrun. Thisisaccomplished by holding

High Color Pixel Data—»
Hardware Curser—»

RDY in the ISA configuration and by delaying
LRDY#for VL-Busand direct processor interfaces.

For compatibility with the VL-Bus Specification the
65535 may be disabled from responding to palette
writes (although it will perform them) so that an
adapter card on a dow (ISA) bus which is
shadowing the palette LUT may see the access. The
65535 always responds to palette read accesses so it
isstill possible for the shadowing adapter to become
out of phase with the internal modulo-3 RGB
pointer. It is presumed that this will not be a
problem with well-behaved software.

Extended display modes may be selected in the
Paette Control Register (XR06). Two 16bpp
formats are supported: 5-5-5 Targaformat and 5-6-5
XGA format.

—» Red

24 > Triple

External RGB Video—»

6/8-bit > Green
DAC

(565, 666, or 838)

LUT Pixel Data & » T”f'ST&b't 18

—» Blue

( VGA Color Palette DAC Data Flow '
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Flat Panel Timing

Flat Panel Timing

Overview

A number of extension registersin the 65535 control
the panel interface, including the functions of the
interface pins and the timing sequences produced for
compatibility with various types of panels. Some
key registersof interest for panel interfacing are:

XR06 Color Reduction Select

XR1C H Pandl Size (# of characters—1)

XR68 V Panel Size (# of scan lines—1) bits0-7
(XR65[1]=Vsize hit-8, XR65[6]=hit-9)

XRAF Panel Format 2 (Bits/pixel,M/LPfunction)
XR50 Panel Format 1 (FRC,dither,clkdiv,VAM)
XR51 Display Type (Panel type, clk/LP control)
XR53 Panel Format 3 (FRC opt, pixel packing)
XR54 Panel Interface(FLM/LP Control)

XR5E M (ACDCLK) Control

XR6F FrameBuffer Control

This section summarizes the function of the various
fields of the above registers as they pertain to panel
interfacing. Detailed timing diagrams are shown for
output of data and control sequences to a variety of
panel types. The 65535 highly configurable
controllers can interface to virtually all existing
monochrome LCD, EL, and Plasma panels and al
color LCD STN and TFT panels. The pand types
supported are:

Singlepanel-Singledrive (SS) Monochrome
1 pixel/clock, 8hits/pixel
2 pixels/clock, 8bits/pixel
4 pixels/clock, 4hits/pixel
8 pixels/clock, 2bit/pixel
16 pixels/clock, 1bit/pixel

Dual panel-Doubledrive(DD) M onochrome
8 pixels/clock, 1bit/pixel
16 pixels/clock, 1bit/pixel

Single panel-Singledrive (SS) Color TFT
1 pixel/clock, 15 bit/pixel 5-5-5 RGB
1 pixel/clock, 18 bit/pixel 6-6-6 RGB

Single panel-Single drive (SS) Color STN
2 2/3 pixels/clock, 3 bit/pixel 1-1-1 RGB
5 1/3 pixelg/clock, 3 bit/pixel 1-1-1 RGB

Dual panel-Doubledrive(DD) Color STN
2 2/3 pixels/clock, 3 bit/pixel 1-1-1 RGB
5 1/3 pixelg/clock, 3 bit/pixel 1-1-1 RGB

Panel Size

The horizontal panel sizeregister (XR1C) isan 8-bit
register programmed with panel width (minus one)
in units of 8-pixel characters (e.g., a 640x480 panel
is 80 ‘characters wide so XR1C would be
programmed with 79 decimal). The vertical panel
Size register is programmed with the panel height
(minus one) in scan lines (independent of single or
dual panel type). The programmed value is 10 bits
in size with the 8 Isbs in XR68 and the overflow in
XR65 hits 1 and 6. The maximum panel resolution
supported is 2048x1024.

Panel Type
The panel type (PT) isdetermined by XR51 bits 1-0:

00 Singlepanel-Singledrive(SS)
11 Dua panel-Doubledrive(DD)

For DD panels, XR6F bit-0 (Frame Buffer Enable)
and/or bit-1 (Frame Accelerator Enable) must also be
set (either external or embedded may be used).

TFT Panel Data Width
XR50 bit-7 controls output width for TFT panels:

0 15-bitcolor TFT pand interface (555 RGB)
1 18-bitcolor TFT panel interface (666 RGB)

Color Reduction Select

XRO06 bits 7-6 determines color versus monochrome
output: 11 selects color, all others select
monochrome (they select the algorithm used to
reduce 18-bit color data to 8-bit or 6-bit data for
monochrome panels).

NTSCWeighting
EquivaentWeighting
GreenOnly Weighting
Color (no reduction)
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Display Quality Settings
Frame Rate Control (FRC)

The 65535 provides 2 and 16 level FRC to generate
multiple gray / color levels. FRC selection is deter-
mined by XR50 bits 1-0:

00 NoFRC
01 16-frame FRC (color or mono STN panels)
10 2-frame FRC (color TFT or mono panels)

Three optionsare provided for FRC control:

FRC option 1 (XR53[2]) (always set to 1)
FRC option 2 (XR53[3]) (always set to 1)
FRC option 3 (XR53[6]) (for 2-frame FRC only):

0 FRCdatachangesevery frame
1 FRCdatachangesevery other frame

A setting of O typically results in better display
quality, but panels with an internal 'M' signal
typically recommend this bit be set to 1 for longer
pand life.

XR6E is also provided for FRC polynomial control.
The values of the 'm' and 'n' parameters are
typically set by trial and error (recommended settings
are given elsewhere in this manuals for selected
panels as derived by Chipsand Technologies).

Dither

The65535 a so provides Dither capability to generate
multiple gray / color levels. Dither selectionisdeter-
mined by XR50 bits 3-2:

00 NoDither
01 EnableDither for 256-color modesonly
10 EnableDither for all modes

M Signal Timing

Register XR5E (M/ACDCLK Control) isprovidedto
control the timing of the M (sometimes called
ACDCLK) signal. XR5E bit-7 selects between two
typesof timing control

0 Use XRS5E bits 0-6 to determine M signal
timing (bits 0-6 are programmed with the
number of HSY NCs between phase changes
minus 2)

1 M phase changes every frame if the frame
buffer is used, otherwise the phase changes
every other frame

XRA4F bit-6 controls the M pin output. If set, the M
pin will output flat panel BLANK# / Display Enable
(DE) instead of the normal M signal (and XR5E will
be ignored).

Gray / Color Levels

Gray / color levels are selected via XR4F bits 2-0
(somewhat misleadingly called 'Bits Per Pixel"):

No FRC
# of msbs Used Gray/ Gray/ Color
to Generate Color Levelswith
Gray/ColorLevels Levels  Dithering
001 1 2 5
010 2 4 13
011 3 8 13
100 4 16 61
101 5 32 125
110 6 64 253
111 8 256 n/a
2-Frame FRC
(Color TFT or Monochrome Panels)
# of msbs Used Gray/ Gray/ Calor
to Generate Color Levelswith
Gray/ColorLevels Levels  Dithering
010 1 9
011 2 7 25
100 3 15 57
101 4 32 125
16-Frame FRC
(Color or Monochrome STN Panels)
# of msbs Used Gray/ Gray/ Calor
to Generate Color Leveswith
Gray/ColorLevels Levels Dithering
001 1 5
010 2 4 13
011 3 8 29
100 4 16 61

The setting programmed into XR4F bits 0-2 above
determines how many most-significant color-bits /
pixel are used to generate flat panel video data. In
general, 8 bits of monochrome data or 8 bits/color of
RGB color data enter the flat panel logic for every
dot clock. Not al of these bits, however, are used to
generate output colors / gray scales, depending on
the type of panel used, graphics/ text mode, and the
gray-scaling agorithm chosen (the actual number of
bits used isindicated in the table above). Also note
that settings which achieve higher gray / color levels
may not necessarily produce acceptable display
guality on some (or any) currently available panels.
This document contains recommended settings for
various popular panels that have been found to
produce acceptable results with those panels.
Customers may modify these settings to achieve a
better match with their requirements.
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Pixels Per Shift Clock

The 65535 can be programmed to output 1, 2, 4, 8,
or 16 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 XR50 bits 6-4. For monochrome
panels, thevalid settingsare:

Pixels Per Pixels Per
Shift Clock Shift Clock
without with
Shift Frame Frame
Clock Acceleration  Acceleration
000 Dotclk 1 2
001 Dclk/2 2 4
010 Dclk/4 4 8
011 Dclk/8 8 16
100 Dclk/16 16 n/a
Pixels
Per 8-Bit Valid 16-Bit Vvalid
Shift  Panel Outputs Panel  Outputs
Clock Interface 8-bit Interface (16-bit)
1 8bpp P8-15 8bpp P8-15
2 dbpp P8-15(8-111st) 8bpp  PO-15
4 2bpp P8-15(8-91st) 4bpp PO-15
8 1rt])}op P1,35,.. (1 1st) 2bpp PO-15
16 a n/a lbpp PO-15

The pixel on the lowest humbered output pin is
alwaysthefirst pixel output (the pixel shown first on
the left side of the screen). For example, for 8 pixels
per clock, 1bpp on an 8-bit interface, P1 is the first
pixel, P3 isthe second, etc. For 16 pixels per clock,
1bpp on a 16-bit interface, PO isthe first pixel, Plis
the second, etc. For 4 pixels per clock, 2bpp on an
8-hit interface, P8-9 is the first pixel, P10-11 is the
second, etc. Data output mappings for SS panels for
morethan 1hit/pixel are showninmoredetail below:

18bit 18bit 15bit 15bit 8bit 16bit 16bit 16bit

Color Color Color Color Mono Mono Mono Mono
Pix/clk: 1 2 1 2 1 2 4 8
CD: 000 001 000 001 000 001 010 011
PO [B2n| B5n |B3n| B6n - GOn | G4n | G6n
P1 |B3n| B6n |B4n| B7n - Gln | G5n | G/n

The number of bits per pixel is determined as
follows:

1lbpp: Bits/Pixel=000 or 001 or

16-Frame FRC or
2-Frame FRC with Bits/Pixel=010

Not 1bpp and CD=011 (8 Pixels/Clock)
Not 1bpp and CD=010 (4 Pixels/Clock)

Not 1bpp and CD=001 22 Pixel s/CIockg or
Not 1bpp and CD=000

2bpp:
4bpp:

8bpp:
PP 1 Pixels/Clock

ValidColor TFT panel shift clock divide settingsare:
Pixels

e TFT TFT "BO-n" "GO-n" "RO-n"

ift Output Output Panel Panel Panel

Clock Width Format Outputs Outputs Outputs
000 1 15 555 P0-4 P59 P10-14

18 6-6-6 PO-5 P6-11 P12-17
For Color STN, valid shift clock divide settings are:
Pixels Per Clock Pixels Per Clock
without with
FrameAcceleration FrameAcceleration
SSor DD Panels DD PanelsOnly
000 1 2
001 2 4
010 4 n/a

For Color STN data, pixel output sequences are
controlled by the 'Color STN Pixel Packing' bits
(XR53[5-4]) described on the following page
(packing may be selected as '3-Bit Pack’, '4-Bit
Pack’, or 'Extended 4-Bit Pack' sometimes referred
to in this document as 3bP, 4bP, and X4bP). All
cases in the above table can use 3-Bit Pack or 4-Bit
Pack. Extended 4-Bit Pack is only used for the
single case of 2 pixels per shift clock without frame
acceleration.  Pixel Packing is not used for
EL/Plasma, Monochrome DD, or Color TFT panels
so the pixel packing bits should be set to 00 for all
panels except color STN.

Shift Clock Divide

P2 |B4n| B7n |B5n(B5n+l| — | G2n [G4n+1{G6n+1
P3 |B5n|{B5n+1|B6n|{B6N+1] — | G3n [G5n+1{G7n+1
P4 | B6n|B6n+1| B7n|B7n+1| GOnt|GOn+1{G4n+2(G6n+2
P5 [B7n|B7n+1|G3n| G6n |G1nt|Gln+1{G5n+2|G7n+2
P6 |G2n| Gbn |G4n| G7n |G2nt|G2n+1{G4n+3[{G6n+3
P7 |G3n| G6n |G5n|G5n+1|G3nt|G3n+1{G5n+3[G7n+3
P8 |[G4n| G7n |G6n|G6Nn+1| GOn| G4n | Gbn |Gbn+4
P9 | Gbn|G5n+1|G7n|G7n+l| GIn| Gbn | G7n |G7n+4
P10 |[G6n|G6n+1{R3n| R6n | G2n| G6Nn |G6N+1|G6N+5
P11 |G7n|G7n+1{R4n| R7n | G3n| G7n |G7n+1|G7n+5
P12 [R2n| R5n [R5n|R5n+1| G4n [G4n+1|G6n+2|G6Nn+6
P13 |R3n| R6n [R6N|R6N+1| G5n |G5n+1|G7n+2|G7n+6
P14 |R4n| R7n [R7n|R7n+1| G6n |G6n+1|G6Nn+3|G6N+7
P15 |R5n|(R5N+1| — — [ G/n|G7n+1|G7n+3|G7n+7
P16 |R6n|R6N+1| — - - - - —

P17 |R7n|R7n+1| - - - - - -

t For information only, not recommended for panel connections

The above clock divide ('CD") bits (XR50 bits 6-4)
affect both shift clock and data out. XR51[3] (Shift
Clock Divide or SD) may be set so that only the shift
clock (and not the video data) is further divided by
two beyond the setting of XR50 bits 6-4. This has
the effect of causing a new pixel to be output on
every clock edge (i.e., both rising and falling) in-
stead of just every falling clock edge (the first pixel
output on every scan linewill be ontherising edge).

Extended 4-Bit Pack for Color STN panels requires
the SD bit (XR51[3]) to be set to 1. In all other
cases in the Color STN table above, either setting
may be used.
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Flat Panel Timing

Color STN Pixel Packing (Pixel Output Order)

For color STN panels, pixel packing must be
selected viaX R53 bits 5-4:

Packing CD SettingsAllowable

00 3-Bit Pack SS: 000, 001, or 010
DD: 000, 001 (010 w/o FA)

01 4-Bit Pack SS: 000, 001, or 010

DD: 000, 001 (010 w/o FA)
11 Ext'd4-BitPack SS: 001 (8bit panelsonly)

These settings are valid for color STN panels only
(these bits must be set to 00 for monochrome and
color TFT panels).

Pixel output order for 3-Bit Pack STN-SS panels
withoutframeaccel eration:
CD=000 (1p/clk) CD=001 (2p/clk)
ShfClk Edge Shift Clock Edge
1st 2nd 3rd 4th  1st 2nd 3rd 4th

CD=010 (4p/clk)
Shift Clock Edge
At 2nd 3rd 4th

PO - - -
P1 |R1|R2|R3]| ... R1|R3|R5] ... R1|R5|R9| ...
P2 |G1|G2|G3| ... G1|G3|G5]| ... G1|G5|G9]| ...
P3 |B1|B2| B3| ... B1[B3|B5| ... B1[B5|B9]| ..
PA — — = - - - - - -
P - - - R2|R4|R6] ... R2|R6[R10 ...
Pp6 - - - G2|G4|G6| ... G2|G6|G1d ...
Ppr - - - B2|B4|B6| ... B2| B6(B1Q ...
PgE - - - - - -
P - - - - - - R3|R7[R11] ...
P10 - - - - - - G3|G7|G1Y| ...
P11 - - - - - - B3[B7|B11 ...
P12 - - - - - - - - -
P13 - - - - - = R4|R8|R1Z ...
P14 - - - - - - G4|G8|G12 ...
P15 - - - - - - B4[B8|B17 ...
4b Pack, CD=001 Ext'd 4b Pack, CD=001
Shift Clock Edge  Shift Clock Edge
ist 2nd 3rd4th  1st 2nd 3rd 4th 5th 6th 7th
PO [R1|B3|G6]|... R1I _G1]G6 B6 |B1IRIZ[..
P1 Gl|R4|B6]... Bl1| R2 | R7 G7G12B12]|...
P2 |B1|G4[R7|.. [ G2 B2|B7[R8RI3GI13[..._
P3 |R2|B4|G7 R3 _G3|[ G8 B8 |B13RI4]..
P4 | G2|R5[B7]... B3| R4 | R9 (9 G14B14|...
P5 |B2|G5[R8|.. |[G4 B4| B9[RI0RI5GI5|...
P6 [R3|B5|G8]... R5 G5 [G10 B10|B14R16]...
P7 G3|R6[ B8] ... B5| R6 |R11 G11(G16 B16|...

The pixel sequence for 3-bit Pack repeats with eith
1, 2, or 4 pixels every shift clock edge depending on
the setting of the clock divide (CD) field. The pixel
sequence for 4-bit Pack repeats with 8 pixelsevery 3
shift clock edges. The sequence for Extended 4-Bit
Pack repeats with 16 pixels every 6 shift clock
edges. Extended 4-bit Pack is used only for 8-bit
color STN-SS panels. It is not used for color STN
DD panels or for 16-bit color STN interfaces.

Pixel output order for 4-Bit Pack 8-bit STN DD
panels:

Shift Clock Edge
1t 2nd 3rd 4th

Upper: ___ S
PO R1|G2|B3j|...
P1 G1|B2[R4]...
P2 |B1|R3|G4|...
P3 R2|G3[ B4 ...
Lower: -
P4 R1|G2| B3|

P5 Gl|B2|R4]...
P6 |B1|R3[G4|...
p7 R2|G3|B4|...

The pixel sequence repeats with 8 pixels (4 for each
of the upper and lower panels) every 3 shift clock
edges. Clock divide must be set to 000 with Frame
Accelerationand 001 without FrameA ccel eration.

Pixel output order for 16-bit STN panels (4bit Pack):

STN-SSPanels ~ STN-DD Panels

Shift Clock Edge Shift Clock Edge
1gt 2nd 3rd 4th 1t 2nd 3rd 4th

PO R1|G6|B1 Upper:____ -
PL |Gl PO [R1]B3|G6J..
P2 |B1] Pl |G1[R4|BS6|
P [R2 P2 |B1|G4[R7[...
P4 G2 P3  [R2]B4|G7]..
PS | B2 P8 |G2[R5|B7|..
P6 |R3 P9 |B2|G5[R8]|...
Eg 533 P10 [R3|B5|G8
b foe P11 |G3[R6|BS]...
P10 |G4 Lower: _
P11 B4 PA R1[B3|G6|...
P12 [R5 PS5  |GlIR4|B6]..
P13 [G5 P6 |Bl{GAIR7I...
P14 |B5 P7 R2|B4|G7|...
P15 [R6 P12 |G2[R5|B7]...
P13 |B2|G5[R8[...
P14 [R3]B5|G8]...
P15 |G3[R6|BS]...

For STN-SS panels the pixel sequence repeats with
16 pixels every 3 shift clock edges (5-1/3 pixels per
shift clock edge). Clock divide must be set to 010.

For STN-DD panels the pixel sequence repeats with
16 pixels (8 for each of the upper and lower panels)
every 3 shift clock edges (2-2/3 pixels per shift clock
edge per panel). Clock divide must be set to 001
with Frame Acceleration and 010 without Frame
Acceleration.
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Output Signal Timing
LPSignal Timing

LP output polarity is controlled by XR54[6]
(O=positive, 1=negative). Setting XR4F hit-7,
however, causes the LP pin to output flat panel
BLANK# / DE instead of the normal LP signal (and
al other LP timing control parameters will be
ignored). Some panels (e.g., Plaama and EL)
require LP to be active during vertical blank time.
XR51[7] may be set to enable this. Otherwise LP
pulses are not generated during vertical blank.

FLM Output Signal Timing

FLM signal output polarity is controlled by XR54[7]
(O=positive, 1=negative).

BLANK#/DE Output Signa Timing

The polarity of the BLANK#/ DE output (if selected
for output on M, LP, or FLM as indicated above)
may be controlled by XR54[0] (O=positive,
1=negative). XR54[1] selects whether BLANK# /
DE outputs both H and V (0) or just H (2).
XR51[2] selectswhether BLANK#/ DE isgenerated
from CRT Blank or Flat Panel Blank.

SHFCLK Output Signal Timing

XR51[5] (Shift Clock Mask or SM) may be set to
force the shift clock output low outside the display
enableinterval.

Pixel Timing Diagrams

Pixel output timing sequences are shown for the
following panel configurations:

1) SS Monochrome Plasma/EL

Single Panel-Single Drive (Panel Type=00)
Plasma/EL Panel
2 pixelg/shift clock, 4 bits/pixel (CD =001)

2) DD Monochrome LCD

Dual Panel-Double Drive (Panel Type=11)
MonochromeL CD Panel
8 pixelg/shiftclk, 1bit/pixel, CD = 011
(010 with FB)
16 pixelg/shiftclk, 1bit/pixel, CD =100
(011 with FB)

3) SS Color TFT LCD
Single Panel-Single Drive (Panel Type=00)
Color TFT LCD Panel
4/5/6 bits/color/pixel (12/16/18bitstotal)
1 pixel/shift clock, 15-bit 5-5-5 RGB, CD=000
1 pixel/shift clock, 18-bit 6-6-6 RGB, CD=000

4) SS Color STN LCD
Single Panel-Single Drive (Panel Type=00)
Color STN LCD Pandl
1 bit/color/pixel (3 bitstotal) 1-1-1 RGB
1 pixel/shiftclk (3bit), CD=000
2 pixelg/shiftclk (6bit), CD=001
2-2/3 pixelg/shift clock (8bit), CD=010
5-1/3 pixelg/shift clock (8bit), CD=010, SD=1
5-1/3 pixelg/shift clock (16bit), CD=010

5) DD Color STN LCD

Dual Panel-Dual Drive(Panel Type=11)

Color STN LCD Panel

All timings= 1 bit/color/pixel (3 bitstotal) RGB
2-2/3 pixelg/shift clock (8-bit), CD=001

5-1/3 pixelg/shift clock (16-bit), CD=010
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\l'lll': Flat Panel Timing

P \_/ \_/ /S

BLANK# / \ / \ // / \_
SHFCLK JutL. Jutt.  Jutt Judt. . . JUUL JTUUL
[«— 320 Clks/ H —¥ {¢— 320 Clks/ H —¥ ¢ 320 Clks/ H —¥|
FLM  \ y /
PO-7 (1,1)...(640,1) (1,2)..(640,2) Y (1,480)...(640,480)

480 Data Transfer Cycles/ V >

SHFCLK
(Plasma)

- AR e e
Va a4
S-S e e O P N I A
(ELT) — 7 // —

22
=2

@1 (6381) | (640,1) (638 480) (640 480)

P13 o 5 5

4 4
(4.2) X:// :X (638,1) (640,1) X:// :X(638480) (640480)X:
= 4
2,1) (4,1) (638, 1) (640 1) (638,480) (640 480)
s e 9 = [ ] L

T EL panelsusetherising edge of SHFCLK to clock in panel data, so the
SHFCLK output from the 65535 must be inverted prior to driving the panel

( Panel Timing - Monochrome 16-Gray-Level EL / Plasma 8-Bit Interface '

1)
P14 "

P8 :X (Ell) X (3 1) X:// (637 1) X (639 1) z (637480)X(639480)
// //

P9 :X (:Ezl) X (3 1) X: :X (637 1) X (639 1) X: (637480X(639480)
o ] [ [” EEEE
% %

1,1) (3.1) 71) | (639,1) (637,480 \[ (639,480)
SO D D B 5 5 ] [
P2 | @D | @D [// @8 | 600 [// ](638480)X(640480)
Tore) | X
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\l'lll': Flat Panel Timing

Panel Output Timing- 640x 480 M onochromeDD 8-Bit (1 Bit/Pixel, 8 Pixels/ Shift Clock)

P \_/ \_/ /N
BLANK# / \ / \ o/ L
SHFCLK Uttt Judt Ul JUU L JUUL

- 160 Clks/ H —¥| - 160 Clks/ H —¥| - 160 Clks/ H —¥|
(640 x 480) (640 x 480) (640 x 480)
FLM  \
7
(1,1)...(640,1) (1,2)...(640,2) (1,240)...(640,240)
PO-7 (1,241)...(640,241) (1,242)...(640,242) ) (1,480)...(640,480)
1« 240 Data Transfer Cycles/ V >

(640 x 480)
Panel Output Pixel Order -640x480
(NoFA)DCLK  JUUVUUTUUTVUTVUUTUUTL - JUutjutvuivuuiuidut (Sié'BCIZ-P%ﬁB) JUUUUUUTUUUIUIU UL
FADCLK JUUUUUUUUUL JUUUUUUUUUL (SléBcL_r% fo4) JuuuvuvyuyuuyuuyvuyuL
SHFCLK I L I oI I o[ 1+_[T— N I R I N
(UD3) PO @D X GO X X 6:=n X ey X, 7 X(633.240) X (637,240)X__
(UD2) PL XD X_ (61 X:/:X (634.1) X_(638.1) )(:// 7 X(634,240) X (6382400 X__
(UD1) P2 X @1 X (7D X://;X (635,1) X_(639,1) )(:/j 7 X(635,240) X (6392400 X__
(UDO) P3 X @D X @D X://;X (636.1) X_(640.0) X:// ;//:X(636,240)X(640,240)X:
Y
Y

(LD3) P4 _ X (1.241) X (5241 X://;X (633,241) X (637, 241))(:;j (633,480) X (637,480)X__
(LD2) P5 __X_(2.241) X (6,241) X:/:X (634,247) X (638, 241))(:// (634,480) X (638,480 X__
(LD1) P6 __X_(3241) X (7,241) X://;X (635,241) X (639, 241)X:jj (635,480) X (639,480)X__
(LDO) P7 __X_(4.241) X (8,241 X:/;X (636,241) X (640, 241))(:;j ;//:X(636,480)X(640,480)X:

FA =FrameAccelerator (Imbedded or External)

( Panel Timing - Monochrome LCD DD 8-Bit Interface '
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\l'lll': Flat Panel Timing

Panel Output Timing-1024 x 768 M onochromeDD 16-Bit (1Bit/Pixel, 16 Pixels/ Shift Clock)

P \_/ \_/ /S
BLANK# / \ / \ y / _
SHFCLK Uttt Judt Ul JUU L JUUL

« 256 Clks/H —»| W 256 Clks/ H —»| « 256 Clks/ H —»]
(1024 x 768) (1024 x 768) (1024 x 768)
FLM  \
7,

(1,1)-.(1024,1) (12)...(1024,2) (1,384)...(1024,384)

PO-15 (1,385)...(1024,385) (1,386)...(1024,386) y (1.768)...(1024,768)
j 384 Data Transfer Cycles/V »|

(1024 x 768)

Pixel Output Pixel Order - 1024 x 768
JUUUUUUTUTU U U Ui i v v vu vu vu vu i JUIUTUUTUUiUvUviiiut
(NoFA) DCLK (SSF,LCFEZLEESO;G)
JuvuuvvuuvvvvvvvYvvYvUvUvyvyUuL JuuuvuvyuyuuyuuyvuyuL
(FA) DCLK ( dreL 0)1(1)

SHFCLK __I | _ |
(UD7) PO _X @D ) SR 7 X (1009.384)
(UD6) P1 X 20 X—mn 7 X (1010.384)
(UD5) P2 X €X)) X—an 7 X (1011.384)
(UD4) P3 X [z X—@en ) 7 X (1012.384)
(UD3) P4 X ) X—mn 7 X (1013.384)
(UD2) P5 X 6.0) X—man 7 X (1014.384)
(UD1) P6 _X 0 Xasn ) 7 X (1015.384)
(UDO) P7 X @1 X—aen 7 X (1016.384)
(LD7) P8 X (1.385) (@38 7 X (1009.768)
(LD6) P9 X (2.385) X_(10385) 7 X (1010.768)
(LD5) P10 _X (3.385) X__(11.385) Z j X (1011.768)
(LD4) P11 X (4.385) X__(12.385) Z j X (1012.768)
(LD3) P12 X (5.385) X338 7 X (1013.768)
(LD2) P13 X (6.385) X138 7 X (1014.768)

LD1) P14 —X (7.385) X_(15385) “ (1015.768)
(LDI) _, y
(LDO) P15 _X (8.385) X_(16385) X (1016768)

FA =FrameAccelerator (Embedded or External)

( Panel Timing - Monochrome LCD DD 16-Bit Interface '
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DCLK

SHFCLK
PO
P1
P2
P3
P4
P5
P6
P7
P8
P9

P10
P11
P12
P13
P14
P15

CD:

FRC:

Bits/ Pixdl:
Pixel Format:
Datawidth:

T Panelswith 9 or 12-bit datainterfaceswould usethis
setting and only connect to the mshs of each color

A_B0O() X Bi(0) X
A_Bo() X BI(1) X
A_B0(2) X Bi(2) X
A_B0®) X BI(3 X
X_B0(4) X Bi(4 X
A_GO(O) X G1(0) X
A_Go() X Gi1) X
X_GO0(2 X Gl(2) X
A_GOB) X G1(3) X
A_GO(4) X Gl(4) X
X_RO(O) X R1(0) X
A_RO(M) X RI(T) X
A _RO2) X Ri(2) X
A_RO®) X RI() X
X _RO(4) X RI(4) X

XUndefinedXUndefinedy

000 (1 Pixel / Clock)

10 (2 Frame)
110 (6 bits/pixel)
5-5-5 RGB
15-Bit t

( Panel Timing - Color LCD TFT 9/12/15-Bit Interface '
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\l'lll': Flat Panel Timing

Panel Output Timing- 1024 x 768 M onochromeDD 16-Bit (1Bit/Pixel, 16 Pixels/ Shift Clock)

P \_/ \_/ NVARN/
BLANK# / \ / \ 9 / \_
SHFCLK Ut Juut Uttt JUUL UL

{¢— 256 Clks/ H —¥ ¢ 256 Clks/ H —»] f¢— 256 Clks/ H —¥|
(1024 x 768) (1024 x 768) (1024 x 768)
FLM  \
7
PO15 (1,1)...(1024,1) (1,2)...(1024,2) (1,384)...(1024,384)
- (1,385)...(1024,385) (1,386)...(1024,386) P (1,768)...(1024,768)
b 384 Data Transfer Cycles/ V >

(1024 x 768)
Pixel Output Pixel Order - 1024 x 768
JUUUUUUUU I Ui Ui Ui Ui iU v v i viu viUvi JUUUUUUUUUUUviUvuUuuL
(NoFA) DCLK (Sls-ichcL:Kléo 26)
JuUuyvyvvvvvvvvvvuvrvUyUyUyuL HFCLK JuUuyyyyuyuUuuL
(FA) DCLK ( drcL 0;1)

SHFCLK __I | — i L
(UD7) PO X @) en 7 X (1009.384)
(UD6) P1 X 21 X—mn 7 X (1010.384)
(UD5) P2 X €] @ ) 7 X (1011.384)
(UD4) P3 X @) X—mn 7 X (1012.384)
(UD3) P4 X ) X—mn 7 X (1013.384)
(UD2) P5_X 6.0 X—aan ) 7 X (1014.384)
(UD1) P& X ) @B 7 X (1015.384)
(UDO) P7 X @) X—aen 7 X (1016.384)
(LD7) P8 X (1.385) @38 7 X (1009.768)
(LD6) P9 X (2.385) X_(10385) 7 X (1010.768)
(LD5) P10 X (3.385) X__(11.385) Z j X (1011.768)
(LD4) P11 _X (4.385) X_(12385) 7 X (1012.768)
(LD3) P12 X (5.385) X_(13385) 7 X (1013.768)
(LD2) P13 X (6.385) X438 7 X (1014.768)
(LD1) P14 _X (7.385) X_(15385) 7 X (1015.768)

7 ¥
(LDO) P15 X (8.385) X (16.385) 7, X (1016,768)

FA =FrameAccelerator (Embedded or External)

( Panel Timing - Color LCD TFT 18-Bit Interface '
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\l'lll': Flat Panel Timing

DCLK
IDCLK

IDCLKT2 . | I
SHFCLKL v | v | v
(Pin 56)
SHFCLKU v v v
(P8) (Pin 67)
PO X R1 X G1 X G6 X B6 X_B11 X RI12
PL X B1 X R2 X R7 X G7 X G12 X B12
P2 X G2 X B2 X B7 X RS X R13 X G13
P3 X R3 X G3 X G8 X B8 X_ Bi3 X RU
P4 X B3 X R4 X RO X G9 X_ Gl X B4
P5 X G4 X B4 X B9 X R10 X Ri15 X Gi5
P6 X R5 X G5 X G0 X B10 X Bi15 X RI16
P7 X B5 X R6 X R11 G11 X_ Gi6 X Bi16
PT: 00 (SS Panel)
CD: 010 (5'1/3 Pixels/ CIOCk) 16 Pixelsaretransferred
FRC: 01 (16-Frame) every 16 dot clocks
Pixel Packing: 11 (Extended 4-Bit Pack) (6 shift clock edges)
Bits/ Pixel: 100 (4 bits/ pixel)
FrameBuffer/ Acceleration: Disabled/Disabled

( Panel Timing - Color LCD STN 8-Bit (Extended 4-Bit Pack) Interface '
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\l'lll': Flat Panel Timing

DCLK
IDCLK

ook v o | v
PO X R1 X G6 X Bl X R17 X G22 X B27
PL Gl X B6 X R12 X G17 X B2 X R28
P2 X Bl X R7 X G122 X B17 X R23 X G28
P3 X R2 X G7 X B12 X R18 X G23 X B28
P4 G2 X B7 X R13 X G18 X B23 X R29
Ps X B2 X RS X <13 X B18 X R24 X _ G29
P6 X R3 X G8 X B13 X R19 X G24 X B29
P7 X G3 X B8 X R4 X G19 X B24 X R30
P8 X B3 X R9 X <14 X B19 X R25 X G30
P9 X R4 X G9 X Bi4 X R20 X G25 X B30
P10 X G4 X B9 X R15 X G20 X B25 X R31
P11 B4 X R10 X G155 X B20 X R26 X G31
P12 R5 X Gio X B15 X R21 X G26 X_B31
P13 X G5 X B10 X R16 X G21 X B26 X R32
P14 B5 X R11 X Gi6 X B21 X R27 X G32
P15 X R6 X Gi1 X Bi6 Y R2 X Gz7 X_ B32

PT: 00 (SS Panel)
CD: 010 (5-1/3 Pixels/ Clock)
FRC: 01 (16-Frame)
Pixel Packing: 01 (4-Bit Pack)
Bits/ Pixel: 100 (4 bits/ pixel)
FrameBuffer/Acceleration: Disabled/Disabled

( Panel Pixel Timing - Color LCD STN 16-Bit (4-Bit Pack) Interface '
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\l'lll': Flat Panel Timing

ok [ | [ L[ [ ©L [ ©L [ 1L 1
s v v [ v [ v [ ¥
PO X R@L) X GR1 X B(3,1) X RGLH X G661 X
PL_ X G@l) X BRI X R(4.1) X G651 X B61D X
P2_ X B@1) X R@EBI) X G(4,1) X BGLYH X R X
P X RRL X GBEL X B(4,1) X R61 X GFTILH ¥
P4 _ Y R(E24L) Y G(2.241) X B(3,241) X R(5241) X G(6,241) X
Ps X G(1241) X B(2,241) ) R(4,241) X G(5,241) X B(6,241) X
P6 X B(1241) X R(3,241) X G(4,241) X B(5241) X R(7,241) X
P7 _ X R(2241) X G(3,241) ¥ B(4,241) X R(6,241) X G(7,241) X
PT: 11 (DD Panel)

CD: 000 (2-2/3 Pixels/ Clock)
FRC: 01 (16-Frame)
Bits/ Pixel: 100 (4 bits/pixel)
Pixel Packing: 01 (4-Bit Pack)
FrameBuffer/Acceleration: Enabled/Enabled

8 Pixels (4 each for the upper and lower panels) are transferred every 4 Dot Clocks (3 Shift Clock Edges)

Panel Pixel Timing - Color LCD STN-DD 8-Bit (4-Bit Pack) Interface - With Frame Acceleration
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\l'lll': Flat Panel Timing

DCLK
IDCLK
SHFCLK
(DCLK2) | v__| v | v v v [
PO X R@1) X G(2,1) X B(3,1) X RGD X G(6,1) X
PL_ X Gl X B(2,1) X R4, X G561 X B(6,1) X
P2_ X B@L1) X R(3,1) X G(4,1) X BG51 X R(7,1) X
P3_ X R21) X G(31) X B(4,1) Y RG61) X G(7,1) X
P4 Y\ R(1,24L) Y G(2241) X BB3241) Y R(G241) X G(6241) X
P5_ X G24D) X B(2241) X R(4241) X G(5241) X B6241) X
P6 X\ B(1,241) X R(3241) X G(4241) X B(5241) X R7241) X
P7 X R@24) X G(B241) X B(4241) Y R(6.241) X G(7.241) X
PT: 11 (DD Panel)
CD: 010 (2-2/3 Pixels/ Clock)
FRC: 01 (16-Frame)
Bits/ Pixel: 100 (4 bits/pixel)
Pixel Packing: 01 (4-Bit Pack)
FrameBuffer/Accel eration: Enabled/Disabled

8 Pixels (4 each for the upper and lower panels) are transferred every 8 Dot Clocks (3 Shift Clock Edges)

Panel Pixel Timing - Color LCD STN-DD 8-Bit (4-Bit Pack) Interface - Without Frame Acceleration
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\l'lll': Flat Panel Timing

o'oY I A O [ o A S O o I
[oYeR’ S I I A s s O

(DCLK 12 v_| v | v v v |

PO _ X R@L X B(3,1) G(6,1) X ROD X BALY) X
PL_ X Gy X R(4,1) B(6,1) Y GO X R121) X
P2 X B@LY X G(4,1) R(7,1) X BOD X G(12,1) X
P X RE@1 X B(4,1) G(7,1) X R(10,1) X BA2L) X

pa _ X R@L24Y) Y B(3.240) G(6241) X R(9.241) { B(A1,241) X
Ps Y GIL24) X __ R(4.241) B(6,241) X G(9.241) X\ R(12241) X _
P6 _ X B(L24D) X G(4,241) R(7.241) X B(9241) X G(12241) X

X
X
X
X
X
)
X
P7 _ X RR241) X B@4241) X G(7241) Y R@0241)X B(12241) X
)
X
X
X
X
X
X
X

P8 X GR1 X R(5,1) B(7,1) X G101 X RA3L) X
PO _ X B2 X GBI RBL) X B@oL) X G131 X
P10 X RBI1 X B(5.1) G(8,1) X RQLY) X B@A3LH X
PI1 ~ X GBIL X R(6,1) B(8,1) X 6Ly X RA4T) X
P12 ~— X G(2241) { R(5241) B(7,241) Y G(10241) X R(13241) X
P13 ~— X B(224D) Y\  G(5,241) R(8241) )X B(10241) X G(13241) X
P14 _ X RG240 X\ B(5241) G(8241) Y RAL24aL) X B(13241) X
P15 ~— X G(3241) \  R(6,.241) B(8241) X G(11,241) X R(14241) X

PT: 11 (DD Panel)
CD: 010 (5-1/3 Pixels/ Clock)
FRC: 01 (16-Frame)
Pixel Packing: 01 (4-Bit Pack)
Bits/ Pixdl: 100 (4 bits/ pixel)
FrameBuffer/Acceleration: Enabled/Enabled

16 Pixels (8 each for the upper and lower panels) aretransferred every 8 Dot Clocks (3 Shift Clock Edges)

Panel Pixel Timing - Color LCD STN-DD 16-Bit (4-Bit Pack) Interface - With Frame Acceleration
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\l'lll': Flat Panel Timing

DCLK
IDCLK

ockrz [T ]| . [ S e
ioeLkry v | v | v
PO _ X R(1,1) X B(3,1) X G(6,1)
PL_ X G(11) X R(4,1) X B(61)
P2 X B(L1) X G(4,1) X R{1
P3 _ X R(2,1) X B(4,1) X G731
P4 _ X R(1,241) X B(3,241) X G(6,241)
P5 X G(1,241) X R(4,241) X~ B(6,241)
P6 _ X B(1,241) X G(4,241) X R(7,241)
P7 _ X R(2,241) X B(4,241) X G(7,241)
P8 X G(2,1) X R(5,1) X B
PO _ X B(2,1) X G(5,1) X R
P10 _ X R(3,1) X B(5,1) X GBI
P11 X G(3,1) X R(6,1) X  B@BI1
P2 _ X G(2,241) X R(5,241) X B(7,241)
P13 _ X B(2,241) X G(5,241) X R(8,241)
P14 X R(3,241) X B(5,241) X G(8241)
S G(3,241) X R(6,241) X  B(8241)
PT: 11 (DD Panel)
CD: 010 (5-1/3Pixels/ Clock)
FRC: 01 (16-Frame)
Pixel Packing: 01 (4-Bit Pack)
Bits/ Pixel: 100 (4 bits/ pixel)
FrameBuffer/Acceleration: Enabled/Disabled

16 Pixels (8 each for the upper and lower panels) aretransferred every 16 Dot Clocks (3 Shift Clock Edges)

Panel Pixel Timing - Color LCD STN-DD 16-Bit (4-Bit Pack) Interface - Without Frame Acceleration
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Programming

Programming and Parameters

GENERAL PROGRAMMING HINTS

The values presented in this section make certain
assumptions about the operating environment. The
flat panel clock (‘dot clock’) is assumed to be
generated by the internal clock synthesizer. 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 turned off. To enable it, set XR61
bit-0 = 1. The 65535 provide programmability of the
gray scaling agorithm by adjusting 'm' and 'n'
polynomial valuesin extended register 6E.

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 equa the
horizontal total. The horizontal sync start and end
values have a wide range of acceptable values. The

65535 a'so hasthe versatility to program an LP delay
to aid in interfacing to panels with awide variety of
timing requirements.

In order to program the 65535 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 FLM 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 parametersfor apanel 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 nhon-standard panel is usualy a tria
and error process.

These parameters are recommended by Chips and
Technolaogies, Inc. for the 65535. 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 65535 for other flat panel displays.

Revison 2.0

157

65535



\""-: Programming

EXTENSION REGISTER VALUES

The 65535 controller can be programmed for a wide variety of flat panels, compensation techniques and
backwards compatibility. Thefollowing pagesprovidethefollowing 65535 Extension Register Vauetables:

Extension
Table Registers Display TypeDescription Panels
#1  Minimum Parametersfor Initial Boot (Analog CRT VGA Mode)
#2  Additiona Parametersfor Emulation Modes

#3  Additional 640x480MonochromeL CD-DD (Panel ModeOnly) ............ Epson EG-9005F-LS
Citizen G6481L-FF
Sharp LM64P80
Sanyo LCM-6494-24NTK
Hitachi LM G5364XUFC

#4  Additiona 640x480MonochromeL CD-DD (SimultaneousModeDisplay)

#5 Additional 640x480 Color TFT LCD (Panel Mode Only) ........c.ccccue.e. HitachiTX26D02V C2AA
SharpLQ9D011
ToshibaL TM-09C015-1

#6  Additiona 640x480 Color TFT LCD (Simultaneous Mode Display)

#7  Additional 640x480 Color STN-SS LCD - 4-Bit Pack.................... Sanyo LM-CK53-22NEZ

(Panel Only & SimultaneousMode Display) Sanyo LCM5327-24NAK
Sanyo LCM5330

#8 Additiona 640x480 Color STN-SSLCD - Extended 4-Bit Pack............ Sharp LM64C031

#9  Additional 640x480 Color STN-DD LCD - 8-Bit Interface................... KyoceraKCL6448 DSTT
(Panel ModeOnly) Hitachi LM G9720XUFC

#10 Additional 640x480 Color STN-DD LCD - 16-Bit Interface.................. Sharp LM64C08P
(Panel & SimultaneousM odeDisplay) Sanyo LCM5331-22NTK

Hitachi LMG9721XUFC
Toshiba TL X-8062S-C3X
OptrexDMF-50351NC-FW

#11 Additional 640x480 16 Internal Gray ScalePlasma............cccevveeenene MatsushitaS804
#12 Additional 640x480 16 Internal Gray SCAleEL ..........cccevviveierennene. Sharp LJ64ZU50

Table#l specifies the minimum Extension Register values required for the 65535 to boot to VGA mode on
an analog CRT monitor.

Table#2 specifies the additional Extension Register values required for emulation of EGA, CGA, MDA and
Herculesbackwards compatibility modes. The registersin Table #2 should be used in conjunction
with the registers specified in Table #1. For registerslisted in both tables, use the valuesin Table
#2 (shown in bold text).

Tables#3-12 specify the additional Extension Register values required to support various panels. The registers
in Tables #3-12 should be used in conjunction 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).
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Programming

Table #1 - Parameters for Initial Boot
Initial Boot-Up Extension Register Vauesfor VGA Display onan Analog CRT Monitor

Register Value (Hex)

Register Name

XR02
XR04
XR05
XR06
XROB
XR08
XROC
XROD
XROE
XROF
XR10
XR11
XR51
XR14
XR15
XR16
XR17
XR1E
XR1F
XR24
XR25
XR28
XR29
XR2B
XR33
XR30
XR31
XR32
XR33
XR30
XR31
XR32
XR44
XR45
XR52
XR53
XR54
XR5F
XR60
XR61
XR62
XR63
XR70
XR72

CPU Interface Control 1
Memory Control 1
Memory Control 2
PaletteControl

CPU Paging

Linear Addressing Base
Start Address Top
AuxiliaryOffset

Text ModeControl
Software Flags 0
Single/LowMap

High Map

Display Type
EmulationMode
WriteProtect
VerticalOverflow
Horizontal Overflow
AlternateOffset

Virtual EGA Switch
AlternateMaxScanline
Horizontal Virtua Panel Size
Videolnterface

Half LineCompare
Software Flags 1

Clock Control

Clock DivideControl
ClockM-Divisor

Clock N-Divisor

Clock Control

Clock DivideControl
ClockM-Divisor

Clock N-Divisor
Software Flags 2
Software Flags 3
Power Down Control
Panel Format 3

Panel Interface

Power Down Mode Refresh
Blink Rate Control
SmartMap™Control
SmartMap™ Shift Parameter

SmartMap™ Col or M apping Control

Setup/ Disable Control
Externa Devicel/O

Comments

Note 1

Note 2

Note 2

Note 2
Note 2

Note: 1) Memory Control Register 1isautomatically re-programmed with the proper display memory
configuration by the BIOS
2) The Software Flag Registersare used by the BIOS and should not be re-programmed
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Table #2 - Parameters for Emulation Modes

Programming

Extension Register Values for CRT-Only, Panel-Only, & Simultaneous CRT / Panel Display

Register Value (Hex)

Register Name

Emulation Mode
Write Protect

Register Name

XR14 00
XR15 18
Register Value (Hex)
XR14 01
XR15 oD
XR18 27
XR19 2B
XRI1A A0
XR1B 2D
XR1C 28
XR1D 10
XR1E 14
XR7E 30

Register Value (Hex)

Emulation Mode
Write Protect

AlternateHorizontal Display EnableEnd
AlternateHorizontal Retrace Start
AlternateHorizontal Retrace End

AlternateHorizontal Tota

AlternateHorizontal Blanking Start
Alternate Horizontal Blanking End

Alternate Offset

CGA [/ Hercules Color Select

Register Name

Emulation Mode
Write Protect

CGA / Hercules Color Select

Register Name

XR14 52
XR15 oD
XR7E OF
Register Value (Hex)
XROD 02
XR14 52
XR15 oD
XR18 59
XR19 60
XR1A 8F
XR1B 6E
XR1C 5C
XR1D 31
XR1E 16
XR7E OF

Auxiliary Offset
Emulation Mode
Write Protect

AlternateHorizontal Display EnableEnd
AlternateHorizontal RetraceStart
AlternateHorizontal RetraceEnd
AlternateHorizontal Total
AlternateHorizontal Blanking Start
AlternateHorizontal Blanking End

Alternate Offset

CGA / Hercules Color Select

Comments

EGA Emulation
EGA Emulation

Comments

CGA Emulation
CGA Emulation
CGAEmulation
CGAEmulation
CGAEmulation
CGAEmulation
CGAEmulation
CGAEmulation
CGA Emulation
CGA Emulation

Comments

MDA Emulation
MDA Emulation
MDA Emulation

Comments

Hercules Emulation
Hercules Emulation
Hercules Emulation
HerculesEmulation
HerculesEmulation
HerculesEmulation
HerculesEmulation
HerculesEmulation
HerculesEmulation
Hercules Emulation
Hercules Emulation

Note: 1) Bold text indicatesregisterswith values different from those shownin Table #1
2) Non-boldtextindicatesadditional registers(notincludedin Table#1)
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Table #3 - Parameters for 640x480 Monochrome LCD-DD Panels (Panel Mode Only)
Extension Register Valuesfor Epson EGO005F-LS

Register Value (Hex)

Citizen G6481L-FF
Sharp LM64P80

Sanyo LCM-6494-24NTK

Hitachi LM G5364XUFC

Register Name

XRO06
XR19
XR1A
XR1B
XR1C
XR2C
XR2D
XR2E
XR2F
XR4F
XRS50
XR51
XR52
XR53
XR54
XR55
XR56
XR57
XR58
XR59
XR5A
XR5B
XR5D
XR5E
XRo64
XR65
XR66
XR67
XR68
XR6C
XR6E
XR6F

Note: 1) Bold textindicatesregisterswith valuesdifferent from those shownin Table#1
2) Non-bold textindicatesadditional registers(not includedin Table#1)

Palette Control

AlternateHorizontal Sync Start
AlternateHorizontal Sync End

AlternateHorizontal Total
Horizontal Panel Size
FLM Delay

LPDelay (CPdisabled)
LPDelay (CPenabled)
LP Width

Panel Format 2

Panel Format 1

Display Type

Power Down Control
Panel Format 3

Panel Interface
Horizontal Compensation
Horizontal Centering
VerticalCompensation
VerticalCentering
Vertical Linelnsertion
VerticalLineReplication
Power Sequencing Delay
FPDiagnostic

M (ACDCLK) Control
AlternateVertical Total
AlternateOverflow

AlternateV ertical Sync Start

AlternateV ertical SyncEnd
Vertical Panel Size

ProgrammableOutputDrive
Polynomial FRC Control Register

Frame Buffer Control

Comments
Disable Internal DAC

Optimizefor best display quality
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Table #4 - Parameters for 640x480 Monochrome LCD-DD Panels

Display)

Programming

Extension Register Valuesfor Epson EGO005F-LS

Register Value (Hex)

Citizen G6481L-FF

Sharp LM64P80

Sanyo LCM-6494-24NTK
Hitachi LM G5364XUFC

Register Name Comments

XR19
XR1A
XR1B
XR1C
XR2C
XR2D
XR2E
XR2F
XR4F
XRS50
XR51
XR52
XR53
XR54
XR55
XR56
XR57
XR58
XR59
XR5A
XR5B
XR5D
XR5E
XRo64
XR65
XR66
XR67
XR68
XR6C
XR6E
XR6F

Note: 1) Bold textindicatesregisterswith valuesdifferent from those shownin Table#1

AlternateHorizontal Sync Start
AlternateHorizontal Sync End
AlternateHorizonta Total
Horizontal Panel Size

FLM Delay

LPDelay (CPdisabled)
LPDelay (CPenabled)

LP Width

Panel Format 2

Panel Format 1

Display Type

Power Down Control
Panel Format 3

Panel Interface

Horizontal Compensation
Horizontal Centering
VerticalCompensation
VerticalCentering

Vertical Linelnsertion
VerticalLineReplication
Power Sequencing Delay
FPDiagnostic

M (ACDCLK) Control
AlternateVertical Total
AlternateOverflow
AlternateV ertical Sync Start
AlternateV ertical SyncEnd
Vertical Panel Size
ProgrammableOutputDrive
Polynomial FRC Control Register OptimizeForLCD
Frame Buffer Control

2) Non-bold textindicatesadditional registers(not includedin Table#1)

(Simultaneous Mode
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Table #5 - Parameters for 640x480 Color TFT Panels (Panel Mode Only)

Extension Register Vauesfor HitachiTX26D02V C2AA
Sharp LQ9DO011 (set to accommodatethe DE signal)

Register Value (Hex)

ToshibaL TM-09C015-1

Register Name

XRO06
XR19
XR1A
XR1B
XR1C
XR2C
XR2D
XR2E
XR2F
XR4F
XRS50
XR51
XR52
XR53
XR54
XR55
XR56
XR57
XR58
XR59
XR5A
XR5B
XR5D
XR5E
XRo64
XR65
XR66
XR67
XR68
XR6C
XR6E
XR6F

Palette Control
AlternateHorizontal Sync Start
AlternateHorizontal SyncEnd
AlternateHorizonta Total
Horizontal Panel Size

FLM Delay

LPDelay (CPdisabled)
LPDelay (CPenabled)

LP Width

Panel Format 1

Panel Format 2

Display Type

Power Down Control
Panel Format 3

Panel Interface
Horizontal Compensation
Horizontal Centering
VerticalCompensation
VerticalCentering

Vertical Linelnsertion
VerticalLineReplication
Power Sequencing Delay
FPDiagnostic

M (ACDCLK) Control
AlternateVertical Total
AlternateOverflow
AlternateV ertical Sync Start
AlternateV ertical SyncEnd
Vertical Panel Size
ProgrammableOutputDrive
Polynomial FRC Control
Frame Buffer Control

Comments

Color Reduction

Set to F9 for Toshiba color panels

Optimizefor best display quality

Note: 1) Bold textindicatesregisterswith valuesdifferent from those shownin Table#1
2) Non-bold textindicatesadditional registers(not includedin Table#1)
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Table #6 - Parameters for 640x480 Color TFT Panels (Simultaneous Mode Display)

Extension Register Vauesfor HitachiTX26D02V C2AA

Register Value (Hex)

Sharp LQ9DO011 (set to accommodatethe DE signal)

ToshibaL TM-09C015-1

Register Name

XRO06 Co
XR19 55
XR1A 00
XR1B SF
XR1C 4F
XR2C 00
XR2D 4F
XR2E 4F
XR2F OF
XRAF 44
XRS50 02

XR51 C4
XR52 41

XR53 0oC
XR54 FA
XR55 E5
XR56 00
XR57 1B
XR58 00
XR59 84
XR5A 00
XR5B 8F
XR5D 10
XR5E 80
XR64 0oC
XR65 26
XR66 EA
XR67 0oC
XR68 DF
XR6C 02

XR6E BD
XR6F 00

Palette Control

AlternateHorizontal Sync Start
AlternateHorizontal Sync End

AlternateHorizontal Tota
Horizontal Panel Size
FLM Delay

LPDelay (CPdisabled)
LPDelay (CPenabled)
LP Width

Panel Format 2

Panel Format 1

Display Type

Power Down Control
Panel Format 3

Panel Interface
Horizontal Compensation
Horizontal Centering
VerticalCompensation
VerticalCentering
Vertica Linelnsertion
VerticalLineReplication
Power Sequencing Delay
FPDiagnostic

M (ACDCLK) Control
AlternateVertical Total
AlternateOverflow

AlternateV ertical Sync Start

AlternateVertical SyncEnd
Vertical Panel Size

ProgrammableOQutput Drive

Polynomia FRC Control
FrameBuffer Control

Comments

Color Reduction

Set to F9 for Toshiba color panels

Optimizefor best display quality

Note: 1) Bold text indicatesregisterswith values different from those shownin Table#1
2) Non-boldtextindicatesadditional registers(notincludedin Table#1)
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Table #7 - Parameters for 640x480 Color STN-SS Panels with 16-Bit Interface (4-Bit Pack)
(Panel-Only and Simultaneous Display)

Extension Register Valuesfor Sanyo LM-CK53-22NEZ

Register Value (Hex)

Sanyo LCM5327-24NAK
Sanyo LCM5330

Register Name

XRO06
XR19
XR1A
XR1B
XR1C
XR2C
XR2D
XR2E
XR2F
XRAF
XRS50
XR51
XR52
XR53
XR54
XR55
XR56
XR57
XR58
XR59
XR5A
XR5B
XR5D
XR5E
XR64
XR65
XR66
XR67
XR68
XR6C
XR6E
XR6F

Palette Control

AlternateHorizontal Sync Start
AlternateHorizontal Sync End

AlternateHorizonta Total
Horizontal Panel Size

FLM Delay

LPDelay (CPdisabled)
LPDelay (CPenabled)

LP Width

Panel Format 1

Panel Format 2

Display Type

Power Down Control
Panel Format 3

Panel Interface

Horizontal Compensation
Horizontal Centering
VerticalCompensation
VerticalCentering

Vertical Linelnsertion
VerticalLineReplication
Power Sequencing Delay
FPDiagnostic

M (ACDCLK) Control
AlternateVertical Total
AlternateOverflow
AlternateV ertical Sync Start
AlternateVertical SyncEnd
Vertical Panel Size
ProgrammableOutputDrive
Polynomia FRC Control
Frame Buffer Control

Comments

CO in simultaneous mode

55 in simultaneous mode
00 in simultaneous mode
5F in simultaneous mode

22 in simultaneous mode
62 in sSimultaneous mode
62 in sSimultaneous mode
00 in simultaneous mode

44 in simultaneous mode

23 in simultaneous mode

8F in simultaneous mode
04 in simultaneous mode

22 in simultaneous mode
OB in simultaneous mode
26 in Simultaneous mode
EA insimultaneous mode
0C in simultaneous mode
DF in simultaneous mode

Optimizefor best display quality

Note: 1) Bold text indicatesregisterswith values different from those shownin Table#1
2) Non-boldtextindicatesadditional registers(notincludedin Table#1)
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Table #8 - Parameters for 640x480 Color STN-SS Panels with 8-Bit Interface (Extended 4 Bit
Pack) (Panel-Only and Simultaneous Display)

Extension Register Vauesfor Sharp LM 64C031

Register Value (Hex)

Register Name

XRO06
XR19
XR1A
XR1B
XR1C
XR2C
XR2D
XR2E
XR2F
XR4F
XRS50
XR51
XR52
XR53
XR54
XR55
XR56
XR57
XR58
XR59
XR5A
XR5B
XR5D
XR5E
XRo64
XR65
XR66
XR67
XR68
XR6C
XR6E
XR6F

Palette Control

AlternateHorizontal Sync Start
AlternateHorizontal Sync End

AlternateHorizonta Total
Horizontal Panel Size

FLM Delay

LPDelay (CPdisabled)
LPDelay (CPenabled)

LP Width

Panel Format 2

Panel Format 1

Display Type

Power Down Control
Panel Format 3

Panel Interface
Horizontal Compensation
Horizontal Centering
VerticalCompensation
VerticalCentering

Vertical Linelnsertion
VerticalLineReplication
Power Sequencing Delay
FPDiagnostic

M (ACDCLK) Control
AlternateVertical Total
AlternateOverflow
AlternateV ertical Sync Start
AlternateV ertical SyncEnd
Vertical Panel Size
ProgrammableOutputDrive
Polynomial FRC Control
Frame Buffer Control

Comments

CO simultaneous mode
55 simultaneous mode

5F simultaneous mode

15 simultaneous mode
26 simultaneousmode
EA simultaneousmode
0C simultaneous mode

Optimizefor best display quality

Note: 1) Bold textindicatesregisterswith valuesdifferent from those shownin Table#1
2) Non-bold textindicatesadditional registers(not includedin Table#1)
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Table #9 - Parameters for 640x480 Color STN-DD LCD Panels with 8-Bit Interface without
Frame Acceleration (Panel Mode Only)

Extension Register Valuesfor KyoceraKCL6448DSTT

Register Value (Hex)

Hitachi LM G9720XUFC

Register Name Comments

XRO06
XR19
XR1A
XR1B
XR1C
XR2C
XR2D
XR2E
XR2F
XRAF
XRS50
XR51
XR52
XR53
XR54
XR55
XR56
XR57
XR58
XR59
XR5A
XR5B
XR5D
XR5E
XR64
XR65
XR66
XR67
XR68
XR6C
XR6E
XR6F

Note: 1) Bold text indicatesregisterswith values different from those shownin Table#1

Palette Control
AlternateHorizontal Sync Start
AlternateHorizontal Sync End
AlternateHorizonta Total
Horizontal Panel Size

FLM Delay

LPDelay (CPdisabled)
LPDelay (CPenabled)

LP Width

Panel Format 2

Panel Format 1

Display Type

Power Down Control
Panel Format 3

Panel Interface
Horizontal Compensation
Horizontal Centering
VerticalCompensation
VerticalCentering

Vertical Linelnsertion
VerticalLineReplication
Power Sequencing Delay
FPDiagnostic

M (ACDCLK) Control
AlternateVertical Total
AlternateOverflow
AlternateV ertical Sync Start
AlternateVertical SyncEnd
Vertical Panel Size
ProgrammableOQutput Drive
Polynomia FRC Control
Frame Buffer Control

2) Non-boldtextindicatesadditional registers(notincludedin Table#1)

Optimizefor best display quality
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Programming

Table #10 - Parameters for 640x480 Color STN-DD Panels with 16-Bit Interface with Frame

Acceleration (Panel-Only and Simultaneous Mode Display)

Extension Register Valuesfor Sharp LM64CO8P

Register Value (Hex)

Sanyo LCM5331-22NTK
Hitachi LMG9721XUFC
Toshiba TLX-8062S-C3X

Optrex DMF-50351NC-

Register Name

XRO06
XR19
XR1A
XR1B
XR1C
XR2C
XR2D
XR2E
XR2F
XR4F
XRS50
XR51
XR52
XR53
XR54
XR55
XR56
XR57
XR58
XR59
XR5A
XR5B
XR5D
XRo64
XR65
XR66
XR67
XR68
XR6C
XR6E
XR6F

Palette Control

AlternateHorizontal Sync Start
AlternateHorizontal Sync End

AlternateHorizonta Total
Horizontal Panel Size
FLM Delay

LPDelay (CPdisabled)
LPDelay (CPenabled)
LP Width

Panel Format 1

Panel Format 2

Display Type

Power Down Control
Panel Format 3

Panel Interface
Horizontal Compensation
Horizontal Centering
VerticalCompensation
VerticalCentering
VerticalLineReplication
VerticalLineReplication
Power Sequencing Delay
FPDiagnostic
AlternateVertical Total
AlternateOverflow

FW

AlternateV ertical Sync Start
AlternateV ertical SyncEnd

Vertica Panel Size

ProgrammableOutputDrive

Polynomial FRC Control
FrameBuffer Control

Comments

22 for noframeacceleration
9E for noframeacceleration

35for noframeacceleration

Optimizefor best display quality.

Note: 1) Bold textindicatesregisterswith valuesdifferent from those shownin Table#1
2) Non-bold textindicatesadditional registers(not includedin Table#1)
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Table #11 - Parameters for 640x480 Plasma Panels with 16 Internal Gray Levels

Programming

Extension Register Valuesfor MatsushitaS804

Register Value (Hex)

Register Name Comments

XR19
XR1A
XR1B
XR1C
XR2C
XR2D
XR2E
XR2F

XR4F

XRS50
XR51

XR52

XR53

XR54

XR55
XR56
XR57
XR58
XR59
XR5A
XR5B
XR5D
XR5E
XRo64
XR65
XR66
XR67
XR68
XR6C
XR6E
XR6F

Note: 1) Bold textindicatesregisterswith valuesdifferent from those shownin Table#1

AlternateHorizontal Sync Start
AlternateHorizontal SyncEnd
AlternateHorizonta Total
Horizontal Panel Size

FLM Delay

LPDelay (CPdisabled)
LPDelay (CPenabled)

LP Width

Panel Format 1

Panel Format 2

Display Type

Power Down Control
Panel Format 3

Panel Interface
Horizontal Compensation
Horizontal Centering
VerticalCompensation
VerticalCentering

Vertical Linelnsertion
VerticalLineReplication
Power Sequencing Delay
FPDiagnostic

M (ACDCLK) Control
AlternateVertical Total
AlternateOverflow
AlternateV ertical Sync Start
AlternateV ertical SyncEnd
Vertical Panel Size
ProgrammableOutputDrive
Polynomial FRC Control
Frame Buffer Control

2) Non-bold textindicatesadditional registers(not includedin Table#1)

Optimizefor best display quality
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Table #12 - Parameters for 640x480 EL Panels with 16 Internal Gray Levels

Programming

Extension Register Valuesfor Sharp LJ64ZU50

Register Value (Hex)

Register Name Comments

XR19
XR1A
XR1B
XR1C
XR2C
XR2D
XR2E
XR2F
XR4F
XRS50
XR51
XR52
XR53
XR54
XR55
XR56
XR57
XR58
XR59
XR5A
XR5B
XR5D
XR5E
XRo64
XR65
XR66
XR67
XR68
XR6C
XR6E
XR6F

Note: 1) Bold textindicatesregisterswith valuesdifferent from those shownin Table#1

AlternateHorizontal Sync Start
AlternateHorizontal SyncEnd
AlternateHorizonta Total
Horizontal Panel Size

FLM Delay

LPDelay (CPdisabled)
LPDelay (CPenabled)

LP Width

Panel Format 1

Panel Format 2

Display Type

Power Down Control
Panel Format 3

Panel Interface
Horizontal Compensation
Horizontal Centering
VerticalCompensation
VerticalCentering

Vertical Linelnsertion
VerticalLineReplication
Power Sequencing Delay
FPDiagnostic

M (ACDCLK) Control
AlternateVertical Total
AlternateOverflow
AlternateV ertical Sync Start
AlternateV ertical SyncEnd
Vertical Panel Size
ProgrammableOuputDrive
Polynomial FRC Control
Frame Buffer Control

2) Non-bold textindicatesadditional registers(not includedin Table#1)

Optimizefor best display quality
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\nlr: Application Schematic Examples

Application Schematic Examples

This section includes schematic exampl es showing various 65535 interfaces. The schematics are divided into into
three main groups for discussion:

1) System Bus Interface

* |ISA (PC/AT) Bus (16-hit)
* 486SLC/ 386SX Local Bus (16-hit)
* 486 16-Bit Loca Bus (VL Buscompatible) (16-bit expanded to 32-bit)
* 486 32-Bit Loca Bus (VL Buscompatible) (32-bit)

2) Display Memory Interface

* Oneor Two or 256Kx16 DRAMs (2-CAS)
* Oneor Two or 256K x16 DRAMs (2-WE)
* Four or Eight or 256Kx4 DRAMSs

3) CRT/Panel/Video Interface

¢ CRT/Pand Interface
* PC-Videolnterface

To design asystem around the 65535, one schematic page would be selected from each of the groups above.

Selection of abusinterface for the VGA controller isgenerally dictated by thetype of busand CPU availablein the
system. If performance is a concern, however, and a 386 or 486 CPU is being used, alocal bus interface should
be considered and/or linear addressing support should be implemented. Linear addressing improves performance
in GUI environments such as Windows™ by allowing the software used to access display memory (typicaly the
Windows Driver) to be more efficient. If a 32-hit display memory interface is desired, the system bus interface
can be only 16-bits (the same pins are used for the upper memory data bus or the upper system data bus). In this
case, 486 local bus interfacing requires 4 external octal transceivers since, unlike the 386, the 486 CPU lacks the
ability to do bus trandlation for 16-bit cycles. The 65535 provides all transceiver control signals, so no other
external logicisrequired. 386 16-bit local businterfacing does not requirethe external transceivers. Interfacingto
ISA busisaways 16 bits, requires no external logic, and allows the use of either 16-bit or 32-bit display memory
interfacing. Clock connections are shown as part of the bus interface diagrams. A 14.31818 MHz reference
crystal is shown, athough if a clean source of 14.31818 MHz is available in the system, it may be input on
XTALI and the crystal would then not be required.

Generally, 256Kx16 DRAMswould be used for display memory, athough, if desired, the memory interface may
be designed to use 256K x4'sinstead. Interface schematics areincluded for both DRAM sizes. 256Kx16 DRAMs
come in two types: one write enable (WE#) with two CAS# inputs (one for the high byte and one for the low
byte) or one CAS# input with two write enables (one for the high byte and one for the low byte). Either variety of
DRAM may be used with the 65535 (default is to the 2-CAS variety with a programming option in the 65535 to
change the memory control outputs for compatibility with either type). CHIPS BIOS s able to detect which type
is connected and program the 65535 accordingly. The diagrams included in this section show interfaces to both
types; itisaso possibleto lay out a PCB to allow either typeto be used (not shown).

An interface diagram is included showing connections to a standard CRT display. Panel interfaces, however, are
not as standardized (generally every panel interface is different). To show how to interface to a wide variety of
commonly available panels, the interface diagram in this section shows the connections used on CHIPS
Development Kit PC Board from the 65535 chip to connectors defined by CHIPS on that board. In the following
section of this document, a number of examples are given showing connections from those DK board connectors
to anumber of typical panels. These connectors are used to simplify evaluation of the 65535 with various panels;
area system would not typically use the connectors shown, but would interface directly to the connector(s) used
by the panel manufacturer. A second interface diagram is also included showing how to interface the 65535 to
CHIPS PC-Video products to provide live video overlay capability. Again, CHIPS Development Kit PCB
connector pinouts are used as an example, since thereisawide variety of possible configurations.

If internal logic isto be operated at 3.3V, CFG8 must be connected to ground viaa4.7K resistor.
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Application Schematic Examples

CE RESET 33 ohm , W—e 159 RESET
0.01uF 155 XTALI
| 14.31818 =
- MHz 156
B19 ) RFoH# A pallarg
co1 AT 83 BHE#
ALl —AER 101 AEN
B28 ALE
IORD# 354
513 1OWR# 364 | o
C09 y—MEMRIL A MEMRH
C10 Q MEMW#
RDY 37
RDY
10CS16# 40
Q 10CS16# (BCFG2)
MEMCS16# ggc MCS16# (BCFG1)
see Note 1 see Note 1 ——Q ZWS# (BCFGO) (IRQ) (ROMCSH)
see Note 1
Note 1: Pin 38 may also be 65535
config_ured asRQMCS# or ISA-Bus
;ﬁg ;;géﬁﬁt)loblrte;og:(ﬁ) 6 ! ADDHI |nterface
it-0, ively. Inm
LA23 - 5 A23
tﬁgi ‘31 A2 NOTE: The 65535 will normally
CA20 > A21 automatically detect and configure
A19 1]A20 itself for the ISA businterface: if
Al8 153 ﬁig CFGO-1 (pins 100-101) aredetected
Al7 152 |n 17 high and ALE (pin-9) is detected
ﬁig ig% A16 low at RESET, ISA interface will
ALY 149 A15 be selected. To forcel SA operation,
Al3 128 (A4 CFG1 (pin 101) may be tied to
Al2 147 |A13 ground viaa4.7K resistor.
ALL 126 | 212
A10 145 |0 o
A9 144 A9
A8 143 A8
A7 141 A7
A6 140 A6
A5 138 A5
A4 137 A4
A3 136 A3
A2 135 A2
Al 134 A1l
AO0 133 AO
+5V = B3, B29, D16
GND =B1, B10,B31,D18
D15 13 D15
Bg ﬁ D14 NOTE: Additional dataoutput
D12 16 D13 drive may be enabled by
DIl 17 Bﬁ programming XR6C bit-3 = 0.
D10 18 D10
D09 20 D9
D08 21 pg
D07 2359
D06 24154
D05 25 D5 Ci it E |
D04 2% Ircult xampie
DO3 27 Bg 65535 ISA Bus Interface
D02 285
DOL 30|57
D00 31 DO
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Application Schematic Examples

SYSRESET

159

From Systems Logic 158 RESET
XTALI
14|.\j,i|818 =
z 156
48651 C/3865X 1156 xtaL0
DI gc BHE#
QADS#
M/IO# 10d miow
W/R# 33d Rp#
CLK2 (2X CPU Clock) 35
CPU-15 CPUCLK
CPy-33 )—CPURST 34 | CPURST
.. LDEV# 36
To Locd Bus Control Logic =——=———=>2q | DEV#
(cpu7 )—RDY# 3ld LRDY#
40
Pull up to VCCB ——>34Q (B)Ehﬁj Egggg% NOTE: The 65535 will select the
38, 16-bit direct CPU interfaceif the
Pull up to VCCB OEL# (BCFGO .

Hipto 1 ( ) 'BCFG' pinsare connected as
shown (and the AAO and AA1 pins
are detected high at RESET).

6
_L_ ADDHI
A23 51a03
A22 4
A22
A21 3151
A20 2
A20
A19 1
Al8 153 ﬁig
Al7 152 65535
Al7
A16 151 [’ 76
Al5 150 | 'n7e 486SL C / 3865X
Al4 149 16-BitL ocal-Bus
Al13 148 [A14
A13 Interface
Al2 147 |75
All 146 |'\77
A10 145 15
A9 144 |5
A8 143 |3
A7 141 [
A6 140 ['n e
A5 138 |2
A4 137 '
A3 136 |\
A2 135 |5
Al 134 19
BLE# 133 5 ex
D15 13 1515
D14 14
D13 15 | D14 "
D13 NOTE: Additional dataoutput
D12 16 | 575 )
D11 17 drive may be enabled by
D10 18 D11 programming XR6C bit-3 = 0.
D10
D09 20 | g
D08 21 e
D07 23 157
D06 24 | oo
D05 25 Circuit Example
D04 26 |P°
D03 571D4 65535 Local Bus Interface to
D02 25| D3 486SL C/3865X
D2
DO1 30153
D00 31155
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Application Schematic Examples

To Systems Logic —>SRESEL__159 RESET
486DX/SX 14.31818 :]—[
MHz 156 Note 2: For normal 1x clock
Cx486S/S2 BE3# 7 XTALO configuration, 65535 pin-34
BE1# gq BE3# should be grounded. For 2x
ADSH 9] Egg# CPU clock configuration [XR01
M/10# 1OE MIOH bit-2 = 0], 65535 pin-34 should
WIR# 334 rD# be connected to CPURST#.
34
CPUCLK See Note 2 —35C RDY RTN#
CRUCS To Loca Bus Control Logic —38q (L:[F;UE\(;;K NOTE: The 65535 will select
(CPU-F16 ) RDY# 373 LRDY# 16-bit 486 local bus operation
if the' BCFG' pinsare
(CrucI) BS16# ggc BS16# (BCFG2) connectedasshownanddetected
S5 OEH# (BCFGL) high at RESET. In addition,
QOEL# (BCFGO) the AAO (LB#) pin must be
tied to ground viaa 4.7K
resistor (i.e., AAO must be
detected low and AA1 must be
See Note 1 —8| ADDHI detected high at RESET).

A23

ENAO%Q
D31 dq PIR[A1 BD15
D30 __§ 12 BDIN
D29 7 ,,,[13 BDIN
D286 14 BDIN
D27__9<3>[15 BDIN
D26 4, gl16 BDINN
D25 3 17 BDN
D24 2 245118 BDN

DIR 0
D239 11 BD7
D22 8 12 BDAN
D2l 7513 L BN | (CpU-S15)

BDA | (Cru-012)
D19 §<>[15 BDN | (CPu-516
DI8_ 4, 16 [ | BDN
BDN | ¢Cru-o1a)

D16 2 245118 BDN

ENAcig N
D15 dq DIR[A1 BD15
D14__ 8 2 BD14
D137 ,,,[13 BD13 13
D12 6 14 1] 14
D11__9<3>[15 ﬁ%}i _ 15
D104, o[16 BD10 16
DO9__ 3 17 _ 17
D08 2 245[18 _ 18

ENAO%Q F %(1)
po7__d PIR[A1 BD7 23
D06__ 8 12 BD6 24
D057 ,,,[13 D5 25
D04 _ 6 14 D4 26
Do3__§<>[15 D3 27
D024, o[16 D2 28
DOl _ 3 17 D1 30
D00 2 245 [18 DO 31

A23

rA22
rA21
rA20
rA19
rA18
rALl7
rA16
rA15
rAl4
rA13
rA12
rAl1l
rA10
rA9
A8
tA7
A6
A5
A4
A3
A2

BE2#
BEO#

D15
D14
D13
D12
D11
D10
D9
D8
D7
D6
D5
D4
D3
D2
D1
DO

Note 1: A decode of A31-24 may be
input on ADDHI (pin-6) to meet
linearaddressingrequirements.
Otherwise ADDHI must be grounded.

65535

48616-BitLocal-Bus
I nterface

NOTE: Additional dataoutput
drive (enabled by programming
XR6C hit-3 = 0) is not normally
required withthisinterface.

Circuit Example
65535 Interface to
486 16-Bit Local Bus
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Application Schematic Examples

To Systems Logic SYSRESET 159 RESET
486DX/SX 155 XTALI
Cx486S/S2 14.31818 MHz 156
ADSH |:||]|—9n XTALO
J ADSH
MIO# 104 MIO#
W/R# 334 RD#
CPUCLK 351
CPUCLK
RDY# 37 LRDY# .
To Locd Bus Control Logic —36\5 LDEV# NOTE: Tp select the 486 32 bit
See Note 2 34c RDYRTN# configuration, BCI_:GO shpuld be
| 384 Undef (BCFGO) Pulledto ground viaaresistor
BS164 Pullup to VCCB ——S2d Undef  (BCFG1) and BCFGLand 2 should be
(CPU-C17 ) 6C BS16# (BCFG2) pulled to VCC viaaresistor.
A23 SeeNote 1 5 |ADDHI To select auto configuration the
CPU-S3_J)"A22 4 A23 AAO and AAL (ISA#) pins must
CPU-Q7 AL 3 A22
CPU-05 A21 both be |eft open. To force
CPU-08 ﬁig % A20 Local-bus pinout operation, the
CPU-Q4 AlS 153 A19 AAOQ (LB#) pin must betied to
CPU-RS 777 150 [Al18 ground viaa 4.7K resistor.
CPU-Q3 Al7
Al6 151
CPU-0Q9 Al6
CPU-R7 9-212 13 A1s
CPU-S5 3212 ALY
CPU-010 A13 65535
Al2 147
CPU-S7 ALl 126 Al2
CPU-R12 775 125 (ALl 48632-BitL ocal-Bus
CPU-S13 Al10
CPU-OITY-A2 144 1% o Interface
CPU-R13 3-8 143 1 8
CPU-O13 AL 141 |\ 7 Note 1: A decode of A31-24 may be
CPU-S15 )-8 140 1 n6 input on ADDHI (pin-6) to meet
A5 138 . . .
CPU-Q12 )7 137 [A° linearaddressingrequirements.
CPU-S16 -2 3 136 [A4 Otherwise ADDHI must be grounded.
CPU-R15 A3
CPU-Q14 922 135 142 o
CPU-F17 y-BE3# 74 BE3# NOTE 2: For 1x clock configuration,
CPU-JI5 3—BE2 1349 BE2% RDYRTN# (pin-34) should be
CPU-JI16 )-REos 1339 BE1# grounded. For 2x CPU clock
8285815 D31 999 [B)gg# configuration, RDY RTN# (pin 34)
- D30 98 should be connected to CPURST#.
CPU-C9 D30
D29 97
CPU-A8 D28 % D29
CPU-C8 D28 Per VL-Bus Spec:
CPU-C6 9227 2-1D27
. D26 A LRDY# = Asychronous Ready
CPU-C7 D26
CPU-B6 225 93 1 pos RDY RTN# = Sychronous Ready
D24 92
CPU-A6 D23 o1 D24
CPU-A4 D22 ) D23
CPU-A2 D22
D21 89
CPU-B2 D21
CPU-AL 3220 88 1020
- D19 87 .
CPU-B1 D18 85 D19 NOTE: Only one 256Kx16 DRAM
CPU-C2 D17 g4 |D18 and no PC-Video is allowed with
CPU-D3 )—pie g2 | D1/ this bus configuration.
CPU-J3 D16
D15 13
CPU-F3 D15
D14 14
CPU-K3 D13 15 D14
CPU-D2 )—p575 16 (P13 NOTE: Additional dataoutput drive
CPU-G3 D11 17 |P12 may be enabled by programming
CPU-C1 D11 e
- D10 18 XR6C bit 3=0.
CPU-E3 D10
D09 20
CPU-D1 D9
D08 21
CPU-F2 D8
DO7 23
CPU-L3 D7
D06 24
CPU-L2 DO5 o5 D6 - -
CPU-12 Boa Se1D5 Circuit Example
CPU-M3 D4 65535 Interface to
Cpu-Hp 2% 27 1p3 :
- D02 28 486 32-Bit Local Bus
CPU-N1 D2
D01 30
CPU-N2 D00 31 D1
CPU-P1 DO
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Application Schematic Examples

20
(VR5) (D31) MBDI5123 PIb15
(VR4)  (D30) MBD14(e2 57|D14
(VR3)  (D29) MBD13[e¢ %|D13
(VR2)  (D28) MBDI2|e2 34012
(VR)  (D27) MBD11{e> $3|D1L
(VRO)  (D26) MBD10|ez $|D10
(VG5)  (D25) MBD9|s5 37{D9
(VG4) (D24) MBD8[SS J5/D8
(VG3) (D23) MBD7|55 oID7
(VG2) (D22) MBD6|5g £1D6
(VGL) (D21) MBD5[sg =1D5
(VG0) (D20) MBDA4¢S £|D4
(VB5) (D19) MBD3[ge 2103
(VB4) (D18) MBD2[52 31D2
(VB3) (D17) MBD1fg> 51D1 256K
(VvB2) (D16) MBDO Do x16
DRAM
26
25 ﬁg (S0J)
2406
23
A5
65535 2202
19/n3
18[%5
1707
Pe | Rasoubliaw S iders
(VBO) (CASB#) CASBH# Dgs RS20 260 CASH
(VB1) (WEBL#) CASBL# D<o~ WW-po—=2 20 39 CASL
(KEY) (WEBH#) WEB#D-=2—-ann “qWE
o
= 10
NOTE: MAO-8 MADI5 ﬁé PIb15
arealso used at MAD14 129 37 D14
reset toindicate MAD13 128 36 D13
. MAD12 D12
varioushardware  \1ap11 127 34 D11
configuration MAD10 gg gg D10
options to the MAD9 124 31 D9
chip, so some MAD8[53 10|08
pins may have MAD7 122 9 D7
MADG D6
external 4.7K MADS5 121 8 D5
pulldown MADA4 ﬁg ED4
resistorsattached. MAD3 117 2 D3
MAD2[7¢ 31D2
(ICTENA#) MAD132 3p1 256K
(TSENA#) MADO D DI)%AGM
(32KHZ)  MA9 igg -
(LV#) (CFG8)  MA8[57 5eA8 (s0g)
(TS#) (CFG7)  MAT7[gs SAA7
(CFGB) MAG6 105 23 A6
(OS#) (CFG5) ~ MA5ga2 S5|AS
(ECH) (CFG4) ~ MA4[5= A4
(2X#) (CFG2) ~ MA2p 5% (A2
(ISA#) (CFGL)  MALHGS AL
(LB#) (CFGO)  MAO A0
RASA% 110 AR5 33 ohm 144 =re
(CASA#) CASAH#[D ﬁ% AAA ss gg o ggo CASH
(WEAL#) CASAL# 0775 AN e T T39CASL
(WEAH#) WEA#D AN 5] WE
OE

Connect to 32.768 KHz if DRAMs —
do not have sdf-refresh cgpability

"

NOTE: The upper DRAM is
optional. It cannot be used in
32-bit Local-bus configurations
nor with PC-Video.

65535
Display Memory Circuit
One or Two
256K x16 DRAMs
(Two-CAS)
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Application Schematic Examples

(VR5) (D3L) MBDI5S Pp1s
(VR4)  (D30) MBD14re= $|D14
(VR3)  (D29) MBD13fes 35|D13
(VR2)  (D28) MBDI12fp ]D12
(VRY)  (D27) MBD11rga 53011
(VRO)  (D26) MBD10fgs 55|D10
(VG5)  (D25) MBDYfS 55]D9
(VG4)  (D24) MBD8[gs T5/D8
(VG3) (D23) MBD7fes oID7
(VG2) (D22) MBDG6fgg 5|06
(VG1) (D21) MBD5fes 21D5
(VGO)  (D20) MBD4fgs £[D4
(VB5)  (D19) MBD3fgf 2103
(VB4) (D18) MBD2rea 31D2
(VB3) (D17) MBD1f5 5|D1 256K
(VvB2) (D16) MBDO Do x16
DRAM
25
255 (s0J)
22 NG
23
A5
65535 2247
1915
18/x5
17/n1
16/r5
(PCLK) RASBHOE0 22 o 2 RAS
(VBO) (CASB#) CASBH# Do —AA-Re—2201 $5JCAS
(VB1) (WEBL#) CASBL# D=5 WA-p5—35- 000 12 WEL
(KEY) (WEBH#) WEB#0-2-AA S WEn
[ doE
NOTE: MAO-8 ~ MADI5H3L Pb1s
aeasousedat  MAD14 D14
- MAD13H22 30p13
reset toindicate MAD12 128 36 D12
varioushardware  \ap11 22L 34577
configuration MAD10 gg gg D10
options to the MAD9 124 31 D9
chip, so some MAD8 753 10|08
: MAD7 D7
pins may have MAD6 122 9 D6
external 4.7K MADS5 121 8 D5
pulldown MAD4 ﬁg gD4
resistorsattached. =~ MAD3 D3
MAD2{12k 3iD2
(ICTENA#) MAD1g7 5|D1 256K
(TSENA#) MADO DI)%AGM
@2KkHz)  MA9HS -
(LV#) (CFG8)  MAB8{5= 25[A8 (s0J)
(TSH#) (CFG7)  MATro6 SIAT
(CFG6)  MABqe S5|A6
(OS#) (CFG5) ~ MA5Fo= S5|A5
(EC#) (CFG4) MA4 =62 19|A4
(RCH) (CFG3) ~ MA3[{0> TaIA3
(2x#) (CFG2) ~ MA2|55% SIA2
(ISA#) (CFG1)  MAL[c5 TolAL
(LB#) (CFGO)  MAO " —— ” AO
A onm —_—
TRy & — L
(WEAL#) CASAL#D A 2 WEL
(WEAH#) WEA#Olll nnR8 33 ohm 13 WER
it

Connect to 32.768 KHz if DRAMs —
do not have sdf-refresh capability

NOTE: The upper DRAM is
optional. It cannot be used in
32-bit Local-bus configurations
nor with PC-Video.

65535
Display Memory Circuit
One or Two
256K x16 DRAMs
(Two-WE)
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Application Schematic Examples

(VR5) (D31) MBDI5|2
(VR4 (D30) MBDI14ra7 NOTE: The upper
(VR3)  (D29) MBD13fgh four DRAMs are
(VR2) (D28) MBDI12|32 optiond. They
(VRD ~ (D27) MBD11 94 cannot be used in
(VRO)  (D26) MBD10Fgs ,
(VG5) (D25) MBD9 o 32-b'lt Loc_al-bus
(VvG4) (D24) MBDS8 o1 configurations nor
(VG3) (D23) MBD7fgs with PC-Video.
(VG2) (D22) MBD6fgg
(VG1) (D21) MBD5fg
(VBS) (D19) MBD3[EL 253 2553 2553 2553
(VB4) (D18) MBD2fg 21D2 21D2 51D2 21D2
(VB3) (D17) MBD1res f{D1 f{D1 fD1 fD1
(VB2) (D16) MBDO DO DO DO DO
1 1 1 1
1? A8 256K 1? A8 256K 13 A8 256K 1? A8 256K
A7 A7 7 A7
x4 x4 X4 X4
16] 5 & 16] 5 & 16|\ 16 /x &
15/ /A SDRAM 15 /A SDRAM 152 SDRAM 15{» SDRAM
142 14 14100 14112
65535 ﬁ A3 SOJ ﬁ A3 SOJ ﬁ A3 SOJ ﬁ A3 SOJ
T5A2 PKG 151A2 PKG T5A2 PKG /A2 PKG
SlAL ol AL olAl oAl
AO AO A0 A0
78 230 RAS zgo RAS 2310 RAS 2310 RAS
(PCLK) RASB# (055 sJCAS —<qCAS —=3qCAS —=<3q CAS
(VBO) (CASB#) CASBH# g7 550 WE —5q WE 550 WE —50 WE
(VB1) (WEBL#) CASBL#D>s OE OE qoE OE
(KEY) (WEBH#) WEBH#0 L L L L
NOTE: MAO-8 MADI5 ﬁ%
aeasousedat  MAD14750
reset toindicate MAD13 128
. MAD12
varioushardware \jApD11 127
configuration MAD10 gg
options to the MAD9 124
chip, so some MAD8[453
pins may have MQBZ 122
pulldown MAD4
resistorsattached. MAD3 22 29rn3 29n3 | 2553 | 2553
117 24 24 24 24
MAD2 |76 21D2 21D2 51D2 21D2
(ICTENA#) mﬁgé 14 T Bé f{D1 fD1 D1
(TSENA#) DO DO DO
(382KHZ)  MA9 }83 i? A8 256K 1? A8 256K }3 A8 256K %? A8 256K
(LV#) (CFG8) ~ MABF &5 T6A7 x4 T6A7 x4 T6A7 x4 T6A7 x4
(TS#) (CFG7) m% 106 15 ﬁgDRAM 15 QSDRAM 15 ﬁgDRAM 15 ﬁgDRAM
oS (ggg? MAS A2 148 144 142 140'A 0
(OS#) (CFGS) 104 12 12 12 12
(ECH#) (CFG4) ~ MA4f o= 171A3 SOJ 17|A3 SOJ 15|A3 SOJ 15|A3 SOJ
(RCH) (CFG3) ~ MA3f65 15/A2 PKG 151A2 PKG T5A2 PKG To/A2 PKG
(2X#) (CFG2) ~ MA2|go7 oAl Sl AL olAl SlAL
e VA ETT0 2129 229 o 2129
(LB#) (CFGO) 110 22 RAS 239 RAS 2 RAS g RAS
RASA# 0775 5] CAS —<qCAS —=3qCAS —=3q CAS
(CASA¥) CASAH# D772 550 WE —5q WE 550 WE ——>q WE
(WEAL#) CASAL# 0772 OE SqoE fdoE OE
(WEAH#) WEA#D - - - =

32.768 KHz if DRAMs
are not sdf-refresh type

(65535 Display Memory Circuit - Four or Eight 256Kx4 DRAMs .
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Application Schematic Examples

J3 =DK PCB
50-Pin Connector

J5 =DK PCB
26-Pin Connector

56 SHFCLK
(BLANK#® (%HE':)C'-,\’E 55 (BLANK#) (DE) M
(BLANK# (DE) LP|24 (BLANK#) (DE) LP
FLM 22 FLM
—0 4 DE
——0
1 From System Power Control Circuitry
STNDBY#O="—"(Tiehigh if not used)
48 e SDDszdFE >
(ENABKL) ENAVEE[AL g | Pt Power VEESAFE VEESAFE %
Control Circuitry 12VSAFE 12VSAFE
———o0 ENABKL
65535 —00©
FlatPanel
VGAController See Bdow
(GPIO1) (P17) ENABKL[Z8 l L
(GPIOO) (P16) ~ ACTI |72 =13
P15
12123 P14
P13 22 P13
p12 Lk P12
NOTE: Inlocal bus P11 70 P11
systems, CFG3 & p10 182 P10
CFG6 can be used P98 B
to indicate selection P8166 By
of one of four panels Eé 65 P6
to the graphics PS5 64 P5
system BIOS (see pa | 63 P4
XROL for additional p3 oL =
information on this P2Ieg PL
option). Eé 57 PO
J1 = CRT Andog Video 15-Pin Connector
RIS By :
44 o G
G 43 B J1-2
B 2480 Ji-3
45 R
AVCC 5V < % L J1-10
g RS 1% 2% A AATUH $I2 T AT s D)
RSET [75—WA— uF | 0.1} 0.047 L4
AGND STOW ® % 150, 2% 220pF
FB
HSYNC 51 . HSYNC
VayNG 150 <Y VSYNC

_lT_ Digita Ground 47Ana og Ground

7<% .001uF

GPIO1 (DDC-Clock)

n/c
(ID3)

'Display Data Channd' Standard

GPIO0 (DDC-Daa) "/°

Optiond Interface per Proposed VESA l:

n/c

(65535 CRT/Pand Interface Circuit '
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Application Schematic Examples

DK65_535 PC Video Pro
PC Video Externd Output Option
Connector
Resarved DPCLK
Resaved PD BLANK
(VR5) MBD15 DRED 7
(VR4) MBD14 DRED 6
(VR3) MBD13 DRED 5
(VR2) MBD12 DRED 4
(VR1) MBD11 DRED 3
(VR0O) MBD10 DRED 2
(VG5) MBD9 DGRE 7
(VG4) MBD8 DGRE 6
(VG3) MBD7 DGRE 5
(VG2) MBD6 DGRE 4
(VG1l) MBD5 DGRE 3
(VG0) MBD4 DGRE 2
(VvB5) MBD3 DBLU 7
(VB4) MBD2 DBLU 6
(VB3) MBD1 DBLU 5
(VB2) MBDO DBLU 4
(VB1) CASBL# DBLU 3
(VB0) CASBH# DBLU 2
GND GND
GND GND
GND GND
GND GND
GND GND
Reserved GND
Reserved GND
GND GND
GND GND
GND GND
GND GND
Reserved GND
Reserved GND
GND GND
GND GND
GND GND
GND GND
Reserved GND
Reserved GND
GND
PC Video Pro
VGA Feature Connector
BHSYNC PHSYNC
BVSYNC PVSYNC
KEY KEY
BPCLK PCLK
Reserved PBLANK#
JP3-17
Reserved
aND ) P19
GND GND P31
JP3-26

( 65535 Interface to PC-Video '
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This section includes schematic exampl es showing how to connect the 65535 to variousflat panel displays.

Panel I nterface Examples

Panel | nter face Examples

Plasma/EL Panels

Panel
Panel Panel Panel Panel PanelData  Gray
Mfr Part Number Resolution Technology Drive Interface  Transfer Levels Page
1) Matsushita S804 640x480 Plasma  SS 8-bit 2 Pixelg/Clk 16 183
2) Sharp LJ64ZU50 640x480 EL SS 8-bit 2 Pixelg/Clk 16 184
Monochrome L CD Panels
Panel
Panel Panel Panel Panel PanelData  Gray
Mfr Part Number Resolution Technology Drive Interface  Transfer Levels Page
3) Epson EG-9005F-LS 640x480 LCD DD  8-hit 8 Pixelg/Clk 2 185
4) Citizen G6481L-FF 640x480 LCD DD  8-hit 8 Pixels/Clk 2 186
5) Sharp LM64P80 640x480 LCD DD  8-hit 8 Pixelsg/Clk 2 187
6) Sanyo LCM-6494-24NTK 640x480 LCD DD  8-hit 8 Pixelg/Clk 2 188
7) Hitachi LMG5364XUFC 640x480 LCD DD  8-hit 8 Pixelg/Clk 2 189
8) Sanyo LCM-5491-24NAK  1024x768 LCD DD 16-bit 16Pixels/Clk 2 190
9) Epson ECM-A9071 1024x768 LCD DD 16-bit 16 Pixelg/Clk 2 191
10) Hitachi LMG9060ZZFC 1024x768 LCD DD 16-bit 16Pixels/Clk 2 192
11) Hitachi LMG9100ZZFC 1280x1024  LCD DD 16-bit 16Pixels/Clk 2 193
Active Color Panels
Panel Panel Panel Panel PanelData  Panel
Mfr Part Number Resolution Technology Drive Interface  Transfer Colors Page
10) Hitachi TM26D50VC2AA 640x480 TFTLCD SS 9-bit 1Pixel/Clk 512 198
11) Sharp LQOD011 640x480 TFTLCD SS 9-hit 1Pixel/Clk 512 199
12) Toshiba LTM-09C015-1 640x480 TFTLCD SS 9-bit 1Pixel/Clk 512 200
13) Sharp LQ10D311 640x480 TFTLCD SS  18-hit 1Pixel/Clk 256K 201
Passive Color Panels
Panel Panel  Panel Panel PanelData  Panel
Mfr Part Number Resolution Technology Drive Interface  Transfer Colors Page
14) Sharp LM64C031 640x480 STNLCD SS 8-bit 2-2/3Pixels/Clk 8 202
15) Sanyo LM-CK53-22NEZ 640x480 STNLCD SS  16-bit 51/3Pixels/Clk 8 203
16) Sanyo LCM5327-24NAK 640x480 STNLCD SS  16-bit 51/3Pixels/Clk 8 204
17) Kyocera KCL6448 640x480 STNLCD DD  8-hit 2-2/3Pixels/Clk 8 205
18) Hitachi LMG9720XUFC 640x480 STNLCD DD  8hit 2-2/3PixeldClk 8 206
19) Sharp LM64C08P 640x480 STNLCD DD 16-bit 51/3PixelsClk 8 207
20) Sanyo LCM5331-22NTK 640x480 STNLCD DD 16-bit 51/3PixelsClk 8 208
21) Hitachi LMG9721XUFC 640x480 STNLCD DD 16-bit 51/3Pixels/Clk 8 209
22) Toshiba  TLX-8062S-C3X 640x480 STNLCD DD 16-bit 51/3PixelsClk 8 210
23) Optrex DMF-5035INC-FW  640x480 STNLCD DD 16-hit 5-1/3Pixels’Clk 8 211
Glossary:
SS =Single Panel Single Scan
DD =Dual Panel Dual Scan
TFT =ThinFilm Transistor E'Active Matrix’)
STN = Super Twist Nematic ('Passive Matrix')
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Panel Interface Examples

Flat Panel Interface Examples

DK65535 DK 65535 Mono Mono Mono Color Color Color Color Color Color
65535 | 65535 26-Pin 50-Pin SS DD DD TFT TFT STN STN | STNDD | STNDD
Pin# | PinName Connector| Connector 8-bit 8-bit 16-bit 15-bit 18-bit 8-bit 16-bit 8-bit 16-bit
Pixels Transferred Per Shift Clock: 8 8 16 1 1 2-2/3 5-13 2-2/13 5-1/3
57 PO 17 15 - ubD3 ubD7 BO BO R1... R1... URL... URL...
58 P1 15 16 - ubD2 uD6 B1 Bl B1... Gl.. UGL... UGL1...
60 P2 13 18 — uD1 uUD5 B2 B2 G2... B1... UBL... UBL...
61 P3 11 19 - uDo uD4 B3 B3 R3... R2... UR2.. UR2..
63 P4 25 21 - LD3 ubD3 B4 B4 B3... G2... LR1... LR1...
64 P5 23 22 - LD2 ubD2 GO B5 G4... B2... LG1... LGL...
65 P6 21 24 - LD1 uD1 Gl GO R5... R3... LB1... LB1...
66 P7 19 25 - LDO ubDO G2 Gl B5... G3... LR2... LR2...
67 P8 — 27 PO — LD7 G3 G2 SHFCLKU Ba3.. — UG2...
68 P9 — 28 P1 — LD6 G4 G3 - R4... — uB2...
69 P10 - 30 P2 - LD5 RO T G4 — GA4... — UR3...
70 P11 - 31 P3 — LD4 R1t G5 - B4... - UG3...
71 P12 — 33 P4 — LD3 R2 T RO = R5... — LG2...
72 P13 - 34 P5 - LD2 R3 T R1 - G5... — LB2...
73 P14 — 36 P6 - LD1 R4 t R2 - B5... — LR3...
74 P15 - 37 P7 - LDO -1 R3 - R6... - LG3..
75 P16 - 39 - — — - R4 — - — —
76 P17 - 40 - — — - R5 — - — —
75 ACTI — — ACTI ACTI ACTI ACTI — ACTI ACTI ACTI ACTI
47 or 76| ENABKL 4 5 ENABKL| ENABKL| ENABKL| ENABKL| ENABKL ENABKL | ENABKL| ENABKL| ENABKL
56 SHFCLK 9 13 SHFCLK | SHFCLK | SHFCLK | SHFCLK | SHFCLK | SHFCLKL SHFCLK | SHFCLK | SHFCLK
55 M 1 7 M M M M M M M M M
54 LP 5 10 LP LP LP LP LP LP LP LP LP
53 FLM 3 11 FLM FLM FLM FLM FLM FLM FLM FLM FLM
54 or 55 DE 2 8 DE DE DE DE DE DE DE DE DE
- VDDSAFE 6, 8 1 - - - - - - - - -
- +12VSAFE 10 2 — — - - — - - — -
- VEESAFE 12 3 - - - - - - - - -
— GND 7,14,16 | 6,9,12,14, - — — - — — - — —
18,20,22 |17,20,23,26
24, 26 29,32,35,38,
41,44,47,50
/ J3 J2
[+5V] VDDSAFE| 1 | 2 |+12VSAFE GND| 1 | 2 |[DPCLK]
J5 VEESAFE_3 | 4 |Reserved GND| 3 | 4 |[BLANK#]
M| 1] 2 |DE ENABKL| 5 | 6 |GND GND| 5 | 6 |VR5
FLM| 3 | 4 |[ENABKL M| 7 | 8 |DE GND| 7 | 8 VR4
LP| 5| 6 |VDDSAFE (+5V) GND| 9 [10]|LP GND| 9 |10|VR3
GND| 7 | 8 |VDDSAFE (+5V) FLM|[11]12 |GND [Reserved] 11| 12 |VR2
SHFCLK| 9 | 10 |[+12VSAFE SHFCLK [ 13| 14 |GND [Reserved] 13| 14 |VR1
UDO| 11| 12 |VEESAFE PO| 15| 16 |P1 GND| 15| 16 | VRO
UD1| 13| 14 |GND GND| 17|18 |P2 GND| 17|18 |VG5
UD2 15| 16 |GND (-12V TO-45V) P31 19| 20 |GND GND[ 19| 20 VG4
UD3| 17| 18 |GND or P41 21|22 |P5 GND| 21|22 |VG3
LDO[19] 20 |GND (+12VTO +45V)  GND| 23| 24 |P6 [Reserved] 23| 24|vG2 Development
LD1[21] 22 |GND P7[ 25| 26 |GND [Reserved] 25 | 26 |VG1 Board
LD2| 23| 24 |GND P8| 27 | 28 |P9 GND| 27|28 |VGO PC-Video
LD3| 25| 26 |GND GND| 29 | 30 |P10 GND| 29| 30|VB5  Connector
P11| 31| 32 |GND GND|31/32\vB4 ———
P12| 33| 34 |P13 GND| 33| 34 |VB3
DevelopmentBoard GND| 35| 36 |P14 [Reserved] 35 | 36 | VB2
Panel Connectors > P15[ 37 38 |GND [Reserved] 37| 38 |VB1
P16| 39 | 40 |P17 GNDJ| 39| 40 |VBO
GND| 41 | 42 INC {P18} GND| 41| 42 |[HSYNC
T 6554x provides 16-bit TFT output (5-6-5) {P19} NC| 43 | 44 GND [Reserved] 43 1 44 |VSYNC
65535 provides 15-bit TFT output (5-5-5) {P20} NC' 45 46 INC {P21} GND\ 45 46 [KEY
92929 2201 GND| 47 48 |INC{P22} GND| 47 [ 48 |PCLK
{P23} NC[ 49| 50 |GND GND[ 49 | 50 |[Reserved]

{ P18-P23} FORFUTUREUSE
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Panel Interface Examples

DK65535
PCB
Connector Matsushita S804
n/c Pand
n/c Connector
34 ) DISPTMG
n/c GND
. 25 GND
gHNFDC'-K 23__) CLOCK#
24__) GND
é,'ilD (HS) 30 ) HSYNC
29__ ) GND
E%\IMD (vVS) 32 ) VSYNC
28 ) GND
PNL23 e
n/c
n/c
n/c
n/c
n/c
n/c
9 n/c
PNL15
B-37 Y o0iia DATA-EO
3-36 y-FNEaS DATA-E1
B DATA-E2
PNL12
B3 ENLL DATA.O)
J3-30 DATA-OL
PNLO
J13-28 DATA-O2
127 )-FNLS DATA-O3
£ n/c
n/c
BN n/c
R a5 o3 Ve
b’ n/c
n/c
n/c
7 y-cohB n/c NC
20 -ERD n/c NC
23 " GND
2 GND
29 3-GND ® GND
GND
GND
GND
GND
GND ® GND
GND
GND
GND
GND
GND
GND ? GND
) GND
(%1 )-YDDSAFE (+5V) . 3T ) +5v
+5V
(B2 )12V SAFE . 8 +12V
a3 1oy
4 +12V
@ VEESAFE (+12 to +45) . +12V

|_Programming Recommendations/Requir ements
Parameter Register  [Value Comment
Panel Width XR1C 4Fh ((640/8) -1
Panel Height XR65/68 1DFh|[480 — 1
Panel Type XR51[1-0] 00

Clock Divide (CD) XR50[6-4] 001

Shiftclk Div (SD) XR51[3] 0
Gray/Color Levels XRAF[2-0] | 100

TFT DataWidth XR50[7] 0 na
STN Pixel Packing XR53[5-4] 00 [n/a
Frame Accel Ena XR6F[1] 0 |Disabled
Output Signal Timing

Shift Clock Mask (SM) | XR51[5] 0

LP Delay Disable XR2F[6 0

LPDelay (Hcomp disa) |XR2F/2D | 062h
LPDelay (Hcompena) |XR2F/2E 06Dh

LP Pulse Width XR2F[3-0]  8h

LP Polarity XR54[6] 0

LP Blank XRA4H 0

LP Active during V XR5]] 1

FLM Delay Disable XR2F 0

FLM Délay XR2C 04h

FLM Polarity XR54[7] 0
Blank#/DE Polarity XR54[0] 1
Blank#/DE H-Only XR4[1 0
Blank#/DE CRT/FP XR51[2 1

Alt Hsync Start (CR04) XR19 60h
AltHsync End (CRO5) 'XR1A 00h

AltH Tota (CRO0) |XR1B 60h

AltV Tota (CR06) |XR65/64 |20Dh

Alt Vsync Start (CR10) XR65/66 |1E8h
AltVsyncEnd (CR11) XR67[3-0]  OAh

Alt Hsync Polarity XR55[6] 1

Alt Vsync Polarity XR55[7] 1

Display Quality Recommendations

FRC XR50[1-0] | 11

FRC Option 1 XR53[2 1 [Settol
FRC Option 2 XR53[3] 1 |Settol
FRC Option 3 XR53[6] 0

FRC Polynomia XR6E[7-0] n/a
Dither XR50[3-2] 01

M Phase Change XR5E[7] n/a

M Phase Change Count | XR5E[6-0] n/a
Compensation Typical Settings

H Compensation XR55[0] 1

V' Compensation XR57[0] 1

Fast Centering Disable | XR57[7] 0

H AutoCentering XR55[1] 0

V' AutoCentering XR57[1] 1

H Centering XR56 00h

V Centering XR59/58 | 000h

H Text Compression XR55[2 1

H AutoDoubling XR55[5 1

V Text Stretching XR57[2 1

V Text Stretch Mode XR57[4-3] | 11

V Stretching XR57[5] 0

V Stretching Mode XR57[6] 0

V Line Insertion Height | XR59[3-0] | OFh

V H/W Line Replication| XR59[7] 0

V Line Repl Height XR5A[3-0] 0O

( 65535 Interface - Matsushita S804 (640x480 16-Gray Level Plasma Panel) ’
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Panel Interface Examples

|_Programming Recommendations/Requir ements
Parameter Register  [Value Comment
DROSS Penel Width XRIC 4 (64019) -1
Panel Height XR65/68 |1DFh 480 — 1
Connector Sharp 'ID_;(S:ZUSO Panel Type XR51[1-0] 00
Connector Clock Divide (CD) XR50[6-4] | 001
Shiftclk Div (SD) XR51[3] 0
{__A8 D HD. |Gray/Color Levels  XR4F[2-0] 100
TFT Data Width XR50[7] 0 |na
(B8 ) GND |[STN Pixel Packing ~ XR53[5-4] 00 ma
Frame Accel Ena XR6F[1] 0 |Disabled
A7 CKD
B7 GND |Output Signal Timing
Shift Clock Mask (SM) | XR51[5] 0
LP Delay Disable XR2F[ 6 0
A9 V.D. LP Delay (Hcomp disa) XR2F/2D 04Fh
E GND |LPDelay (Hcompena) |XR2F/2E |04Eh
LP Pulse Width XR2F[3-0] | 01h
LP Polarity XR54[6] 1
LP Blank XRA4H 0
LP Active during V XR5]] 1
FLM Delay Disable XR2H 1
FLM Delay XR2C 0Ch
FLM Polarity XR54[7] 1
Blank#DE Polarity  XR54[0] 1
Blank#/DE H-Only XR4[1 0
Blank#DE CRT/FP XR51[2 1

D13 [Alt Hsync Start (CRO4) XR19 52h

D12 [AltHsync End (CR05) XRIA 15h

D11 [AltHTotd (CROO) XR1B 54h

D10  [atVTotd (CRO6) |XR65/64 1FOh

DO3  |Alt Vsync Start (CR10) XR65/66 | 1E5h

D02 JAltvsyncEnd (CR11) XR67[3-0] OEh

DOl [Alt Hsync Polarity XR55[6] | 1

D00 |Alt Vsync Polarity XRE5[7] | 1

Display Quality Recommendations

FRC XR50[1-0] | 11
FRC Option 1 XR53[2 1 [Settol
FRC Option 2 XR53[3] 1 |Settol
FRC Option 3 XR53[6] 0
FRC Polynomial XR6E[7-0] n/a
Dither XR50[3-2] 01
M Phase Change XR5E[7] n/a
M Phase Change Count | XR5E[6-0] n/a
Compensation Typical Settings
H Compensation XR55[0] 1
V' Compensation XR57[0] 1
Fast Centering Disable |XR57[7] 0
n/c NC H AutoCentering XR55[1] 0
V AutoCentering XR57[1] 0
H Centering XR56 00h
V Centering XR59/58 | 000h
B10 GND
H Text Compression XR55[2 1
E GND | AutoDoubling XRS5[5] | 1
@ VL V Text Stretching XR57[2 0
V Text Stretch Mode XR57[4-3] | 11
VL |V Stretching XR57[5] 0
@ VD V Stretching Mode XR57[6] 0
V Line Insertion Height | XR59[3-0] | OFh
VD IV HW Line Replication XR59[7] 0
V Line Repl Height XR5A[3-0] 0O

(65535 Interface - Sharp LJ64ZUS50 (640x480 16-Gray Level EL Panel) ’
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Panel Interface Examples

DK 65535 |_Programming Recommendations/Reguir ements
PCB Parameter Register  [Value Comment
ENABKL e Epson EG-9005F-LS gg _Ir-lelght XR65/68 | 1DFh 480 — 1
e Pand ype XR51[1-0]
BLANK#/DE _ /¢ Connector Clock Divide (CD) XR50[6-4]
M (ACDCLK) CI) FR Shiftclk Div (SD) XR51[3]
GND Gray/Color Levels XRAF[2-0]
TFT Data Width XR50[7]
SHFCLK STN Pixel Packing XR53[5-4]
GND (9 Dxsc Frame Accel Ena XR6F[1]
I(‘;PND (HS) 4 4 LP Output Signal Timing
FLM ~S) YSCL Shift Clock Mask (SM) [XR51[5
GND 8 DIN LP Delay Disable XR2F[6
LP Delay (Hcomp disa) | XR2F/2D
PNL23 LPDelay (Hcompena) |XR2F/2E
n/c LP Pulse Width XR2F[3-0]
n/c LP Polarity XR54[6]
n/c LP Blank XRA4H
n/c LP Active duringV XR5]]
n/c FLM Delay Disable XR2H
n/c FLM Delay XR2C
n/c FLM Polarity XR54[7]
n/c Blank#/DE Polarity  XR54[0]
Blank#/DE H-Only XR4[1
n/c Blank#DE CRT/FP XR51[2
ﬂfg Alt Hsync Start (CR04) | XR19
nfc Alt Hsync End (CR05) |XR1A
P AltHTotal  (CRO0) | XR1B
e AltV Total  (CRO6)  XR65/64
n/c Alt Vsync Start (CR10) | XR65/66
e Alt Vsync End (CR11) |XR67[3-0]
Alt Hsync Polarity XR55[6]
LDO Alt Vsync Polarity XR55[7]
LD1 Display  Quality Recommendations
LD2 FRC XR50[1-0]
LD3 FRC Option 1 XR53[2
ubo FRC Option 2 XR53[3
uD1 FRC Option 3 XR53[6
ub2 FRC Polynomial XR6E[7-0]
ub3 Dither XR50[3-2]
M Phase Change XR5E[7]
M Phase Change Count | XR5E[6-0]
Compensation Typical Settings
H Compensation XR55[0]
nic NC V' Compensation XR57[0]
n/c (6 ) NC Fast Centering Disable | XR57[7]
H AutoCentering XR55[1]
V' AutoCentering XR57[1]
H Centering XR56
V Centering XR59/58
@ VSs H Text Compression XR55[2
@ VDDSAFE (+5V) ° 1 VDD \I—/| /_?utODS?ubl irll’_lg §§g$ g
El ext Stretching
+12V SAFE . EO V Text Streich Mode | XR57[4-3]
(B2 > V Stretching XR57[5]
( ) V Stretching Mode XR57[6]
- VEESAFE (+12 to £45 —19V VLCD V Line Insertion Height | XR59[3-0]
CE @ V H/W Line Replication| XR59[7]
V Line Repl Height XR5A[3-0]

( 65535 Interface - Epson EG-9005F-LS (640x480 Monochrome LCD DD Panel) '
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Panel

Interface Examples

DK 65535
PCB
Connector
ENABKL nic Citizen G6481L-FF
n/c Pand
EAL&%}B# C/L?g n/c Connector
GND (9 DPDF
SHFCLK
GND (7 Hcp
LP (HS)
GND € 8 ) LOAD
E%\IMD (VS) (10 ) FRAME
PNL23 nic
n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c

LDO
LD1
LD2
LD3
uDO
uD1
ubD2
ubD3
We—_ 6 ) NC
nc NC
n/c NC
{ 3 ) VSS
VDDSAFE (+5V) -
CB1 D) 5 DISPOFF#
VDD
Bz ) HA ARE
VEESAFE (+12 to #45) +28V
(B3 ) VO
[ 2 IvAa

|_Programming Recommendations/Requir ements
Parameter Register  [Value Comment
Panel Width XR1C 4Fh ((640/8) -1
Panel Height XR65/68 1DFh|[480 — 1
Panel Type XR51[1-0]

Clock Divide (CD) XR50[6-4]

Shiftclk Div (SD) XR51[3]

Gray/Color Levels XRAF[2-0]

TFT DataWidth XR50[7]

STN Pixel Packing XR53[5-4]

Frame Accel Ena XR6F[1]

Output Signal Timing

Shift Clock Mask (SM) [XR51[5

LP Delay Disable XR2F[6

LP Delay (Hcomp disa) | XR2F/2D

LP Delay (Hcompena) 'XR2F/2E

LP Pulse Width XR2F[3-0]

LP Polarity XR54[6]

LP Blank XRA4H

LP Active during V XR5]]

FLM Delay Disable XR2F

FLM Delay XR2C

FLM Polarity XR54[7]

Blank#/DE Polarity XR54[0]

Blank#/DE H-Only XR4[1

Blank#/DE CRT/FP XR51[2

Alt Hsync Start (CR04) XR19

AltHsync End (CRO5) 'XR1A

AltH Tota (CRO0) |XR1B

AltV Tota (CR06) |XR65/64

Alt Vsync Start (CR10) | XR65/66

AltVsync End (CR11) XR67[3-0]

Alt Hsync Polarity XR55[6]

Alt Vsync Polarity XR55[7]

Display Quality Recommendations
FRC XR50[1-0]

FRC Option 1 XR53[2

FRC Option 2 XR53[3

FRC Option 3 XR53[6

FRC Polynomia XR6E[7-0]

Dither XR50[3-2]

M Phase Change XR5E[7]

M Phase Change Count

XR5E[6-0]

Compensation

Typical Settings

H Compensation

XR55[0]

V Compensation

XR57[0]

Fast Centering Disable

XR57[7]

H AutoCentering XR55[1]
V' AutoCentering XR57[1]
H Centering XR56

V Centering XR59/58
H Text Compression XR55[2
H AutoDoubling XR55[5
V Text Stretching XR57[2
V Text Stretch Mode XR57[4-3]
V Stretching XR57[5]
V Stretching Mode XR57[6]
V Line Insertion Height | XR59[3-0]
V H/W Line Replication| XR59[7]
V Line Repl Height XR5A[3-0]

( 65535 Interface - Citizen G6481L-FF (640x480 Monochrome LCD DD Panel) '
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Panel Interface Examples

DK 65535
PCB
Connector

Shap LM64P80

PNL23 e

n/c
n/c
n/c
n/c
n/c
n/c
n/c

n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c

C(I)Dr?gdor
o a— CzZDom
S Tos

DLO

DL1

DL2

DL3

DUO

DUl

DU2

DU3

{ 6 ) VSS
@ VDDSAFE (+5V) 5 VDD
T )12V SAFE DISP
CE VEESAFE (12 to +45) -18V @ VEE

|_Programming Recommendations/Requir ements
Parameter Register  [Value Comment

Panel Width XR1C 4Fh ((640/8) -1
Panel Height XR65/68 1DFh|[480 — 1

Panel Type XR51[1-0] | 11 DD

Clock Divide (CD) XR50[6-4] | 010 |Dclk/4

Shiftclk Div (SD) XR51[3]

Gray/Color Levels XRAF[2-0] | 100 |16Level (61wi/dith)
TFT DataWidth XR50[7] 0 na

STN Pixel Packing XR53[5-4] 0 |n/a

Frame Accel Ena XR6F[1] 1 Enabled

Output _Signal _Timing

Shift Clock Mask (SM) [XR51[5

LP Delay Disable XR2F[6 0 |Enabled
LP Delay (Hcomp disa) | XR2F/2D |050h

LP Delay (Hcomp ena) |XR2F/2E |050h

LP Pulse Width XR2F[3-0]  Oh

LP Polarity XR54[6]

LP Blank XR4F 0

LP Active during V XR5]]

FLM Delay Disable XR2F 0 |Enabled
FLM Delay XR2C 04h |4 lines
FLM Polarity XR54[7]

Blank#/DE Polarity XR54[0]

Blank#/DE H-Only XR54[1

Blank#/DE CRT/FP XR51[2

Alt Hsync Start (CR04) XR19 57h
AltHsync End (CRO5) 'XR1A 19h

AltH Tota (CRO0) |XR1B 5%h

AltV Totd  (CRO6)

XR65/64 |1E4h

Alt Vsync Start (CR10)

XR65/66 |1EOh

AltVsync End (CR11)

XR67[3-0] 1

Alt Hsync Polarity

XR55[6] =~ 1  Negative

Alt Vsync Polarity

XR55[7] 1 |Negative

Display Quality Recommendations

FRC XR50[1-0] | 01 |16-Frame FRC
FRC Option 1 XR53[2 1 [Settol

FRC Option 2 XR53[3] 1 |Settol

FRC Option 3 XR53[6] 0 na

FRC Polynomia XR6E[7-0]  26h

Dither XR50[3-2] | 01 [256-color modes

M Phase Change

XR5E[7] 1 | Every other frame

M Phase Change Count

XR5E[6-0] 00h n/a

Compensation Typical Settings

H Compensation XR55[0] 1 Enabled

V' Compensation XR57[0] 1 |Enabled

Fast Centering Disable | XR57[7] 0 |Enabled

H AutoCentering XR55[1] 0 |Disabled

V AutoCentering XR57[1] 1 |Enabled

H Centering XR56 00h | No left border
V Centering XR59/58 |000h [No top border
H Text Compression XR55[2 1 |Enabled

H AutoDoubling XR55[5 1 Enabled

V Text Stretching XR57[2 0 |Disabled

V Text Stretch Mode XR57[4-3] | 11 DS+TF,TF,DS
V Stretching XR57[5] 0 |Disabled

V Stretching Mode XR57[6] 0 |na

V Line Insertion Height XR59[3-0] | OFh |16 — 1

V H/W Line Replication| XR59[7] 0 |Disabled

V Line Repl Height XR5A[3-0]] 0 [n/a

( 65535 Interface - Sharp LM64P80 (640x480 Monochrome LCD DD Panel) ’
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Panel Interface Examples

DK 65535 |_Programming Recommendations/Requir ements
PCB Parameter Register  |Value Comment
Connector Panel Width XR1C 4Fh [(640/8) -1

Sanyo LCM-6494-24NTK Panel Height XR65/68 |1DFh 480 — 1
Pand Panel Type XR51[1-0]

BLANK#/DE Connector gyI]Oka|Ei|\$ide((ScDD)) isg[gf’]

M (ACDCLK iftclk Div

GN(D ) (CN218) M Gray/Color Levels ~ XR4F[2-0]
TFT Data Width XR50[7]

SHECLK STN Pixel Packing XR53[5-4]

GND (CNL5 ) cCL2 Frame Accel Ena XR6F[1]

I(';PND (HS) {_CN1-3 ) CL1 Output Signal Timing

ELM V) Shift Clock Mask (SM) | XR51[5]

GND {_CN1-1 ) FLM LP Delay Disable XR2F[6
LP Delay (Hcomp disa) | XR2F/2D

PNL 23 LP Delay (Hcompena) 'XR2F/2E
LP Pulse Width XR2F[3-0]
LP Polarity XR54[6]
LP Blank XRA4H
LP Active during V XR5]]
FLM Delay Disable XR2H
FLM Delay XR2C
FLM Polarity XR54[7]

Blank#/DE Polarity | XR54[0]

Blank#/DE H-Only XR54[1

Blank#/DE CRT/FP XR51[2

Alt Hsync Start (CR04) | XR19

AltHsync End (CRO5) 'XR1A

AltHTotal (CRO0) | XRIB

AltV Total  (CRO6) | XR65/64

Alt Vsync Start (CR10) | XR65/66

AltVsyncEnd (CR11) |XR67[3-0]

Alt Hsync Polarity XR55[6]

LDO Alt Vsync Polarity XR55[7]
LD1 Display _ Quality Recommendations
LD2 FRC XR50[1-0]
LD3 FRC Option 1 XR53[2
ubo FRC Option 2 XR53[3
uD1 FRC Option 3 XR53[6
ub2 FRC Polynomial XR6E[7-0]
ub3 Dither XR50[3-2]
M Phase Change XR5E[7]
n/c CN1-7 NC M Phase Change Count  XR5E[6-0]
n/c CN2-21 ) NC Compensation Typical Settings
H Compensation XR55[0]

n/c CN2-24 ) VO V' Compensation XR57[0]

Fast Centering Disable | XR57[7]

CN2-20 ) VSS H AutoCentering XR55[1]
CN2-19 ) VSS V' AutoCentering XR57[1]

VSS H Centering XR56
VSS V Centering XR59/58

VSS
H Text Compression XR55[2
N ° CN2-16 ) VDD H AutoDoubImg XR55[5
V Text Stretching XR57[2
+12V SAFE 5. CN2-17 9 VDD V Text Sirefich Mode  XR57[4-3]

(B2 ) CN2-25 ) DISPOFF# V' Stretching XRS7[5]

- VEESAFE (+12to+45) 23 - V Stretching Mode XR57[6]
@ . gm%_%g ¥EE V Line Insertion Height | XR59[3-0]
V H/W Line Replication| XR59[7]

V Line Repl Height XR5A[3-0]

(65535 Interface - Sanyo LCM-6494-24NTK (640x480 Monochrome LCD DD Panel) '
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Panel Interface Examples

DK65535 |_Programming Recommendationsg/Requir ements
PCB Parameter Register  |Value Comment
Connector Panel Width XR1C 4Fh [(640/8) -1

Panel Height XR65/68 1DFh|[480 — 1
Panel Type XR51[1-0]
Clock Divide (CD) XR50[6-4]
Hitachi LM G5364XUFC Shiftclk Div (SD) XR51[3]
Pand Gray/Color Levels XRAF[2-0]
Connector TFT DataWidth XR50| 7]
SHECLK STN Pixel Packing XR53[5-4]
GND (3 Dcp Frame Accel Ena XR6F[1]
I(‘;PND (HS) € 2 ) LOAD Output Signal Timing
ELM VS Shift Clock Mask (SM) | XR51[5]
GND € 1 ) FRAME |LPDelay Disable XR2F[6
LP Delay (Hcomp disa) | XR2F/2D
PNL23 LP Delay (Hcompena) 'XR2F/2E
LP Pulse Width XR2F[3-0]
LP Polarity XR54[6]
LP Blank XRA4H
LP Active during V XR5]]
FLM Delay Disable XR2F
FLM Delay XR2C
FLM Polarity XR54[7]

Blank#/DE Polarity | XR54[0]

Blank#/DE H-Only XR54[1

Blank#/DE CRT/FP XR51[2

Alt Hsync Start (CR04) | XR19

AltHsync End (CRO5) 'XR1A

AltHTotal (CRO0) | XRIB

AltV Total  (CRO6) | XR65/64

Alt Vsync Start (CR10) | XR65/66

AltVsyncEnd (CR11) |XR67[3-0]

Alt Hsync Polarity XR55[6]

LDO Alt Vsync Polarity XR55[7]
LD1 Display _ Quality Recommendations
LD2 FRC XR50[1-0]
LD3 FRC Option 1 XR53[2
ubo FRC Option 2 XR53[3
uD1 FRC Option 3 XR53[6
ub2 FRC Polynomial XR6E[7-0]
ub3 Dither XR50[3-2]
M Phase Change XR5E[7]

M Phase Change Count | XR5E[6-0]

Compensation Typical Settings

H Compensation XR55[0]
V Compensation XR57[0]
Fast Centering Disable | XR57[7]
H AutoCentering XR55[1]
V' AutoCentering XR57[1]
H Centering XR56
V Centering XR59/58
CE VSs H Text Compression XR55[2
° 5 VDD H AutoDoubling XR55[5
V Text Stretching XR57[2
- +12V SAFE nlc DISPOFF# V Text Stretch Mode XR57[4-3]
( ) V Stretching XR57[5]
- VEESAFE (£12 to £45 —23V V Stretching Mode XR57[6]
CE @ VEE V Line Insertion Height XR59[3-0]
V H/W Line Replication| XR59[7]

V Line Repl Height XR5A[3-0]

(65535 Interface - Hitachi LMG5364XUFC (640x480 Monochrome LCD DD Panel) ’
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Panel Interface Examples

DK 65535 |_Programming Recommendations/Reguir ements
PCB Parameter Register  [Value Comment
Connector Panel Width XR1C 7Fh (102478) -1
ENABKL nic Sanyo LCM-5491-24NAK Panel Height XR65/68 |2FFh|768 — 1
e Pand Panel Type XR51[1-0]

BLANK#/DE _ /¢ Connector grlﬂf;klflgde((gDD)) isgg[gf]

M (ACDCLK iftclk Div

GN(D ) (2 DM Gray/Color Levels ~ XRAF[2-0]

TFT Data Width XR50[7]

SHFCLK STN Pixel Packing XR53[5-4]

GND (6 DcL2 Frame Accel Ena XR6F[1]

I(‘;PND (HS) € 4 ) CL1 Output Signal Timing

LM V) Shift Clock Mask (SM) | XR51[5]

GND € 1 ) FLM LP Delay Disable XR2F[6

LP Delay (Hcomp disa) | XR2F/2D

PNL23 LPDelay (Hcompena) |XR2F/2E

n/c LP Pulse Width XR2F[3-0]

n/c LP Polarity XR54[6]

n/c LP Blank XRA4H

n/c LP Active duringV XR5]]

n/c FLM Delay Disable XR2H

n/c FLM Delay XR2C

n/c FLM Polarity XR54[7]

n/c Blank#/DE Polarity  XR54[0]
Blank#/DE H-Only XR4[1

PNL15 (LDO)

PNL14 (LD1) IEB? Blank#DE CRT/FP XR51[2

PNL13 (LD2) (D2 Alt Hsync Start (CR04) XR19

PNL12 (LD3) LD3 AltHsync End (CR0O5) |XR1A

PNL11 (LD4) LD4 AltHTotal (CR0O0) XR1B

PNL10 (LD5) D5 AltV Total (CR06) |XR65/64

PNL9 (LD6) LD6 Alt Vsync Start (CR10) | XR65/66

PNL8 (LD7) LD7 Alt Vsync End (CR11) |XR67[3-0]

Alt Hsync Polarity XR55[6]

PNL7 (UDOQ) uDO Alt Vsync Polarity XR55[7]

mtg 5883 UD1 Display  Quality Recommendations

PNL4_(UD3) b2 FRC XRSO[1-0]

PNL3 (UD4) uD3 FRC Option 1 XR53[2

PNL2 _ (UD5) ub4 FRC Option 2 XR53[3

PNL1 _ (UD6) UbD5 FRC Option 3 XR53[6

PNLO _ (UD7) uD6 FRC Polynomial XR6E[7-0]

ub7 Dither XR50[3-2]

GND M Phase Change XRSE[7]

g“g M Phase Change Count | XR5E[6-0]

GND Compensation Typical Settings

GND H Compensation XR55[0]

GND V' Compensation XR57[0]

g“g Fast Centering Dissble XR57[7]

GND H AutoCentering XR55[1]

GND 26 VSS1 V' AutoCentering XR57[1]

GND 27 VSS1 H Centering XR56

CND * 5 VSS2 V Centering XR59/58

* 8 VSS2 _

VDDSAFE (+5v) H Awodoubing  XRESlS
@ @ vDD V Text Stretching XR57[2
@ +12V SAFE V Text Stretch Mode XR57[4-3]

e 0t oo R

VEE +12to + retching Mode

CE ¥EE V Line Insertion Height | XR59[3-0]
V H/W Line Replication| XR59[7]
V Line Repl Height XR5A[3-0]

( 65535 Interface - Sanyo LCM-5491-24NAK (1024x768 LCD DD Panel) ’
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Panel

Interface Examples

DK 65535
PCB
Connector

Epson ECM-A9071

Pand
Connector
gHNFDC'-K A8 ) XSCL
LP (HS) AlQ ) VSS
GND A6 LP
LM (VS AT DIN
PNL23 n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c
PNL15 (LDO0)
PNL14 (LD1) II:BE
PNL13 (LD2) LD2
PNL12 (LD3) LD3
PNL11 (LD4) LD4
PNL10 (LD5) LD5
PNL9 (LD6) LD6
PNL8 (LD7) LD7
PNL7  (UDQ)
PNL6 (UD1) o9
PNL5 (UD2) uD2
PNL4  (UDS3) uD3
PNL3  (UD4) UD4
PNL2 (UD5) uD5
PNL1 (UD6) uUD6
PNLO  (UD7) uD7
GND
GND
GND
GND
GND
GND
GND
GND
g BI ) VSS
GND B6 VSS
GND I B11 VSS
* B16 ) VSS
:)B-l VDDSAFE (+5V) - A3 VDD
+12V SAFE e b

VDDH

|_Programming Recommendations/Requir ements
Parameter Register  [Value Comment
Panel Width XR1C 7Fh [(1024/8) -1
Panel Height XR65/68 2FFh|768 — 1
Panel Type XR51[1-0]
Clock Divide (CD) XR50[6-4]
Shiftclk Div (SD) XR51[3]
Gray/Color Levels XRAF[2-0]
TFT DataWidth XR50[7]

STN Pixel Packing XR53[5-4]
Frame Accel Ena XR6F[1]
Output Signal Timing

Shift Clock Mask (SM) [XR51[5

LP Delay Disable XR2F[6

LP Delay (Hcomp disa) | XR2F/2D

LP Delay (Hcompena) 'XR2F/2E

LP Pulse Width XR2F[3-0]

LP Polarity XR54[6]

LP Blank XRA4H

LP Active during V XR5]]

FLM Delay Disable XR2F

FLM Délay XR2C

FLM Polarity XR54[7]
Blank#/DE Polarity XR54[0]
Blank#/DE H-Only XR4[1
Blank#/DE CRT/FP XR51[2

Alt Hsync Start (CR04) XR19
AltHsync End (CRO5) 'XR1A

AltH Tota (CRO0) |XR1B

AltV Tota (CR06) |XR65/64

Alt Vsync Start (CR10) | XR65/66
AltVsync End (CR11) XR67[3-0]

Alt Hsync Polarity XR55[6]

Alt Vsync Polarity XR55[7]
Display Quality Recommendations
FRC XR50[1-0]
FRC Option 1 XR53[2

FRC Option 2 XR53[3]

FRC Option 3 XR53[6]

FRC Polynomia XR6E[7-0]
Dither XR50[3-2]

M Phase Change XR5E[7]

M Phase Change Count | XR5E[6-0]
Compensation Typical Settings
H Compensation XR55[0]

V Compensation XR57[0]

Fast Centering Disable | XR57[7]

H AutoCentering XR55[1]

V' AutoCentering XR57[1]

H Centering XR56

V Centering XR59/58

H Text Compression XR55[2

H AutoDoubling XR55[5

V Text Stretching XR57[2

V Text Stretch Mode XR57[4-3]

V Stretching XR57[5]

V Stretching Mode XR57[6]

V Line Insertion Height | XR59[3-0]

V H/W Line Replication| XR59[7]

V Line Repl Height XR5A[3-0]

( 65535 Interface - Epson A9071 (1024x768 LCD DD Panel) '
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DK 65535
PCB
Connector

ENABKL

Hitachi LM G9060ZZFC

n/c
n/c Pand
l\BAL&l\(I:Ig;gLI?g nic Connector
GND :19 M
g',*\l':DC'-K (22 _)HcL2
ERD (HS) ( 21 _Dcl
E;INMD (VS) (20 DFLM
PNL23 nfc
n/c
n/c
n/c
n/c
n/c
n/c
n/c
(LDO)
(LDD) oy
(LD2) DL2
(UDO0)
oo T 0u0
9 VSS1
I 18 VSS1
® 23 VSS1
:)JS-l VDDSAFE (+5V) :24 ) VDD
Bz AV AR VO
@ VEESAFE (£12to +45) +29V \/2——53 VLCD

Panel Interface Examples
|_Programming Recommendations/Requir ements
Parameter Register  [Value Comment
Panel Width XR1C 7Fh [(1024/8) -1
Panel Height XR65/68 2FFh|768 — 1
Panel Type XR51[1-0]
Clock Divide (CD) XR50[6-4]
Shiftclk Div (SD) XR51[3]
Gray/Color Levels XRAF[2-0]
TFT DataWidth XR50[7]
STN Pixel Packing XR53[5-4]
Frame Accel Ena XR6F[1]
Output Signal Timing
Shift Clock Mask (SM) [XR51[5
LP Delay Disable XR2F[6
LP Delay (Hcomp disa) | XR2F/2D
LP Delay (Hcompena) 'XR2F/2E
LP Pulse Width XR2F[3-0]
LP Polarity XR54[6]
LP Blank XRA4H
LP Active during V XR5]]
FLM Delay Disable XR2F
FLM Délay XR2C
FLM Polarity XR54[7]
Blank#/DE Polarity XR54[0]
Blank#/DE H-Only XR4[1
Blank#/DE CRT/FP XR51[2
Alt Hsync Start (CR04) XR19
AltHsync End (CRO5) 'XR1A
AltH Tota (CRO0) |XR1B
AltV Tota (CR06) |XR65/64
Alt Vsync Start (CR10) | XR65/66
AltVsync End (CR11) XR67[3-0]
Alt Hsync Polarity XR55[6]
Alt Vsync Polarity XR55[7]
Display Quality Recommendations
FRC XR50[1-0]
FRC Option 1 XR53[2
FRC Option 2 XR53[3]
FRC Option 3 XR53[6]
FRC Polynomia XR6E[7-0]
Dither XR50[3-2]
M Phase Change XR5E[7]
M Phase Change Count | XR5E[6-0]
Compensation Typical Settings
H Compensation XR55[0]
V Compensation XR57[0]
Fast Centering Disable | XR57[7]
H AutoCentering XR55[1]
V' AutoCentering XR57[1]
H Centering XR56
V Centering XR59/58
H Text Compression XR55[2
H AutoDoubling XR55[5
V Text Stretching XR57[2
V Text Stretch Mode XR57[4-3]
V Stretching XR57[5]
V Stretching Mode XR57[6]
V Line Insertion Height | XR59[3-0]
V H/W Line Replication| XR59[7]
V Line Repl Height XR5A[3-0]

65535 Interface - Hitachi LMG9060ZZFC (1024x768 LCD DD Panel)
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Panel

Interface Examples

DK 65535
PCB
Connector

ENABKL

Hitachi LMG9100ZZFC

n/c
ne Pand
E/IL&’\SE)#C/L%E n/c Connector
GND :19 M
g“':DCLK (22 _)HcL2
é,'ilD (HS) 21 _Dcl
E%\IMD (VS) (20 DFLM
PNL23 nc
n/c
n/c
n/c
n/c
n/c
n/c
n/c
PNL15 (LDO0)
PNL14 (LD1) oy
PNL13 (LD2) DL2
PNL12 (L D3) DL3
PNL11 (L D4) DLA
PNL10 (LD5) DL5
PNLO (L D6) DL6
PNL8 (LD7) DL7
PNL7  (UDOQ)
PNL6 (UD1) — b0y
PNL5  (UD2) 5 DU2
PNL4_ (UD3) 7 DU3
PNL3  (UDA) = Du1
PNL2  (UD5) 6 DUS
PNL1 (UD6) 75 DUG
PNLO_(UD?) 55 DU?
GND
GND
GND
GND
GND
GND
GND
GND
GND
gmg 9 ) VssL
GND I 23 VSS2
° 41 VSS2
CBL D VDDSAFE (+5V) (20 D vDD
:J?)-Z +12V _SAFE
@ VEESAFE (+12to +45) +42V CE VLCD

|_Programming Recommendations/Requir ements
Parameter Register  [Value Comment
Panel Width XR1C 7Fh [(1024/8) -1
Panel Height XR65/68 2FFh|768 — 1
Panel Type XR51[1-0]
Clock Divide (CD) XR50[6-4]
Shiftclk Div (SD) XR51[3]
Gray/Color Levels XRAF[2-0]
TFT DataWidth XR50[7]

STN Pixel Packing XR53[5-4]
Frame Accel Ena XR6F[1]
Output Signal Timing

Shift Clock Mask (SM) [XR51[5

LP Delay Disable XR2F[6

LP Delay (Hcomp disa) | XR2F/2D

LP Delay (Hcompena) 'XR2F/2E

LP Pulse Width XR2F[3-0]

LP Polarity XR54[6]

LP Blank XRA4H

LP Active during V XR5]]

FLM Delay Disable XR2F

FLM Délay XR2C

FLM Polarity XR54[7]
Blank#/DE Polarity XR54[0]
Blank#/DE H-Only XR4[1
Blank#/DE CRT/FP XR51[2

Alt Hsync Start (CR04) XR19
AltHsync End (CRO5) 'XR1A

AltH Tota (CRO0) |XR1B

AltV Tota (CR06) |XR65/64

Alt Vsync Start (CR10) | XR65/66
AltVsync End (CR11) XR67[3-0]

Alt Hsync Polarity XR55[6]

Alt Vsync Polarity XR55[7]
Display Quality Recommendations
FRC XR50[1-0]
FRC Option 1 XR53[2

FRC Option 2 XR53[3]

FRC Option 3 XR53[6]

FRC Polynomia XR6E[7-0]
Dither XR50[3-2]

M Phase Change XR5E[7]

M Phase Change Count | XR5E[6-0]
Compensation Typical Settings
H Compensation XR55[0]

V Compensation XR57[0]

Fast Centering Disable | XR57[7]

H AutoCentering XR55[1]

V' AutoCentering XR57[1]

H Centering XR56

V Centering XR59/58

H Text Compression XR55[2

H AutoDoubling XR55[5

V Text Stretching XR57[2

V Text Stretch Mode XR57[4-3]

V Stretching XR57[5]

V Stretching Mode XR57[6]

V Line Insertion Height | XR59[3-0]

V H/W Line Replication| XR59[7]

V Line Repl Height XR5A[3-0]

65535 Interface - Hitachi LMG9100ZZFC (1280x1024 LCD DD Panel)
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DK 65535
PCB
Connector

Bz )2V SARE

Panel

Interface Examples

Hitachi TM26D50VC2AA

nc Pand
nlc Connector
’ € 15 ) DTMG
n/c
€ 16 ) GND
SHECLK 51 DCLK
GND
LP (HS) 20 ) GND
GND 19 HSYNC
FLM (VS) 25 GND
GND 17 VSYNC
18 GND
PNL23 ne
n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c
2 R3
3 R2
4 R1
n/c 5 RO
n/c
6 G3
7 G2
8 Gl
n/c ¢ GO0
n/c
10 B3
11 B2
12 Bl
e BO
n/c
n/c VR1
n/c VR2
n/c VR3
L 2 29 DOTE
14 HREV
I 1 GND
® 22 GND
® 23 VDD
. VDD

n/c

BLC

8
VEE
(B3 - VEESAFE (+12t0 £45) 24V @VEE

|_Programming Recommendations/Requir ements
Parameter Register  [Value Comment
Panel Width XR1C 4Fh ((640/8) -1
Panel Height XR65/68 1DFh|[480 — 1
Panel Type XR51[1-0] 00

Clock Divide (CD) XR50[6-4] 000

Shiftclk Div (SD) XR51[3] 0
Gray/Color Levels XRAF[2-0] | 100

TFT DataWidth XR50[7] 0 na

STN Pixel Packing XR53[5-4] 00 [n/a
Frame Accel Ena XR6F[1] 0 |Disabled
Output Signal Timing

Shift Clock Mask (SM) | XR51[5] 0

LP Delay Disable XR2F[6 0

LP Delay (Hcomp disa) | XR2F/2D |04Fh

LPDelay (Hcompena) |XR2F/2E |04Fh

LP Pulse Width XR2F[3-0] | OFh

LP Polarity XR54[6] 1

LP Blank XRA4H 0

LP Active during V XR5]] 1

FLM Delay Disable XR2F 0

FLM Delay XR2C 04h

FLM Polarity XR54[7] 1
Blank#/DE Polarity XR54[0] 1
Blank#/DE H-Only XR4[1 1
Blank#/DE CRT/FP XR51[2 1

Alt Hsync Start (CR04) XR19 56h
AltHsync End (CRO5) 'XR1A 13h

AltH Tota (CRO0) |XR1B 5Fh

AltV Tota (CR06) |XR65/64 201h

Alt Vsync Start (CR10) [XR65/66 |1DFh
AltVsyncEnd (CR11) (XR67[3-0] 5h

Alt Hsync Polarity XR55[6] 1

Alt Vsync Polarity XR55[7] 1

Display Quality Recommendations

FRC XR50[1-0] | 10

FRC Option 1 XR53[2 1 [Settol
FRC Option 2 XR53[3] 1 |Settol
FRC Option 3 XR53[6] 0

FRC Polynomia XR6E[7-0] n/a
Dither XR50[3-2] 01

M Phase Change XR5E[7] n/a

M Phase Change Count | XR5E[6-0] n/a

Compensation

Typical Settings

H Compensation XR55[0] 1
V' Compensation XR57[0] 1
Fast Centering Disable | XR57[7] 0
H AutoCentering XR55[1] 0
V AutoCentering XR57[1] 0
H Centering XR56 00h
V Centering XR59/58 | 000h
H Text Compression XR55[2 1
H AutoDoubling XR55[5 1
V Text Stretching XR57[2 1
V Text Stretch Mode XR57[4-3] | 11
V Stretching XR57[5] 0
V Stretching Mode XR57[6] 0
V Line Insertion Height | XR59[3-0] | OFh
V H/W Line Replication| XR59[7] 0
V Line Repl Height XR5A[3-0] 0O

( 65535 Interface - Hitachi TM26D50VC2AA (640x480 512-Color TFT LCD Panel) '
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DK 65535
PCB
Connector

Panel

Interface Examples

Sharp LQ9D011
nc Pand
nlc Connector
’ { CN2-5 ) ENAB
n/c
{ _CN1-8 ) GND
SHFCLK
LP (HS) HSYNC
GND GND
GND CN1-127) GND
PNL23 ne
n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c
CN1-7 R2
CN1-6 R1
CN1-5 RO
n/c
n/c
CN1-11 ) G2
CN1-10 ) G1
; {_CN1-9 ) GO
n/c
n/c
CN1-15 ) B2
CN1-14 ) Bl
CN1-13 ) BO
n/c
n/c
n/c CN2-6 ) TST
I CN2-3 ) GND
® CN2-4 ) GND

Bz )MV AFE

@ VEESAFE (+12 to +45) n/c

L4 CN2-1 )VCC
CN2-2 )VCC

|_Programming Recommendations/Requir ements
Parameter Register  [Value Comment
Panel Width XR1C 4Fh ((640/8) -1
Panel Height XR65/68 1DFh|[480 — 1
Panel Type XR51[1-0] 00

Clock Divide (CD) XR50[6-4] 000

Shiftclk Div (SD) XR51[3] 0
Gray/Color Levels XRAF[2-0] | 100

TFT DataWidth XR50[7] 0 na

STN Pixel Packing XR53[5-4] 00 [n/a
Frame Accel Ena XR6F[1] 0 |Disabled
Output Signal Timing

Shift Clock Mask (SM) | XR51[5] 0

LP Delay Disable XR2F[6 0

LP Delay (Hcomp disa) | XR2F/2D |04Fh

LPDelay (Hcompena) |XR2F/2E |04Fh

LP Pulse Width XR2F[3-0] | OFh

LP Polarity XR54[6] 1

LP Blank XRA4H 0

LP Active during V XR5]] 1

FLM Delay Disable XR2F 0

FLM Delay XR2C 04h

FLM Polarity XR54[7] 1
Blank#/DE Polarity XR54[0] 1
Blank#/DE H-Only XR4[1 1
Blank#/DE CRT/FP XR51[2 1

Alt Hsync Start (CR04) XR19 56h
AltHsync End (CRO5) 'XR1A 13h

AltH Tota (CRO0) |XR1B 5Fh

AltV Tota (CR06) |XR65/64 201h

Alt Vsync Start (CR10) [XR65/66 |1DFh
AltVsyncEnd (CR11) (XR67[3-0] 5h

Alt Hsync Polarity XR55[6] 1

Alt Vsync Polarity XR55[7] 1

Display Quality Recommendations

FRC XR50[1-0] | 10

FRC Option 1 XR53[2 1 [Settol
FRC Option 2 XR53[3] 1 |Settol
FRC Option 3 XR53[6] 0

FRC Polynomia XR6E[7-0] n/a
Dither XR50[3-2] 01

M Phase Change XR5E[7] n/a

M Phase Change Count | XR5E[6-0] n/a

Compensation

Typical Settings

H Compensation XR55[0] 1
V' Compensation XR57[0] 1
Fast Centering Disable | XR57[7] 0
H AutoCentering XR55[1] 0
V AutoCentering XR57[1] 0
H Centering XR56 00h
V Centering XR59/58 | 000h
H Text Compression XR55[2 1
H AutoDoubling XR55[5 1
V Text Stretching XR57[2 1
V Text Stretch Mode XR57[4-3] | 11
V Stretching XR57[5] 0
V Stretching Mode XR57[6] 0
V Line Insertion Height | XR59[3-0] | OFh
V H/W Line Replication| XR59[7] 0
V Line Repl Height XR5A[3-0] 0O

( 65535 Interface - Sharp LQ9D011 (640x480 512-Color TFT LCD Panel) ’
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Panel Interface Examples

DK 65535
PCB ]
Connector Toshiba LTM-09C015-1
n'c Connector
p { CN2-7 ) ENAB
n/c
{ _CN1-8 ) GND
CN1-1 NCLK
§ CN1-2 ;GND
n/c
{ CN1-6 ) GND
n/c
{ CN1-12 ) GND
n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c
CN1-7 R2
CN1-5 R1
CN1-3 RO
n/c
n/c
CN1-13 ) G2
CN1-11 ) G1
; { _CN1-9 ) GO
n/c
n/c
CN2-5 )B2
CN2-3 )B1
CN2-1 BO
n/c
n/c

n/c CN1-15) NC

CN2-8 ) GND
CN2-6 ) GND

{_CN1-14 ) GND

® CN1-10 ) GND
CN1-4 ) GND

[ 4

CN2-4 ) GND
CN2-2 ) GND

Bz )MV AFE

4 CN2-9 ) VDD
CN2-10) VDD

n/c

@ VEESAFE (+12 to +45) n/c

|_Programming Recommendations/Requir ements
Parameter Register  [Value Comment
Panel Width XR1C 4Fh ((640/8) -1
Panel Height XR65/68 |1DFh 480 — 1
Panel Type XR51[1-0] 00

Clock Divide (CD) XR50[6-4] 000

Shiftclk Div (SD) XR51[3] 0

Gray/Color Levels XRAF[2-0] | 100

TFT DataWidth XR50[7] 0 na

STN Pixel Packing XR53[5-4] 00 [n/a
Frame Accel Ena XR6F[1] 0 |Disabled
Output Signal Timing

Shift Clock Mask (SM) | XR51[5] 0

LP Delay Disable XR2F[6 0

LP Delay (Hcomp disa) | XR2F/2D |04Fh

LPDelay (Hcompena) |XR2F/2E |04Fh

LP Pulse Width XR2F[3-0] | OFh

LP Polarity XR54[6] 1

LP Blank XRA4H 0

LP Active during V XR5]] 1

FLM Delay Disable XR2F 0

FLM Delay XR2C 04h

FLM Polarity XR54[7] 1

Blank#/DE Polarity XR54[0] 1

Blank#/DE H-Only XR54[1 0 |Reqd for this panel
Blank#/DE CRT/FP XR51[2 1

Alt Hsync Start (CR04) XR19 56h

AltHsync End (CRO5) 'XR1A 13h

AltH Tota (CRO0) |XR1B 5Fh

AltV Tota (CR06) |XR65/64 201h

Alt Vsync Start (CR10) [XR65/66 |1DFh
AltVsyncEnd (CR11) (XR67[3-0] 5h

Alt Hsync Polarity XR55[6] 1

Alt Vsync Polarity XR55[7] 1

Display Quality Recommendations
FRC XR50[1-0] | 10

FRC Option 1 XR53[2 1 [Settol
FRC Option 2 XR53[3] 1 |Settol
FRC Option 3 XR53[6] 0

FRC Polynomia XR6E[7-0] n/a
Dither XR50[3-2] 01

M Phase Change XR5E[7] n/a
M Phase Change Count | XR5E[6-0] n/a
Compensation Typical Settings

H Compensation XR55[0] 1

V' Compensation XR57[0] 1

Fast Centering Disable | XR57[7] 0

H AutoCentering XR55[1] 0

V AutoCentering XR57[1] 0

H Centering XR56 00h

V Centering XR59/58 | 000h

H Text Compression XR55[2 1

H AutoDoubling XR55[5 1

V Text Stretching XR57[2 1

V Text Stretch Mode XR57[4-3] | 11

V Stretching XR57[5] 0

V Stretching Mode XR57[6] 0

V Line Insertion Height | XR59[3-0] | OFh

V H/W Line Replication| XR59[7] 0

V Line Repl Height XR5A[3-0] 0O

(65535 Interface - Toshiba LTM-09C015-1 (640x480 512-Color TFT LCD Panel) '
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Panel Interface Examples

DK65535

PCB
Connector Shap LQ10D311

nc Pand
nlc Connector

{_CN2-5 ) ENAB
{_CN2-4 ) GND

n/c

SHFCLK

GND gﬁD
Lp [S) PISUNG
GND GND
GND s

PNL 23

n/c

n/c

n/c

n/c

n/c

n/c
CN3-8 ) GND
I CN3-4 GND
® CN2-3 ) GND
C:B'l VDDSAFE (+5V) o CNZ-1 ) Vvee
(_ CN2-2 ) VCC

CBz ) HASAE e

@ VEESAFE (+12 to +45) n/c

|_Programming Recommendationsg/Requir ements
Parameter Reqgister  |Value Comment
Panel Width XR1C 4Fh [(640/8) -1
Panel Height XR65/68 |1DFh 480 — 1
Panel Type XR51[1-0]

Clock Divide (CD) XR50[6-4]

Shiftclk Div (SD) XR51[3]

Gray/Color Levels XRAF[2-0]

TFT DataWidth XR50[7]

STN Pixel Packing XR53[5-4]

Frame Accel Ena XR6F[1]

Output _Signal  Timi

ng

Shift Clock Mask (SM) [XR51[5
LP Delay Disable XR2F[6
LP Delay (Hcomp disa) | XR2F/2D
LP Delay (Hcompena) 'XR2F/2E
LP Pulse Width XR2F[3-0]
LP Polarity XR54[6]
LP Blank XRA4H

LP Active during V XR5]]
FLM Delay Disable XR2F
FLM Delay XR2C
FLM Polarity XR54[7]
Blank#/DE Polarity XR54[0]
Blank#/DE H-Only XR4[1
Blank#/DE CRT/FP XR51[2

Alt Hsync Start (CR04)

XR19

AltHsync End (CRO5) 'XR1A
AltH Tota (CRO0) |XR1B
AltV Tota (CRO6) |XR65/64

Alt Vsync Start (CR10)

XR65/66

AltVsync End (CR11)

XR67[3-0]

Alt Hsync Polarity

XR55[6]

Alt Vsync Polarity

XR55(7]

Display Quality

Recommendations

FRC XR50[1-0]
FRC Option 1 XR53[2
FRC Option 2 XR53[3
FRC Option 3 XR53[6
FRC Polynomia XR6E[7-0]
Dither XR50[3-2]
M Phase Change XR5E[7]

M Phase Change Count

XR5E[6-0]

Compensation Typical Settings

H Compensation

XR55[0]

V Compensation

XR57[0]

Fast Centering Disable

XR57[7]

H AutoCentering XR55[1]
V' AutoCentering XR57[1]
H Centering XR56

V Centering XR59/58
H Text Compression XR55[2

H AutoDoubling XR55[5
V Text Stretching XR57[2
V Text Stretch Mode XR57[4-3]
V Stretching XR57[5]
V Stretching Mode XR57[6]
V Line Insertion Height | XR59[3-0]
V H/W Line Replication| XR59[7]

V Line Repl Height

XR5A[3-0]

( 65535 Interface - Sharp LQ10D311 (640x480 256K-Color TFT LCD Panel) ’
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Panel Interface Examples

DK65535
PCB
Connector
NABKL nic
4 n/c
8 n/c
n/c Sharp LM64C031
J3-6 Cpmgd
onnector
kR g s m— 3 DxekL
LP (HS)
ﬁ éo GND 2 Dup
FLM (VS)
Bl LGND 1 O
PNL2Z3 nic
n/c
PNL20 n/c
n/c
n/c
n/c
37 PNL15 nic
36 n/c
n/c
n/c
n/c
n/c
n/c
{4 ) XCKU
(B5...)
(R5...)
(G4...)
(B3...)
(R3...)
(G2...)
(BL...)
(R1...)
n'c NC
18 VSS
¢ 9 JVssS
°® 7 VSS
@ VDDSAFE (+5V) :6 VDD
CBz Y HAAFE e
(53 ) VEESAFE (1210245 +30V ~—5— e

|_Programming Recommendations/Requir ements
Parameter Register  [Value Comment
Panel Width XR1C 4Fh ((640/8) -1
Panel Height XR65/68 1DFh|[480 — 1
Panel Type XR51[1-0]
Clock Divide (CD) XR50[6-4]
Shiftclk Div (SD) XR51[3]
Gray/Color Levels XRAF[2-0]
TFT DataWidth XR50[7]

STN Pixel Packing XR53[5-4]
Frame Accel Ena XR6F[1]
Output Signal Timing

Shift Clock Mask (SM) [XR51[5

LP Delay Disable XR2F[6

LP Delay (Hcomp disa) | XR2F/2D

LP Delay (Hcompena) 'XR2F/2E

LP Pulse Width XR2F[3-0]

LP Polarity XR54[6]

LP Blank XRA4H

LP Active during V XR5]]

FLM Delay Disable XR2F

FLM Délay XR2C

FLM Polarity XR54[7]
Blank#/DE Polarity XR54[0]
Blank#/DE H-Only XR4[1
Blank#/DE CRT/FP XR51[2

Alt Hsync Start (CR04) XR19
AltHsync End (CRO5) 'XR1A

AltH Tota (CRO0) |XR1B

AltV Tota (CR06) |XR65/64

Alt Vsync Start (CR10) | XR65/66
AltVsync End (CR11) XR67[3-0]

Alt Hsync Polarity XR55[6]

Alt Vsync Polarity XR55[7]
Display Quality Recommendations
FRC XR50[1-0]
FRC Option 1 XR53[2

FRC Option 2 XR53[3]

FRC Option 3 XR53[6]

FRC Polynomia XR6E[7-0]
Dither XR50[3-2]

M Phase Change XR5E[7]

M Phase Change Count | XR5E[6-0]
Compensation Typical Settings
H Compensation XR55[0]

V Compensation XR57[0]

Fast Centering Disable | XR57[7]

H AutoCentering XR55[1]

V' AutoCentering XR57[1]

H Centering XR56

V Centering XR59/58

H Text Compression XR55[2

H AutoDoubling XR55[5

V Text Stretching XR57[2

V Text Stretch Mode XR57[4-3]

V Stretching XR57[5]

V Stretching Mode XR57[6]

V Line Insertion Height | XR59[3-0]

V H/W Line Replication| XR59[7]

V Line Repl Height XR5A[3-0]

( 65535 Interface - Sharp LM64C031 (640x480 Color STN LCD Panel) ’
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DK 65535
PCB
Connector

Panel

Interface Examples

BLANK#/DE
M (ACDCLK)

Sanyo
LM-CK53-22NEZ
(LCM 5330)
Pand
Connector

GND

€ 29 ) M

SHFCLK

GND

€ 25 ) CL2

LP (HS)

GND

€ 27 ) CL1

FLM (VS)

GND

{__ 30 DFLM

PNL 23

LDO

ubDO

LD1

uDl1

LD2

ub2

")
..)
..)
")
..)
..
o)
..)

LD3

ub3

LD4

ub4

LD5

ubD5

LD6

uD6

LD7

ub7

we—__1 DNC

® 26 VSS
24 VSS

[ 4

6 GND
5 GND

¢ 7 VDD
DISP

7 Do

YT Y vEE
VEE

|_Programming Recommendations/Requir ements
Parameter Register  [Value Comment
Panel Width XR1C 4Fh ((640/8) -1
Panel Height XR65/68 1DFh|[480 — 1
Panel Type XR51[1-0]
Clock Divide (CD) XR50[6-4]
Shiftclk Div (SD) XR51[3]
Gray/Color Levels XRAF[2-0]
TFT DataWidth XR50[7]

STN Pixel Packing XR53[5-4]
Frame Accel Ena XR6F[1]
Output Signal Timing

Shift Clock Mask (SM) [XR51[5

LP Delay Disable XR2F[6

LP Delay (Hcomp disa) | XR2F/2D

LP Delay (Hcompena) 'XR2F/2E

LP Pulse Width XR2F[3-0]

LP Polarity XR54[6]

LP Blank XRA4H

LP Active during V XR5]]

FLM Delay Disable XR2F

FLM Délay XR2C

FLM Polarity XR54[7]
Blank#/DE Polarity XR54[0]
Blank#/DE H-Only XR4[1
Blank#/DE CRT/FP XR51[2

Alt Hsync Start (CR04) XR19
AltHsync End (CRO5) 'XR1A

AltH Tota (CRO0) |XR1B

AltV Tota (CR06) |XR65/64

Alt Vsync Start (CR10) | XR65/66
AltVsync End (CR11) XR67[3-0]

Alt Hsync Polarity XR55[6]

Alt Vsync Polarity XR55[7]
Display Quality Recommendations
FRC XR50[1-0]
FRC Option 1 XR53[2

FRC Option 2 XR53[3]

FRC Option 3 XR53[6]

FRC Polynomia XR6E[7-0]
Dither XR50[3-2]

M Phase Change XR5E[7]

M Phase Change Count | XR5E[6-0]
Compensation Typical Settings
H Compensation XR55[0]

V Compensation XR57[0]

Fast Centering Disable | XR57[7]

H AutoCentering XR55[1]

V' AutoCentering XR57[1]

H Centering XR56

V Centering XR59/58

H Text Compression XR55[2

H AutoDoubling XR55[5

V Text Stretching XR57[2

V Text Stretch Mode XR57[4-3]

V Stretching XR57[5]

V Stretching Mode XR57[6]

V Line Insertion Height | XR59[3-0]

V H/W Line Replication| XR59[7]

V Line Repl Height XR5A[3-0]

( 65535 Interface - Sanyo LM-CK53-22NEZ (LCM 5330) (640x480 Color STN LCD Pandl) '
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DK 65535
PCB
Connector

Panel

Interface Examples

ENABKL

|_Programming Recommendations/Requir ements
Parameter Register  [Value Comment
Panel Width XR1C 4Fh ((640/8) -1
Panel Height XR65/68 1DFh|[480 — 1
Panel Type XR51[1-0]

Clock Divide (CD) XR50[6-4]

Shiftclk Div (SD) XR51[3]

Gray/Color Levels XRAF[2-0]

TFT DataWidth XR50[7]

STN Pixel Packing XR53[5-4]

Frame Accel Ena XR6F[1]

Output Signal Timing

Shift Clock Mask (SM) [XR51[5

LP Delay Disable XR2F[6

LP Delay (Hcomp disa) | XR2F/2D

LP Delay (Hcompena) 'XR2F/2E

LP Pulse Width XR2F[3-0]

LP Polarity XR54[6]

LP Blank XRA4H

LP Active during V XR5]]

FLM Delay Disable XR2F

FLM Delay XR2C

FLM Polarity XR54[7]

Blank#/DE Polarity XR54[0]

Blank#/DE H-Only XR4[1

Blank#/DE CRT/FP XR51[2

Alt Hsync Start (CR04) XR19

AltHsync End (CRO5) 'XR1A

AltH Tota (CRO0) |XR1B

AltV Tota (CR06) |XR65/64

Alt Vsync Start (CR10) | XR65/66

AltVsync End (CR11) XR67[3-0]

Alt Hsync Polarity XR55[6]

Alt Vsync Polarity XR55[7]

Display Quality Recommendations
FRC XR50[1-0]

FRC Option 1 XR53[2

FRC Option 2 XR53[3

FRC Option 3 XR53[6

FRC Polynomia XR6E[7-0]

Dither XR50[3-2]

M Phase Change XR5E[7]

M Phase Change Count

XR5E[6-0]

Compensation

Typical Settings

H Compensation

XR55[0]

V Compensation

XR57[0]

Fast Centering Disable

XR57[7]

nic Sanyo LCM-5327-24NAK

n/C Pmé
E/lL ,&\ l\gé)# C/Ll?g n/c Connector
GND (2 WM™
SHFCLK
GND (6 DHcL2
LP (HS)
GND (4 Hcu
FLM (VS)
GND € 1 ) FLM
PNL23 nic

n/c

n/c

n/c

n/c

n/c

n/c

n/c
PNL15 (R6...)
PNL14  (B5...) IL_JB(())
PNL13  (G5...) LD1
PNL12 (R5...) uD1
PNL11 (B4..) LD2
PNL10  (GA4...) UD2
PNL9 (R4...) LD3
PNL8 (B3...) uUD3
PNL7 (G3...)
PNLG  (R3..) UDa
PNL5 (B2...) LD5
PNL4 (G2...) uD5
PNL3 (R2...) LD6
PNL2 (B1...) uD6
PNL1 (Gl...) LD7
PNLO (R1...) uD7
GND
GND
GND
GND
GND
GND
GND
GND
g 26 ) Vssl
CND 27 VSS1
CND I 5 VSS2

* 8 VSS2
CBz A — e e

CE VEESAFE (12 to +45) +3 VEE
VEE

H AutoCentering XR55[1]
V' AutoCentering XR57[1]
H Centering XR56

V Centering XR59/58
H Text Compression XR55[2
H AutoDoubling XR55[5
V Text Stretching XR57[2
V Text Stretch Mode XR57[4-3]
V Stretching XR57[5]
V Stretching Mode XR57[6]
V Line Insertion Height | XR59[3-0]
V H/W Line Replication| XR59[7]
V Line Repl Height XR5A[3-0]

( 65535 Interface - Sanyo LCM5327-24NAK (640x480 Color STN LCD Pansdl) '
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DK 65535
PCB
Connector

Panel Interface Examples

ENABKL n/c Kyocera KCL 6448
n/C Pmé
BLANK#/DE nic Connector
M (ACDCLK) ° 10 DF
GND
DF
gHNFDC'-K . 6__)CP
P () . CoAD
GND
S — LoAD
GND FRM
PNL23 nic
n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c
)) 5 LDO
") 4 LD1
") 3 LD2
") 2 LD3
"') 31 HDO
"') 32 HD1
") 33 HD2
= 34 HD3
{ 18 ) GND
C:)J?rl VDDSAFE (+5V) ° 27 VDD
(9 )VDD
Bz )MV AFE nc : DISP#
DISP#

@ VEESAFE (+12 to +45) n/c

|_Programming Recommendations/Requir ements
Parameter Register  [Value Comment
Panel Width XR1C 4Fh ((640/8) -1
Panel Height XR65/68 1DFh|[480 — 1
Panel Type XR51[1-0]
Clock Divide (CD) XR50[6-4]
Shiftclk Div (SD) XR51[3]
Gray/Color Levels XRAF[2-0]
TFT DataWidth XR50[7]

STN Pixel Packing XR53[5-4]
Frame Accel Ena XR6F[1]
Output Signal Timing

Shift Clock Mask (SM) [XR51[5

LP Delay Disable XR2F[6

LP Delay (Hcomp disa) | XR2F/2D

LP Delay (Hcompena) 'XR2F/2E

LP Pulse Width XR2F[3-0]

LP Polarity XR54[6]

LP Blank XRA4H

LP Active during V XR5]]

FLM Delay Disable XR2F

FLM Délay XR2C

FLM Polarity XR54[7]
Blank#/DE Polarity XR54[0]
Blank#/DE H-Only XR4[1
Blank#/DE CRT/FP XR51[2

Alt Hsync Start (CR04) XR19
AltHsync End (CRO5) 'XR1A

AltH Tota (CRO0) |XR1B

AltV Tota (CR06) |XR65/64

Alt Vsync Start (CR10) | XR65/66
AltVsync End (CR11) XR67[3-0]

Alt Hsync Polarity XR55[6]

Alt Vsync Polarity XR55[7]
Display Quality Recommendations
FRC XR50[1-0]
FRC Option 1 XR53[2

FRC Option 2 XR53[3]

FRC Option 3 XR53[6]

FRC Polynomia XR6E[7-0]
Dither XR50[3-2]

M Phase Change XR5E[7]

M Phase Change Count | XR5E[6-0]
Compensation Typical Settings
H Compensation XR55[0]

V Compensation XR57[0]

Fast Centering Disable | XR57[7]

H AutoCentering XR55[1]

V' AutoCentering XR57[1]

H Centering XR56

V Centering XR59/58

H Text Compression XR55[2

H AutoDoubling XR55[5

V Text Stretching XR57[2

V Text Stretch Mode XR57[4-3]

V Stretching XR57[5]

V Stretching Mode XR57[6]

V Line Insertion Height | XR59[3-0]

V H/W Line Replication| XR59[7]

V Line Repl Height XR5A[3-0]

65535 Interface - Kyocera KCL6448 (640x480 Color STN-DD LCD Panel)

Revision

2.0
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Panel

Interface Examples

DK 65535
PCB
Connector

SHFCLK

Hitachi LM G9720XUFC
Pand
Connector

GND

LP (HS)

(3 Dc2

GND

FLM

(VS)

€ 2 ) CL1

GND

PNL 23

€ 1 DFLM

LDO

LD1
LD2

LD3

ubDO

uD1

ubD2

ub3

{ 6 ) VSS

CBz AV AE e

CE VEESAFE (x12to +45) +27V E VEE

|_Programming Recommendations/Requir ements
Parameter Register  [Value Comment
Panel Width XR1C 4Fh ((640/8) -1
Panel Height XR65/68 1DFh|[480 — 1
Panel Type XR51[1-0]

Clock Divide (CD) XR50[6-4]

Shiftclk Div (SD) XR51[3]

Gray/Color Levels XRAF[2-0]

TFT DataWidth XR50[7]

STN Pixel Packing XR53[5-4]

Frame Accel Ena XR6F[1]

Output Signal Timing

Shift Clock Mask (SM) [XR51[5

LP Delay Disable XR2F[6

LP Delay (Hcomp disa) | XR2F/2D

LP Delay (Hcompena) 'XR2F/2E

LP Pulse Width XR2F[3-0]

LP Polarity XR54[6]

LP Blank XRA4H

LP Active during V XR5]]

FLM Delay Disable XR2F

FLM Delay XR2C

FLM Polarity XR54[7]

Blank#/DE Polarity XR54[0]

Blank#/DE H-Only XR4[1

Blank#/DE CRT/FP XR51[2

Alt Hsync Start (CR04) XR19

AltHsync End (CRO5) 'XR1A

AltH Tota (CRO0) |XR1B

AltV Tota (CR06) |XR65/64

Alt Vsync Start (CR10) | XR65/66

AltVsync End (CR11) XR67[3-0]

Alt Hsync Polarity XR55[6]

Alt Vsync Polarity XR55[7]

Display Quality Recommendations
FRC XR50[1-0]

FRC Option 1 XR53[2

FRC Option 2 XR53[3

FRC Option 3 XR53[6

FRC Polynomia XR6E[7-0]

Dither XR50[3-2]

M Phase Change XR5E[7]

M Phase Change Count

XR5E[6-0]

Compensation

Typical Settings

H Compensation

XR55[0]

V Compensation

XR57[0]

Fast Centering Disable

XR57[7]

» 5 ) VDD
DISPOFF#

H AutoCentering XR55[1]
V' AutoCentering XR57[1]
H Centering XR56

V Centering XR59/58
H Text Compression XR55[2
H AutoDoubling XR55[5
V Text Stretching XR57[2
V Text Stretch Mode XR57[4-3]
V Stretching XR57[5]
V Stretching Mode XR57[6]
V Line Insertion Height | XR59[3-0]
V H/W Line Replication| XR59[7]

V Line Repl Height

XR5A[3-0]

(65535 Interface - Hitachi LMG9720XUFC (640x480 Color STN-DD LCD Panel) '

Revison 2.0
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Panel

Interface Examples

DK 65535
PCB
Connector
n/c
n/c
n/c
e Sharp LM64C08P
Pand
Connector
g“':DCLK ( CN13) XCK
é,'ilD (HS) C CNI2) LP
B (VS) (_CNL1) YD
PNL23 e
n/c
n/c
n/c
n/c
n/c
n/c
n/c
PNL15 (LG3...)
PNL14 (LR3..) D0
PNL13_(LB2..) D5
PNL12 (LG2..) D3
PNL11 (UG3...) Ubo
PNL10 (UR3..) Ung
PNLO _ (UB2...) Ub3
PNL8 _ (UG2...) Ub3
PNL7 _ (LR2...)
PNL6  (LBL.) D-e
PNL5 _ (LGL.) DLa
PNL4 _ (LRL.. DLY
PNL3 _ (UR2...) DUa
PNL2 _ (UBL.) e
PNLL _ (UGL...) DUe
PNLO _ (URL.. BOs
GND
GND
GND
GND
GND
GND
GND
g“g e VSS
eND VSS
eND VSS
eND ’ VSS
b VSS
s 12V SAFE CN1-47) DISP
(33 ) VEESAFE (+1210+45)  +25V oo vee

|_Programming Recommendations/Requir ements
Parameter Register  [Value Comment
Panel Width XR1C 4Fh ((640/8) -1
Panel Height XR65/68 1DFh|[480 — 1
Panel Type XR51[1-0]

Clock Divide (CD) XR50[6-4]
Shiftclk Div (SD) XR51[3]
Gray/Color Levels XRAF[2-0]

TFT DataWidth XR50[7]

STN Pixel Packing XR53[5-4]

Frame Accel Ena XR6F[1]

Output Signal Timing

Shift Clock Mask (SM) [XR51[5

LP Delay Disable XR2F[6

LP Delay (Hcomp disa) | XR2F/2D

LP Delay (Hcompena) 'XR2F/2E

LP Pulse Width XR2F[3-0]

LP Polarity XR54[6]

LP Blank XRA4H

LP Active during V XR5]]

FLM Delay Disable XR2F

FLM Délay XR2C

FLM Polarity XR54[7]
Blank#/DE Polarity XR54[0]
Blank#/DE H-Only XR4[1
Blank#/DE CRT/FP XR51[2

Alt Hsync Start (CR04) XR19

AltHsync End (CRO5) 'XR1A

AltH Tota (CRO0) |XR1B

AltV Tota (CR06) |XR65/64

Alt Vsync Start (CR10) | XR65/66
AltVsync End (CR11) XR67[3-0]

Alt Hsync Polarity XR55[6]

Alt Vsync Polarity XR55[7]

Display Quality Recommendations
FRC XR50[1-0]

FRC Option 1 XR53[2

FRC Option 2 XR53[3]

FRC Option 3 XR53[6]

FRC Polynomia XRG6E[7-0] |[0BAh/** Important *|
Dither XR50[3-2]

M Phase Change XR5E[7]

M Phase Change Count | XR5E[6-0]
Compensation Typical Settings

H Compensation XR55[0]

V Compensation XR57[0]

Fast Centering Disable | XR57[7]

H AutoCentering XR55[1]

V' AutoCentering XR57[1]

H Centering XR56

V Centering XR59/58

H Text Compression XR55[2

H AutoDoubling XR55[5

V Text Stretching XR57[2

V Text Stretch Mode XR57[4-3]

V Stretching XR57[5]

V Stretching Mode XR57[6]

V Line Insertion Height | XR59[3-0]

V H/W Line Replication| XR59[7]

V Line Repl Height XR5A[3-0]

( 65535 Interface - Sharp LM64CO08P (640x480 Color STN-DD LCD Panel) ’

Revison 2.0
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Panel Interface Examples

DK 65535
PCB Sanyo LCM-5331-22NTK
Connector Pand
ENABKL nic Single Dua
n/c Connector Connector
BLANK#/DE /¢ (Pand Spec)  (Prototypes)
M (ACDCLK) [ 29 Y CN1-2) M
6 GND \ -
Q) gl—'\|lI:DCLK
14
10 LP (HS)
GND
11 FLM (VS)
D GND
9 n/c
8 n/c
6 n/c
5 n/c
3 n/c
2 n/c
0 n/c
n/c
{ 15 > CN2-16) LDO
14 ' LD1
. 13 CN2-18 ) LD2
{ 12 > CN2-19) LD3
23 . uDO
. 22 CN1-9 uD1
)r 21 g CN1-10;UD2
{_ 20 CN1-11) uD3
{ 11 > CN2-20) LD4
10 ' LD5
9 CN2-22 ) LD6
8 > CN2-23) LD7
19 ' uD4
{ 18 CN1-13) UD5
)r 17 g CN1-14;UD6
AN 16 CN1-15) uD7
ne—__"1 DNC

DISPOFF#

00000006000

VEESAFE

B3> (12 to +45)
Bz A SAFE

—_CN2-24) VDD

~

)’ 6 g CN2-26 ;VSS
\ 5 CN2-25) VSS
7
3

+3(TV€ g:<( CN2-27 ;VEE
4 CN2-28 ) VEE

—__ 2 > _CN229) VO

|_Programming Recommendations/Requir ements
Parameter Register  [Value Comment
Panel Width XR1C 4Fh ((640/8) -1
Panel Height XR65/68 1DFh|[480 — 1
Panel Type XR51[1-0]
Clock Divide (CD) XR50[6-4]
Shiftclk Div (SD) XR51[3]
Gray/Color Levels XRAF[2-0]
TFT DataWidth XR50[7]

STN Pixel Packing XR53[5-4]
Frame Accel Ena XR6F[1]
Output Signal Timing

Shift Clock Mask (SM) [XR51[5

LP Delay Disable XR2F[6

LP Delay (Hcomp disa) | XR2F/2D

LP Delay (Hcompena) 'XR2F/2E

LP Pulse Width XR2F[3-0]

LP Polarity XR54[6]

LP Blank XRA4H

LP Active during V XR5]]

FLM Delay Disable XR2F

FLM Délay XR2C

FLM Polarity XR54[7]
Blank#/DE Polarity XR54[0]
Blank#/DE H-Only XR4[1
Blank#/DE CRT/FP XR51[2

Alt Hsync Start (CR04) XR19
AltHsync End (CRO5) 'XR1A

AltH Tota (CRO0) |XR1B

AltV Tota (CR06) |XR65/64

Alt Vsync Start (CR10) | XR65/66
AltVsync End (CR11) XR67[3-0]

Alt Hsync Polarity XR55[6]

Alt Vsync Polarity XR55[7]
Display Quality Recommendations
FRC XR50[1-0]
FRC Option 1 XR53[2

FRC Option 2 XR53[3]

FRC Option 3 XR53[6]

FRC Polynomia XR6E[7-0]
Dither XR50[3-2]

M Phase Change XR5E[7]

M Phase Change Count | XR5E[6-0]
Compensation Typical Settings
H Compensation XR55[0]

V Compensation XR57[0]

Fast Centering Disable | XR57[7]

H AutoCentering XR55[1]

V' AutoCentering XR57[1]

H Centering XR56

V Centering XR59/58

H Text Compression XR55[2

H AutoDoubling XR55[5

V Text Stretching XR57[2

V Text Stretch Mode XR57[4-3]

V Stretching XR57[5]

V Stretching Mode XR57[6]

V Line Insertion Height | XR59[3-0]

V H/W Line Replication| XR59[7]

V Line Repl Height XR5A[3-0]

( 65535 Interface - Sanyo LCM-5331-22NTK (640x480 Color STN-DD LCD Panel) '

Revison 2.0
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Panel

Interface Examples

DK 65535
PCB
Connector

Hitachi LMG9721XUFC

Pand
SHFCLK Connector
GND { CN1-3 ) CL2
LP—HS) (CNIZ D cL1
NP E— C CNI-Z D FLM
PNL23 ne
n/c
n/c
n/c
n/c
n/c
n/c
n/c
LD4
LD5
LD6
LD7
ubD4
uD5
UD6
ub7
LDO
LD1
LD2
LD3
ubDO
uD1
uD2
ubD3
CN2-10 ) VSS
I CN2-5 ) VSS
® CN1-6 ) VSS

@ VDDSAFE (+5V)

CBz AV AE e

< CN1-5 )VDD
CN1-4 DISPOFF#

CE VEESAFE (x12to+45) +7?N/ CN17 VEE

|_Programming Recommendations/Requir ements
Parameter Register  [Value Comment
Panel Width XR1C 4Fh ((640/8) -1
Panel Height XR65/68 1DFh|[480 — 1
Panel Type XR51[1-0]
Clock Divide (CD) XR50[6-4]
Shiftclk Div (SD) XR51[3]
Gray/Color Levels XRAF[2-0]
TFT DataWidth XR50[7]

STN Pixel Packing XR53[5-4]
Frame Accel Ena XR6F[1]
Output Signal Timing

Shift Clock Mask (SM) [XR51[5

LP Delay Disable XR2F[6

LP Delay (Hcomp disa) | XR2F/2D

LP Delay (Hcompena) 'XR2F/2E

LP Pulse Width XR2F[3-0]

LP Polarity XR54[6]

LP Blank XRA4H

LP Active during V XR5]]

FLM Delay Disable XR2F

FLM Délay XR2C

FLM Polarity XR54[7]
Blank#/DE Polarity XR54[0]
Blank#/DE H-Only XR4[1
Blank#/DE CRT/FP XR51[2

Alt Hsync Start (CR04) XR19
AltHsync End (CRO5) 'XR1A

AltH Tota (CRO0) |XR1B

AltV Tota (CR06) |XR65/64

Alt Vsync Start (CR10) | XR65/66
AltVsync End (CR11) XR67[3-0]

Alt Hsync Polarity XR55[6]

Alt Vsync Polarity XR55[7]
Display Quality Recommendations
FRC XR50[1-0]
FRC Option 1 XR53[2

FRC Option 2 XR53[3]

FRC Option 3 XR53[6]

FRC Polynomia XR6E[7-0]
Dither XR50[3-2]

M Phase Change XR5E[7]

M Phase Change Count | XR5E[6-0]
Compensation Typical Settings
H Compensation XR55[0]

V Compensation XR57[0]

Fast Centering Disable | XR57[7]

H AutoCentering XR55[1]

V' AutoCentering XR57[1]

H Centering XR56

V Centering XR59/58

H Text Compression XR55[2

H AutoDoubling XR55[5

V Text Stretching XR57[2

V Text Stretch Mode XR57[4-3]

V Stretching XR57[5]

V Stretching Mode XR57[6]

V Line Insertion Height | XR59[3-0]

V H/W Line Replication| XR59[7]

V Line Repl Height XR5A[3-0]

(65535 Interface - Hitachi LMG9721XUFC (640x480 Color STN-DD LCD Panel) .

Revison 2.0
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DK 65535
PCB
Connector

Toshiba TLX-8062S-C3X

Pand
Connector
LK CN1-3 ) SCP
LP—HS) CNIZ ) LP
NP E— CNI1 ) FP
PNL23 n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c
LD7
LD6
LD5
LD4
uD7
uUD6
ubD5
UD4
LD3
LD2
LD1
LDO
UD3
UD2
uD1
UDO
CN2-10 ) GND
» CN2-1 ) GND
°® CN1-6 GND
VDDSAFE (+5V) °
CB1 ) CN1-5 ) VDD
CN1-4 ) DISP

CBz AV AE e

CE VEESAFE (+12 to £45) +24.5V CN1-7 ) VEE

Panel Interface Examples
|_Programming Recommendations/Requir ements
Parameter Register  [Value Comment
Panel Width XR1C 4Fh ((640/8) -1
Panel Height XR65/68 1DFh|[480 — 1
Panel Type XR51[1-0]
Clock Divide (CD) XR50[6-4]
Shiftclk Div (SD) XR51[3]
Gray/Color Levels XRAF[2-0]
TFT DataWidth XR50[7]
STN Pixel Packing XR53[5-4]
Frame Accel Ena XR6F[1]
Output Signal Timing
Shift Clock Mask (SM) [XR51[5
LP Delay Disable XR2F[6
LP Delay (Hcomp disa) | XR2F/2D
LP Delay (Hcompena) 'XR2F/2E
LP Pulse Width XR2F[3-0]
LP Polarity XR54[6]
LP Blank XRA4H
LP Active during V XR5]]
FLM Delay Disable XR2F
FLM Délay XR2C
FLM Polarity XR54[7]
Blank#/DE Polarity XR54[0]
Blank#/DE H-Only XR4[1
Blank#/DE CRT/FP XR51[2
Alt Hsync Start (CR04) XR19
AltHsync End (CRO5) 'XR1A
AltH Tota (CRO0) |XR1B
AltV Tota (CR06) |XR65/64
Alt Vsync Start (CR10) | XR65/66
AltVsync End (CR11) XR67[3-0]
Alt Hsync Polarity XR55[6]
Alt Vsync Polarity XR55[7]
Display Quality Recommendations
FRC XR50[1-0]
FRC Option 1 XR53[2
FRC Option 2 XR53[3]
FRC Option 3 XR53[6]
FRC Polynomia XR6E[7-0]
Dither XR50[3-2]
M Phase Change XR5E[7]
M Phase Change Count | XR5E[6-0]
Compensation Typical Settings
H Compensation XR55[0]
V Compensation XR57[0]
Fast Centering Disable | XR57[7]
H AutoCentering XR55[1]
V' AutoCentering XR57[1]
H Centering XR56
V Centering XR59/58
H Text Compression XR55[2
H AutoDoubling XR55[5
V Text Stretching XR57[2
V Text Stretch Mode XR57[4-3]
V Stretching XR57[5]
V Stretching Mode XR57[6]
V Line Insertion Height | XR59[3-0]
V H/W Line Replication| XR59[7]
V Line Repl Height XR5A[3-0]

( 65535 Interface - Toshiba TLX-8062S-C3X (640x480 Color STN-DD LCD Pandl) '

Revison 2.0
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Panel

Interface Examples

DK 65535
PCB
Connector
n/c
n/c
n/c
/o Optrex DMF-50351NC-FW
Pand
Connector
LK ( CNI3 ) CP
LP—HS) (CNIZ D LP
NP E— C CNI-Z D FLM
PNL23 ne
n/c
n/c
n/c
n/c
n/c
n/c
n/c
DLO
DL1
DL2
DL3
DUO
DU1
DU2
DU3
DL4
DL5
DL6
DL7
DU4
DU5
DU6
DU7
CN2- VSS
I CN2- VSS
® CN1-6 ) VSS
C:B-l VDDSAFE (+5V) o CNL5 D vce

CBz AV AE e

CN1-4 DISPOFF#

CE VEESAFE (x12to+45) +7?N/ CN17 VEE

|_Programming Recommendations/Requir ements
Parameter Register  [Value Comment
Panel Width XR1C 4Fh ((640/8) -1
Panel Height XR65/68 1DFh|[480 — 1
Panel Type XR51[1-0]
Clock Divide (CD) XR50[6-4]
Shiftclk Div (SD) XR51[3]
Gray/Color Levels XRAF[2-0]
TFT DataWidth XR50[7]

STN Pixel Packing XR53[5-4]
Frame Accel Ena XR6F[1]
Output Signal Timing

Shift Clock Mask (SM) [XR51[5

LP Delay Disable XR2F[6

LP Delay (Hcomp disa) | XR2F/2D

LP Delay (Hcompena) 'XR2F/2E

LP Pulse Width XR2F[3-0]

LP Polarity XR54[6]

LP Blank XRA4H

LP Active during V XR5]]

FLM Delay Disable XR2F

FLM Délay XR2C

FLM Polarity XR54[7]
Blank#/DE Polarity XR54[0]
Blank#/DE H-Only XR4[1
Blank#/DE CRT/FP XR51[2

Alt Hsync Start (CR04) XR19
AltHsync End (CRO5) 'XR1A

AltH Tota (CRO0) |XR1B

AltV Tota (CR06) |XR65/64

Alt Vsync Start (CR10) | XR65/66
AltVsync End (CR11) XR67[3-0]

Alt Hsync Polarity XR55[6]

Alt Vsync Polarity XR55[7]
Display Quality Recommendations
FRC XR50[1-0]
FRC Option 1 XR53[2

FRC Option 2 XR53[3]

FRC Option 3 XR53[6]

FRC Polynomia XR6E[7-0]
Dither XR50[3-2]

M Phase Change XR5E[7]

M Phase Change Count | XR5E[6-0]
Compensation Typical Settings
H Compensation XR55[0]

V Compensation XR57[0]

Fast Centering Disable | XR57[7]

H AutoCentering XR55[1]

V' AutoCentering XR57[1]

H Centering XR56

V Centering XR59/58

H Text Compression XR55[2

H AutoDoubling XR55[5

V Text Stretching XR57[2

V Text Stretch Mode XR57[4-3]

V Stretching XR57[5]

V Stretching Mode XR57[6]

V Line Insertion Height | XR59[3-0]

V H/W Line Replication| XR59[7]

V Line Repl Height XR5A[3-0]

(65535 Interface - Optrex DMF-5035INC-FW (640x480 Color STN-DD LCD Panel) '
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Panel Interface Examples
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\ﬂlr: Electrical  Specifications

Electrical Specifications

65535 ABSOLUTE MAXIMUM CONDITIONS

Symbol |Parameter Min Typ M ax Units
P,  PowerDissipation - - 1 W
Vee  SupplyVoltage -05 - 7.0 Vv
Vv, InputV oltage -05 - Vect0.5 \Y,
Vo OutputVoltage -05 - Vect0.5 \%
Top  OperatingTemperature(Ambient) -25 - 85 °C
Terg  StorageTemperature 40 - 125 °C

Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded.
Functional operation should be restricted to the conditions described under Normal Operating Conditions.

65535 NORMAL OPERATING CONDITIONS

Symbol Parameter Min Typ M ax Units
Vee  Supply Voltage(5V + 10%) 45 5 55 \%
Vee  Supply Voltage(3.3V = 10%) 3 33 3.6 V

T,  AmbientTemperature 0 - 70 °C
To  CaseTemperature 0 - 100 °C
65535 DAC CHARACTERISTICS (Under Normal Operating Conditions Unless Noted Otherwise)
Symbol |Parameter Notes Min Typ Max | Units
Vo OutputVoltage lo£ 10 mA 15 - - V
lo Output Current Vo£1lV @ 37.5WLoad 21 - - mA
Full Scale Error - - +5 %
DACtoDACCorrelation — 127 — %
DACLinearity +2 - - LSB
Full Scale Settling Time - - 28 nS
RiseTime 10% to 90% - - 6 nsS
GlitchEnergy - - 200 pVsec
Comparator Sensitivity - 50 - mV

Note: Unless otherwise specified, specifications above apply to both 5V & 3.3V operation & memory clock is assumed to be 65MHz.
Electrical specifications contained herein are preliminary and subject to change without notice.
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Electrical  Specifications

65535 DC CHARACTERISTICS

(Under Normal Operating Conditions Unless Noted Otherwise)

Symbol |Parameter Notes Min Typ Max | Units
lccpe  Power Supply Current  0°C, 5.5V, 65 MHz MCLK, DAC Enabled - 120 200 mA
lccpo  Power Supply Current 0°C, 5.5V , 65 MHz MCLK, DAC Disabled - 70 150 mA
lccpo  Power Supply Current 0°C, 3.3V, 56 MHz MCLK, DAC Disabled - 50 130 mA

lccs  Power Supply Current | 0°C, 5.5V , Standby - Slow Refresh — — 1 mA
l,.  InputLeakageCurrent -100 - | +100 UA
loz  OutputlLeakageCurrent Highlmpedance -100 - 4100 UA
V,. InputLowVoltage Allinput pins -05 - 0.8 V
V,y InputHighVoltage All input pinsexcept clocks 20 - Vget05 Vv
Voo OutputLowVoltage  Under max load per table below (SV) — — 0.5 Y
Voo OutputLowVoltage — Under max load per table below (3.3V) — — 0.5 Y
Voy OutputHighVoltage — Under max load per table below (5V) Vee 05 - - V
Voy OutputHighVoltage ~ Under max load per table below (3.3V) 24 - - V
65535 DC DRIVE CHARACTERISTICS (Under Normal Operating Conditions Unless Noted Otherwise)
Symbol |Parameter Output Pins DC Test ConditionsMinUnits
lo.  OutputLowDrive HSYNC, VSYNC, BS16#, LDEV#, LRDY# VourVorr Vec=45V 12 mA
FLM, LP,M VourVorr Vec=45V 8 mA
OEL#, OEH#, ENAVEE, ENAVDD VourVou Vec=45Y 8 mA
PO-17, PCLK, SHFCLK, DO0-15 VourVou Vec=45Y 8 mA
RASA#, CASAH#, CASAL#, WEA#, MBD0-15 Vo =V, V=45V 4 mA
RASB#, CASBH#, CASBL#, WEB#, AA9-0 VourVorr Vec=45V 4 mA
All Other Outputs VourVorr Vec=45V 2 mA
loy  OutputHighDrive HSYNC, VSYNC, BS16#, LDEV#, LRDY# VourVou V=45V 12 mA
FLM, LP,M VourVorr Vec=45V 8 mA
OEL#, OEH#, ENAVEE,ENAVDD Vour-Vou Vec=45V 8 mA
P0-17, PCLK, SHFCLK, D0-15 VourVor Vec=45V 8 mA
RASA#, CASAH#, CASAL#, WEA#, MBDO-15 Vo =V V=45V 4 mA
RASB#, CASBH#, CASBL#, WEB#, AA9-0 Vour-Vow Vec=45V 4 mA
All Other Outputs VourVow Vec=45Y 2 mA

65535 AC TEST CONDITIONS

(Under Normal Operating Conditions Unless Noted Otherwise)

Output Output  Capacitive
Output Pins Low Voltagedigh Voltage Load
DO0-15, RDY, IRQ, ZWSH#, BS16#, HSYNC, VSYNC % 2.4V 85pF
PO-7, PCLK, SHFCLK, ENAVEE#, ENAVDD#, FLM, LP, M % 2.4V 85pF
All Other 4mA Output Pads e 2.4V 85pF
All Other 2mA Output Pads Voo 2.4V 40pF

Note: STNDBY# power measurement was taken using Slow Refresh DRAMs with a 32 KHz clock input.

Note: Unless otherwise specified, specifications above apply to both 5V & 3.3V operation & memory clock is assumed to be 65MHz.
Electrical specifications contained herein are preliminary and subject to change without notice.
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65535 AC TIMING CHRACTERISTICS - CLOCK GENERATOR

Symbol | Parameter Notes Min Typ Max Units
Tc. VCLK Period, (5V) 68 MHz 14.7 - - nS
T. VCLK Period, (3.3V) 56 MHz 17.6 - - nS
Tey VCLKHighTime 0.45T - - 055T. = nS
To VCLKLowTime 0.45T - - 0.55T nS
Ty MCLK Period(5V) 68 MHz 14.7 — — nS
Ty MCLK Period(3.3V) 56 MHz 17.6 - - nS

Tyy MCLKHighTime 0.45T,, - 0.55T,, nS
Ty, MCLKLowTime 0.45T,, - 0.55T,, nS
Tge Clock Rise/ Fall - - 5 nS
—  MCLK Freguency for 100 nsDRAMs(5V) - 50.350 - MHz
— MCLK Freguency for 80 nsDRAMs (5V) - 56.644 - MHz
—  MCLK Frequency for 70 nsDRAMs (5V) - 65 - MHz
Tc

‘“———>

TcH TcL
VCLK [ o

« ™,

TmH TML
MCLK f [

( Clock Timing .

Note: Unless otherwise specified, specifications above apply to both 5V & 3.3V operation & memory clock is assumed to be 65MHz.
Electrical specifications contained herein are preliminary and subject to change without notice.
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65535 AC TIMING CHARACTERISTICS - RESET

Symbol Parameter Notes Min Max Units
Tpr  ResetActiveTimefrom Power Stable See Note 1 5 - mS
Tres ResetActiveTimewith Power Stable See Note 2 2 - mS
Tree ResetFal Time Reset risetimeisnon-critical - 20 nS
Trso ResetActivetoOutput Float Delay - 40 nS
Tegy ConfigurationSetup Time See Note 3 20 - nS
Teyp  ConfigurationHold Time 3) - nS

Note 1: This parameter includes time for internal voltage stabilization of all sections of the chip, startup and stabilization of the
internal clock synthesizer, and setting of al interna logic to a known state.

Note2: This parameter includes time for the internal clock synthesizer to reset to its default frequency and time to set all internal logic
to aknown state. It assumes power is stable and the internal clock synthesizer is already operating at some stable frequency.

Note 3: Setup time to latch the state of the configuration bits reliably into XR01 and XR6C is specified by this parameter. Changes
in some configuration bits may take longer to stabilize inside the chip (such asinternal clock synthesizer-related bits 4 and 5).
It is therefore recommended that configuration bit setup time be TRES (2mS) to insure that the chip is in a completely stable
state when RESET goes inactive.

Resat with Chip Operating

Initial Power-Up Reset and Power Stable
/i
VCC U
TiPR TRES
RESET __~— \ /L 3
TRsF—» M " TRsO TRSF—»
Tcsu | TcHD Tesu ) Jern
i —

ConfigurationLines )E * /f
AAO-AA8 JF

"

Bus Output Pins >—
( Reset Timing '

Note: Unless otherwise specified, specifications above apply to both 5V & 3.3V operation & memory clock is assumed to be 65MHz.
Electrical specifications contained herein are preliminary and subject to change without notice.
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65535 AC TIMING CHARACTERISTICS - LOCAL BUS CLOCK (33 MH2)

Symbol Parameter Notes C_. Max Min  Max Units
T, cp Loca BusClock Period (33MHz) 0.1% stability at 2.0V / 0.8V 50pF 30 30 nS
T, cy Loca BusClock High Time SOpF 12 - nS
T.c. Loca BusClock Low Time S0pF 12 - nS
T, cr Loca BusClock Rise Time S0pF - 3 nS
T, e Loca BusClock Fall Time S0pF - 3 nS

— Local BusClock Slew Rate - 1 4 V /n§
Tcrs ' CPU Reset Setup Timeto Local BusClock  For 2x Clock Sync SOpF 2 - nS
Tery | CPU Reset Hold Time from Local Bus Clock | For 2x Clock Sync SO0pF 5 - nS

CCLK /LCLK

‘¢«
( Local Bus Clock Timing '

CCLK /LCLK
(2x Bus Clock
Configuration)
TcrH TcRs

CPURST \

( Local Bus '2x' Clock Synchronization Timing '

Note: Unless otherwise specified, specifications above apply to both 5V & 3.3V operation & memory clock is assumed to be 65MHz.
Electrical specifications contained herein are preliminary and subject to change without notice.
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65535 AC TIMING CHARACTERISTICS - LOCAL BUS INPUT SETUP & HOLD (33 MH2)

Symbol Parameter Notes C. Max Min | Max Units
Taps Setup Time- A2-31,BEn#,M/IO#W/R# 125pF 7 - nS
Tass SetupTime- ADSH 125pF 7 - nsS
Tprs Setup Time- DO-31 Read 125pF 5 - nS
Tows Setup Time- DO-31 Write 125pF 7 — nS
Tgss  Setup Time- BS16# 100pF | 7 - ns
Trps SetupTime-LRDY# 100pF 5 - nS
Trys SetupTime-LRDY#tiedtoRDYRTN# 175pF 5 - nS
Trrs Setup Time- RDYRTN# 100pF 5 - nS
Tapy Hold Time- A2-31,BEn#,M/IO#,W/R# 125pF 2 - nS
Tagy HoldTime- ADSH 125pF 2 - nS
Tpan Hold Time-DO-31 125pF 2 — nS
Tggy Hold Time - BS16# 100pF 2 - nS
Trpy HoOldTime-LRDY# 100pF 2 - nS
Tryy HoldTime- LRDY#tiedto RDYRTN# 175pF 2 - nS
Trry HoldTime- RDYRTN# 100pF 2 - nS

CCLK /LCLK / \ /: \ / \

¢ TRDS ;1 TRDH .

LRDY# \' TRYS | TRYH7: N\
\JORSOL __TDAH____ .
D31-0 X : X
W TRRS, e TRRH ..y
RDYRTN# \ i )4
: BSS 1. TBSH i !
PELL S Rt
BS16# \! ./ ! N
LTass i TAs
ADSH X : X
o WTADS, o TADH_____ >
BEn#, A31- : ;
M/IO#, W/R# A ) 4

( Local Bus Input Setup & Hold Timing .

Note: Unless otherwise specified, specifications above apply to both 5V & 3.3V operation & memory clock is assumed to be 65MHz.
Electrical specifications contained herein are preliminary and subject to change without notice.
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65535 AC TIMING CHARACTERISTICS - LOCAL BUS OUTPUT VALID (33 MH2)

Symbol Parameter Notes C. Max Min | Max Units
Tapy BusClockto Output Valid - A2-31,BEn#,M/IO# W/R# 125pF 3 18 nS
Tagy BusClocktoOutput Valid- ADS# 125pF 3 18 nS
Tpay BusClock to Output Valid - DO-31 125pF 3 18 nS
Tgsy BusClock to Output Valid - BS16# 100pF 3 18 nS
Trpy BusClocktoOutput Vaid-LRDY# 100pF 3 14 nS
Tryy BusClocktoOutput Valid- LRDY # (connected to RDY RTN#) 175pF 3 17 nS

CCLK /LCLK _/W\_

TADV 1NN plq MEX_____

WIRH, W04 Valid N . X X Valid_N+1
TASV 1IN prMAX ____ . >

ADSH valid N D ¢ X valid N+1
TDAVi._i_rl>54_r_n§>_( _____ >

D31-0 valid N D¢ X valid N+1
Tesv &N pleMaX_____ >

BS16# Valid N D X Valid N+1
(100Df) TRDV wgMiN_ pleMaX _____ K

LRDY# Valid N : ¢ X Valid N+1
or (175ph) TRYV ioMIN. pigmaX .. _ .. >

LRDY#/RDYRTN# valid N ' X Valid N+1

( Local Bus Output Valid Timing b

Note: Unless otherwise specified, specifications above apply to both 5V & 3.3V operation & memory clock is assumed to be 65MHz.
Electrical specifications contained herein are preliminary and subject to change without notice.
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65535 AC TIMING CHARACTERISTICS - LOCAL BUS FLOAT DELAY (33MHZ)

Symbol Parameter Notes C. Max Min | Max Units
Tapr Float Delay - A2-31, BEn#, M/IO#, W/R# 125pF — 20 nS
Toge FloatDelay - ADSH 125pF - 20 nS
Tpap Float Delay - DO-31 125pF - 20 nS
Tgse Float Delay - BS16# Drivenhighbeforefloating 100pF | — 30 nsS
Tror FloatDelay-LRDY# Drivenhighbeforefloating 100pF | — 30 ns

Float Delay - LRDY #connectedto RDY RTN# 175pF | - 30 nS

CCLK/LCLK  / \ / \ / \

. TADE

IO Wikt —_Valid N X ¥
PR Tase . >

ADS# valid N X )
.. TDAF

D31-0 Vvalid N : X ),
DRLL:= S

BSL6# \ E /N
e TROE

LRDY# . ' /N

( Local Bus Output Float Delay Timing '

Note: Unless otherwise specified, specifications above apply to both 5V & 3.3V operation & memory clock is assumed to be 65MHz.
Electrical specifications contained herein are preliminary and subject to change without notice.
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65535 AC TIMING CHARACTERISTICS - ISA BUS

Symbol | Parameter Notes Min | Typ Max Units
Tepyw  Command Strobe Pulse Width 6Tm - - nS
Teyr | Command Strobe Hold from Ready 0 - - nS
Tyxt Command Strobe Inactiveto Next Strobe 3Tm - - nS
Tp g AddressSetuptoALE Inactive 29 - - nS
Tase Address Setup to Command Strobe 30 - - nS
T,cs AddresstolOCS16#& MEMCS16# Delay - - 2Tm nS
Trer Read DataSetupto Ready MemA ccessesOnly 25 - - nS
Trpw RDY PulseWidth MemAccessesOnly 0 — 100Tm nS
Tapc AddressHold to Command Strobe 20 - - nS
Trpy Read DataHold from Command Strobe 10 - - nS
Trpz ReadDataTri-Stated from Command Strobe - - 30 nS
Twop WriteDataDelay from Command Strobe - - 200 nS
Twpy Write DataHold from Command Strobe 10 - - nS
Tr.c RDY Low Delay from Command Strobe (+5V) Mem AccessesOnly - - 40 nsS
Tric RDY Low Delay from Command Strobe (+3.3V)  Mem AccessesOnly - - 55 ns

RFSH#, AEN, X
AO0-19, BHE#
—> TALE
ALE /
—» TAHC P
TasC |l Tcpw q TNXT
Command Strobe e
IORD#, |OWR# \ /
MEMR#MEMW# T
RLC—» TrRPW TCHR
RDY Tics /
i
|OCS16#, MCS16# X Y
TRSR [« > « TRDZ ]
<«—» TRDH
Data(Read) )
<M> <«— P TWDH
Data(Write) *

( ISA Bus Timing '

Note: Unless otherwise specified, specifications above apply to both 5V & 3.3V operation & memory clock is assumed to be 65MHz.
Electrical specifications contained herein are preliminary and subject to change without notice.
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65535 AC TIMING CHARACTERISTICS - DRAM READ / WRITE

Symbol Parameter Notes Min Max | Units
Tre Read/WriteCycleTime 12Tm-5 - nS
Tras RASHPulse Width 8Tm-5 - nS
Tep RASHPrecharge 4Tm-3 - nS
Terp CASHto RASHPrecharge 4Tm-5 - nS
Tegy CASHHold from RASH 5Tm-2 - nS
Teep RASHto CASHDelay 3Tm-5 - nS
Trsy RASHHold from CASH 2Tm-5 - nS
Tep CASHPrecharge Tm-5 - nS
Teas CASHPuUlseWidth 2Tm-5 - nS
Tpasr Row Address Setup to RASH Tm-5 — nS
Tase Column Address Setup to CASH# 2Tm-8 - nS
Tray Row Address Hold from RASH Tm-2 - nS
Teay Column AddressHold from CASH Tm-2 - nS
Teac DataAccessTimefrom CASH XR05[2-1]=0 (3MCLK CASCycle) - 2Tm-5 nS

XR05[2-1]=1 (4AMCLK CASCycle) - 3Tm-5 nS
Trac DataAccessTimefrom RASH XR05[2-1]=0 (3MCLK CASCycle) - 5Tm-2 nS

XR05[2-1]=1 (4MCLK CASCycle) - 6Tm—-2 nS
Tps WriteDataSetupto CASH Tm-5 - nS
Tpy WriteDataHold from CASH Tm-5 - nS
Tpc CASCycleTime 3Tm-1 - ns
Tws WE#Setupto CASH 1ITm-5 - nS
Twe WE#Hold from CAS# 2Tm-5 - nS

Note: Unless otherwise specified, specifications above apply to both 5V & 3.3V operation & memory clock is assumed to be 65MHz.
Electrical specifications contained herein are preliminary and subject to change without notice.
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< TrC >
< TrAS >
<«— TRP —P>
RASH '\ / \K
+«———Tpc——— P <4——TRSH—»
TcrRP—» «—TRCD—»
<« TcAs—» <« Tcas —¥|
cAst _J- \ /- X
<« Tcp—»
< TecsH ‘
JASR M M TAsC TCAH TASRle—
Address Row Column X Column ) Row
Tasc
WE# Tcac
«—Tcac—» <+
HIGH Z HIGH Z HIGH Z
Data Read (_Read )
«——TRAC————»

( DRAM Page Mode Read Cycle Timing '

Note: The above diagram represents atypical page moderead cycle. The number of actual CAS cycles may vary.

Note: Unless otherwise specified, specifications above apply to both 5V & 3.3V operation & memory clock is assumed to be 65MHz.
Electrical specifications contained herein are preliminary and subject to change without notice.
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< TrC >

< TrRAS >

«—— TAR——» «— TRP —»
RASH B Jt \

S Trc—— > ¢«—— TRSH—»
% CRPP| € TRCD—> |y Tead » <« Tcas—»|
cast [/ A y \ y
Tcp—>»
TCSH >
TcaH
TASR TRA)—T Tasc Tcan TASR
<> > 4 TASC > «——>» —» <«
Address Row Y X Column)' X Column* Row
| <«TRAD—> TewL—» |
T TocwL—>
WS Twp J{
WE# |
\
TDS| Tpu Tps| ToH
«—» «— >

DATA )EJVriteDaI){ WriteDat

( DRAM Page Mode Write Cycle Timing b

Note: The above diagram represents atypical page moderead cycle. The number of actual CAS cycles may vary.

Note: Unless otherwise specified, specifications above apply to both 5V & 3.3V operation & memory clock is assumed to be 65MHz.
Electrical specifications contained herein are preliminary and subject to change without notice.
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65535 AC TIMING CHARACTERISTICS - REFRESH

Symbol | Parameter Notes Min Typ Max Units
Tcur RASHtoCASHDelay Tm=154 @ 65 MHz 5Tm-5 - 5Tm+5 nS
Tesk CASHIORASHDelay Tm-5 - Tm+5 nS
Tras RASHPuUlseWidth 5Tm =89 ns (56 MHz) or 77 ns (65 MHz) 5Tm-5 - 5Tm+5 nS

TRAS
«
RASH L ,L \ —
Tcsr | [TCHR

i N

CAS-Before-RAS (CBR) DRAM Refresh Cycle Timing

65535 AC TIMING CHARACTERISTICS - SELF REFRESH

Symbol Parameter Notes Min Typ Max |Units
Trass RASHPulse Width for Self-Refresh 100 - - uS
Trp RASHPrecharge 4Tm-3 - - nS
Tepce RASHto CASHDelay 3Tm-5 - - nS
Teys CASHHold Time 0 - - nS
Tepy CASHPrecharge Tm-5 - - nS
Trps RASHPrechargefor Self-Refresh 10Tm - - nS
TRP ‘ < TRASS > TRPS
RASH# § /
TRPC Tcsr ?L /s £ Tens
TcPN
cast __f I
Dout High 2
Address

'Self-Refresh DRAM' Refresh Cycle Timing

Note: Upon exiting self-refresh mode, the 65535 will perform a complete set of CBR refresh cycles before
resuming normal DRAM activity. The duration of the burst refresh will equal the pane power
sequencing delay, programmed in XR5B bits 7-4.

Note: Unless otherwise specified, specifications above apply to both 5V & 3.3V operation & memory clock is assumed to be 65MHz.
Electrical specifications contained herein are preliminary and subject to change without notice.
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65535 AC TIMING CHARACTERISTICS - CRT OUTPUT

Symbol Parameter Min Max | Units
Tgyn HSYNC, VSYNC Delay from VCLK In (5.0V)  External Clock Option - 50 nS
Tsyn HSYNC, VSYNC Delay fromVCLK In(3.3V)  External Clock Option - 80 nsS
Tgp VCLK Into SHFCLK Delay (5.0V) External Clock Option - 30 nsS
Tgp VCLKInto SHFCLK Delay (3.3V) External Clock Option - 50 nS

VCLK 7/ \ /

TsyN
«—>

HSYNC, VSYNC

Tsp

<« >
SHFCLK % \

( CRT Output Signal Timing '

Note: Unless otherwise specified, specifications above apply to both 5V & 3.3V operation & memory clock is assumed to be 65MHz.
Electrical specifications contained herein are preliminary and subject to change without notice.
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65535 AC TIMING CHARACTERISTICS - PANEL OUTPUT

Symbol Parameter Min M ax Units
Tpsy Panel DataSetup to SHFCLK 5 - nS
Tpy Panel DataHoldto SHFCLK 10 - nS
TpLy Panel DataDelay from SHFCLK 10 - nS
T og SHFCLK Allowance TimefromLP Tc - nS
Tgy LPAllowance Timefrom SHFCLK Tc - nS
Tesy FLM SetupTime 8Tc - nS
Tegy FLMHoldTime 8Tc - nS

AN

SHFCLK ya N aNYE

DATA XXX

FLM

Electrical specifications contained herein are preliminary and subject to change without notice.

NS

Tosu

ToLY » @ >

ToH

/

<

LP /N /v _/\

A

»

/\

ﬁ—*

flat panel vertical refresh

ANVANEVAN

FLM

First | Second Last

line's line's line's

data data data
transfer | transfer transfer

( Panel Output Signal Timing '

Note: Unless otherwise specified, specifications above apply to both 5V & 3.3V operation & memory clock is assumed to be 65MHz.
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Mechanical  Specifications

Mechanical Specifications

Lead Width

0.20 (0.008) * 5
043 (0.017) =5 )
: 160-Pin
Plastic Flat Pack
CHIPS Part No. and Revision F65535 R
Vendor Mask I dentifier XXXXXXX

Date Code and Country of Assembly
Lot Code (Optional) &=

| LLLLLLL

=
Lead Length S5 o)
0.8 0.2 '?

YYWN CCCCCC
(==

Body Size 28.0 +0.1 (1.102 +0.004) —
Footprint 32.0 +0.4 (1.260 +0.016) —>

ILLLLLLLLLLRERRLRRLRRERREEREREEEEEEEEE

- Body Size 28.0 +0.1 (1.102 +0.004)
k—— Footprint 32.0 +0.4 (1.260 +0.016)

"

%
Seating Plane

DIMENSIONS:
mm (in)

0.10 (0.004)
Minimum
Height

4.07 (0.175)
Maximum
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