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65535
High Performance
Flat Panel / CRT VGA Controller
B Highly Integrated Design (Flat Panel/CRT B Direct interface to Color and Monochrome Dual

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

M Integrated Interface for Multiple Bus Architec-

tures ||

« Local Bus (32-bit 386/486 or 16-bit 386SX)
(including VL-Bus compatibility)
« EISA/ISA (PC/AT) Bus

B Flexible display memory configurations:

« One 256Kx16 DRAM  (512KB) o

» Two 256Kx16 DRAMs (1MB)
« Four 256Kx4 DRAMs  (512KB)

B VGA Flat Panel subsystem with Color STN-DD

Simultaneous Display capability can be -

implemented with single 256Kx16 DRAM

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

Advanced Power Management features minimize
power consumption during:

» Normal Operation
« Standby (Sleep) Modes
« Panel-Off Power-Saving Mode

Flexible on-board Activity Timer facilitates
ordered shut-down of the display system with
optional backlight shutdown or 65535 entering
low power Pancl-off mode with Flat Panel
powered down

Mixed 3.3V / 5.0V £10% Operation

M Programmable Linear Acceleration video B Power 'Sequfe]rgl‘ging lcontrol \;)utpliltspregixlatg
memory addressing feature provides ability to ap%I{]catlolrllq 148 V(f) tage, :('15. hm[ ¢ Panel an
“linearly map" video memory thus overcoming +12V to the inverter for Backlight operation
paging ‘and 1/O bottlenecks. High performance B 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)

W Interface to CHIPS' PC  Video = 69001A B SMARTMAP™ intelligent Color-to-Gray-Scale
(82C9001A) and 69003/4 Video Windowing Conversion enhances te%t legibility d
Controllers to display "live" video or specialized i )
video overlay on Flat Panel displays B Text Enhancement feature improves white text

) contrast on Flat Panel displays

M Supports LCD, Electro Luminescent (EL), and . )

Gas Plasma panels to 1280 x 1024 resolution M Fully Compatible with IBM™ VGA and En-
. . . hanced Backward Compatibility with EGA,

W Supports non-interlaced CRT monitors with CGA, Hercules™, & MDA without using NMIs

resolutions up to 1024 x 768, 256 colors B EIALstandard 160-pin Plastic Flat Pack
. . . -stan - astic Flat Pa

M Hi-color display capability (16 bits per pixel) ) s.a ar i Pm > atfFac
with on-chip palette on Flat Panels and CRT M Chip Pinouts optimized for PCB Layout
monitors up to 640x480 resolution

Address RGBF——» To CRT
7 Data H/V Sync—® Display
BIOS |« 16 or 32 65535
ROM
Control  P2N€1 Control—————> To Flat
16 or 32-bit 386/486 Panel Data |——¢— Fanc
Local Bus 1431818MHz __ + 216 % 16 18 Display
- Or -
16-bit ISA Additional 25 6Kx16
System Bus 25 6K’{/1ig£RAM Video Memory or

Memory

32-bit local bus or
PC-Video Interface

System Diagram
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Introduction

Introduction

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
sraphics 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 square inches (1290 sq mm). As an
option, the 65535 supports an additional 256Kx16
DRAM, which may be used as additional display
memory to support CRT resolutions up 10
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-bit
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-Panel, Single-Drive (S/S) and
Dual-Panel, Dual-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

'512-Color' '4096-Color'  Dither FRC
512 (8% 4096 (16%) No No
3,375 (153) 29,791 (313)F No Yes

24,389 (293) 226,981 (613)  Yes No
185,193 (573 1,771,561 (12137  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 Vertical 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”
LCDs 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 NMIs.
CHIPS' and third-party vendors supply fully VGA-
compatible BIOS, end-user utilities and drivers for
common application programs (e.g., Windows,
0S/2, 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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..\. n ' r : Introduction

MINIMUM CHIP COUNT / BOARD SPACE W One 256Kx16 DRAM (512 KBytes)
. .. . B Two 256Kx16 DRAMs (1 MBytes)
The 65535 provides a minimum chip count/board
space, yet highly flexible VGA sub-system. The W Four 256Kx4 DRAMs (512 KBytes)
65535 integrates a high-performance VGA flat Implementing the 65535 with a single 256Kx16
panel/CRT controller, industry-standard RAMDAC, DRpAM resuigts in a cost-efficient, mignimum-chjp-

clock synthesizer, monitor sense circuitry and an count / board-space display sub-system. In this
activity timer in a 160-pin plastic flat pack package. configuration tge 6553% zupportsy standard and
In its minimum configuration, the 65535 requires SuperVGA resolution modes on a flat panel or

only a single 256Kx16 DRAM, such that a external CRT monitor. (Alternatively, four 256K x4
complete VGA sub-system for motherboard y : Y

appli[z:ations can be impleymented with just two ICs. DRAMs may be used for display memory).

This configuration consumes less than 2 square Performance is significantly improved when the
inches (1290 sq mm) of board space and is capable 65535 is configured with a 32-bit data path to
of supporting simultaneous flat panel/CRT display display memory, which is accomplished by using
requirements while directly interfacing to a 32-bit two 256Kx16 DRAMs. Two 256Kx16 DRAMs
local bus. As an option, a second memory chip may support all standard, Super, and Extended VGA
be implemented to increase performance (via a 32- resolutions up to 1024x768 8bpp (256 colors) as
bit data path to display memory) and support well as 16bpp "High-Color" up to 640x480.

graphics modes which require more than 512
KBytes of display memory. No external buffers or
glue logic are required for the 65535's bus interface,
memory interface or panel interface. The 65535

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

employs separate address and data buses with Display memory control signals are derived from
sufficient drive capability, such that the bus can be the integrated clock synthesizer's memory clock.
driven directly. The 65535 also provides up to 18 The 65535 serves as a DRAM controller for the
bits of pane_l data with sufficient drive capability system's display memory. It handles DRAM
such that virtually all flat panels can be driven refresh, fetches data from display memory for
directly. display refresh, interfaces the CPU to display
memory, and supplies all necessary DRAM control
The 65535 supports multiple display memory The 65535 supports 'two-CAS / one-WE' DRAMs
configurations, providing the OEM with the and 'one-CAS / two-WE' 256Kx16 DRAMs. The
flexibility 1o use the same VGA controller in 65535 supports the self-refresh features of 256Kx16
several designs with differing cost, power DRAMs and certain 256Kx4 DRAMs during
consumption and performance critcria.  The 65535 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 DRAMSs 640x480 16bpp Yes No
(1 MBytes) 1024x768 8bpp
1280x1024 4bpp
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Introduction

CPU BUS INTERFACE
The 65535 provides a direct interface to:

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

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

HIGH PERFORMANCE FEATURES

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

| Direct 32-bit local bus CPU support

W 32-bit memory interface with 16-bit local bus
W 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
slower ISA bus. A 32-bit memory interface limits
the CPU data bus to 16-bits. An optional 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 ISA-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
allows 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 bits 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. Sece extension registers XR3A to
XR3F for description of the 65535 color keying
feature. The X-Y window key input is an alternate
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
Configuration Configuration Display Support
16-bit EISA/ISA (PC/AT) bus 16-bit or 32-bit Yes Yes for 16-bit memory bus
16-bit 386SX VL bus No for 32-bit memory bus
32-bit 486SX VL bus 16-bit only Yes No
32-bit 486DX VL bus
32-bit 386DX VL bus
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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 flat panel display
technologies including plasma, electroluminescent
(EL) and liquid crystal displays (LCD). LCD panel
interfaces are provided for single panel-single drive
(85) 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 alternating from two separate areas of
video memory. In addition, a dual 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 all 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 panel displays.

9-bit 12-bit
'512-Color' '4096-Color'  Dither FRC
512 (8% 4096 (16%) No No
3,375 (15%) 29,791 (313)f No Yes
24,389 (29%) 226,981 (61%) Yes No
185,193 (573 1,771,561 (1213 Yes Yes

¥ 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 allow interfacing to the
widest possible range of flat panel displays. The
65535 provides a direct interface t0 panels from
vendors such as Sharp, Sanyo, Epson, Seiko Instru-
ments, Oki, Toshiba, Hitachi, Fujitsu, NEC,
Matsushita/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 signals to the panel. This results in
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 bit-4
is set to a '1' putting the chip into Standby mode.
The 65530 also initiates a 'panel off' sequence if the
chip is programmed to enter 'panel off' mode (by
setting extension register XR52 bit-3=1), or if the
‘Display Type' is programmed to 'CRT (extension
register 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 '1' to '0") and 'flat panel display' (XR51 bit-2
issetto'l").

Panel Off

Panel On

ENAVDD
Tro

ENABKL

Flat Panel
Control &
Data Signals

Valid

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 colors in 1 MByte display
memory configurations; 1024x768 16 colors or
640x480 256 colors are supported in 512 KByte
display memory configurations. The following
tables lists all 65535 CRT monitor video modes.
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\- n l l-: ® Introduction
Supported Video Modes - VGA Standard
Max MCLK| Horizontal | Vertical
Mode#| Display Text |Font| Pixel |/DotClock | Frequency Frequency] Video
(Hex) Mode |Colors|Display| Size |Resolution| (MHz) (KHz) (Hz) |Memory| CRT
0+,1+ Text 16 |40x25|9x16| 360x400 | 56/28.322 315 70 256 KB | A,B,C
40 x 25 | 8x14 | 320x350 | 56/25.175 31.5 70 256 KB | A,B,C
40 x 25| 8x8 | 320x200 | 56/25.175 31.5 70 256 KB | A,B,C
2+,3+ Text 16 1 80x25|9x16| 720x400 | 56/28.322 315 70 256 KB | AB,C
80 x 25 | 8x14 | 640x350 | 56/25.175 315 70 256 KB | A,B,C
80 x 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 | A,B,C
6 Graphics 2 |80x25| 8x8 | 640x200 |56/25.175 315 70 256 KB | A,B,C
7+ Text Mono | 80 x 25 | 9x16 | 720x400 | 56 /28.322 315 70 256 KB | A,B,C
80 x 25 |9x14 | 720x350 |56 /28.322 315 70 256 KB | A,B,C
80 x 25| 9x8 | 720x350 | 56/28.322 31.5 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 | A,B,C
F Planar | Mono | 80 x 25 | 8x14 | 640x350 | 56/25.175 31.5 70 256 KB | A,B,C
10 Planar 16 |80 x25|8x14| 640x350 | 56/25.175 315 70 256 KB | A,B,C
11 Planar 2 180x30]|8x16| 640x480 |56/25.175 31.5 60 256 KB | A,B,C
12 Planar 16 |80 x30{8x16| 640x480 | 56/25.175 315 60 256 KB | A,B,C
13 |Packed Pixel] 256 [40x 25| 8x8 | 320x200 | 56/25.175 31.5 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 PS/2 fixed frequency analog CRT monitor or equivalent (31.5 / 35.5 KHz Horizontal Frequency Specification)
B Mulii-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 [FVertical
Mode#| Display Text |Font| Pixel |/DotClock | Frequency [Frequency] Video
{Hex) Mode |[Colors|Display| Size |[Resolution| (MHz) t (KHz) (Hz) |Memory| CRT
20 |4bitLinear{ 16 |80x30]8x16| 640x480 | 56/25.175 31.5 60 512KB [|A,B,C
22 |4bitLinear| 16 [100x 37 8x16| 800x600 | 56 /40.000 37.5 60 512KB | B,C
24 |4bitLinear| 16 |[128 x 48| 8x16| 1024x768 | 65 /65.000 48.5 60 000000000 C
241 65 /44.900 35.5 43 B,C
30 {8bitLinear| 256 |80x30|8x16| 640x480 | 56/25.175 31.5 60 512KB |AB,C
32 | 8bitLinear| 256 [100x 37| 8x16| 800x600 | 65 /40.000 37.5 60 512KB | B,C
34 |8bitLinear| 256 |128 x 48| 8x16| 1024x768 | 65/ 65.000 48.5 60 1 MB C
341 65 /44.900 35.5 43 B,C
40 |15bitLinear| 32K |80 x 30| 8x16| 640x480 | 65/50.350 31.5 60 1MB |AB,C
41 |16bit Linear| 64K |80 x 30| 8x16| 640x480 | 65 /50.350 31.5 60 1MB [AB,C
60 Text 16 [132x 25| 8x16 | 1056x400 | 65 /40.000 30.5 68 256 KB [ A,B,C
61 Text 16 1132 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 512KB| C
72,751 65 /44.900 35.5 43 B,C
78 |Packed Pixel]l 16 |80x25|8x16| 640x400 | 56/25.175 31.5 70 256 KB | A,B,C
79 |Packed Pixel| 256 |80x30|8x16| 640x480 | 56/25.175 31.5 60 512KB | A,B,C
7C [Packed Pixell 256 [100x 37| 8x16| 800x600 | 65 /40.000 37.5 60 512KB | B,C
7E |Packed Pixel| 256 [128 x 48| 8x16| 1024x768 | 65 / 65.000 48.5 60 1 MB C
7JE1 65 /44.900 35.5 43 B,C
Note: Support for the modes in the above table is included directly in the BIOS (both 32K and 40K versions).
The T in the mode # column indicates "Interlaced’.
Max MCLK refers to 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) ¥ (KHz) (Hz) |(Memory| CRT
12* Planar 16 [80x30|8x16| 640x480 | 56/31.500 37.5 75 256 KB | B,C
30 |8bitLinear| 256 |80x30|8x16| 640x480 | 65/31.500 37.5 75 256 KB | C
79 |Packed Pixel| 256 |80x30|8x16| 640x480 | 65/31.500 37.5 75 S12KB| C
6A, 70 Planar 16 [100x 37| 8x16] 800x600 | 65/49.500 46.9 75 512KB| C
32 |8bitLinear| 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 is included in the 40K version of the BIOS.
Max MCLK refers to the maximum clock rate required for proper mode operation.

+ Refer to Electrical Specifications section for maximum clock frequencies for SV 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), dual panel-dual drive LCDs
(LCD-DD), and plasma and EL panels (which
employ single panel-single drive interfaces). Single
drive panels sequence data in the same manner as
CRTs, so the 65535 provides simultancous CRT
display with LCD-SS, Plasma, and EL panels by
driving the panels with CRT timing. LCD-DD
panels require video data altermating 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 256Kx16 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 polynomial-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 tuming the pixels on and off
over several 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 algorithm 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 alternate method of reducing
flicker -- increasing the panel's vertical refresh rate -
- has several drawbacks. As the vertical refresh rate
increascs, the panel's power consumption increases,
ghosting  (cross-talk) increases, and contrast
decreases. CHIPS' polynomial FRC gray scale
algorithm reduces flicker without increasing the
vertical refresh rate.

RGB Color To Gray Scale Reduction

The 24 bits of color palettc 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 Biue
2) Equal Weighting: 5/16 Red 6/16 Green 5/16 Blue
3) Green Only: 6 bits of Green only

NTSC is the most common weighting, which is
used in television broadcasting. Equal weighting
increases the weighting for Blue, which is useful for
Applications such as Microsoft Windows 3.1 which
often uses Blue for background colors. Green Only
is useful for replicating on a flat panel the display of
software optimized for IBM's monochrome
monitors which use the six Green bits of palette
data.

SmartMap™

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

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

Vertical & Horizontal Compensation are program-
mable 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 partially fills the
useable display arca. 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 Vertical Compensation techniques to
increase the useable screen area:

Vertical Centering displays text or graphics images
in the center of the flat panel, with a border of

unused area at the top and bottom of the display.
Automatic Vertical Centering automatically adjusts
the Display Start address such that the unused area
at the top of the display equals the unused area at
the bottom. Non-Automatic Vertical Centering
enables the Display Start address to be sct (via
programming the Extension Registers) such that
text or graphics images can be positioned anywhere
on the display.

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

Blank line insertion, inserts N lines (where N is
programmable) between each line of text
characters. Thus text can be evenly spaced to fill
the entire panel display areca 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 bit-7=0, lines 1, 9, 12 of
the 16 line font are replicated to generate 8§x19 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 Vertical 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:

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

B Double Scanning+Line
Insertion, Double Scanning

B Double Scanning+Tall Fonts,
Scanning, Tall Fonts

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

Insertion, Line

Double

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

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

® 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 pancl.
Automatic Horizontal Centering automatically
centers the display on a larger resolution panel such
that the unused arca at the left of the display equals
the unused area at the rightt. 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 opcration. 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
pancl 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
dircct 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) rcquired to achieve a
given performance level. The 65535's proprietary
gray scaling algorithm produces a flicker-free
display with a minimum vidco 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 +0.3V. 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 SV or 3.3V, such that
the 65535 intermal logic operates at 3.3V and the
various interfaces at either 3.3V or 5V. Clock Vcc
must be the same as the V¢c of the intemnal 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 all other VCC inputs are 3.3V).

Vce Pins Interface Pins Affected
62, 139 Internal Logic -
118 Mcmory 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 41,4446

T Must be the same as the Vcc 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 intemal 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
panel interface logic. The VGA sub-system
remains active, such that the CPU can read/write
display memory and I/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 bit-
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 a fully 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 / DPMS

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

Th|.er|a&5])ﬁ&t1u]ihs Iﬂsﬂeuv—g Ha?uacturgrq ‘:' -

15

65535



Introduction

CPU ACTIVITY INDICATOR / TIMER

The 65535 provides an output pin called ACTI (pin
75) to facilitate an orderly power down sequence.
The ACTI output is an active high signal which is
driven high every time a valid VGA memory
read/write operation or VGA I/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 also provides enhanced backward
compatibility to EGA™, CGA™, Hercules™, and
MDA™ standards without using NMIs. These
controllers include a variety of features to provide
compatibility on flat panel displays in addition to
CRT monitors. Internal compensation techniques
ensure that industry-standard software designed for
different displays can be executed on the single flat
pancl 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 (XR1S5).

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, vertical compensation,
SMARTMAP™, and Backwards Compatibility.
These registers are always 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 Interface 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 features is 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
graphics images.

Alternate Panel Timing Registers

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

Revision 2.0
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Introduction

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). Access to all Extension Regis-
ters is always enabled after reset (at 3D6/3D7h).
The RESET pin must be active for at lcast 64 clock
cycles.

Setup Mode

In this mode, only the Global 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, all output pins of the 65535 chip may
be disabled for testing of circuitry external to the

chip. The 65535 will enter Tri-State mode if it sees
a rising 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 detcrmine 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). In ICT mode, all digital signal 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 all pins in the
path are high, the VSYNC output will be high. If
any pin is low, the VSYNC output will be low.
Thus the chip can be checked in circuit to determine
if all pins are connected properly by toggling all
pins one at a time (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
Mode of RESET STNDBY# Memory Video
Operation Pin Pin Access Output

Reset High XXX meeem meee-

Setup - e No Yes

Test - = No Yes

Standby  Low Low No No

Panel Off Low High Yes No
Note:  Combinations of pin levels not shown above are illegal and

should not be used.

p/Te
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Introduction

CHIP ARCHITECTURE
The 65535 integrates six major internal modules:
Sequencer

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

CRT Controller

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

Graphics Controller

The Graphics Controller interfaces the 8, 16, or 32-
bit CPU data bus to the 32-bit internal data bus used
by the four planes (Maps) of display memory. It
also latches and supplies display memory data to
the Attribute Controller for use in refreshing the
screen image. For text modes this data is supplied
in parallel form (character generator data and
attribute code); for graphics modes it is converted to
serial form (one bit from each of four bytes form a
single pixel). The Graphics Controller can also
perform any one of several types of logical
operations on data while reading it from or writing
it to display memory or the CPU data bus.

Attribute Controller

The Attribute Coniroller generates the 4-bit-wide
video data stream used to refresh the display. This
is created in text modes from a font pattern and an
attribute code which pass through a parallel to serial
conversion. In graphics modes, the display memory
contains the 4-bit pixel data. In text and 16 color

graphic modes the 4-bit pixel data acts as an index
into a set of 16 internal color look-up registers
which generate a 6-bit color value. Two additional
bits of color data are added to provide an 8-bit
address to the VGA color palette. In 256-color
modes, two 4-bit values may be passed through the
color look-up registers and assembled into one 8-bit
video data value. In high-resolution 256-color
modes, an 8-bit video data value may be provided
directly, bypassing the attribute controller color
lookup registers. Text and cursor blink, underline
and horizontal scrolling are also the responsibility
of the Attribute Controller.

VGA / Color Palette DAC

The 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 I/O 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 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 S5-red, 6-green, S5-blue XGA format.
The internal Palette / DAC may also be disabled via
the Palette Control Register (XR06).

. ' Red
RGB 5-6-5 External Video ———>’\‘ 24
High Color Pixel Data > Green
—
l — Blue
|
Triple 6-bit
LUT Pixel Data 8 »{ POT 18
Color Palette / DAC Internal Block Diagram

Revision 2.0 18 65535
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Introduction

Clock Synthesizer

An integrated dual 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 1MHz 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

VCLK Register Table

via the Clock Control

(XR30:32).

VCLK always 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 25.175SMHz and
28.322MHz respectively. These values can not be
changed unlike CLLK2 which is fully programmable.
The active VCLK register set is selected by the
clock select bits in the VGA "Miscellaneous Output
Register"”.

Extension Registers

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

VGA CLKO = 25.175MHz
VGA CLK1 = 28.322MHz 21 VCLK Synthesizer
CLK2 = Programmable |
XR32:30— MCLK Register Table
MCLK = Programmable 21,’ » MCLK Synthesizer
CLKSEL1:.0

MISC Output Reg[3:2]

Clock Synthesizer Block Di

RN
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Introduction

CONFIGURATION INPUTS

~ The 65535 can read up to twelve configuration bits.

These signals are sampled on the memory address
bus AAQ0-AA8 (CFGO-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 | Bus Configuration
101 ISA# | Low | Bus Configuration
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 Jundefinedj Low Reserved
107 TS# 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# (AA1) LB# (AA0)

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

For autoselection, the state of the pins 38-40 during
RESET determine the local bus type as follows:

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 bit
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 C0O000
address range) to be output on ZWS# (pin 38).
AA4 determines whether the internal VCO is
enabled or not (O=disabled, 1=enabled).

AAS, if forced to 0O, indicates that a reference
frequency of 14.414 MHz is forced on pin 155.

AAG6 and AA7 are reserved. AAS8, when forced
low, selects 3.3V level of operation for the internal
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 bit 4) may be set up to read a selected
bit from the 'virtual switch register' (an extension
register set up by BIOS at initialization 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 allows simulation of a light pen
hit in CGA and Hercules modes.

BIOS ROM 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 signal (ROMCS#) can
be generated on the ZWS# pin for ISA bus or may
be created external to the 65535 for implementing a
separate external ROM BIOS.

Typically, an 8-bit BIOS is implemented with one
external ROM chip. A 16-bit dedicated video BIOS
ROM could be implemented with the 65535 if
required using two BIOS ROM chips, an external
PAL, and a 74L.5244 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 a video BIOS
that is optimized for the 65535 hardware. The
BIOS 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.

Revision 2.0
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\. n ' '_ : Introduction

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 PI Bus
Bus Interface - 16-bit 386SX/486SLC Local Bus
Bus Interface - 16-bit 486 Local Bus
Bus Interface - 32-bit 486 Local Bus

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

3. CRT /Panel Interface
PC-Video Interface

Revision 2.0 21 65535
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\ n ' r : Pinouts
o~~~ %MMM/‘V‘\MM e~ N
- e QI MG S2ARN 8 FIOUDQ[RN o
Memory Interface R 5&5882§m§88888§988888o AR §  Memorylnterface
G735% 82500398 craaoncaaces oo ook
uigig MOODODDD0DO I PO 2E00000R mm aa
SE20E HOOSUGOUBUEEEEEEESREESE S
3+ *
fikiRen i NN~ ]

Qe B e ] -
Eauooggéﬁﬁﬁawh©m¢mNﬁoooooooSSSBBESBSQQSﬁ
$52SSE IS SSTS35555SI8E58358855995 288850
SEEE SRl ML dLL L HZ 2R 20
QEXE LI~ oAe=onI a2 ARERATRNGETBEBLILE S

AD6 ] 1 ) = ]
MAD7 = 1%‘31 (PCLK :l]§’ = o] RQ}S)B#;_._I
MADS 131 1 3 GND ____
MAD9 x| 125 (P17) (GPIO1) 76 |f/m= ENABKL
MAD10c—T{| 126 (P16) (GPIO0) 75 = ACTI
Mab12 =] | 134 »IE= pia
A |1 Note: =
MQB} 2 mt:ﬂ: %%(9) Pin names shown indicate Local bus (ALE=1 (or LB#=0) & BCFG=1xx) ;% m:u: }I;B
- MaD1s =} 131 e bk L e o Tonction ormame ) 0| Rl o
RvCC =] 132 P olfF= P02
[ BEO#—Tr}| 133 [A0] | e AR
BE2# 1 R] 134 [Al) 67 |F—= P8 -
A2c—1f| 135 66 |[}1—= P7 =
Az 136 sl &
A4 g 137 64 |3 PS5 =
A5 | 138 63 |fa= P4
IVvCC x| 139 62 | IVCC
A6 =}| 140 g(l) = ] ]l:g
A7=| 141 i s
= | Flat Panel s|E=r,
o =] | 144 3 |E= ro
A9y 1 1T
A10 =] 145 56 | SHFCLK
All | 146 (DE)BLANK#) 55— M
Al12 =] 147 (DE)(BLANK#) 54| LP
Al3 ]l 148 g’% | e} {:)IVI\C/[C
Al4 | 149 = o am]
Al5 =) 150 Contr ll r 51 {3 HSYNC
Ale ] 151 0 e 50 || |=—= VSYNC
Al17 13| 152 [LALT] 3/16/94 49 ||= DGND
A18=rf| 153 [LA18] 48 | ENAVDD
CGND 4§ 154 (ENABKL) 47 | ENAVEE
== b |
— —5T —
Xgech(g) I T = %;g 28 4 GREEN
CVCC T 1382758 Qérn mz 1+ May also be configured as JRQ =208 558n0 )
 —— - e 93] 1T
RESET| 190 <545 328248 orROMCS# QsAbusonly)  S3002Rs0 1T [FS REY |
Clock =0 " mer %o SoRnT 1ot =R GRARSNRARAARARATARS DAC
Synthesizer ’ Group
Gmr HOUGOORCOAOORO00 600000600600 E 08 AR BER G
XTALI = oxo-«mmﬁﬁ#x%ugmvmf“—'ouc‘w I\‘DWEMNL)"*O::##M*#%#%
— — b el el [al-Aalala) [ataials) -
14.31818 MHz <‘2‘E‘2‘E8gr&g£§§éooaooog° % A89 5@5555855 Bus
(internal clock < 2 m & R & Z0AXOOm In(t;erface
. A~~~ PRp N)up
synthesizer 55 & +CCLK is B2&
reference clock) OO0
%g 2x for 386 LB
et 1x/2x for 486 @£ Mmm
Pins 9. 38-40, and 100-102 are sampled at reset to determine the bus confi guration;
CFG1 CFGO Bus Configuration Local Bus Options BCFG2 BCFG1 BCFGO
L L  Reserved BCFG: 210 Pin34 (1x) Pin 34 (2x)Pin40 _Pin39 Pin38 Pin 133 Pin 8
L H ForceISA 386-32: 100 n/a CPURST BS16# GND GND BEO# BEl#
H L Force LB 386-16: 101 n/a CPURST BVCC GND BVCC BLE# BHE#
H H Sample pin-9 to 486-32: 110 RDYRTN# CPURST BS16# BVCC GND BEO# BEl#
| autoselect ISA/LB  486-16: 111 GND CPURST BS16# OEH# OEL# BEO# BEl# |
Revision 2.0 23 65535
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Pin List

Pin # Dir Drive] |Pin Name Pin # Dir Drive| [Pin Name Pin # Dir Drive
A2 135 In — [|DO 31 /O 4mA | [IMBDO (VB2) (D16) 82 I/O 4mA
A3 136 In — ||D1 30 KO 4mA | [MBD1 (VB3) (D17) 84 /O 4mA
A4 137 In — ||D2 28 1/O 4mA | |MBD2 (VB4) (D18) 85 1/0 4mA
AS 138 In — {|D3 27 I/O 4mA | |MBD3 (VBS) (D19) 87 1/O 4mA
A6 140 In — ||D4 26 1/O 4mA | MBD4 (VGO) (D20) 88 1/0 4mA
A7 141 In — ||D5 25 /O 4mA||MBDS (VGl) (D21) 89 /O 4mA
A8 143 In — ||D6 24 T/O 4mA | IMBD6 (VG2) (D22) 90 [/O 4mA
A9 144 In — ||D7 23 1/O 4mA | [MBD7 (VG3) (D23) 91 I/O 4mA
Al0 145 In — ||D8 21 J/O 4mA | IMBD8 (VG4) (D24) 92 [/O 4mA
All 146 In — {|D9 20 /O 4mA | IMBD9 (VG5) (D25) 93 IO 4mA
Al2 147 In — ||D10 18 /O 4mA | IMBD10 (VRO) (D26) 94 [/O 4mA
Al3 148 In — ||Di11 17 1/O 4mA | [MBD11 (VR1) (D27) 95 I/O 4mA
Al4 149 In — ||D12 16 I/O 4mA||MBDI12 (VR2) (D28) 96 I/0O 4mA
AlS5 150 In — |[|D13 15 /O 4mA | [MBD13 (VR3) (D29) 97 1O 4mA
Al6 151 In — |[|D14 14 1/O 4mA | [MBD14 (VR4) (D30) 98 1/0 4mA
Al17 [LA17] 152 In — ||D15 13 T/O 4mA | I[MBD15 (VRS5) (D31) 99 /O 4mA
Al8 [LA18] 153 In —
Al9 [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 8SmA
A23 [LA23) 5 In — ||ENAVEE (ENABKL) 47 Out 8mA | |OEH# (BCFG1) [MCS16#] 39 Out 12mA
OEL#  (BCFGO) [ZWS#] 38 Out 12mA]
AAQ (CFGO) (LB#) 100 /O 4mA/||FLM 53 Out 8mA
AAl (CFG1) (ISA#) 101 /O 4mA PO 57 Out 8SmA
AA2 (CFG2) (2X#) 102 /O 4mA | |GND 12 — — ||pr1 58 Out 8mA
AA3 (CFG3) (RC#) 103 /O 4mA | |GND 77 — — ||P2 60 Out 8mA
AA4 (CFG4) (ECH 104 /O 4mA P3 61 Out 8mA
AAS (CFGS) (0OS#) 105 I/O 4mA | |GREEN 44 Out — ||P4 63 Out 8mA
AA6 (CFG6) (reserved) 106 /O 4mA PS5 64 Out 8SmA
AA7 (CFG7) (TS#) 107 /O 4mA | [HSYNC 51 Out 12mA| [P6 65 Out 8mA
AAS (CFG8) (Lv#) 108 KO 4mA P7 66 Out 8mA
AA9 (32KHZ) 109 I/O 4mA |]IGND  (Intemnal Logic) 59 — — ||P8 (SHFCLKU) 67 Out 8mA
IGND  (Intemal Logic) 142 — — ||P9 68 Out 8mA
ADDHI 6 In — |[IVCC (Intemnal Logic) 62 — — {|P10 69 Out 8mA
IVCC  (Intemal Logic) 139 — — ||P11 70 Out 8mA
AGND 42 — — P12 71 Out 8mA
LCLK  [IORD#] 35 In — ||P13 72 Out 8SmA
ADS#  [ALE] 9 In — ||LDEV# [IOWR#] 36 1/O 12mA} |P14 73 Out 8mA
LRDY# [RDY] 37 Out 12mA| [P15 74 Out 8mA
AVCC 45 — — P16 (ACTD) (GPIOO) 75 I/O 8mA
LP (BLANK#) (DE) 54 Out 8mA | P17 (ENABKL)(GPIO1) 76 I/0O 8mA
BEO# [AO] 133 In — ||M (BLANK#) (DE) 55 Out 8mA
BE1# {BHE#) 8 In — RASA# 110 Out 4mA
BE2# [A1} 134 In — ||MADO (TSENA#) 114 T/O 2mA | [RASB# (PCLK) 78 Out 4mA
BE3# [RFSH#] 7 In — |IMAD1 (ICTENA#) 116 /O 2mA
MAD?2 117 1/O 2mA | [RD# [MEMR#] 33 In —
BLUE 43 Out — ||MAD3 119 /O 2mA
MAD4 120 /O 2mA | |RED 46 Out —
BGND  (Bus) 22 — — ||IMADS 121 T/O 2mA | |RESET 159 In —
BGND  (Bus) 32 — — {IMADé 122 1O 2mA | [RRTN# [MEMW#] 34 In —
BVCC  (Bus) 19 — — ||MAD7 123 1/O 2mA | |RSET 41 In —
BVCC (Bus) 29 — — ||MADS 124 /O 2mA | [RVCC (Reference) 132 — —
MAD9 125 [/O 2mA
BS16# (BCFG2){IOCS16#] 40 Out 12mA] [MADI10 126 1/O 2mA | |[SHIFCLK (CL2) (SHFCLKL) 56 Out 8mA
MADI11 127 1/O 2ZmA | |STNDBY# 11 In —
CASAH# (CASA#) 112 Out 4mA | [MADI12 128 1/O 2mA
CASAL# (WEAL#) 113 Out 4mA | [MAD13 129 /O 2mA | [VSYNC 50 Out 12mA|
MAD14 130 KO 2mA
CASBH# (CASB#) (VB0) 80 1/O 4mA||MADI15 131 I/O 2mA | |WEA# (WEAH#) 111 Out 4mA
CASBL# (WEBL#)(VB1) 81 /O 4mA WEB# (WEBI#) (KEY) 79 Out 4mA
CGND  (Clock) 154 — — XGND 83 — —
CGND  (Clock) 160 — —
CVCC  (Clock) 157 — — XTALI 155 In —
CVCC  (Clock) 158 — — XTALO 156 O —
XvVCe 86 — —
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k n l r : Pin Descriptions
PIN DESCRIPTIONS Systemn Bus Interface
Pin# Pin Name Type Active Description
31 DO /O High  System Data Bus
30 D1 /O High
28 D2 I/O High
27 D3 /O High
26 D4 /O High
25 D5 /O High
24 D6 1/O High
23 D7 I/O High
21 D8 I/O High
20 DS /O High
18 D10 I/O High
17 D11 /O High
16 D12 /O High
15 D13 I/O High
14 D14 /O High
13 D15 /O High
133  BEO# [AQ] In Low  System Data Bus Byte Enables. For EISA/ISA bus, pin
8 BE1# [BHE#] In Low  7isan active low input indicating a Refresh cycle (when
134 BE2# [Al] 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 AS In High
140 A6 In High
141 A7 In High
143 A8 In High
144  AS In High
145  AlO In High
146  All In High
147  Al2 In High
148  Al3 In High
149  Al4 In High
150  AlS In High  Onthe EISA/ISA bus A17-23 may be latched addresses
151  Al6 In High LA17-23.
152 Al7 (LA17] In High
153 AlS§ [LA18] In High  ADDHI may be used to connect to LA24 or a decode of
1 Al9 [LA19] In High  addresses higher than A23. See description of XRO08.
2 A20 [LA20] In High
3 A21 [LA21] In High Inextemal clock mode, ADDHI is used to input VCLK
4 A22 [LA22)] In High (XTALI is used to input MCLK); In clock test mode,
5 A23 [LA23] (MCLK) IO 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: Pin names indicate local bus configuration

Pin names in brackets [...]) indicate ISA bus
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\" l r: Pin Descriptions
PIN DESCRIPTIONS Systemn Bus Interface (continued)
Pin# Pin Name Type Active Description
159 RESET In High Reset. Connect directly to bus reset.
9 ADS# In Low  This pin is Address Strobe for local bus and Address
[ALE] In High  Latch Enable for EISA/ISA Bus. It indicates the start of
abus cycle.
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 I/O address: 0 = valid I/O
address, 1 = Invalid I/O address (latched internally).
33 RD# [MEMR#] In Low  For local bus operation, this pin indicates a read (low)
or write (high) bus cycle. In EISA/ISA bus, it indicates
a Memory Read cycle.
34 RDYRTN# [MEMW#] In Low  The expected input signal on this pin is determined by
or CPURST In High the Bus Configuration (BCFG) inputs:
or GND In n/a

BCFG CFG Selected Function of

210 2 Bus ThisPin Comment
0 x x X Reserved Undefined -
1 0 x 1 Reserved Undefined —
100 O 386-32 CPURST 2xclock
1 01 0 386-16 CPURST  2xclock
1 10 0 486-32 CPURST 2xclock
1 11 0 486-16 CPURST 2xclock
110 1 486-32 RDYRTN# VL-Bus
111 1 486-16 GND -

In 486 32-bit 1x-clock local bus interfaces, this pin
complies with the VL-Bus RDYRTN# signal. For 486
16-bit operation, this signal should be connected to
ground. For 2x-clock local bus operation for all 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,
this pin is an input that indicates a Memory Write cycle.

Note: Pin names indicate local bus configuration

Pin names in 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 bus interfaces, 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 (always a 1x
clock). The local bus interface is synchronous to rising
edges. For EISA/ISA bus, this pin indicates an 1/O
Read Cycle.

40 BS1o6# [IOCS16#] Out Low Inlocal bus interfaces, this pin should be connected to
BS16#. In the EISA/ISA bus interface, this pin serves
as the indicator for 16-bit I/O capability.

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

[RDY] Out High the current cycle should be completed. Driven low
during EISA/ISA bus cycles to indicate 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 putput which indicates

[IOWR#] In Low decode of local bus display memory addresses. This
pin is the I/O Write input for EISA/ISA bus.

39 OEH# tMCSl6#] Out Low Inlocal bus systems, this pin is used to enable the trans-
ceivers on D31-16 system data lines for 16-bit 486 local
bus operation. In EISA/ISA bus configurations, this
pin isMemory Select 16.

38 OEL# [ZWS#] Out Low  Inlocal bus systems, this pin is used to enable the trans-

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

[ROMCS#] 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 XR01 bit-3 (configuration bit-3)
and XR72 bit-0.

Note: Pin names indicate local bus configuration
Pin names in brackets [...] indicate ISA bus
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L n ' r : Pin Descriptions
PIN DESCRIPTIONS Display Memory Interface
Pin# Pin Name Type Active Description
100 AAD (LB#) (CFGO0) I/O High DRAM address bus.
101  AAl (ISA#) (CFG1) /0 High
102 AA2 (2X#) (CFG2) 1/0 High  The state of AAO-AA8 are latched on the falling edge of
103 AA3 (RCH) (CFG3) I/O High  RESET in XRO1 bits 0-7 and XR6C bit-1 respectively
104 AA4 (ECH (CFG4) /0 High to determine various configuration options (refer to the
105 AAS (OS#) (CFGS) 1/0 High extended register descriptions for complete configu-
106 AA6 (reserved) (CFG6) 1/0 High ration details). Note that the 2X# configuration pin
107 AA7 (TS#) (CFGT) I/O High  should only be used in 16-bit local bus configurations.
108  AA8 (LV# (CFGS8) I/O High
109 AA9 (32KHZ) IO High  AA9, altemnately, becomes the clock input for refresh of
non-self-refresh DRAMs.
110 RASA# Out Low  Row address strobe for DRAM A
78 RASB# (PCLK) Out Low  Row address strobe for DRAM B
113 CASAL# (WEAL#) Out Low  Column address strobe for the DRAM A lower byte
112 CASAH# (CASA#) Out Low  Column address strobe for the DRAM A upper byte
81 CASBL# (VB1) (WEBL# Out Low  Column address strobe for the DRAM B lower byte
80 CASBH# (VB0) (CASB#) Out Low  Column address strobe for the DRAM B upper byte
111 WEA# (WEAH#) Out Low  Write enable for DRAM A
79 WEB# (KEY) (WEBH#) Out Low  Write cnable for DRAM B

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

PIN DESCRIPTIONS Display Memory Interface (continued)
Pin# Pin Name Type Active Description
114 MADO (TSENA#) IO High  Data bus for DRAM A (lower 512K of display memory)
116 MADI (ICTENA#) I/0 High
117 MAD2 I/0 High
119 MAD3 I/O High
120 MADM4 I/O High
121 MADS /O High
122 MAD6 I/O High
123 MAD7 I/O High
124 MADS /O High
125 MAD9S I/O High
126 MADIO I/O High
127 MADI1I I/O High
128 MADI2 /O High
129 MADI3 I/O High
130 MADI14 I/O High
131 MADIS /O High
82 MBDO (VB2) (D16) /O High  Memory data bus for DRAM B (upper 512KB)
84 MBD1 (VB3) (D7) IO High
85 MBD?2 (VB4) (D18) 1/O High  When a second DRAM is not used, this bus is also used
87 MBD3 (VB5) (D19 KO High toinput 16 bits of RGB data from an external PC-Video
88 MBD4 (VGO) (D20) 1/0 High subgstem. Alternately, these lines may be used to
89 MBD5 (VG1) (D21) 1/0 High interface to the system data bus D31-D16.
90 MBD6 (VG2) (D22) IO High
91 MBD7 (VG3) (©23) IO High
92 MBD8 (VG4) (D24) IO High
93 MBD9 (VGS5) (D25) 1O High
94 MBD10 (VR0O) (D26) /O High
95 MBD11 (VR1) (D27) /O High
96 MBD12 (VR2) (D28) I/O High
97 MBDI13 (VR3) (D29) IO High
98 MBD14 (VR4) (D30) 1/O High
99 MBD15 (VR5) (D31) IO High
Note: Pin names in parentheses (...) indicate alternate functions: If JCTENA# is low with RESET high, a rising edge on XTALI will put the chip
into 'Jn Circujt Test' mode. In ICT mode, all digital signal pins become inputs which are pant 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 all pins in the path are high, the
VSYNC output will be high. If any pin is low, the VSYNC output will be low. Thus the chip can be checked in circuit to determine if all pins
are connected properly by toggling all pins one at a time 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, a rising edge on XTALI will 3-state all pins. An XTALI rising edge without the enabling conditions exits

3-state.
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Pin Descriptions

\ W g | | g
PIN DESCRIPTIONS Flat Panel Display Interface
Pin# Pin Name Type Active Description
57 PO Out High 8,9, 12, or 18-bit flat panel data output. Refer to the
58 P1 Out High table below for configurations for various panel types.
60 P2 Out High
61 P3 Out High
63 P4 Out High
64 P5 Out High
65 P6 Out High
66 P7 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 also be configured as general
75 P16 (ACTD) (GPIOO0) Out High Eurpose I/O pins. See the description of Extension
76 P17 (ENABKL) (GPIO1) Out High egister XR72 for more information.
53 FLM Out High  First Line Marker. Flat Panel equivalent of VSYNC.
54 LP (CL1) Out High  Latch Pulse. Flat Panel equivalent of HSYNC.
56 SHFCLK (CL2) (SHFCLKL) Out High  Shift Clock. Pixel clock for flat panel data.
55 M (DE) Out High M Signal may also be configured as D1sElal¥ Enable
(DE) for 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 con:rol for panel driver electronics
voltage VDD
47 ENAVEE Out High gower sequencing control for panel LCD bias voltage
FE
Mono Mono Mono Color Color Color Color Color Color
65535 65535 SS DD DD TFT TFT STN STN STN DD S’l"N DD
57 PO PO UD3 UD7 BO BO Ri... Rl.. URI... URI..
58 P1 P1 uD2 UD6 Bl Bl Bl.. Gl... UGl1... UGI...
60 P2 P2 UD1 UDs B2 B2 G2... Bl... UBI... UBI...
61 P3 P3 uDo UD4 B3 B3 R3... R2... UR2... UR2...
63 P4 P4 LD3 UD3 B4 B4 B3... G2... LR1... LR1...
64 P5 P5 LD2 UuD2 GO B5 G4... B2... LGl1... LGl1...
65 P6 P6 LD1 UbD1 Gl GO RS... R3... LBI1... LB1...
66 P7 P7 LDO ubDo G2 Gl BS... 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.. - UG3...
71 P12 - - LD3 R2 RO - RS5.. - LG2...
72 P13 - - LD2 R3 R1 - G5.. - LB2...
73 P14 - - LD1 R4 R2 - BS... - LR3...
74 P15 - - LDO - R3 - R6.. - LG3...
75 ACTI ACTI ACTI ACTI ACTI R4 ACTI ACTI ACTI ACTI
76 ENABKL ENABKL ENABKL ENABKL ENABKL RS 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 5-173
Revision 2.0 30 65535
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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 is programmable)
50 VSYNC Out Both  CRT Vertical Sync (polarity is programmable)
46 RED Out High  CRT analog video outputs from the intemnal color palette
44 GREEN Out High DAC.
43 BLUE Out High
41 RSET In n/a Set point resistor for the internal color palette DAC.
155  XTALI /0 High  This pin serves as the series resonant crystal input.
156 XTALO Out High  This pin serves as the series resonant crystal output.

Notes:

Signal Status

Local Bus

PI Bus

Trl Stated

1 InISA bus mode, OEL# can be configured to be ROMCS#. ROMCS# will be driven high during Standby Mode.

2 The XTALO pin will always be driven except when XR33 bit-2 is set to '1".

3 RASB# will be driven when using 2 x16 DRAM:s. 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 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 SV or 3.3V £10%
29 BVCC VCC --
52 DVCC 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 reference for mixed 3.3V / 5V interface)
86 XVCC vVCC -- 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 -- the internal 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: Pin names in parentheses (...) indicate alternate functions
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I/O Map
Port Address Read Write
[102 [Global Enable (ISA Bus Only) |Global Enable (ISA Bus Only) |
3B0 Reserved for MDA/Hercules Reserved for MDA/Hercules
3B1 Reserved for MDA/Hercules Reserved for MDA/Hercules Mono
3B2 Reserved for MDA/Hercules Reserved for MDA/Hercules Mode [
3B3 Reserved for MDA/Hercules Reserved for MDA/Hercules
3B4 CRTC Index CRTC Index
3BS CRTC Data CRTC Data
3B6 Reserved for MDA/Hercules Reserved for MDA/Hercules
3B7 Reserved for MDA/Hercules Reserved for MDA/Hercules
3B8 Hercules Mode Register (MODE) Hercules Mode Register (MODE)
3B9 -- Set Light Pen FF (ignored)
3BA Status Register (STAT) Feature Control Register (FCR)
3BB -- Clear Light Pen FF (ignored)
3BC
3BD Reserved for system parallel port
3BE —
3BE Hercules Conliguration Register (HCFG) __[Hercules Configuration Register (HCFG)
3C0 Attribute Controller Index / Data Attribute Controller Index / Data
3C1 Attribute Controller Index / Data Attribute Controller Index / Data
3C2 Feature Read Register (FCR) Miscellaneous Output Register (MSR)
3C3 Video Subsystem Enable (VSE) (LB Only) _|Video Subsystem Enable (VSE) (LB Only)
3C4 Sequencer Index Sequencer Index
3C5 Sequencer Data Sequencer Data
3C6, 83C6 |Color Palette Mask Color Palette Mask
3C7, 83C7 |Color Palette State Color Palette Read Mode Index
3C8, 83C8 |Color Palette Write Mode Index Color Palette Write Mode Index
3C9, 83C9 [Color Palette Data Color Palette Data
3CA Featurc Read Register (FEAT) .-
3CB -- --
3CC Miscellaneous Output Register (MSR) --
3CD -- --
3CE Graphics Controller Index Graphics Controller Index
3CF Graphics Controller Data Graphics Controller Data
gg(l) — — Color [
3D2 - __ Mode I
3D3 -- --
3D4 CRTC Index CRTC Index
3DS CRTC Data CRTC Data
3D6 CHIPS™ Extensions Index CHIPS™ Extensions Index
3D7 CHIPS™ Extensions Data CHIPS™ Extensions Data
3D8 CGA Mode Register (MODE) CGA Mode Register (MODE)
3D9 CGA Color Register (COLOR) CGA Color Register (COLOR)
3DA Status Register (STAT) Feature Control Register (FCR)
3DB -- Clear Light Pen FF (ignored)
3DC -- Set Light Pen FF (ignored)
[46E8 [-- [Setup Control (ISA Bus Only) ]
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“\ r' l '- : Register Summary

[REGISTER SUMMARY - CGA, MDA, AND HERCULES MODE:s |

Register Register Name Bits Access /O Port- MDA/Herc J/OPort-CGA Comment
STO0 (STAT)  Display Status 7 R 3BA 3DA
CLPEN Clear Light Pen Flip Flop 0  W(/a) 3BB (ignored) 3DB (ignored)  ref only: no light pen
SLPEN Set Light Pen Flip Flop 0 W(/a) 3B9 (ignored) 3DC (ignored)  ref only: no light pen
MODE CGA/MDA/Hercules Mode Control 7 R/W 3B8 3D8
COLOR CGA Color Select 6 R/W n/a - 3D9
HCFG Hercules Configuration 2 w 3BF nfa

R 3D6-3D7 index 14 nja XR14
RX, RO-11 '6845' Registers 0-8 R/W 3B4-3BS 3D4-3D5
XRX, XR0-7F  Extension Registers 0-8 R/W 3D6-3D7 3D6-3D7

[REGISTER SUMMARY - EGA MODE |

MSR Miscellaneous Output 7 w 3C2 3C2
FCR Feature Control 3 w 3BA 3DA
STOO (FEAT)  Feature Read (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, SRO-7 Sequencer 0-8 R/W 3C4-3C5s 3C4-3C5
CRX, CR0-3F CRT Controller 0-8 R/W 3B4-3B5 3D4-3D5
GRX, GRO-8 Graphics Controller 0-8 R/W 3CE-3CF 3CE-3CF
ARX, AR(O-14  Attributes Controller 0-8 R/W 3C0-3C1 3C0-3C1
XRX, XR0O-7F  Extension Registers 0-8 R/W 3D6-3D7 3D6-3D7
[ REGISTER SUMMARY - VGA MODE |
VSE Video Subsystem Enable 1 R/W 3C3if LB 3C3if LB Disabled by XR70 bit-6
SETUP Setup Control 2 w 46E8 if ISA 46E8 if ISA  Disabled by XR70 bit-7
ENABLE Global Enable 1 R/W 102 if ISA 102 if ISA Setup Only
MSR Miscellaneous Output 7 w 3C2 3C2
R 3CC 3CC
FCR Feature Control 3 w 3BA 3DA
R 3CA 3CA
STOO (FEAT)  Feature Read (Input Status 0) 4 R 3C2 3C2
STO01 (STAT)  Display Status (Input Status 1) 6 R 3BA 3DA
CLPEN Clear Light Pen Flip Flop 0 W(/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 3Co, 83C6 3C6, 83C6
DACSTATE Color Palette State 2 R 3C7, 83C7 3C7, 83C7
DACRX Color Palette Read-Mode Index 8 A 3C7, 83C7 3C7, 83C7
DACWX Color Palette Write-Mode Index 8 R/W 3C8, 83C8 3C8, 83C8
DACDATA Color Palette Data O-FF 3x6 or 3x8 R/W 3C9, 83C9 3C9, 83C9
SRX, SR0-7 Sequencer 0-8 R/W 3C4-3C5 3C4-3C5
CRX, CRO-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, XRO-7F  Extension Registers 0-8 R/W 3D6-3D7 3D6-3D7
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\ " l r : Register Summary
[REGISTER SUMMARY - INDEXED REGISTERS (VGA) |
Register  Register Name Bits Register Type Access(VGA) Access(EGA) I/OPort
SRX Sequencer Index 3 VGA/EGA R/W R/W 3c4
SRO Reset 2 VGA/EGA R/W R/W 3CS5
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 3Cs
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 Borizontal Blanking Start 8 VGA/EGA R/W R/W 3BS5 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
CRS Horizontal Retrace End 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 3BS 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, 3DS5 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 Address High 8 VGA/EGA R/W R/W 3BS5 Mono, 3D5 Color
CRD Start Address Low 8 VGA/EGA R/W R/W 3B5 Mono, 3D5 Color
CRE Cursor Location High 8 VGA/EGA R/W R/W 3BS Mono, 3D5 Color
CRF Cursor Location Low 8 VGA/EGA R/W R/W 3B5 Mono, 3D5 Color
LPENH Light Pen High 8 VGA/EGA R R 3B5 Mono, 3D5 Color
LLPENL  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 Retrace End 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, 3DS 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 Latches 8 VGA R n/a 3B5 Mono, 3D5 Color
CR24 Attribute Controller Index/Data Latch 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 Graphics Controller Index 4 VGA/EGA R/W R/W 3CE
GRO Set/Reset 4 VGA/EGA R/W R/W 3CF
GR1 Enable Sct/Reset 4 VGA/EGA R/W R/W 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
GRS 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 3CO (3CH
AR10 Mode Control 7 VGA/EGA R/W R/W 3C0 (3C1
ARI11 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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CHIFS RegtrSurmary

I EXTENSION REGISTER SUMMARY: (X)-ZF] Chips’' VGA Product Family

Reg  Register Name Bits Access Port Reset 82C450 64300 6551065530 65540 65545
XRX Extension Index Register 7 RW 3D6 -xxxxxxx o 4 7 7 7 7/
XR0O Chip Version 8 R/O D7 1100rrrr v/ < /S /S /
XRO1 Configuration 8 R/O D7 dddddddd ¢ v v /S 7/
XR02 CPU Interface Control 1 7 R/W 3D7 00000-00 v/ v Ve v/ v/ v
XR03 CPU Interface Control 2 (ROM Inufc) 3 R/W 3D7 *«00--10 . v . . v v
XR04 Memory Control 1 5 RW 3D7 -00--000 ¢ v 7 /7 7/ 4
XR05 Memory Control2 (Clock Control} 6 R/W 3D7 000000 7/ . . .
XR06 Palette Control (DRAM Inifc) 8 R/W  3D7 00000000 v/ 7 7 7/ 7
XR07 -reserved- (l/O Base) - - 3D7 v/
XRO8 Linear Addressing Base (Linear BaseL) 5 R/W  3D7 XXXXXeovos 4
XR09 -reserved- (Linear Base H) -- - D7 v
XROA -reserved- (XRAM Mode) - - 3D7 . v . .
XROB - CPU Paging 5 RM'W 3D7 ---00000 4 < 7 L/
XROC Start Address Top 2 RR'W 37 ... .. 00 v/ v 7 7 7/
XROD .Auxiliary Offset 2 RW ] 1 00 v v v v v 4
XROE Text Mode Control 2 RW D7 ----00-- v/ v/ 4 v v v
XROF Software Flags 0 8 RW 3D7 XXXXXXXX . 4 S /S 7/
XR10 Single/Low Map Register 8 R/W 3D7 xxxxxxxx ¢ 7/ v 7 / 7/
XR11 High Map Register 8§ RW 3D7 xxxxxxxx o v /S L/
XR12 -reserved- - - 3D7
XR13 -reserved- - - 3D7 . . . . .
XR14 Emulation Mode 8 R/W D7 0000hh00 v/ 7/ v/ v/ v/ v/
XR15 Write Protect 8 R/W 3D7 00000000 v 7/ Ve 4 v/
XR16 Vertical Overflow S RW 3D7 +0+0.000 4
XR17 Horizontal Overflow 7 R/W 3D7 «+0000000 v . .
XR18 Alternate H Disp End 8§ RW 3D7 XXXXXXXX o . /S L/
XR19 Alternate H Sync Start  (Half-line) 8 R/W  3D7 XXXXXXxXxXx o v < f / /J
XR1A Alternate H Sync End 8§ RW 3D7 XXXXXXXX o . 7 /S /S /
XR1B Alternate H Total 8 RW 3D7 XXxxxxxx . 7 /S 7/
XR1C Alternate H Blank Start/H PanelSize 8 R/W  3D7 xXxxxxxx o 4 v 7 7/
XR1D Alternate H Blank End 8 RW 3D7 Oxxxxxxx ¢ . < /7 7/
XRI1E Alternate Offset 8 RW 3D7 XXXxxxxxx ¢ . 7 /7 7/
XR1F Virtual EGA Switch Register 5 R'W  3D7 0---xxxx . J< 7S 7/
XR20 -reserved- - - 3D7 . .
XR21 Alt H Sync Start Ext Modes 8§ RW 3D7 XXXX XXXX v 7 7
XR22 Alt H Sync End Ext Modes 8 RW 3D7 XXXXXXXX < 7/
XR23 Alt H Total Ext 8 RW 3D7 XXXXXXXX . . .  / 4
XR24 FP AltMaxScanline 5 RW 3D7 s eX XXXX . . J 7S /7 /L
XR25 FP AltGrHVirtPanel Size 8 RW 37 XXXX XXXX < 7S
XR26 Alt HSync Start 8 R/W 3D7 XXXXXXXX
XR27 -reserved- - - D7 . . .
XR28 Video Interface 5 RW 3D7 0000--0- / v/ 7 7 7/
XR29 Half Line Compare 8 RW 3D7 XXXXXXXX . . v/ v/
XR2A -reserved- - - D7 . . . .
XR2B Software Flags 1 8§ RW 3D7 00000000 / v 7 7 7/
XR2C FLM Delay 8 RW 3D7 XXXX XXXX v v v /
XR2D LP Delay 8 R/W 3D7 XXXX XXXX v 7 7/ 4
XR2E LP Delay 8§ R/W 3D7 XXXX XXXX . 7 /7 7/
XR2F LPWidth 8§ RW D7 XXXX XXXX 4 J 7/ v/
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 falling 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 |

Reg
XR30

XR31
XR32
XR33
XR34
XR35
XR36
XR37
XR38
XR39
XR3A
XR3B
XR3C
XR3D
XR3E
XR3F

XR40
XR41
XR42
XR43
XR44
XR45
XR46
XR47
XR48
XR49
XR4A
XR4B
XR4aC
XR4D
XR4E
XR4F

XR50
XRS1
XR52
XRS53
XR54
XR55
XR56
XR57
XR58
XR59
XR5A
XR5B
XR5C
XR5D
XRSE
XRSF

Reset Codes:

Register Name
Clock Divide Control
Clock M-Divisor
Clock N-Divisor
Clock Control
-reserved-
-reserved-
-reserved-
reserved-
reserved-
-reserved-

Color Key 0
Color Key 1
Color Key 2
Color Key Mask 0
Color Key Mask 1
Color Key Mask 2

-reserved-
-reserved-
-reserved-
-reserved-
Software Flag Register 2
Software Flag Register 3
-reserved-

-reserved-

-reserved-

-reserved-

-reserved-

-reserved-

-reserved-

-reserved-

-reserved-

Panel Format 2

(BitBlt Config)

Panel Format 1

Display Type

Power Down Control
Panel Format 3

Panel Interface

H Compensation

H Centering

V Compensation

V Centering

V Line Insertion

V Line Replication
Power Sequencing Delay
Activity Indicator Control
FP Diagnostic

M (ACDCLK) Control
Power Down Mode Refresh

(Refresh Ctrl)

[ N BRI N

00 00 00 ~1 G0 4 ~J 00 00 G0 On 0 ~3 0o ~J) 00 Lh

Bits Access

Port
3D7

3D7
3D7
3D7
3D7
3D7
3D7
3D7
3D7
3D7
3D7
D7
D7
3D7
3D7
3D7

3D7
D7
3D7
3D7
3D7
3D7
3D7
3D7
3D7
3D7
3D7
3D7
3D7
3D7
3D7
3D7

D7
D7
D7
3D7
D7
3D7
3D7
3D7
D7
3D7
3D7
3D7
3D7
D7
D7
3D7

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

Reset
.Oloxxxx
*XXXX XXX
*XXXX XXX
000000..

XXXXXXXX
XXXXXXXX
XXXXXXXX
XXXXXXXX
XXXXX XXX
XXXXX XXX

XXXXXXXX
XXXXXXXX

XXe®e®e® XXX

XXXXX XXX
000+0000
00000000
exXXxxxx0
XXXXX XXX
XXXXe* ¢+XX
XXXXX XXX
XXXXX XXX
XXXXX XXX
XXX *X XXX
....xxxx
01110001
OXeXXXXX
00000000
XXXXX XXX
XXXXX XXX

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)

Chips' VGA Product Family

82C450 64300 6551065530 65540 65545

o . . 7 7

v VR

v VY

v VN

v < o/

v S 7

v o/

v o/

v VY

v VN

v VA

7 7 7

A

A

VA R A

N A

A A

VR A

7 7 7

O A

/7 7 7

VR A

VA A

VR A A

VA

A

o/

. VN

VA

VA A

—= Not implemented (always reads 0)
«= Reserved (read/write, reset to 0)

Note: Check marks in the table above indicate the register listed to the lefi 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)

0/1 = Reset to 0/1 by falling edge of RESET
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\ n l l- : Register Summary

| EXTENSION REGISTER SUMMARY: 60-7F | Chips' VGA Product Family

Reg = Register Name Bits Access  Port Reset 82C450 64300 6551065530 65540 65545
XR60 Blink Rate Control 8§ RW 3D7 10000011 . 7/ < L/ v/
XR61 SmartMap™ Control 8 RW 3D7 XXXXXXXX < 7/ e
XR62 SmartMap™ Shift Parameter 8 RW 3D7 XXXXXXXX < S 4
XR63 SmartMap™ Color Mapping Control 8 R/W  3D7 X1XX XXXX v /7 7S/
XR64 FP Alternate Vertical Total 8 RW 3D7 XXXX XXXX < Y v/
XR65 FP Alternate Overflow 6 RW 3D7 XXX® ¢XXX VA A 4 4
XR66 FP Alternate Vertical Sync Start 8 R/W 3D7 XXXXXXXX v < v/
XR67 FP Alternate Vertical Syne End 4 RW 3D7 es s e XXXX < S v/
XR68 FP V Panel Size 8§ RW 3D7 XXXXXXXX v 7/ 4
XR69 -reserved- - - 3D7
XR6A -reserved- - - 3D7
XR6B  -reserved- - -- 3D7 . . . .
XR6C Programmable Output Drive 5 RW 3D7 «+00004d- v/ < 7/ 4
XR6D -reserved- - - 3D7 . . .
XR6E Polynomial FRC Control 8 R/W 3D7 10111101 7  / v/
XR6F Frame Buffer Control 3 RW 3D7 Qeesss00 < /7 v
XR70 Setup / Disable Control 1 RW  3D7 0------- v v < /7 v
XR71 -reserved- (GPIO Control) -- -- 3D7 4
XR72 External Device I/O (GPIO Data) 8 R/W 3D7 00000000 v .
XR73 DPMS Control (Misc Control) 4 R/W D7 ----0000 4 v/ 4
XR74 -reserved- (Configuration 2) - - D7 v
XR75 -reserved- (Software Flags 3) - - 3D7 v
XR76 -reserved- - - 3D7
XR77  -reserved- - - D7
XR78 -reserved- - - 3D7
XR79 -reserved- - - 3D7
XR7TA -reserved- - - 3D7
XR7B -reserved- - - 3D7
XR7C -reserved- - - 3D7 .
XR7D FP Compensation Diagnostic 0 R/O 3D7 - - . < /7 /
XR7E CGA/Hercules Color Select 6 R/W 3D7 --XXXxxxx . v/ v
XR7F Diagnostic 8 R/W  3D7 00xxxx00 v/ < /7 S
Reset Codes:  x = Not changed by RESET (indeterminate on power-up) —= Not implemented (always reads 0)

d = Set from the corresponding data bus pin on falling edge of RESET »= Reserved (read/write, reset to 0)

h = Read-only Hercules Configuration Register Readback bits 0/1 = Reset to 0/1 by falling 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)
Revision 2.0 ' 38 65535
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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 Sectup Control register is also used to
place the VGA in normal or setup mode (the Global
Enable Register is accessible only during Setup
mode). The Setup Control register is used only in
ISA bus interfaces; the Video Subsystem Enable
register is used only in Local Bus configurations.
The various internal 'disable’ bits 'OR’ together to
provide multiple ways of disabling the chip; all
'disable' bits must be off to enable access to the
chip. When the chip is 'disabled’ in this fashion,
only bus access is disabled; other functions remain
operational (memory refresh, display refresh, etc).

Note: In setup mode in the IBM VGA, the Global
Setup Register (defined as port address 102) actually
occupies the entire 1/O space. Only the lower 3 bits
are used to decode and select this register. To avoid
bus conflicts with other peripherals, reads should
only be performed at the 10xh port addresses while
in setup mode. To eliminate potential compatibility
problems in widely varying PC systems, CHIPS'
VGA Controllers decode the Global Setup register at
I/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, access to
video RAM, memory page, and horizontal and
vertical sync polarity.

CGA /HERCULES REGISTERS

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

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 Scquencer Clocking Mode Register
controls master clocking functions, video
enable/disable and selects either an 8 or 9 dot

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

CRT CONTROLLER REGISTERS

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

GRAPHICS CONTROLLER REGISTERS

The Graphics Controller Index Register contains a 4-
bit index to the Graphics Controller Registers. The
Set/Reset Register controls the format of the CPU
data to display memory. It also works with the
Enable Set/Reset Register. Reducing 32 bits of
display data to 8 bits of CPU data is accomplished
by the Color Compare Register. Data Rotate
Registers specify the CPU data bits to be rotated and
subjected 1o 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 I/O address range 3C6h-3C%h. Inmos IMSG176
(Brooktree BT471/476) compatible registers are
documented in this manual.

Revision 2.0
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Registers

EXTENSION REGISTERS

The 65535 defines a set of extension registers which
are addressed with the 7-bit Extension Register
Index. The I/O port address is fixed at 3D6-3D7h
and read/write access is always enabled to improve
software performance.

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

1.

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

. General Purpose Registers handle video blanking

and the video default color.

. Backwards Compatibility Registers control

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

. Alternate Horizontal and Vertical Registers

handle all horizontal and vertical timing,
including sync, blank and offset. These are used
for backwards compatibility.

. Flat Panel Registers handle all internal logic

specific to driving of flat panel displays.

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

65535 (Extension Registers) are summarized in the Extension Register Table.

Revision 2.0
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k '-l l l- : Global Control (Setup) Registers
Global Control (Setup) Registers

Register 10 Protect

Mnemonic Register Name Index Access Address Group Page

SETUP Setup Control ~ A 46E8h (ISA bus only) - 41

VSE Video Subsystemn Enable - w 3C3h (Local bus only) - 41

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

SETUP CONTROL REGISTER (SETUP)
Write only at /0 Address 460E8h

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

—

— F Reserved (0)

VGA Enable
— VGA Sep

- Reserved (0)

This register is accessible in ISA bus configurations
It is ignored completely in Local Bus
configurations. It is also ignored if XR70 bit-7 is set

only.

to 1 (the default is 0).
This register is cleared by RESET.

2-0 Reserved ()
3 VGA Enable

0 VGA is disabled
1 VGA isenabled

4  Setup Mode

0 VGA isin Normal Mode
1 VGAisin Sctup Mode

7-5 Reserved (0)

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

[D7|D6]|D5{D4{D3[D2|D1D0|

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).

This register is cleared by RESET.

0  VGA Sleep

0 VGA is disabled
1 VGA isenabled

7-1 Reserved (0)

Revision 2.0
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S R LT O Global Control Registers

GLOBAL ENABLE REGISTER (ENAB)
Read/Write at 1/O Address 102h

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

VGA Sleep

- Reserved (0)

-

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

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

0 VGA Sleep

0 VGA s disabled
1 VGA is enabled

7-1 Reserved (0)

Revision 2.0 42 65535
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\- r' l l- : ® General Control Registers
General Control & Status Registers
Register )1,0) Protect
Mnemonic Register Name Index Access Address Group Page
ST00 Input Status O - R 3C2h - 43
STO1 Input Status 1 - R 3BAh/3DAR - 43
FCR Feature Control - A\ 3BAh/3DARh 5 44
R 3CAh
MSR Miscellaneous Output - w 3C2h 5 44
R 3CCh
INPUT STATUS REGISTER 0 (ST00) INPUT STATUS REGISTER 1 (ST01)
Read only at I/O Address at 3C2h Read only at I/0 Address 3BAh/3DAh
[D7 D6 [Ds D4 D3 [D2]D1 [Do] [D7]D6][Ds[p4]D3[D2]D1[D0]
| DE/Hsync Output
- Reserved (0) —]» Reserved (0)
| Vertical Retrace/Video
- Switch Sense
Video Feedback
I Reserved Reserved (0)
CRT Interrupt Pending VSync Output

3-0
4

Reserved (0)

Switch Sense

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

Reserved

These bits read back 00 in PC and PI bus
configurations and 11 in MC configuration.

CRT Interrupt Pending

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

2-1

Display Enable/HSYNC Output

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

0 Indicates DE or HSYNC inactive
1 Indicates DE or HSYNC active

Reserved (0)
Vertical Retrace/Video

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

0 Indicates VSYNC or video inactive

1 Indicates VSYNC or video active
Video Feedback 1,0

These are diagnostic video bits which are
selected via the Color Plane Enable Register.

Reserved (0)
VSync Output

The functionality of this bit is controlled by
the Emulation Mode register (XR14 bit-6).
It reflects the active status of the VSYNC
output: O=inactive, 1=active.

Revision 2.0
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General Control Registers

FEATURE CONTROL REGISTER (FCR) MISCELLANEOUS OUTPUT REGISTER (MSR)

Write at I/O Address 3BAh/3DAh Write at /O Address 3C2h
Read at IO Address 3CAh Read at 1/O Address 3CCh
Group 5 Protection Group 5 Protection
[D7]D6 D5 D4 [D3 [D2 D1 Do | [D7]D6|Ds|D4[D3| D2 D1{ Do}
|—-- Feature Control I/O Address Select
— | RAM Enable
Reserved (0)
VSync Control Clock Select
] Reserved (0)
Page Select
- Reserved (0) HSync Polarity
VSync Polarity

1-0 Feature Control

These bits are used internal to the chip in
conjunction with the Configuration Register
(XR0O1). When ¢nabled by XRO1 bits 2-3
and Misc Output Register bits 3-2 = 10,
these bits determine the pixel clock
frequency typically as follows:

FCR1:0 = 00 = 40.000 MHz
FCR1:0 = 01 = 50.350 MHz
FCR1:0 = 10 = User defined
FCR1:0=11=44.900 MHz

This preserves compatibility with drivers
developed for earlier generation Chips and
Technologies VGA controllers.

Reserved (0)
Vsync Control
This bit is cleared by RESET.

0 VSync output on the VSYNC pin
1 Logical 'OR' of VSync and Display
Enable output on the VSYNC pin
This capability is not typically very useful,
but is provided for IBM compatibility.

7-4 Reserved (0)

CRT Display Sync Polarities

{]
P >480Line Variable Variable
P 200Line 15.7 KHz 60 Hz
P 350Line 21.8 KHz 60 H:z
N 400Line 31.5 KHz 70 Hz
N 480Line 31.5 KHz 60 Hz

ZwZv9v

This register is cleared by RESET.

0

3-2

I/O Address Select

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

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

RAM Enable

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

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

MSR3:2 = 00 = Select CLKO
MSR3:2 = 01 = Select CLK1
MSR3:2 = 10 = Select CLK?2
MSR3:2 =11 = Select CLK3

See extension register XRO1 bits 2-3
(Configuration) and FCR bits 0-1 for
variations of the above clock selection
mapping. See also XRI1F (Virtual Switch
Register) for additional functionality
potentially controlled by these bits.

Reserved (0)

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

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

(Blank Fin polarity can be controlled via the
Video Interface Register, XR28). XRS5
bits 6-7 are used to control H/V sync
polarity instead of these bits if XR51 bit-2 =
1 (display type = flat panel).

Revision 2.0
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HH CGA /H les Resi
(W o] r - GA / Hercules Registers
CGA / Hercules Registers

Register 0 Protect

Mnemonic Register Name Index Access Address Group Page
MODE CGA/Hercules Mode - R/W 3D8h - 45
COLOR CGA Color Select - R/W 3D%h - 46
HCFG Hercules Configuration - R/W 3BFh - 46
CGA /HERCULES MODE CONTROL CGA Mono/Color Mode

REGISTER (MODE)
Read/Write at 1/O Address 3B8h/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 Seclect 40 column CGA text mode
1 Select 80 column CGA text mode
1  CGA/Hercules Graphics/Text Mode

0 Select text mode
1 Select graphics mode

0 Select CGA color mode
1 Select CGA monochrome mode

CGA/Hercules Video Enable

0 Blank the screen
1 Enable video output

CGA High Resolution Mode

0 Select 320x200 graphics mode
1 Select 640x200 graphics mode

CGA/Hercules Text Blink Enable
0 Disable character blink attribute (blink
attribute bit-7 used to control back-
ground intensity)
1 Enable character blink attribute

Reserved (0)

Hercules Page Select
0 Select the lower part of memory
(starting address BOOOOh) in Hercules
Graphics Mode
1 Select the upper part of the memory
(starting address B800Oh) in Hercules
Graphics Mode

Revision 2.0 45
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--L n ' r : CGA /Hercules Registers

CGA COLOR SELECT REGISTER (COLOR) HERCULES CONFIGURATION
Read/Write at /O Address 3D9h REGISTER (HCFG)
Write only at 1/O Address 3BFh
[D7]D6[D5]D4[D3[D2]D1{DO] [D7]Ds]D5|D4[D3|D2|D1]Do]
I—— Color bit-0 (Blue) Enable Graphics Mode

Color bit-1 (Green) Enable Memory Page 1

Color bit-2 (Red) ]

Color bit-3 (Intensity)

Intensity Enable

Color Set Select - Reserved (0)

:I» Reserved (0)

This register is effective only in CGA modes. It is This register is effective only in Hercules mode. Itis

accessible if CGA emulation mode is selected or the accessible in Hercules emulation mode or if the

extension registers are enabled. This register may extension registers are enabled. It may be read back
also be read or written as an Extension Register through XR 14 bits 2 & 3. Itis cleared by RESET.

(XR7E). Itiscleared by RESET. 0  Enable Graphics Mode

30 Color 0 Lock the chip in Hercules text mode.

320x200 4-color: Background Color (color In this mode, the CPU has access only

when the pixel value is 0) to memory address range B0OOOOh-

B7FFFh (in text mode the same area
of display memory wraps around 8
times within this range such that

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

this register. : B0O00O0 accesses the same display
640x200 2-color: memory location as B1000, B2000,
Foreground Color (color when the pixel etc.).
valueis 1) 1 Permit entry to Hercules Graphics
The background color (color when the pixel - mode
value is Q) is black. 1 Enable Memory Page 1
4  Intensity Enable 0 Prevent setting of the Page Select bit
. . e (bit 7 of the Hercules Mode Control
Text Mode: gn?(bles g)terlmfled Register). This function also restricts
ackground colors memory usage to addresses BOOOOh-
320x200 4-color:  Enables intensified B7FFFh,
colors 0-3 1 The Page Select bit can be set and the
} . . upper part of display memory
640x200 2-color: - Don't care (addresses B8000Oh - BFFFFh) is
5  Color Set Select available.
This bit selects one of two available CGA 7-2  Reserved (0)
color palettes to be used in 320x200
graphics mode (it is ignored in all other
modes) according to the following table:
Pixel Color Set Color Set
Value 0 1
0 0 Colorperbits 0-3  Color per bits 0-3
01 Green Cyan
10 Red Magenta
11 Brown White
7-6 Reserved (0)
Revision 2.0 46 65535
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PiE8 S Regi
\ n ' r : equencer Registers
Sequencer Registers

Register 10 Protect
Mnemonic Register Name Index  Access Address Group Page
SRX Sequencer Index - R/W 3C4h 1 47
SR0O Reset 00h R/W 3C5h 1 47
SRO1 Clocking Mode O1h R/W 3Csh 1 48
SR02 Plane/Map Mask 02h R/W 3C5h 1 48
SRO3 Character Font 03h R/W 3Cs5h 1 49
SR04 Memory Mode 04h R/W 3C5h 1 50
SRO7 Horizontal Character Counter Reset 07h W 3C5h - 50

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

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

=

This register is cleared by reset.

2-0 Sequencer Index

- Reserved (0)

——r Sequencer Index

These bits contain a 3-bit Sequencer Index
value used to access sequencer data registers

at indices O through 7.

7-3  Reserved (0)

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

Index O0h

Group 1 Protection

[D7]D6]D5]D4[D3[D2[D1]D0O]

Async Reset
Sync Reset

- Reserved (0)

7-2

Asynchronous Reset

0 Force asynchronous reset
1 Normal operation

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

Synchronous Reset

0 Force synchronous reset
1 Nommal operation

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

Reserved (0)
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\ n ' r : Sequencer Registers
SEQUENCER CLOCKING MODE SEQUENCER PLANE/MAP MASK

REGISTER (SR01) REGISTER (SR02)

Read/Write at I/O Address 3C5h Read/Write at 1/O Address 3C5h

Index 01h Index 02h

Group 1 Protection Group 1 Protection

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

8/9 Dot Clocks
Reserved (0) EE—
Shift Load b | Color Plane Enable
Input Clock Divide
Shift 4

Screen Off

- Reserved (0)

:|~ Reserved (0) |

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

This bit determines whether a character clock
is 8 or 9 dot clocks long.

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

0 Write protect corresponding color
plane

1 Allow write to corresponding
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 gvery 7-4 Reserved (0)
character clock
1 Load video data shift registers gvery
other character clock
Bit-4 of this register must be 0 for this bit to
be effective.

3  Input Clock Divide

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

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

4  Shift4

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

1 Load shift registers every 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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CHARACTER FONT SELECT The following table shows the display memory plane
REGISTER (SR03) selected by the Character Generator Select A and B
Read/Write at 1/0 Address 3C5h bits.
Index 03h
. Code Character Generator Table Location
Group 1 Protection 0 First 8K of Plane 2
1 Second 8K of Plane 2
ID7[D6|D51D4|D3|D2]D1 IDOI 2 Third 8K of Plane 2
3 Fourth 8K of Plane 2
Font Select B bit-1 4 Fifth 8K of Plane 2
Font Select B bit-2 5 Sixth 8K of Plane 2
Font Select A bit-1 6 S(_:venth 8K of Plane 2
Font Select A bit-2 7 Eighth 8K of Plane 2
Font Select B bit-0 where 'code’ is:
Font Select A bit-0 Character Generator Select A (bits 3, 2, 5) when
1 bit-3 of the the attribute byte is one.
Reserved (0) Character Generator Select B (bits 1, 0, 4) when

bit-3 of the attribute byte is zero.

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

fonts 0 and 4 are available.

1-0  High order bits of Character Generator
Select B

3-2  High order bits of Character Generator
Select A

4 Low order bit of Character Generator
Select B

5 Low order bit of Character Generator
Select A

7-6  Reserved (0)
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Sequencer Registers

SEQUENCER MEMORY MODE
REGISTER (SR(4)

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

Group 1 Protection

[D7]Ds[D5[D4]D3]D2]D1]D0]

Reserved
Extended Memory
(Odd/Even Mode
Quad Four Mode

Reserved (0)

0  Reserved (0)
1  Extended Memory

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

This bit should nonnaHy be 1.
2 Odd/Even Mode

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

1 All planes are accessed simultaneously
(IRGB color)

Bit-3 of this register must be O for this bit to
be effective. This bit affects only CPU write
accesses to display memory.

3 Quad Four Mode

0 CPU addresses are mapped to display
memory as defined by bit-2 of this
register

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

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

7-4 Reserved (0)

SEQUENCER HORIZONTAL CHARACTER
COUNTER RESET (SR07)

Read/Write at I/O Address 3C5h

Index 07h

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

= Don't Care

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

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

This is a standard VGA register which was not
documented by IBM.
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L n ' r : CRT Controller Registers
CRT Controller Registers

Register 10 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 Enable End 01h R/W 3B5h/3D5h 0 52

CRO2 Horizontal Blank Start 02h R/W 3BSh/3D5Sh 0 53

CRO3 Horizontal Blank End 03h R/W 3B5h/3D5h 0 53

CR0O4 Horizontal Sync Start 04h R/W 3B5h/3D5h 0 54

CRO5 Horizontal Sync End 05h R/W 3B5h/3D5h 0 54

CRO6 Vertical Total 06h R/W 3B5h/3D5h 0 55

CRO7 Overflow 07h R/W 3B5h/3D5h 0/3 55

CRO8 Preset Row Scan 08h R/W 3BSh/3D5h 3 56

CR0O9 Maximum Scan Line 0%h R/W 3B5Sh/3D5h 2/4 56

CROA Cursor Start Scan Line 0Ah R/W 3BSh/3D5h 2 57

CROB Cursor End Scan Line OBh R/W 3BSh/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 WorR/W  3B5h/3D5h 4 55

CR11 Vertical Sync End (See Note 2) 11h WorR/W  3B5Sh/3D5h 3/4 59

CR10 Lightpen High (See Note 2) 10h R 3B5h/3D5h - 59

CR11 Lightpen Low (See Note 2) 11h R 3BSh/3D5h - 59

CR12 Vertical Display Enable End 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 Line Compare 18h R/W 3B5h/3D5Sh 3 63

CR22 Memory Data Latches 22h R 3B5h/3D5h - 64

CR24 Attribute Controller Toggle 24h R 3B5h/3D5h - 64

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

Note 2: In the EGA, all CRTC registers except the cursor (CROC-CROF) and light pen (CR10 and CR11)
registers are write-only (i.e., no read back). In both the EGA and VGA, the light pen registers are at
index locations conflicting with the vertical sync registers. This would normally prevent reads and writes
from occurring at the same index. Since the light pen registers are not normally useful, the VGA
provides software control (CRO3 bit-7) of whether the vertical sync or light pen registers are readable at
indices 10-11.
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LW o | | = CRT Controller Registers

CRTC INDEX REGISTER (CRX) HORIZONTAL DISPLAY ENABLE END
Read/Write at 110 Address 3B4h/3D4h REGISTER (CRO01)
Read/Write at I)O Address 3B5h/3D5h
Index 01h
[D7]D6|Ds{D4]D3|D2[D1]{DO| Group 0 Protection
{D7|D6[Ds|D4|D3[D2[D1{Do]
- CRTC Index ]
] - Horizontal Display
T Reserved (0)
5-0 CRTC Data Register Index
i

7-6 Reserved (0)

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

HORIZONTAL TOTAL REGISTER (CR00) . . :

Read/Write at /O Address 3B5h/3DSh 7-0  Horizontal Display

Index 00h Number of Characters displayed per scan
Group 0 Protection line — 1.

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

- Horizontal Total

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

7-0 Horizontal Total

Total number of character clocks per line =
contents of this register + 5. This register
determines the horizontal sweep rate.
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HORIZONTAL BLANK START HORIZONTAL BLANK END

REGISTER (CR02) REGISTER (CR03)

Read/Write at 110 Address 3B5hi3D5h Read/Write at 11O Address 3B5h/3D5h

Index 02h Index 03h

Group 0 Protection Group 0 Protection

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

- H Blank Start

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

7-0 Horizontal Blank Start

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

[D7]D6]D5[D4]D3[D2][D1[Do}

-

- H Blank End

| DE Skew Control
Light Pen Register Enable

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

4-0 Horizontal Blank End

These are the lower 5 bits of the character
clock count used to define the end of
horizontal blank. The interval between the
end of horizontal blank and the beginning of
the display (a count of 0) is the left side
border on the screen. If the horizontal blank
width desired is W clocks, the 5-bit value
programmed in this register = [contents of
CRO2 + W] and 1Fh. The most significant
bit is programmed in CROS bit-7. This bit =
[( CRO2 + W) and 20h}]/20h.

Display Enable Skew Control

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

7  Light Pen Register Enable

This bit must be 1 for normal operation,
when this bit is 0, CRTC registers CR10
and CR11 function as lightpen readback
registers,
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CHirrs CRT Controller Registers
HORIZONTAL SYNC START HORIZONTAL SYNC END

REGISTER (CR04) REGISTER (CR05)

Read/Write at I/O Address 3BSh/3D5h Read/Write at I/O Address 3B5h/3D5h

Index O4h Index 05h

Group 0 Protection Group 0 Protection

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

- Horizontal Sync Start

i

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

7-0 Horizontal Sync Start

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

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

- Horizontal Sync End

- Horizontal Sync Delay
H Blank End Bit 5

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

4-0 Horizontal Sync End

Lower 5 bits of the character clock count
which specifies the end of Horizontal Sync.
If the horizontal sync width desired is N
clocks, then these bits = (N + contents of
CRO4) and 1Fh.

6-5 Horizontal Sync Delay

These bits specify the number of character
clocks that the Horizontal Sync is delayed to
compensate for intemal pipeline delays.

7  Horizontal Blank End Bit 5

This bit is the sixth bit of the Horizontal
Blank End Register (CR03).
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CRT Controller Registers

VERTICAL TOTAL REGISTER (CR06)
Read/Write at /O Address 3B5h/3D5h
Index 06h

Group 0 Protection

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

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

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

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

Programmed Count = Actual Count — 2

OVERFLOW REGISTER (CR07)
Read/Write at /O Address 3BShi3D5h
Index 07h

Group 0 Protection on bits 0-3 and bits 5-7
Group 3 Protection on bit 4

[D7]ps]Ds] 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 Total Bit 9

V DE End Bit 9

V Sync Start Bit 9

This register is used in all modes.

0

NN AW N =

Vertical Total Bit 8

Vertical Display Enable End Bit 8
Vertical Sync Start Bit 8

Vertical Blank Start Bit 8

Line Compare Bit 8

Vertical Total Bit 9

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

PRESET ROW SCAN REGISTER (CR08)
Read/Write at I/O Address 3B5h/3D5h
Index 08h

Group 3 Protection

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

- Start Row Scan Count

- Byte Panning Control
Reserved (0)

4-0 Start Row Scan Count

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

6-5 Byte Panning Control

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

7  Reserved (0)

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

Index 09h

Group 2 Protection on bits 0-4

Group 4 Protection on bits 5-7

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

Scan Lines Per Row

V Blank Start Bit 9

Line Compare Bit 9

Double Scan

Scan Lines Per Row

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

Programmed Value = Actual Value — 1
Vertical Blank Start Register Bit 9
Line Compare Register Bit 9
Double Scan

0 Nommal Operation
1 Enable scan line doubling

The vertical parameters in the CRT
Controller (even for a split screen) are not
affected, only the CRTC row scan counter
(bits 0-4 of this register) and display
memory addressing screen refresh are
affected.
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CURSOR START SCAN LINE CURSOR END SCAN LINE

REGISTER (CR0OA) REGISTER (CR0B)

Read/Write at I/0 Address 3B5Shi3D5h Read/Write at I/O Address 3B5Sh/3D5h

Index 0Ah Index OBh

Group 2 Protection Group 2 Protection

[D7]Ds]Ds[p4[D3]D2[D1[DO]

Cursor Start Scan Line

Cursor off

]» Reserved (0)

4-0 Cursor Start Scan Line

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

5  Cursor Off

0 Text Cursor On
1 Text Cursor Off

7-6  Reserved (0)

[D7[Ds[D5|D4[D3|D2|D1{DO}

- Cursor End Scan Line

-

- Cursor Delay

4-0

6-5

7

— Reserved (0)

Cursor End Scan Line

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

Programmed Value = Actual Value + 1

Cursor Delay

These bits define the number of character
clocks that the cursor is delayed to
compensate for internal pipeline delay.

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 (CR0C)
Read/Write at I/O Address 3B5h/3D5h
Index OCh

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

7-0 Display Start Address High

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

respectively.

START ADDRESS LOW REGISTER (CR0D)
Read/Write at I/O Address 3B5h/3D5h
Index ODh

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

-

7-0 Display Start Address Low

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

Screcn.

- Display Start Address High
(Upper 8 bits)

- Display Start Address Low
(Lower 8 bits)

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

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

- Text Cursor Address
(Upper 8 bits)

7-0  Text Cursor Location High

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

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

{D7[D6 D5 |D4 [p3]D2 D1 [Do]

I~ Text Cursor Address
(Lower 8 bits)

i

7-0  Text Cursor Location Low

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

LIGHTPEN HIGH REGISTER (CR10)
Read only at 1/O Address 3B5h/3D5h
Index 10h

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

LIGHTPEN LOW REGISTER (CR11)
Read only at IO 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/Write at 110 Address 3B5h/3D5h

Index 10h

Group 4 Protection

[D7]D6]Ds5]D4]D3]D2[D1 {DO]

L

- V Sync Start
(Lower 8§ bits)

This register is used in all modes. This register is
not readable in (Line Compare bit-9) MDA/Hercules
emulation or when CRO3 bit-7=1.

7-0  Vertical Sync Start

The eight low order bits of a 10-bit register.
The 9th and 10th bits are located in the
CRTC Overflow Register. They define the
scan line position at which Vertical Sync
becomes active.

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

Index 11h

Group 3 Protection for bits 4 and 5

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

[D7]D6]Ds[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

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

5  Vertical Interrupt Enable

0 Enable vertical interrupt (default)
1 Disable vertical interrupt

This bit is cleared by RESET.
6  Select Refresh Type

0 3 refresh cycles per scan line
1 5 refresh cycles per scan line

7  Group Protect 0

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

0 Enable writes to CR00-CRO7
1 Disable writes to CROO-CRO7

CRO7 bit-4 (Line Compare bit-9) is not
affected by this bit.
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VERTICAL DISPLAY ENABLE END UNDERLINE LOCATION REGISTER (CR14)
REGISTER (CR12) Read/Write at 1/0 Address 3B5h/3D5h
Read/Write at I/O Address 3B5h/3D5h Index 14h
Index 12h Group 3 Protection
Group 4 Protection
[D7]|D6|D5|D4]D3|D2{D1]DO] [D7]D6|Ds|D4]D3[D2[D1]DO}
Underline Position
-V Display Enable End
(Lower 8 bits) Count by 4
Doubleword Mode
J Reserved (0)
7-0  Vertical Display Enable End 4-0 Underline Position
These are the eight low order bits of a 10-bit These bits specify the underline's scan line
register. The 9th and 10th bits are located in position within a character row.

the CRT Controller Overflow register. The

actual count = Contents of this register + 1. Programmed Value = Actual scan line

number — 1

OFFSET REGISTER (CR13) 5 Count by 4 for Doubleword Mode
Read/Write at I'O Address 3B5h/3D5h 0 Frame Buffer Address is incremented

Index 13h bylor2
Group 3 Protection 1 Frame Buffer Address is incremented

by 4 or 2
[D7]D6|D5|D4|D3|D2{D1]Do] See CR17 bit-3 for further details.
6  Doubleword Mode

0 Frame Buffer Address is byte or word
address
1 Frame Buffer Address is doubleword

- Display Buffer Width address

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

7-0 Display Buffer Width. The byte starting 7  Reserved (0)
address of the next display row = Byte Start
Address for current row + K* (CR13 +
Z/2), where Z = bit defined in XROD, K =2
in byte mode, and K = 4 in word mode.
Byte, word and double word mode is
selected by bit-6 of CR17 and bit-6 of
CR14. A less significant bit than bit-0 of
this register is defined in the Auxiliary Offset
register (XROD). This allows finer
resolution of the bit map width. Byte, word
and doubleword mode affects the translation
of the 'logical’ display memory address to
the 'physical’ display memory address.
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VERTICAL BLANK START VERTICAL BLANK END

REGISTER (CR15) REGISTER (CR16)

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

Index 15h Index 16h

Group 4 Protection Group 4 Protection

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

- V Blank Start
(Lower 8 bits)

This register is used in all modes.

7-0  Vertical Blank Start

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

{D7|D6]|D5|D4[D3|D2]|D1DO|

- V Blank End
(Lower 8 bits)

This register is used in all modes.

7-0 Vertical Blank End

These are the 8 low order bits of the scan
line count which specifies the end of Vertical
Blank. If the vertical blank width desired is
Z lines these bits = (Vertical Blank Start + Z)
and OFFh.
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CRT Controller Registers

CRT MODE CONTROL REGISTER (CR17)
Read/Write at I)O Address 3BSh/3D5h

Index 17h

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

[D7]Ds|D5|D4|D3[D2|D1|Do0]

Compatibility Mode
Select Row Scan Counter
Vsync Select

Count by 2

Reserved (0)

Address Wrap

Word/Byte Mode

CRTC Reset

0  Compatibility Mode Support

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

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

1 Normal operation, no substitution
takes place

1  Select Row Scan Counter

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

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

1 Normal operation, no substitution
takes place

2 Vertical Sync Select

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

Count By Two

0 Memory address counter is
incremented every character clock

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

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

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

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. Used in IBM CGA mode.
1 Nomnal operation (extended mode).

Word Mode or Byte Mode

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

1 Select byte mode

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

CR14 CR17

Bit-6 Bit-6 Addressing Mode
0 0 Word Mode
0 1 Byte Mode
1 0 Double Word Mode
1 1 Double Word Mode

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

CRTC Reset

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

This bit is cleared by RESET.
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\ n l r : CRT Controller Registers
Display memory addresses are affected by CR17 bit LINE COMPARE
6 as shown in the table below: REGISTER (CR18)
Read/Write at 1/O Address 3B5hi3D5h
Logical Physical Memory Address Index 18h
Memory Byte Word Double Word Group 3 Protection
éd_drm Mode Mode Mode
MAOO AQ0O Note 1 Note 2 [D7]Ds[Ds[D4]D3[D2[D1 Do)
MAOI1 A01 AQO Note 3 _
MAQO2 AQ2 A0l AQ0
MAO3 A03 A02 A0l I
MAM4 A4 AQ3 AQ2
MAOS AQ5 Al4 AQ3
MAO06 A06 A0S AN ]
MAQ7 AO7 A06 A0S - Line Compare Target
MAQO8 A08 AQ7 AQ6 (Lower 8 bits)
MAQ9 AQ9 A0S AQ7
MAI10 Al10 AQ9 A08
MAI11 All A10 AQ9 -
MA12 Al2 All Al0 )
MAI13 Al3 Al12 All 7-0  Line Compare Target
MAI14 Al4 Al3 Al2 : :
MAIS AlS Ald Al3 These are the low order 8 bits of a 10-bit

Note 1 = A13 * NOT CR17 bit 5

+Al5*CR17bit 5
Note 2 = A12 xor (A14 * XR04 bit 2)
Note 3 = A13 xor (A15 * XR04 bit 2)

register. The 9th and 10th bits are located in
the CRT Controller Overflow and Maximum
Scan Line Registers, respectively. This
register is used to implement a split screen
function. When the scan line counter value
is equal to the contents of this register, the
memory address counter is cleared to 0. The
display memory address counter then
sequentially addresses the display memory
starting at address 0. Each subsequent row
address is generated by the addition of the
Offset Register contents. This register is not
affected by the double scanning bit (CR09
bit 7).
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I I CRT Controller Registers

MEMORY DATA LATCH ATTRIBUTE CONTROLLER TOGGLE
REGISTER (CR22) REGISTER (CR24)
Read only at I/0 Address 3B5Sh/3D5Sh Read only at I)O Address 3B5Sh/3D5h
Index 22h Index 24h
[D7|D6|D5|D4|D3[D2]|D1{DO| |D7|D6]|D5|D4{D3[D2|D1]DO|
Data Latch n Bit 7 '
Data Latch n Bit 6 e
Data Latch n Bit 5 )
Data Latch n Bit 4 bt | Reserved (0)
Data Latch n Bit 3
Data Latch n Bit 2
Data Latchn Bit 1 d
Data Latch n Bit.0 Index (0) / Data (1)
This register may be used to read the state of 6-0 Reserved (0)
Graphics Controller Memory Data Latch 'n’, where
'n' is controlled by the Graphics Controller Read 7 Index/Data
Map Select Register (GR04 bits 0-1) and is in the This bit may be used to read back the state of
range 0-3. the attribute controller index/data latch. This
Writes to this register are not decoded and will be latch indicates whether the next write to the
ignored. attribute controller at 3COh will be to the
This is a standard VGA register which was not register index pointer or to an indexed
documented by IBM. register.

0 Next write is to the index
1 Next write is to an indexed 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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] Graphi troller Regi
WHIrs raphics Controller Registers
Graphics Controller Registers

Register 10 Protect
Mnemonic Register Name Index Access Address Group Page
GRX Graphics Index - R/W 3CEh 1 65
GROO Set/Reset 00h R/W 3CFh 1 65
GRO1 Enable Set/Reset O1h R/W 3CFh 1 66
GRO2 Color Compare 02h R/W 3CFh 1 66
GRO3 Data Rotate 03h R/W 3CFh 1 67
GRO4 Read Map Select 04h R/W 3CFh 1 67
GROS5 Graphics mode 05h R/W 3CFh 1 68
GRO6 Miscellaneous 06h R/W 3CFh 1 70
GRO7 Color Don't Care 07h R/W 3CFh 1 70
GROS Bit Mask 08h R/W 3CFh 1 71

GRAPHICS CONTROLLER SET/RESET REGISTER (GR00)

INDEX REGISTER (GRX) Read/Write at I!0 Address 3CFh

Write only at I/O Address 3CEh Index 00h

Group 1 Protection

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

+—— | Index to Graphics

- Controller Data
Registers

- Reserved (0)

3-0 4-bit Index to Graphics Controller Registers
7-4  Reserved (0)

Group 1 Protection

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

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

Reserved (0)

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

3-0

7-4

Set / Reset Planes 3-0

When the Graphics Mode register selects
Write Mode 0, all 8 bits of each display
memory plane are set as specified in the
corresponding bit in this register. The
Enable Set/Reset register (GR01) allows
selection of some of the source of data to be
written to individual planes. In Write Mode
3 (see GROS5), these bits determine the color
value.

Reserved (0)
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Graphics Controller Registers

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

Index 02h

Group 1 Protection

ENABLE SET/RESET REGISTER (GR01)
Read/Write at 1/0 Address 3CFh

Index 01h

Group 1 Protection

[D7]D6[Ds5 [D4]D3{D2[P1]DO] D7{D6|Ds[D4[D3][D2]D1[D0]

Enable Set/Reset Bit 0 Color Compare (Plane 0)
Enable Set/Reset Bit 1 Color Compare (Plane 1)
Enable Set/Reset Bit 2 Color Compare (Plane 2)
Enable Set/Reset Bit 3 Color Compare (Plane 3)
Reserved (0) Reserved (0)

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

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

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

1 The corresponding plane is set to O or

This register is used to 'reduce’ 32 bits of
memory data to 8 bits for the CPU in 4-
plane graphics mode. These bits provide a
reference color value to compare to data read
from display memory planes 0-3. The Color
Don't Care register (GR07) is used to affect
the result. This register is active only if the
Graphics Mode register (GR0O5) is set to
Read Mode 1. A match between the
memory data and the Color Compare register

1 as specified in the Set/Reset Register
7-4 Reserved (0)

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

7-4 Reserved (0)
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Graphics Controller Registers

DATA ROTATE REGISTER (GR03)
Read/Write at /O Address 3CFh
Index O3h

Group I Protection

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

Rotate Count 0
Rotate Count 1
Rotate Count 2

Function Select

Reserved (0)

2-0

4-3

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 Sclect
bit field. The rotate function is active only if
the Graphics Mode register is programmed
for Write Mode 0.

Function Select

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

Bit4 Bit3 Result
0 0 No change to the Data
0 1 Logical '"AND' between Data

and latched data
1 0 Logical 'OR' between Data
and latched data
1 1 Logical 'XOR' between Data
and latched data
Reserved (0)

READ MAP SELECT REGISTER (GR04)
Read/Write at 1/0 Address 3CFh

Index 04h

Group 1 Protection

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

L Read Map Select 0
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 graphics mode. These bits select the
memory plane from which the CPU reads
data in Read Mode 0. In Odd/Even mode,
bit-0 is ignored. In Quad mode, bits 0 and 1
are both ignored.

The four memory maps are selected as

follows:
Bit1 Bit0 Map Selected
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 Controller Registers

GRAPHICS MODE REGISTER (GR05)
Read/Write at I/O Address 3CFh

Index O5h

Group 1 Protection

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

bee—— | Write Mode
Reserved (0)
Read Mode
Odd/Even Mode

] Shift Register Mode
Reserved (0)

1-0 Write Mode

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

1 0 Write Mode

0 0 Write mode 0. Each of the four
display memory planes is written
with the CPU data rotated by the
number of counts in the Rotate
Register, except when the
Sct/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.

0 1 Write mode 1. Each of the four
display memory planes is written
with the data previously loaded in
the processor latches. These
latches are loaded during all read
operations.

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

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

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

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

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

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

planes as selected in the Read Map
Select register.

The CPU reads the 8-bit result of the
logical comparison between all eight
pixels in the four display planes and
the contents of the Color Compare and
Color Don't Care registers. The CPU
reads a logical 1 if a match occurs for
each pixel and logical 0 if a mis-match
occurs. In 16-bit read cycles, this
operation is repeated on the lower and

upper bytes.

(Continued on following page)
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\ n l r : Graphics Controller Registers

4  Odd/Even Mode
0 All CPU addresses sequentially access all planes

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

6-5  Shift Register Mode

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

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

00: MODO MOD1 MOD2 MOD3 MOD4 MOD5S MOD6 MOD7 Bit 0
MIDO MiID1 MiID2 MID3 Mi1D4 MID5 MID6 MID7 Bitl
M2DO M2D1 M2D2 M2D3 M2D4 M2D5 M2D6 M2D7 Bit 2
M3DO M3D1 M3D2 M3D3 M3D4 M3D5 M3D6 M3D7 Bit 3

01: MIDO MID2 MID4 MID6 MODO MOD2 MOD4 MOD6 Bit 0
MID1 MID3 MIDS MID7 MOD1 MOD3 MODS MOD7 Bit 1
M3DO M3D2 M3D4 M3D6 M2D0 M2D2 M2D4 M2D6 Bit 2
M3D1 M3D3 M3DS M3D7 M2D1 M2D3 M2D5S M2D7 Bit 3

1x: M3DO M3D4 M2D0 M2D4 MIDO MiD4 MODO MOD4 Bit0
M3D1 M3D5 M2D1 M2D5S MID1I MID5S MOD1 MODS Bit 1
M3D2 M3D6 M2D2 M2D6 MID2 MID6 MOD2 MOD6 Bit 2
M3D3 M3D7 M2D3 M2D7 MID3 MID7 MOD3 MOD7 Bit3

Note:  If the Shift Register is not loaded every character clock (see SR0O1 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 a large monochrome (or 4 color) bit map and
display one portion thereof.

Note:  If XR28 bit-4 is set (8-bit video path), GROS bit-6 must be set to 0:

Ox and XR28 bit-4=1: M3DO M2D0 MIDO MODO BitO
M3D1 M2D1 MiID1 MODI Bit 1
M3D2 M2D2 MID2 MOD2 Bit 2
M3D3 M2D3 MID3 MOD3 Bit 3
M3D4 M2D4 MID4 MOD4 Bit4
M3D5S M2D5S MID5S MODS Bit5
M3D6 M2D6 MID6 MOD6 Bit 6
M3D7 M2D7 MID7 MOD7 Bit7

7  Reserved (0)
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PR R I ® Graphics Controller Registers

MISCELLANEOUS REGISTER (GR06) COLOR DON'T CARE REGISTER (GR07)
Read/Write at I/O Address 3CFh Read/Write at I/O Address 3CFh
Index 06h Index O7h
Group 1 Protection Group 1 Protection
[D7]D6]D5{D4{D3[D2|D1]DO] [D7{D6[Ds5|D4|D3]D2[D1]DO]
Graphics/Text Mode Ignore Color Plane 0
— Chain Odd/Even Planes Ignore Color Plane 1
Ignore Color Plane 2
T Memory Map Mode - Ignore Color Plane 3
- Reserved (0) Reserved (0)
0  Graphics/Text Mode 3-0 Ignore Color Plane (3-0)
0 Text Mode 0 This causes the corresponding bit of
1 Graphics mode the Color Compare register to be a

don't care during a comparison.

1  Chain Odd/Even Planes
1 The corresponding bit of the Color

This n}odedcianlbe used to double the address Compare register is enabled for color
Space 1nto display memory. comparison. This register is active in
1 CPU address bit AO is replaced by a Read Mode 1 only.
higher order address bit. The state of .
AQ determines which memory plane is 7-4 Reserved (0)
to be selected:

A0 =0: select planes 0 and 2
A0 =1: select planes 1 and 3

0 AOnot replaced
3-2  Memory Map Mode

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

Bit3 Bit2 CPU Address

0 0 A0000h-BFFFFh
0 1 AO000Oh- AFFFFh
1 0 B0000Oh-B7FFFh
1 1 B8000h-BFFFFh

7-4 Reserved (0)
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Graphics Controller Registers

BIT MASK REGISTER (GR0S)
Read/Write at I/ O Address 3CFh
Index 08h

Group 1 Protection

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

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

7-0 Bit Mask

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

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

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

Attribute Controller and VGA Color Palette Registers

Register 10 Protect
Mnemonic Register Name Index Access Address Group Page
ARX Attribute Index (for 3C0/3C1h) - R/W 3C0Oh 1 73
AR0OO-AROF Attribute Controller Color Data 00-0Fh R/W 3COh/3Clh 1 74
AR10 Mode Control 10h R/W 3CO0h/3Clh 1 74
ARI11 Overscan Color 11h R/W  3COn/3Cih 1 75
AR12 Color Plane Enable 12h R/W 3COn3Clh 1 75
AR13 Horizontal Pixel Panning 13h R/W 3C0h/3Clh 1 76
AR14 Pixel Pad 14h R/W  3C0h3Cih 1 76
DACMASK Color Palette Pixel Mask - R/W 3C6h 6 77
DACSTATE Color Palette State - R 3C7h - 77
DACRX Color Palette Read-Mode Index - w 3C7h 6 78
DACX Color Palette Index (for 3C9h) - R/W 3C8h 6 78
DACDATA Color Palette Data 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 (3COh) REGISTER (ARX)

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

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

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

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

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

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

the Data Register is ready to be accessed. Every 1/0 Index to

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

flip-flop does not have any effect on the reading of [ Atribute Controller
the Attribute Controller registers. The Attribute Data Registers

Controller index register is always read back at
address 3COh, the data register is always read back
at address 3C1h.

In one of the extended modes (See "CPU Interface
Register™), the Attribute Controller Index register is
located at address 3C0h and the Attribute Controller
Data register is located at address 3C1h (1o allow
word I/O accesses). In another extended mode, the
Attribute Controller can be both read and writtcn at
either 3COh or 3C1h (EGA compatible mode).

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

Enable Video

T Reserved (0)

4-0 Attribute Controller Index

These bits point to one of the internal
registers of 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 (AR0O-
AROF) 1o be inaccessible to the CPU

Reserved (0)
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Attribute Controller and Color Palette Registers

ATTRIBUTE CONTROLLER
COLOR REGISTERS (AR0O-AROF)
Read at I/O Address 3C1h

Write at 1/O Address 3C0/1h

Index 00-0Fh

Group 1 Protection or XR63 bit-6

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

Blue

t———— Green

Red

Secondary Blue
Secondary Green
Secondary Red

]~ Reserved (0)

5-0 Color Value

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

7-6  Reserved (0)

ATTRIBUTE CONTROLLER

MODE CONTROL REGISTER (AR10)
Read at 1/O Address 3C1h

Write at I/O Address 3C0/1h

Index 10h

Group 1 Protection

[D7]D6[Ds|D4[D3][D2|D1 o]

Text/Graphics Mode
Mono/Color Display
Enable Line Graphics
Select Background
Reserved (0)

Horizontal Split Screen
256 Color

Video Output 4-5 Select

0  Text/Graphics Mode

0 Select text mode
1 Select graphics mode

1  Monochrome/Color Display

0 Select color display attributes
1 Select mono display attributes

Enable Line Graphics Character Codes

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

0 Make the ninth pixel appear the same
as the background

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

Enable Blink/Select Background Intensity

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

0 Disable Blinking and enable text mode
background intensity

1 Enable the blink attribute in text and
graphics modes.

Reserved (0)
Split Screen Horizontal Panning Mode

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

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

256 Color Output Assembler

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

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

Video Qutput 5-4 Select

0 Video bits 4 and 5 are generated by the
internal Attribute Controller color
palctte registers

1 Video bits 4 and 5 are the same as bits
0 and 1 in the Pixel Pad register
(AR14)
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Attribute Controller and Color Palette Registers

OVERSCAN COLOR REGISTER (AR11) COLOR PLANE ENABLE REGISTER (AR12)

Read at I/0 Address 3C1h Read at /O Address 3C1h
Write at I/O Address 3C0/1h Write at I/O Address 3C0/1h
Index 11H Index 12h

Group 1 Protection

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

- Overscan Color

Group 1 Protection

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

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

Display Status Select

| Reserved (0)
7-0  Overscan Color 3-0 Color Plane (3-0) Enable
These 8 bits define the overscan (border) 0 Force the corresponding color plane
color value. For monochrome displays, pixel bit to 0 before it addresses the
these bits should be zcro. color palette
The border color is displayed in the interval 1 Enable the plane data bit of the
after Display Enable End and before Blank corresponding color plane to pass
Start (end of display area; i.¢. right side and } :
bottom of screen) and between Blank End 5-4  Display Status Select
and Display Enable Start (beginning of These bits select two of the eight color
display area; i.c. left side and top of screen). outputs to be read back in the Input Status
Register 1 (port 3BAh or 3DAh). The
output color combinations available on the
status bits are as follows:
Status Register 1
BitS Bit4 Bit5 Bit4
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 and Color Palette Registers

ATTRIBUTE CONTROLLER HORIZONTAL
PIXEL PANNING REGISTER (AR13)

Read at 1/0 Address 3C1h

Write At 1/O 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 pixels to shift
the display horizontally to the left. Pixel
panning is available in both text and graphics
modes. In 9 pixel/character text mode, the
output can be shifted a maximum of 9 pixels.
In 8 pixel/character text mode and all
graphics modes a maximum shift of 8 pixels
is possible. In 256-color mode (output
assembler AR10 bit-6 = 1), bit O of this
register must be 0 which results in only 4
panning positions per display byte. In Shift
Load 2 and Shift Load 4 modes, register
CRO8 provides single pixel resolution for
panning. Panning is controlled as follows:

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

AR13 mode mode mode

NN, WN=O

O NP W=D
S~ RWh -

7-4 Reserved (0)

ATTRIBUTE CONTROLLER
PIXEL PAD REGISTER (AR14)
Read at I/0 Address 3C1h
Write At 110 Address 3C0/1h
Index 14h

Group 1 Protection

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

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

Reserved (0)

1-0 Video Bits 54

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

3-2 Video Bits 7-6

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

7-4  Reserved (0)
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\ n ' r : Attribute Controller and Color Palette Registers

COLORPALETTE COLORPALETTE
PIXEL MASK REGISTER (DACMASK) STATE REGISTER (DACSTATE)
Read/Write at 1/0 Address 3C6h Read only at I/O Address 3C7h

Group 6 Protection

[D7]Ds[D5|D4]D3|D2]D1 [DoO] [D7|Ds{D5[D4[D3[D2|D1|Do|
Pixel Mask Bit-0 Palette State 0
Pixel Mask Bit-1 - Palette State 1
Pixel Mask Bit-2

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 bits in this register therefore cause the gt;{}l warﬁse ﬂ?ﬁ:%g?gg{%gggr ess of the last
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 (write mode)

accessible; video output bits 3-7 would be ignored .

and all color values would map into the lower 8 1 ,([r‘g; dIIErllf)td g)v rite. was to 3C7h

locations in the color palette.
7-2  Reserved (0)

To allow saving and restoring the state of the video
subsystem, this register is required since the color
palette index register is automatically incremented
differently depending on whether the index is written
at 3C7h or 3C8h.
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Attribute Controller and Color Palette Registers

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

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

Group 6 Protection Index OOh-FFh

COLOR PA GI ES'ITE DACK Group 6 Protection A

INDEX REGISTER (DACX ceess

Read/Write at 1/O Adc(iress 3C8h [o7 ID6|D5 |D4|D3 [D2]D1 lDOI Ist 2nd 3rd

Group 6 Protection Red0 Green0 Blue0

Red 1 Green1 Bluel

[D7]D6{D5|D4]D3[D2]|D1 |DO| Red? Groen? Blue2
Color Palette Index 0 Red3 Green3 Blue3
Color Palette Index 1 Red4 Green4 Bluc4d
Color Palette Index 2 Red5 Green5 Blue$s
Color Palette Index 3 — Reserved (R/W) —
Color Palette Index 4 ~ Reserved R/W) -
Color Palette Index 5 The palette index register points to one of 256 data
Color Palette Index 6 registers. Each data register is 18 bits in length (6
Color Palette Index 7 bits each for red, green, and blue), so data values

0lor rale nae

must be read as a sequence of 3 bytes. After writing
the index register (3C7h or 3C8h), data values may

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 is different
depending on which port is used for the access. The
nature of this difference is in the auto-incrementation
of the index register. Refer to the explanation at
right under the Palette Data Register for additional
details.

be read from or written to the palette data port
(3C%h) in sequence: first red, then green, then blue,
then repeat for the next location if desired (the index
is incremented automatically by the palette logic).

The index may be written at 3C7h and read or
written at 3C8h. When the index value is written to
either port, it is written to both the index register and
a 'save’ register. The save register (not the index

register) is used by the palette logic to point to the
current data register. When the index value is
written to 3C7h (read mode), it is written to both
index and save registers, then the index register is
automatically incremented. When the index value is
written to 3C8h (write mode), the automatic incre-
menting of the index register does not occur.

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

The state of the RGB sequence is not saved; the user
must access each three bytes in an uninterruptible
sequence (or be assured that interrupt service will not
access the palette index or data registers). When the
index register is written (at either port), the RGB se-
quence 1s 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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k n ' r : Extension Registers
Extension Registers
Register Register IO State After
Mnemonic  Group Extension Register Name Index Access  Addres Reset Page
XRX - Extension Index - R/W 3D6h  -xxxxxxx 81
XR00 Misc Chip Version 00h RO 3D7h 1100rrrr 81
XRO1 Misc Configuration Olh RO 3D7h dddddddd 82
XR02 Misc CPU Interface Control 1 02h R/W 3D7h 00000-00 83
XRO03 Misc CPU Interface Control 2 03h R/W 3D7Th  «+«00++10 83
XR04 Misc Memory Control 1 04h R/W 3D7Th -00--000 84
XRO0S5 Misc Memory Control 2 05h R/W 3D7Th «0+00000 84
XR06 Misc Paletie Control 06h R/W 3D7n 00000000 85
XROE Misc Text Mode Control OEh R/W 3D7Th ----00- - 87
XR28 Misc Video Interface 28h R/W 3D7h 0000--0 - 98
XR29 Misc Half-Line Compare 2%h R/W 3D7h xxxxxxxx 98
XR70 Misc Sctup / Disable Control 70h R/W ID7Th 0- ----- - 130
XR72 Misc External Device [JO 72h R/W 3D7h 00000000 131
XR73 Misc DPMS Control 73h R/W 3D7Th ----0000 132
XR7F Misc Diagnostic 7Fh R/W 3D7h 00xxxx00 133
XRO8 Mapping Linear Addressing Base 08h R/W 3D7Th  xXXXX*»* 85
XROB Mapping CPU Paging 0Bh R/W 3D7hn --00-000 86
XROC Mapping Start Address Top 0Ch R/W 3D7Th - - - - - - xx 86
XR10 Mapping Single/Low Map 10h R/W 3D7h XX XXXXXX &9
XR11 Mapping High Map 11h R/W 3D7h XX XXXXXX 89
XROF Software Flags Software Flags 0 OFh R/W 3D7h XX XXXXXX 88
XR2B Software Flags Software Flags 1 2Bh R/W 3D7h 00000000 99
XR44 Software Flags 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  0000hh0O 90
XR15 Compatibility Write Protect 15h R/W 3D7h 00000000 91
XRI1F Compaltibility Viral EGA Switch 1Fh R/W 3D7h 0- --xxxx 96
XR7E Compatibility CGA/Hercules Color Select TEh R/W 3D7h - - xxxxxx 133
XR30 Clock Clock Divide Control 30h R/W 3D7Th eseexxxx 102
XR31 Clock Clock M-Divisor 3ih R/W 3D7h exxxxxXx X 102
XR32 Clock Clock N-Divisor 32h R/W 3D7h  exxxxxxx 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: —= Nol implemented (always reads 0)
»= Reserved (read/write, reset to 0)

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

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

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)
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Extension Registers

Extension Registers

Register Register o State After
Mnemonic _ Group Extension Register Name Index Access  Addres Reset Page |
XR0OD Alternate Auxiliary Offset 0Dh R/W 3D/Th ------ XX 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 XX XXXXXX 93
XR19 Alternate Alternate H Sync Start 19h R/W 3D7Th XX XXXXXX 93
XR1A Alternate Alternate Horizontal Sync End 1Ah R/W 3D7h XX XXXXXX 94
XR1B Alternate Alternate Horizontal Total 1Bh R/W 3D7h XX XXXXXX 94
XRI1C Alternate Alternate H Blank Start / H Panel Size 1Ch R/W 3D7h XX XXXXXX 95
XR1D Aliernate Alternate Horizontal Blank End 1Dh R/W 3D7h  OxxxXxxxXx 95
XRI1E Alternate Alternate Offset 1Eh R/W 3D7Th XX XXXXXX 96
XR24 Alternate Altemate Maximum Scan Line 24h R/W 3D7h ee oxxXxXX 97
XR25 Alternate Alternate Text Mode H Virtual Panel Size 25h R/W 3D7h  xxxXXXxxX 97
XR26 Alternate Alternate Horizontal Sync Start Register 26h R/W 3D7h XX XXXXXX 97
XR64 Alternate Alternate Vertical Total 64h R/W 3D7h  xxxxxxxx 126
XR65 Alternate Alternate Overflow 65h R/W 3D7h xxxsesxxx 126
XR66 Alternate Alternate Vertical Sync Start 66h R/W 3D7h xxxxxxxx 127
XR67 Alternate Alternate Vertical Sync End 67h R/W 3D7h e o exxxx 127
XR2C Flat Panel FLM Delay 2Ch R/W 3D7Th  xx xxxXxX X 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 xxxxxxxx 101
XR4F Flat Panel Panel Format Register 2 4Fh R/W 3D7h xx»eexxx 109
XRS50 Flat Panel Panel Format Register 1 50h R/W 3D7h xxxxxxxx 110
XR51 Flat Panel Display Type 51h R/W 3Db7h 0000000 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 3D7Th  xxxxxxxx 114
XRS5 Flat Panel Horizontal Compensation 55h R/W 3D7h xxxsexxx 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 56h R/W 3D7Th xxxexxxx 118
XR5A Flat Panel Vertical Line Replication SAh R/W 3D7h e eexxxx 119
XR5SB Flat Panel Panel Power Sequencing Delay 5Bh R/W 3D7h 10000001 119
XR5C Flat Panel Activity Timer Control 5Ch R/W 3D7h Ox+xxxxx 120
XRS5D Flat Panel FP Diagnostic 5Dh R/W 3D7h 00000000 121
XR5E Flat Panel M (ACDCLK) Control SEh R/W 3D7h xxxxxxxx 122
XR5F Flat Panel Power Down Mode Refresh 5Fh R/W 3D7h  xxxxxxxx 122
XR60 Flat Panel Blink Rate Control 60h R/W 3D7Th 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 Qutput Drive 6Ch R/W 3D7Th --0000ds 128
XR6E Flat Panel Polynomial FRC Control 6Eh R/W 3D7h 10111101 129
XR6F Flat Panel Frame Buffer Control 6Fh R/W 3D7Th 0« s+ses+00 129

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

«= Reserved (read/write, reset to 0)
0/1 = Reset to 0 or 1 by falling edge of RESET
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i i . Extension Registers

CHIPS VERSION REGISTER (XR00)
Read only at 110 Address 3D7h
Index 00h

EXTENSION INDEX REGISTER (XRX)
Read/Write at I/O Address 3D6h

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

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

q

- Chip Revision

Index to
- Extension Registers ———

~ Chip Type

Reserved (0) -

7-0 Chip Version - Chip Versions start at COh

6-0 Index value used to access the extension
and are incremented for every silicon step.

registers
7  Reserved (0)
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Extension Registers

CONFIGURATION REGISTER (XRO01)
Read only at IO Address 3D7h
Index O1h

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

CFGO/LB#: Bus Type
CFG1/1SA#: Bus Type
CFG2/2X#: CPU Clk Select
CFG3/RC#: ROMCS# Cul t
CFG4/ EC#: Int/Ext Clock
CFGS/0S#: Osc Source
CFG6: Unassigned ¥
CFG7/TS#: Test Mode Cirl

These bits latch the state of memory address bus A
(AA bus) bits 0-7 on the falling edge of RESET.
The state of bits 0-7 after RESET effect chip internal
logic as indicated below. During RESET, internal
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 (XRIF).

1-0 CFG1:0 - CPU Bus Type

00 Reserved

01 ISA bus

10 Force Local bus. The state of
IOCS16#, MCS16#, and ZWS# pins
during RESET determines the bus

type as follows:

BCFG2 BCFG1 BCFGO

Pin40 Pin39 Pin38 Bus

IOCS16# MCS16# ZWS# 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 is low at RESET,
then ISA bus is selected otherwise
Local bus is selected per BFG2-0 as
shown in the table above.

Internal pull-ups are enabled on the
IOCS16#, MCS16#, and ZWS# pins when
RESET is active. When RESET goes low,
the IOCS16# pin is tri-stated for local buses
and the MCS16# and ZWS# pins are Tri-
Stated for local buses except 486-16. When
CCLK = 2x, pipeline mode is detected

automatically, and when CCLK = 1x,
pipeline mode is disabled. When the 486
Local Bus interface is selected (BCFG2-
0=110 or 111) and XRO1[2]=0, the
functions of RDY (pin 37) and MEMW#
(pin 34) are redefined as:

BCFG XRO1[2] Pin34 Pin37
210 LB Clk Select MEMW# RDY

110 0 CPURST LRDY#
111 0 CPURST LRDY#

2 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 is ignored for other buses.

3 CFG3-ROMCS#/ZWSi Select T

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

This bit is meaningful for ISA bus only. It
is ignored for other buses (pin 38 has other
defined functions). Note that pin 38 car
also be defined as an IRQ output (over:
riding the setting of this bit) via XR72 bit-0.

4  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 Intemnal Clock Synthesis
(pin 6 functions as ADDHI)

5 CFGS - Oscillator Source Select

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

6 CFG 6 - Unassigned

7  CFG7 - Clock Core Test Mode Control

0 Enable clock core test mode. Qutput
MCLK on A23 (pin 5) and VCLK on
ADDHI (pin 6)

1 Disable clock core test mode

T CHIPS' BIOS supports a feature which allows
'hardware’ selection of one of four panels via a 2-bit
code presented on CFG3 and CFG6. This feature is
usable in local bus mode only since CFG3 has a
defined hardware function in ISA bus mode.
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Extension Registers

CPU INTERFACE CTRL REGISTER 1 (XR02)
Read/Write at 'O Address 3D7h
Index 02h

[p7]p6]ps]p4]p3[D2 D1 DO

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

Attribute Controller
Mapping

10-bit /O Address Decode

83C6-83C9 Palette Decode

4-3

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. Normal (clk 0-1=25,28 MHz)
(default)

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

Reserved (0)

Attribute Controller Mapping

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

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

10 Write Index and Data at 3C0h/3C1h
(8-bit access only) (EGA mapping)

11 Reserved

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

1 Decode only lower 10 bits of 1/O
address. This affects the following
addresses:  3B4h, 3B5h, 3B8h,
3BAh, 3BFh, 3COh, 3C1h, 3C2h,
3C4h, 3C5h, 3CEh, 3CFh, 3D4h,
3D5h, 3D8h, 3D%h, and 3DAh.

Palette Address Decoding

0 External palette registers can be
accessed only at 3C6h-3C%h (default)

1 External palette registers can be
accessed at both 3C6h-3CSh and
83C6h-83C9h (for Brooktree-type
palette chips)

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

CPUINTERFACE CTRL REGISTER 2 (XR03)
Read/Write at I/O Address 3D7h
Index 03h

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

Palette Write Shadow

]

- Reserved (0)

— Palette RDY Response

— Diagnostic (Set to 0)

0

31

S

T Reserved (0)
Palette Write Shadow

0 Chip responds normally to Palette
Write accesses (LDEV# is returned for
VL-Bus accesses)

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 "Palette
Shadowing" requirements as it forces
the access to be passed on to the ISA
bus where add-in cards may be
shadowing the VGA color palette data.
This bit should normally be set to 1.

Reserved (0)

ISA Bus Palette Access RDY Response

0 Hold off the CPU using RDY for
palette accesses (read or write to 3C6-
3C9h).

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

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.
This bit may be set to O to effectively create a
CPU-transparent delay, however this is not
compatible with some systems: some
systems ignore RDY for palette accesses, SO
for those systems, this bit must be set to 1.

Diagnostic (R/W but should be set to 0)

7-6  Reserved (0)
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Extension Registers

MEMORY CONTROL REGISTER 1 XR(4)
Read/Write at I/ O Address 3D7h
Index O4h

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

1 Memory Configuration

- Memory Wraparound Ctrl

- Reserved (0)
‘Write Buffer Enable

-

T Reserved (0)

1-0 Memory Configuration

00 32-bit memory data path. Memory
data bus is on MAD15-0 & MBD15-0.

01 16-bit data path. The memory data
bus is 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 bits 16-17
1 Enable CRTC addr counter bits 16-17

4-3 Reserved (0)

S  CPUMemory Write Buffer

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

7-6 Reserved (0)

Memory Control Register 2 (XR05)
Read/Write at I/O Address 3D7h
Index O5h

[D7]D6]D5[D4]D3]D2]Di1]Do]

Disable Long CPU Cycles
CPU Access CAS# Cul
Display Access CAS# Cul
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
RAS cycle (default)

1 Disable long CPU cycles

1  CPU Memory Access CAS# Cycle Control
2  Display Memory Access CAS# 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 as follows:

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

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

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

3 DRAM CAS# Address for Display Memory
0 9-bit CAS address symmetric DRAM
1 8-bit CAS address asymmetric DRAM

4  CASH/WEit Select for Display Memory
0 2CAS#/1WE# DRAM used (default)
1 1CAS#/2WE# DRAM used

5 Reserved (R'W)

6 PC Video Interface Enable

0 Disable PC Video Interface (default)

1 Enable PC 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)

Revision 2.0

Mate%lq:;y&ng tgd E‘y Its‘%tgspuec‘gv:zjl\ﬁléfactxégr 3 -

65535



kﬂ ' '- : ® Extension Registers
PALETTE CONTROL REGISTER (XR06) S  Bypass Internal VGA Palette
ﬁf ;e‘i/vgg;fe atliO Address 3D7h 0 Use internal VGA palette (Default on

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

Disable Pixel Data Pins
Disable Internal DAC

I Display Mode Color Depth
PC Video Color Key Enble
— Bypass Internal Palette

- FP Color Reduction Select

0 Disable Pixel Data Pins

0 Pixel data (P17:0) pins will 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
purpose.

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 algorithm used to
reduce 24-bit or 18-bit color data to 8-bit or
6-bit color data for monochrome panels.

00 NTSC weighting algorithm (default on
reset)

01 Equivalent weighting algorithm

10 Green only

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

] LINEAR ADDRESSING BASE REGISTER (XR08)
1 Disable Internal DAC Read/Write at /O Address 3B7h/3D7h

This bit affects the DAC analog outputs. Index 08h

0 Enable internal DAC (default on
Reset). DAC analog outputs (R, G,

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

B) will be active and HSYNC and
VSYNC signals are driven (Default on
reset).

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

— | Reserved (R/'W)

- Linear Address Base

XR5D[6] is 0 and will be driven if

XR5D[6] is 1.
3-2 Display Mode Color Depth 2-0
00 4 or 8 bits-per-pixel (default on reset) 7-3
01 16 bpp (5-5-5) (Sierra compatible)

10 24 bpp (true color)
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 bits 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
is to 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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W n ' r : Extension Registers
CPU PAGING REGISTER (XR0B) 4  Linear Addressing Enable
Read/Write at I/ O Address 3D7h 0 Standard VGA (A0000 - BFFFF)
Index OBh .
memory space decoded on-chip using
A17-19 (default on Reset)
[D7|D6|D5|D4|D3]|D2{D1 [Do| 1 Linear Addressing Enabled. The
_ video memory size for linear
Memory Mapping Mode addressing is determined by
Single/Dual Map XROBI[5].
CPU Address Divide by 4 .
Extended Text Mode $  Linearly Addressable Memory Size
Linear Addressing Enable This bit controls the size of the linearly
Linear Addressing Size addressable video memory and the decodes
for the linear address base are controlled by
Reserved (0) XRO8[7:3].

0 The linearly addressable video
memory size is 512 KBytes (defauit
On reset).

- The linearly addressable video
memory size is 1 MByte.

0  Memory Mapping Mode

0 Normal Mode (VGA compatible) 1
(default on Reset)
1 Extended Mode (mapping for > 256

KByte memory configurations)

CPU Single/Dual Mapping

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

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

CPU Address Divide by 4

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

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

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 configurations only.

7-6 Reserved (0)

START ADDRESS TOP REGISTER (XRO0C)

Read/Write at I/O Address 3D7h
Index OCh

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

T Start Address Top

- Reserved (0)

7-2

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 (XR0D) TEXT MODE CONTROL REGISTER (XROE)
Read/Write at I/ O Address 3D7h Read/Write at 1/O Address 3D7h
Index ODh Index OEh
[D7]D6]D5[D4]D3[D2]D1 |Do| [D7]ps6]D5]D4][D3|D2{ D1 [DO]
LSB of Offset (CR13) L1 Reserved (0)
LSB of Alt Offset (XR1E) |
] - Cursor Blink Disable
Cursor Style
1
- Reserved (0) - Reserved (0)

Synchronous Reset Ignore

0  Offset Register LSB This register 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. This bit is 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 (default on Reset)
(XR1E). 1 Exclusive-Or

6-4 Reserved (0)

7  Synchronous Reset Ignore

7-2 Reserved (0)

When this bit is set, the chip will ignore
SROO bit-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
Resets frequently, creating the possibility for
display memory corruption if the chip is left
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
VGA compatibility, this bit may be set to 0.
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Extension Registers

SOFTWARE FLAGS REGISTER 0 (XROF)
Read/Write at I/O Address 3D7h
Index OFh

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

Memory Size

Reserved (0)

Hi / True Color Select
Packed Pixel Dot Clock
Interlace Select

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 this register are
currently defined as follows:

1-0 Memory Size

00 256KB
01 512KB
1x IMB

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

This bit is used for high resolution panels in
panel mode only.

6 Interlace Select

0 Set mode 24h, 34h, 72h/75h or 7Eh
interl
1 Set mode 24h, 34h, 72h/75h or 7Eh
non-interlaced
7  Text Compensation Enable / Disable

0 Tall font disabled
1 Tall font gnabled

See also XR2B, XR44, XR45 for definition of other
software flags registers.
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\ " ' r- : Extension Registers
SINGLE/LOW MAP REGISTER (XR10) HIGH MAP REGISTER (XR11)
Read/Write at IO Address 3D7h Read/Write at I'O Address 3D7h
Index 10h Index 11h
[p7]ps]ps]p4]D3]D2]D1 Do) [D7]D6]Ds[D4]D3|D2}D1 Do)

- -

- Single or Lower Map - Higher Map

Base Address Bits 17-10 Base Address Bits 17-10

- .

This register effects CPU memory address mapping. This register 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, this register controls the CPU

These bits define the Higher Map base
address in dual map modes (XROB bit-1=1).
The memory map starts on a 1K boundary in
planar modes and on a 4K boundary in
packed pixel modes. This register controls
the CPU window into display memory
based on the contents of GRO6 bits 3-2 as

window into display memory based on the follows:

contents of GRO6 bits 3-2 as follows: GRO6 bits 3-2 High Map

GRO6 00 B0O000-BFFFF

Bits3-2 LowMap ___ o AB000-AFFEF
00  A0000-AFFFF 1 Don,‘ care
01  A0000-A7FFF ont care
10  BOO000-B7FFF Single mapping only
11  B800O-BFFFF Single mapping only
Revision 2.0 89 65535
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Extension Registers

EMULATION MODE REGISTER (XR14)
Read/Write at I/ O Address 3D7h
Index 14h

[D7]D6]|Ds|D4]D3}D2[D1]DO)

Emulation Mode

Herc Config (read only)

DE Status Mode

V Retrace Status Mode
VS8ync Status Mode
Interrupt Polarity

1-0 Emulation Mode

00 VGA mode (default on Reset)
01 CGA mode

10 MDA/Hercules mode

11 EGA mode

3-2 Hercules Configuration Register (3BFh)
readback (read only)

4  Display Enable Status Mode

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

1 Select HSync status to appear at bit 0
of Input Status register 1 (I/0 Address
3BAh/3DAh). Normally used for
MDA / Hercules mode.

§  Vertical Retrace Status Mode

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

1 Select Video to appear at bit 3 of Input
Status register 1 (I/O Address
3BAh/3DAh). Normally used for
MDA / Hercules mode.

VSync Status Mode

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

1 Enable VSync status to appear as bit-7
of Input Status Register 1 (I/O
Address 3BAh/3DAh). Normally
used for MDA/Hercules mode.

Interrupt Output Function

This bit controls the function of the interrupt
output pin (IRQ):

bit-7=0 bit-7=0 bit-7=1

Interrupt 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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Extension Registers

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

[D7]ps]Ds]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 0 Regs

Wr Protect AR11

This register controls write protection for various

groups of registers as shown.

= unprotected

(default on Reset), 1= protected.

0

Write Protect Group 1 Registers

This bit affects the Sequencer registers
(SR00-04), Graphics Controller registers
(GR00-08), and Attribute Controller
registers (AR00-14).

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

Write Protect Group 2 Registers

This bit affects CR0O9 bits 0-4, CROA, and
CROB.

Write Protect Group 3 Registers

This bit affects CRO7 bit-4, CRO8, CR11
bits 5-4, CR13, CR14, CR17 bits 0-1 and
bits 3-7, and CR18.

Write Protect Group 4 Registers

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

Write Protect Group 5 Registers

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

Write Protect Group 6 Registers

This bit affects the VGA Color Palette
registers (3C6h-3COh). If this bit is set, all
color palette registers are write protected.

Write Protect Group () Registers

This bit affects CR0-7 (except CRO7 bit-4).
This bit is logically ORed with CR11 bit-7.

Write Protect AR11

This bit is ORed with bit-0, therefore writing
to AR11 is possible only if both bit-0 and
bit-7 are 0. 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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Extension Registers

VERTICAL OVERFLOW REGISTER (XR16)
Read/Write at /O Address 3D7h
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 alternate
vertical parameters.

0  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 AN N AW -

HORIZONTAL OVERFLOW REGISTER (XR17)
Read/Write at I)/O Address 3D7h
Index 17h

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

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 alternate
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 AN N bW N e
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Extension Registers

ALTERNATE HORIZONTAL
DISPLAY END REGISTER (XR18)
Read/Write at I)/O Address 3D7h
Index 18h

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

- Alternate H Display End

This register is used in flat panel and CRT CGA text
and graphics modes, and Hercules graphics mode.

7-0  Alternate Horizontal Display End

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

Programmed Value = Actual Value - 1
Note: This register is used in emulation modes only.

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

FP HSYNC START REGISTER (XR19)
Read/Write at I/O Address 3D7h
Index 19h

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

- FP HSync Start

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

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 Value = Actual Value — 1
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Extension Registers

FPHORIZONTAL SYNC END
REGISTER (XR1A)
Read/Write at 1I/O Address 3D7h
Index 1Ah

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

- FP H Sync End

| Alternate H Sync Delay
FP Reserved

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

4-0 Alternate Horizontal Sync End

Lower 5 bits of the character clock count
which specifies the end of horizontal sync.
Similar to CR05. If the horizontal sync
width desired is N clocks, then programmed
value is:

(N + Contents of XR19) ANDed with O1F Hex

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

FP HORIZONTAL TOTAL REGISTER
(XR1B)

Read/Write at 1O Address 3D7h

Index 1Bh

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

—

- FP H Total

-

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

This register contents are the total number of
character clocks per line. Similar to CR0O.

Programmed Value = Actual Value —5

7-0
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Extension Registers

ALTERNATE HORIZONTAL BLANK START/
HORIZONTAL PANEL SIZE REGISTER (XR1C)
Read/Write at 1O Address 3D7h

Index 1Ch

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

- H Blank Start
(Horizontal Panel Size)

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

7-0 FP Horizontal Panel Size

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

Programmed Value = Actual Value -1
or

7-0 CRT Alternate Horizontal Blank Start
See CRO2 for description

Programmed Value = Actual Value -1

ALTERNATE HORIZONTAL BLANK END
REGISTER (XR1D)

Read/Write at I/O Address 3D7h

Index 1Dh

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

- H Blank End

't DE Skew Control

. Split Screen Enhance

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

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

This bit affects all CRT and FP text modes.
This bit is 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: This register is used in emulation modes only.
It is not used in CRT or flat panel VGA
modes.
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Extension Registers

ALTERNATE OFFSET REGISTER (XR1E)
Read/Write at I/O Address 3D7h
Index 1Eh

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

Alternate
- Display Buffer
Width

This register is used in all flat panel modes, CRT
CGA text and graphics modes and Hercules graphics

mode.

7-0 Alternate Offset
See CR13 for description

Programmed Value = Actual Value — 1

VIRTUAL EGA SWITCH REGISTER (XR1F)
Read/Write at 110 Address 3D7h
Index 1Fh

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

— - Virtual EGA Switches

- Reserved (0)

6-4

Sense Select

Virtual Switch Register

If bit-7 is '1", then one of these four bits is
read back in Input Status Register O (3C2h)
bit 4. The selected bit is determined by
Miscellaneous Output Register (3C2h) bits
3-2 as follows: :

Misc 3-2 XRI1F Bit Selected
00 bit-3
01 bit-2
10 bit-1
11 bit-0
Reserved (0)
Sense Select

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

1 Select one of bits 3-0 for readback in
Input Status Register 0 bit-4.
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ALTERNATE MAXIMUM ALTERNATE HORIZONTAL SYNC START
SCANLINE REGISTER (XR24) OFFSET REGISTER (XR26)
Read/Write at I/ O Address 3D7h Read/Write at 1/0 Address 3D7h

Index 20h

Index 24k

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

—_

- Alternate Max Scanlines

- Reserved (R/W)

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

4-0 Alternate Maximum Scanlines (AMS)

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

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

7-5 Reserved (R/'W)

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

Index 25h

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

- AltText Mode
H Virtual Panel Size

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

7-0  FP Alternate Text Mode
Horizontal Virtual Panel Size

Programmed Value = 9/8 [XRIC + 1] -1

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

- Alt H Sync Start Offset

This register is used in flat panel mode.

7-0 Horizontal Sync Start Offset

This value is added to CR04 ( Horizontal
Sync Start) when XR02 bit 2 is set to '1",

Revision 2.0

TMatergl gocplyralgafe:clf S Itsqugcx/éiﬂanﬁiactbg ]‘ -

97 65535



Extension Registers

VIDEO INTERFACE REGISTER (XR28)
Read/Write at I/ O Address 3D7h
Index 28h

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

Reserved (0)
Blank/DE Select

:l» Reserved (0)
256-Color Video Path

Interlace Mode

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, XRS54 bit-1 controls
BLANK# pin functionality.

0 BLANK# controls color palette output
(default)
1 Display Enable controls palette output

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

Note: GROS bit-S must be Q if this bit 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
alf-line positioning of VSync for odd

frames.

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

8-Bit Video Pixel Panning

This bit is effective for both CRT and flat
panel when the 8-bit video data path is
selected (bit-4 = 1).
0 ARI13 bits 2-1 used to control pixel
panning (default on Reset)
1 AR13 bits 2-0 used to control pixel
panning
Tall Font Replication

0 Lines 1,9 and 12 replicated once
1 Line O replicated twice & line 15 once

HALF LINE COMPARE REGISTER (XR29)
Read/Write at 1/0 Address 3D7h
Index 29h

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

- 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
VSync for odd frames.
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SOFTWARE FLAGS REGISTER 1 (XR2B) FLM DELAY REGISTER (XR2C)
Read/Write at I/O Address 3D7h Read/Write at 1/0 Address 3D7h
Index 2Bh Index 2Ch
[D7]D6]Ds|p4]D3|D2|D1 DO} [D7]Ds|D5{D4[D3|D2[D1]DO]

Flag 0 ]

—— Flag 1 —

Flag 2

Flag 3 - FLM Delay

Flag 4

Flag 5

Flag 6

Flag 7

This register contains cight 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 this register are
currently defined as follows:

7-0 Display Mode

These bits are used by the BIOS to store the
current display mode number.

See also XROF, XR44, XR45 for definition of other
software flags registers.

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

7-0  FLM Delay (VDelay)

These bits define the number of HSyncs
between the internal VSync and the rising
edge of FLM.
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Extension Registers

LP DELAY REGISTER (CMPR OFF) (XR2D)
Read/Write at I/ O Address 3D7h
Index 2Dh

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

- LP Delay
(graphics mode horizontal
compression djsabled)

=

This register is used only in flat panel mode when
XR2F bit-6 = 0 and graphics mode horizontal
compression is disabled. The LP output is generated
from the FP Blank inactive edge with a delay
specified by XR2F bit-5 and the value in this
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 mode with graphics mode horizontal
compression disabled. The msb (bit 8) of
this parameter is XR2F bit-5.

Programmed Value = Actual Value — 1

LP DELAY REGISTER (CMPR ON) (XR2E)
Read/Write at /O Address 3D7h
Index 2Eh

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

- LP Delay
(graphics mode horizontal
compression enabled)

-

This register is used only in flat panel mode when
XRZ2F bit-6 = 0 and 9-dot text mode is used. The
LP output is generated from the FP Blank inactive
edge with a delay specified by XR2F bit-4 and the
value in this register. The LP pulse width is
specified in register XR2F.

7-0  LP Delay (HDelay)

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

Programmed Value = Actual Value — 1
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LP WIDTH REGISTER (XR2F)
Read/Write at 1/O Address 3D7h
Index 2Fh

[p7]ps]Ds]p4]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 pulse in flat panel mode.

3-0 LPWidth

These bits define the width of LP output
pulse in terms of number of character (8-dot
only) clocks in flat panel mode.

Programmed Value = Actual Value — 1

4  LP Delay (XR2E) Bit-8

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

5  LP Delay (XR2D) Bit-8

This bit is the msb of the LP Delay
parameter for graphics mode with horizontal
compression disabled.

6 LP Delay Disable

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

1 LP Delay Disable: the LP active edge
will coincide with the FP Blank
inactive edge.

7  FLM Delay Disable

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

1 FLM Delay Disable: the extemal FLM
active edge will coincide with the
internal FLM active edge.
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CLOCK DIVIDE CONTROL REGISTER 0 (XR30)
Read/Write at I/ O Address 3D7h
Index 30h

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

Reference Divisor Select

- VCO Post Divide

- 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]).

The data written to this register is calculated 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 a write to XR32. The completion of the
write to XR32 causes data from all three registers is
transferred to the VCO register file simultaneously.
This prevents wild fluctuations in the VCO output
during intermediate stages of a clock programming
sequence.

0  Reference Divisor Select

Selects the reference pre-scale factor:

0 Divide by 4
1 Divide by 1
3-1 Post Divisor Select
Selects the post-divide factor:
000 Divide by 1
001 Divide by 2
010 Divideby4
011 Divide by 8
100 Divide by 16
101  Divide by 32
110 Divide by 64
111 Divide by 128
7-4

Reserved (R/'W)
!

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

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

- M-Divisor Value

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 VCOQO's is currently selected for
programming is determined by the Clock Register
Program Pointer (XR33[5]).

The data written to this register is calculated 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 a write t0 XR32. The completion of the
write to XR32 causes data from all three registers is
transferred to the VCO register file simultaneously.
This prevents wild fluctuations in the VCO output
during intermediate stages of a clock programming
sequence.

60 VCO M-Divisor

M-Divisor value calculated for the desired
output frequency.

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

[D7]ps]Ds]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 Mcmory 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]).

The data written to this register is calculated 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 a write to XR32. The completion of the
write to XR32 causes data from all three registers is
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)

Revision 2.0 103 65535

TM/Iate%Q:gkﬂit;ltzﬂlBy It&&ﬂ:a\é haﬂufacﬁrB 5 -



Extension Registers

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

tD7|D6|D5|D4|D3[D2[D1{D0]

]» Reserved (0)

e

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 OSC Enabled (default on reset)
1 OSC Disabled

This bit is effective if XR01[5] =1 and
XR33[6] =1.

3  Reserved (R/'W)
Video Clock Select
0 Use VCILK as Video Clock Source

XRO1[4] = 1 (internal clock source):
use the output of the internal VCLK
VCO as the video clock

XRO1[4] = 0 (external clock sourcet):
use the XTALI input pin (external
video clock input) as the video clock

1 Use MCLK as Video Clock Source

XRO1[4] = 1 (internal clock source):
use the output of the internal MCLK
VCO divided by 2 as the video clock

XRO1[4] = 0 (extemal clock source?):
use the ADDHI input pin (external
memory clock input) divided by 2 as
the video clock

Clock Register Program Pointer

This bit determines which VCO is being
programmed. Following a write to XR32
the data contained in XR32:30 is synchro-
nously transferred to the appropriate VCO
counter latch.

0 VCLK VCO selected
1 MCLK VCO selected

Power Sequencing Reference Clock

If XRO1[41=0 (extemnal 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 Use the MCLK divided by 1536 as the
reference clock for panel power
sequencing. For 56 MHz memory
clock, panel power sequencing would
be 36.5 KHz.

If XR0O1[41=1 (internal clock source):

0 Use the 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
(XR0O5[3]=1) should not be enabled in
this case.

7  Reserved (R/'W)

1 For the external clock option, GPIO0-1 are used
to output clock selects O and 1, the ADDHI pin is
used to input the memory clock, and the XTALI
pin is used to input the video clock.
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COLOR KEY REGISTER 0 (XR3A)
Read/Write at 110 Address 3D7h
Index 3Ah

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

- Color Compare Data 0

7-0

-

Color Compare Data 0

These bits are compared to the least signif-
icant 8 bits of the background video stream.
If a match occurs on all enabled bits (sce
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. The logical 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.

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

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

- Color Compare Data 1

7-0  Color Compare Datal

These bits are compared to bits 15:8 of the
background video stream. If 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.
The logical 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) COLOR KEY MASK REGISTER 0 (XR3D)
Read/Write at I/O Address 3D7h Read/Write at I'O Address 3D7h
Index 3Ch Index 3Dh

[D7 D6 [Ds5 D4 |D3 [D2 {D1 {DO]

[D7|Ds|D5|D4[D3|p2|D1|DO|

- Color Compare Data 2 - Color Compare Mask 0

7-0  Color Compare Data 2 7-0  Color Compare Mask 0

These bits are compared to bits 23:16 of the
background video stream. If 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. This register controls bits 7:0.
(XR06[4]), external video is sent to the 0 Data does participate in compare
screen. External video is input on the operation

MBD15:0, CASBL# and CASBH# pins. 1 Data does not participate in compare

The logical masking and compare operations
are described in the functional description.
This register should be masked from partici-
pating in the comparison in 4BPP, §BPP
and 16BPP modes. It should only be used
in 24BPP modes. This is accomplished by
setting Color Mask Register 2 (XR3F) =
OFFh.

operation (masked)
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COLOR KEY MASK REGISTER 1 (XR3E)
Read/Write at 1/O Address 3D7h
Index 3Eh

[p7]D6|Ds[p4|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. This register controls bits 7:0.

0 Data does participate in compare
operation

1 Data docs not participate in compare
operation (masked)

COLOR KEY MASK REGISTER 2 (XR3F)
Read/Write at I/ O Address 3D7h
Index 3Fh

[D7]Ds|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. This register controls bits 7:0.

0 Data does participate in compare
operation

1 Data does not participate in compare
operation (masked)

Revision 2.0

ML RASARLE, DRAZ5khE.550 N

107 65535



Extension Registers

SOFTWARE FLAGS REGISTER 2 (XR44)
Read/Write at I' O Address 3D7h
Index 44h

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

- Set Panel Type

I 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 this register are
currently defined as follows:

3-0 Set Panel 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 #8

08-0F Reserved

4  Optimal Compensation Enable

0 Disable optimal compensation
1  Enable optimal compensation

7-5 Reserved (0)

See also XROF, XR2B, XR45 for definition of other
software flags registers.

Optimal Compensation Ena

SOFTWARE FLAGS REGISTER 3 (XR45)
Read/Write at 1/O Address 3D7h
Index 45h

[D7]D6|D5|D4{D3|D2[D1{D0O]

Flag 0
Flag 1
Flag 2
Flag 3
Flag 4
Flag §
Flag 6
Flag 7

This register contains eight read-write bits which
have no internal hardware function. All bits are
reserved for use by BIOS and driver software. For
reference, the functions of the bits of this register are
currently defined as follows:

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/Write at I/O Address 3D7h
Index 4Fh

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

‘e - Bits Per Pixel

- Reserved (R/'W)

M Functionality Select
LP Functionality Select

This register is used only in flat panel mode.

2-0 Bits Per Pixel Selection

The value in this field, along with the dither
and FRC settings, determines gray / color

levels produced:
No FRC
# of msbs Gray / Gray /
Used Color Color
to Generate Levels Levels
Gray / Color  without with
Levels Dithering  Ditherin
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 /

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 this field 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 algorithm chosen (the actual
number of bits used is indicated in the table
above). If the VGA paletie is used then a
maximum of 6 bits/pixel (bits 7-2) (setting
'110") should be used. If the VGA palette is
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.

Used Color Color
(t;) Ge/n?:ralte Levels Levteﬁs 3-5 Reserved (R/W)
ray / Color  without wi .
Levels Dithering Dithgring 6  MPin Select
010 1 3 i i
011 > 3 35 0 Ir‘élsgltf);nal goes to the M pin (default on
100 3 15 57 1 FP Display Enable (FP Blank#) signal
101 4 31 125 goes to the M Xin. Polarity is
controlled by XR54[0]
7  LP Pin Select
0 FP HSync (LP) signal goes to the LP
in, Polarity 1s controlled by
R54[6] (default on reset).

1 FP Display Enable (FP Blank#) signal
goes to the LP fin. Polarity is
controlled by XR54[0]
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6-4 Clock Divide (CD)

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

000 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
" Dither Enabl monochrome panels. For double drive
iher Enable color panels, this setting is used to
d ou(tiput 2-2/3 4-bit pack gixels. FRC
and dithering may be enabled.

- Clock Divide 001 Shift Clk Freq = 1/2 Dot Clock Freq.
This setting is used to output 2 pixels

er shift clock with a maximum of §

its/pixel for single drive monochrome
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.

PANEL FORMAT REGISTER 1 (XR50)
Read/Write at I/ O Address 3D7h
Index 50h

[D7[Ds|D5[D4!D3{D2|D1|D0]

-

Frame Rate Control

- Color VAM Panel Control

This register is used only in flat 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 010 Shift Clk Freq = 1/4 Dot Clock Freq.
monochrome flat {>anels that do not support This setting is used to output 4 pixels
gray levels internally. er shift clock with a maximum of 4

00 No FRC. This setting is used for
panels which can generate gray scales
intemally.

01 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 specified by
XR4F[2-0] and the valid values are
010, 011, 100 and 101.

10 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
scalinﬁ. 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.

11 Reserved

3-2 Dither Enable

00 Disable dithering

01 Enable dithering for 256-color modes
(AR10 bit-6 = 1 or XR28 bit4 = 1)

10 Enable dithering for all modes

11 Reserved

pp for single drive mono panels and
2 bits/pixel 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.

011 Shift Clk Freq = 1/8 Dot Clock Freq.

This setting is used to output 8 pixels

er shift clock with a maximum of 2

p% 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}) ixel. FRC and dithering can be
enabled.

100 Shift Clk Freq = 1/16 Dot Clock Freq.
This setting is used to output 16 pixels

ger shift clock with maximum of 1
it/pixel for single drive monochrome
panels. Dithering can also be enabled.

Color VAM Panel Control

This bit is effective only when color Voltage
Amplitude Modulation (VAM) panel is used.

0 15-bit color VAM panel interface
1 18-bit color VAM panel interface
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DISPLAY TYPE REGISTER (XR51)
Read/Write at I/ O Address 3D7h
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

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

00 Single Panel Single Drive (SS)
01 Reserved
10 Reserved
11 Dual Pancl Double Drive (DD)

2 Display Type (DT)

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

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

1 FP (Flat Panel) display
BLANK# pin outputs FP Blank

3 Shift Clock Divide
This bit is effective for flat panel only.

0 Shift Clock to Dot Clock relationship
expressed by XR50[6-4].

1 In this mode, the Shift Clock is further
divided by 2 and different video data
is valid on the rising and falling edges
of Shift Clock.

4  Reserved (R/'W)

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

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

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

Enable FP Compensation (EFCP)

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

0 Disable FP compensation
1 Enable FP compensation

LP During Vertical Blank

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

0 FP HSync (LP) is generated from
internal FP Blank inactive edge

1 FP HSync (LP) is generated from
internal FP Horizontal Blank inactive
edge
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POWER DOWN CONTROL REGISTER (XR52)
Read/Write at I/ O Address 3D7h
Index 52h

[D7]Ds]Ds]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 value of 1 should be
programmed in this register.

3  Panel Off Mode

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

0 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 are still
active. The internal RAMDAC is also
inactive.

4  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 Nommnal Mode (default on reset)
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
internal pull-down.

Note: XR61 bit-7 controls the inactive level
for video data in text mode; XR63 bit-7
controls the inactive level for video data in
graphics mode:

0 = low when inactive
1 = high when inactive

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
effective for both CRT and flat panel modes.
In Standby mode, CPU interface to display
memory and internal registers is inactive.
The CRT / FP display memory interface,
video data and timing signals, and internal
RAMDAC are inactive (all CRT and flat
panel video control and data pins are 3-
stated). Display memory refresh is
controlled by this bit.

0 Self-Refresh DRAM support.

1 Display memory refresh frequency is
derived from XR33 bit-6. This bit
indicates whether the internal RCLK
or the external 32 KHz is used for
slow refresh.

CRT Mode Control

This bit is effective in 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
signals are inactive.
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PANEL FORMAT REGISTER 3 (XR53)
Read/Write at 1) O Address 3D7h
Index 53h

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

Disable AR10 bit-2

Alt Line Gr Char Code Cirl
FRC Option 1

FRC Option 2

Pixel Packing
FRC Option 3
Reserved (R/W)

0 Disable AR10 Bit-2

0 Use ARI10 bit-2 for Line Graphics
control (default on Reset).

1 Use XR53 bit-1 instead of AR10 bit-2
for Line Graphics control

1  Alternate Line Graphics Character Control
This bit is effective only if bit-0 = 1.

0 Ninth pixel of line graphics character
is set to the background color

1 Ninth pixel of line graphics character
is identical to the eighth pixel

2 FRCOption 1
3 FRCOption2
5-4 Pixel Packing

These bits should be programmed only
when color STN panels are used. These bits
should be programmed to 00 for
monochrome panels or TFT color panels.

00 3-bit Pack. XRS50 bits 5-4 can be 00,
01, or 10.

01 4-bit Pack. XR350 bits 5-4 can be 00
or 01. If a DD 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 01,

These bits are effective only for Color STN
panels when FRC is enabled.

FRC Option 3
This bit affects 2-frame FRC

0 FRC data changes every frame
1 FRC data changes every other frame

Reserved (R/W)
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Extension Registers

PANEL INTERFACE REGISTER (XR54)
Read/Write at /O Address 3D7h
Index 54h

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

FP Blank Polarity
FP Blank Select

FP Clock Select

FP Feature Control

FP LP Polarity

FP FLM Polarity

This register is used only in flat panel modes.

0

FP Blank Polarity

This bit controls the polarity of the
BLANK# pin in flat panel mode. In CRT
mode, XR28 bit-0 controls polarity of the
BLANK# pin.

0 Positive polarity
1 Negative polarity

FP Blank Select

This bit controls the 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)
pulses.

1 The BLANK# pin outputs only FP
Horizontal Blank. During FP Vertical
Blank, the flat panel video logic will
be active, the FP HSync (LP) pulse
will be generated, and Shift Clock can
not be masked. Note however that
Shift Clock can still be masked during
FP Horizontal Blank.

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

3-2 FP Clock Select Bits 1-0

Select flat panel dot clock source. These bits
are used instead of Miscellaneous Output
Register (MSR) bits 3-2 in flat panel mode.
See description of MSR bits 3-2.

FP Feature Control Bits 1-0

Select flat panel dot clock source. These bits
are used instead of Feature Control Register
(FCR) bits 1-0 in flat panel mode. See des-
cription of FCR bits 1-0.

FP HSync (LP) Polarity

This bit controls the polarity of the flat panel
HSync (LP) pin.

0 Positive polarity

1 Negative polarity
FP VSync (FLM) Polarity
This bit controls the polarity of the flat panel
VSync (FLM) pin.

0 Positive polarity

1 Negative polarity
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Extension Registers

HORIZONTAL COMPENSATION REGISTER
(XR55)

Read/Write at I!O Address 3D7h

Index 55h

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

Ena H Compensation

Ena H Auto Centering
Ena H Compression

:|~ Reserved (R/W)
Ena Auto H Doubling

Alternate HSync Polarity
Alternate VSync Polarity

This register is used only in flat panel modes when
flat panel compensation is enabled (XR51 bit-6 = 1).

0  Enable Horizontal Compensation (EHCP)

0 Disable horizontal compensation
1 Enable horizontal compensation

1 Enable Automatic Horizontal Centering
(EAHC) (effective only if bit-0is 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 Enable automatic horizontal centering.
Horizontal left and right borders will
be computed automatically.

2 Enable Text Mode Horizontal Compression
(ETHC) (this bit is effective only if bit-Ois 1
in flat panel text mode). Setting this bit will
tumn on text mode horizontal compression re-
gardless of horizontal display width or
horizontal panel size.

0 Text mode horizontal compression off

1 Text mode horizontal compression on.
8-dot text mode is forced when 9-dot
text mode is specified (SRO1 bit-0=0
or Hercules text).

Note: This bit affects the horizontal pixel
panning logic. When text mode horizontal
compression is active, programming 9-bit
panning will result in 8-bit panning.

4-3 Reserved (R/'W)

5 Enable Automatic Horizontal Doubling
(EAHD) (this bit is effective if bit-O is 1)

0 Disable Automatic Horizontal Dou-

bling. Horizontal doubling will only
be performed for flat panels when
SRO1 bit-3 = 1 in any emulation mode
or when 3B8/3D8 bit-0 & 3B8/3D8
bit-4 = 0 in CGA emulation.

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 bit-0 & 3B8/3D8 bit-4
= 0 in CGA emulation or when the
Horizontal Display width (CRO1) is
equal to or less than half of the
Horizontal Panel Size (XR18).

6  Alternate CRT HSync Polarity
0 Positive

1

Negative

7  Alternate CRT VSync Polarity
0 Positive

1

Negative

Note: bits 6 and 7 above are used in flat
panel mode (XRS1 bit-2 = 1) instead of
MSR bits 6 and 7). This is primarily used
for simultaneous CRT / Flat Panel display.
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Extension Registers

HORIZONTAL CENTERING REGISTER (XR56)
Read/Write at 110 Address 3D7h
Index 56h

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

- Left Border

This register is used only in flat panel modes when
non-automatic horizontal centering is enabled.
7-0 Horizontal Left Border (HLB)

Programmed Value (in character clocks)
= Width of Left Border — 1

Revision 2.0 116 65535

This Material Copyrighte

BN c09811k 0007524 553 WM



Extension Registers

VERTICAL COMPENSATION REGISTER (XRS57)
Read/Write at I/ O Address 3D7h
Index 57h

[D7]Ds[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 compensation is enabled.

0  Enable Vertical Compensation (EVCP)

0 Disable vertical compensation
1 Enable vertical compensation

1 Enable Automatic Vertical Centering

(EAVC)
This bit is effective only if bit-0 is 1.

0 Enable non-automatic vertical
centering. The Vertical Centering
Register is used to specify the top
border. If no centering is desired then
the Vertical Centering Register can be
programmed to 0.

1 Enable automatic vertical centering.
Vertical top and bottom borders will
be computed automatically.

2 Enable Text Mode Vertical Stretching
(ETVS)

This bit is effective only if bit-0 is 1.

0 Disable text mode vertical stretching;
graphics mode vertical stretching is
used if enabled.

1 Enable text mode vertical stretching

4-3 Text Mode Vertical Stretching (TVS1-0)
These bits are effective if bits 2 and 0 are 1.

00 Double Scanning (DS) and Line
Insertion (LI) with the following
priority: DS+LI, DS, LI

01 Double Scanning (DS) and Line
Insertion (LI) with the following
priority: DS+LI, LI, DS.

10 Double Scanning (DS) and TallFont
(TF) with the following priority:
DS+TF, DS, TF.

11 Double Scanning (DS) and TallFont
(TF) with the following priority:
DS+TF, TF, DS.

5  Enable Vertical Stretching (EVS)
This bit is effective only if bit-0is 1.
0 .Disable vertical stretching
1 Enable vertical stretching
6  Vertical Stretching (VS)

Vertical Stretching can be enabled in both
text and graphics modes. This bit is
effective only if bits 5 and O are 1.

0 Double Scanning (DS) and Line
Replication (LR) with the following
priority: DS+LR, DS, LR.

1 Double Scanning (DS) and Line
Replication (LR) with the following
priority: DS+LR, LR, DS.

7  Disable Fast Centering
This bit is effective only if XR58[1-0] = 11.

0 Enable Fast Centering
1 Disable Fast Centering
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Extension Registers

VERTICAL CENTERING REGISTER (XR58)
Read/Write at I/ O Address 3D7h
Index 58h

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

- Top Border LSBs

This register is used only in flat panel modes when
non-automatic vertical centering is enabled.

7-0 Vertical Top Border LSBs (VTB7-0)
Programmed value:
Top Border Height (in scan lines) — 1

This register contains the eight least signif-
icant bits of the programmed value of the
Vertical Top Border (VTB). The two most
significant bits are in the Vertical Line
Insertion Register (XRS9).

VERTICAL LINE INSERTION REGISTER (XR59)
Read/Write at 1/O Address 3D7h
Index 59h

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

—— | V Line Insertion Height

-

~— Reserved (0)

- Top Border Bits 8-9

Hardware Line Replication

This register is used only in flat panel text mode
when vertical line insertion is enabled.

3-0

6-5

Vertical Line Insertion Height (VLIH3-0)
Programmed Value:
Number of Insertion Lines — 1

The value programmed in this register - 1 is
the number of lines to be inserted between
the rows. Insertion lines are never double
scanned even if double scanning is enabled.
Insertion lines use the background color.

Reserved (0)

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 cight least
significant bits are in the Vertical Centering
Register (XR58).

Hardware Line Replication

This bit is effective in text mode when Line
Replication is selected (XR57(2] = 1).
Hardware line replication, when enabled,
replicates lines to display a 19-line character
from a 16-line font as specified in XR28 bit-
7.

0 Normal text mode line replication
1 Hardware line replication is enabled
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Extension Registers

VERTICAL LINE REPLICATION REGISTER
(XR5A)

Read/Write at I/ O Address 3D7h

Index 5Ah

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

- Line Replication Height

- Reserved (R/W)

This register is used only in flat panel text or
graphics modes when vertical line replication is
enabled.

3-0 Vertical Line Replication Height (VLRH)

Programmed Value = Number of Lines
Between Replicated Lines — 1

Double scanned lines are also counted.

In other words, if this field is programmed
with 7', every 8th line will be replicated.

7-4 Reserved (R/'W)

PANEL POWER SEQUENCING
DELAY REGISTER (XR5B)
Read/Write at /0 Address 3D7h
Index 5Bh

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

- Delay on Power Down

- Delay on Power Up

This register is used only in flat panel modes. The
generation of the clock for pancl 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. This value
can be programmed up to 459 milliseconds
in increments of 29 milliseconds. A value of
0 is not valid.

7-4 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

0 is not valid.
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L n l '- : Extension Registers

ACTIVITY TIMER CONTROL REGISTER (XR5C)
Read/Write at I/O Address 3D7h
Index SCh

[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 uses the same clock
as power sequencing which is controlled by
XR33[6]. The delay intervals below assume a 35.7
KHz clock, if an external 32 KHz input is used, the
delay is scaled 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 results in
25.6 second delay and the maximum count
of 32 results in a delay 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 tum the backlight
off)

1 When the activity timer count is
reached, Panel Off mode is entered.

7  Enable Activity Timer

0 Disable activity timer (default on reset)
1 Enable activity timer
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Extension Registers

FP DIAGNOSTIC REGISTER (XR5D)
Read/Write at I) O Address 3D7h
Index 5Dh

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

Enable Palette Powerdown
Enable Access in PNLOFF
Enable Activity Timer Test
Force 16-bit Local Bus
Disable Vertical Comp
18-bit Color Test Mode
HSync/VSync Deactivation
Enable Palette 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 Access to VGA Palette in Panel
Off Mode.

This bit is effective when bit 0=1 or bit 7=1.

0 Disable CPU access to VGA Palette in
Panel Off Mode (default on reset)

1 Enable CPU access to VGA Palette in
Panel Off Mode

2 Enable Activity Timer Test

0 Disable Activity Timer test mode
(default on reset)
1 Enable Activity Timer test 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
in all cases (default on reset)

1 Disable vertical compensation if
Vertical Display Enable End equals
Vertical Panel Size.

18-bit Color TFT Test Mode

0 Disable 18-bit color TFT test mode
(default on reset)
1 Enable 18-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 Mode

0 Disable VGA palette powerdown
when XR06{5]=1

1 Enable VGA palette powerdown when
XRO06[5]=1 and XR06[1]=1
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Extension Registers

POWER DOWN REFRESH REGISTER (XRS5F)
Read/Write at /O Address 3D7h
Index SFh

M (ACDCLK) CONTROL REGISTER (XR5E)
Read/Write at I/O Address 3D7h
Index SEh

- [p7]ps]Ds]p4]D3]D2[D1 Do [D7]D6]Ds D4 [D3]|D2[D1 |DO]
L1 L

- M (ACDCLK) Count

- Power Down Refresh Freq

M (ACDCLK) Control

7-0 Power Down Refresh Frequency

These bits define the frequency of memory
refresh cycles in power down (standby)

This register is used 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
regisier are grater than 2.

Programmed Value = Actual Value — 2

mode (STNDBY# pin low). CAS-Before-
RAS (CBR) refresh cycles are performed.

If XR52 bit-6 = 1, the interval between two
refresh cycles is determined by bits 0-3 of
this register 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 A Al Refresh Inerv
depending on bits 0-6 of this register
1 The M (ACDCLK) phase changes 8 8 8 (1) }g 3:22 ;ggig
every frame if 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 internal clock is used, the
refresh interval is scaled accordingly.

If XR52 bit-6 = 0, a value of 0 causes no
refresh to be performed.  Self-Refresh
DRAMSs should be used in this case.
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Extension Registers

BLINK RATE CONTROL REGISTER (XR60)
Read/Write at 1/O Address 3D7h
Index 60h

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

- Cursor Blink Rate

- Char Blink Duty Cycle

This register is used in all modes.

5-0

7-6

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 cycle is 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
VSyncs on and four VSyncs off):

Programmed Value = (Actual Value)/2-1

Note: In graphics mode, the pixel blink
period is fixed at 32 VSyncs 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.

Character Blink
716 Duty Cycle
00 50%
01 25%
10 50% (default on Reset)
11 5%

For setting 00, the character blink period is
equal to the cursor blink period. For all
other settings, the character blink period is
twice the cursor blink period (character blink
is twice as slow as cursor blink).
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\l"l ' r : ® Extension Registers

SMARTMAP™ CONTROL REGISTER (XR61) 4-1 SmartMap™ Threshold

Read/Write at I/0 Address 3D7h These bits are used only in flat panel text

Index 61h mode when SmartMap™ is enabled (bit-0 =
1). They define the minimum difference

[D7{D6|D5[D4[D3{D2[D1{D0}] between the foreground and background
colors. If the difference is less than this

SmartMap™ Enable threshold, the colors are separated by adding

L and subtracting the shift values (XR62) to
the foreground and background colors.

SmartMap™ Threshold However, if the foreground and background
color values are the same, then the color
values are not adjusted.

SmartMap™ Saturation

Text Enhancement S SmartMap™ Saturation
Text Video Output Polarity

This bit is used only in flat panel text mode

. o . when SmartMap™ is enabled (bit-0=1). It
This register is used in flat panel text mode only. selects the clamping level after the color

0  SmartMap™ Enable addition/subtraction.

0 Disable SmartMap™, use color 0 The color result is clamped to the

maximum and minimum values (OFh

lookup table and use internal :

RAMDAC palette if enabled (XR06 and 00h respectively)

bit-2 = 1). 1 The color result is computed modulo
1 Enable SmartMap™, bypass both 16 (no clamping)

color lookup table and internal

RAMDAC palette in flat panel text 6 Text Enhancement

mode. Although color lookup table is This bit is used only in flat panel text mode.

bypassed, translation of 4 bits/pixel

data to 6 bits/pixel data is still (1) IT\IS;:Pa; :te:itbute 07h and OFh are

performed depending on AR10 bit-1

(monochrome / color display) as reversed to maximize the brighiness of

follows: the normal DOS prompt
Output ARI1Obit-1=0 ARI10bit-1=1 7  Text Video Output Polarity (TVP)
Oui0 In0 In0Q C i .
Outl Inl Ini This bit is effective for flat panel text mode
Out2 In2 In2 only.
QOut3 In3 InO+In1+In2+In3 0 Nommal polarity
Out4 In3 In3 1 Inverted polarity
Outs In3 In3

Note: Graphics video output polarity is
Note: This bit does not affect CRT text / controlled by XR63 bit-7 (GVP).
graphics mode or flat panel graphics mode;
i.e.: the color lookup table is always used,
and similarly the internal RAMDAC palette
is used if enabled.
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Extension Registers

SMARTMAP™ SHIFT PARAMETER
REGISTER (XR62)

Read/Write at 1/O Address 3D7h

Index 62h

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

——— |- Foreground Shift

- Background Shift

This register is used in flat panel text mode when
SmartMap™ is enabled (XR61 bit-0 = 1).

3-0 Foreground Shift

These bits define the number of levels that
the foreground color is shifted when the
foreground and background colors are closer
than the SmartMap™ Threshold (XR61 bits
1-4). If the foreground color is "greater"
than the background color, then this field is
added to the foreground color. If the
foreground color is "smaller" than the
background color, then this field is sub-
tracted from the foreground color.

7-4 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/Write at I/O Address 3D7h

Index 63h

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

- 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 (XRS50 bits 4-5 = 11)
without FRC (XRS50 bits 0-1 = 11). They
specify the color threshold used to reduce 6-
bit video to 1-bit video color. Color values
equal to or greater than the threshold are
mapped to 1 and color values less than the
threshold are mapped to 0.

6  Reserved (R/W)
Reset defaults this bit to 1.

7  Graphics Video Output Polarity (GVP)

This bit is effective for CRT and flat panel
graphics mode only.

0 Nommal polarity
1 Inverted polarity

Note: Text video output polarity is
controlled by XR61 bit-7 (TVP).
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\ n l r— : Extension Registers

FP ALTERNATE VERTICAL TOTAL FP ALTERNATE OVERFLOW
REGISTER (XR64) REGISTER (XR65)

Read/Write at 1/0O Address 3D7h Read/Write at 110 Address 3D7h
Index 64h Index 65h
[D7]D6]D5[b4]D3[D2{D1]DO] [D7]D6]Ds[D4[D3[D2[D1D0]

FP Alt V Total Bit-8
L FP V Panel Size Bit-8
FP Alt VSync Start Bit-8
Reserved (R/W)

- FP Alternate V Total Reserved (R/W)
FP Alt V Total Bit-9

FP Al Panel Size Bit-9
FP Alt VSync Start Bit-9

This register is used in all flat panel modes. This register is used in all flat panel modes.
7-0  FP Alternate Vertical Total 0 FP Alternate Vertical Total Bit-8
The contents of this register are 8 low order 1  FP Vertical Panel Size Bit-8
bits of a 10-bit value. Bits 9 and 10 are . .
defined in XR65. The vertical total value 2 FPAlternate Vertical Sync Start Bit-8
specifies the total number of scan lines per 3 Reserved (R/'W)
frame. Similar to CRO6.
4 Reserved (R/W)
Programmed Value = Actual Value -2 5 FP Alternate Vertical Total Bit-9
6  FP Vertical Panel Size Bit-9
7  FP Alternate Vertical Sync Start Bit-9
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“\ n ' r : Extension Registers
FP ALTERNATE VERTICAL SYNC START FP ALTERNATE VERTICAL SYNC END
REGISTER (XR66) REGISTER (XR67)
Read/Write at ! O Address 3D7h Read/Write at I/O Address 3D7h
Index 66h Index 67h
[D7]D6[Ds[D4[D3]D2[D1{Do] [D7[Ds|Ds|D4|D3[D2{D1[Do|
- -
——— [ FP Alt VSync End

- FP Alternate VSync Start

- Reserved (R/W)
This register is used in all flat panel modes. This register is used in all flat panel modes.
7-0 FP Alternate Vertical Sync Start 3-0 FP Alternate Vertical Sync End
The contents of this register are the 8 low The lower 4 bits of the scan line count that
order bits of a 10-bit value. Bits 9 and 10 defines the end of vertical sync. Similar to
are defined in XR65. This value defines the CR11. If the vertical sync width desired is
scan line position at which vertical sync N lines, the programmed value is:
becomes active. Similar to CR10. (contents of XR66 + N) ANDed with OFH
Programmed Value = Actual Value — 1
7-4 Reserved (R/'W)
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Extension Registers

VERTICAL PANEL SIZE REGISTER (XR68)
Read/Write at I/ O Address 3D7h
Index 68h

[D7]Ds]D5]D4[D3[D2{D1}DO]

- Vertical Panel Size

This register is used in all flat panel modes.

7-0 Vertical Panel Size

The contents of this register define the
number of scan lines per frame.

Programmed Value = Actual Value — 1

Panel size bits 8-9 are defined in overflow
register XR65.

PROGRAMMABLE OUTPUT DRIVE REGISTER

(XR6C)

Read/Write at I!0 Address 3D7h

Index 6Ch

[D7]D6[Ds D4 [D3]D2[D1]DO]
Reserved (R/W)
CFG8 / Core Vcc Select
Flat Panel Output Drive
Bus Interface Output Drive
Memory Intfc A Out Drive
Memory Intfc B Out Drive

]- Reserved (R/W)

This register is used to control the output drive of the
bus, video, and memory interface pins.

0  Reserved (R/'W)

1 CFGS8- Core Vcc Selection
This bit determines pad input threshold. On
the falling edge of RESET, this bit will latch
the state of AA8 pin (CFGS).

0 Vcc forinternal logic is 3.3V
1 Vcc for intemal logic is 5V (Default)

2 Flat Panel Interface Output Drive Select
0 Lower drive (Default)

1 Higher drive (doubles the rated output
drive)
3 Bus Interface Output Drive Select
0 Higher drive (Default) (doubles the

rated drive)
1 Lowerdrive

4  Memory Interface A Output Drive Select

This bit affect memory interface group A
control pins: RASA#, CASAH#, CASAL#,
and WEA#.

0 Lower drive (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 Lower drive (Default)
1 Higher drive (doubles the rated output
drive)

7-6 Reserved (R/W)
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Extension Registers

POLYNOMIAL FRC CONTROL REGISTER
(XR6E)

Read/Write at I/O Address 3D7h

Index 6Eh

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

- Polynomial 'N' Value

- Polynomial 'M' Value

This register is effective in flat panel mode when
polynomial FRC is enabled (see XR50 bits 0-1). It
is used to control the FRC polynomial counters. The
values in the counters determine the offset in rows
and columns of the FRC count. These values are
usually determined by trial and error.

3-0 Polynomial 'N’ value

7-4  Polynomial 'M' value

This register defaults to '10111101' on RESET.

FRAME BUFFER CONTROL REGISTER
(XR6F)

Read/Write at 1/O Address 3D7h

Index 6Fh

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

Frame Buffer Enable
Frame Accelerator Enable

Reserved (R/W)

Frame Buffer Method

This register is cffective in flat panel mode only.

0  Frame Buffer Enable

This bit is used to enable the cxternal 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 is always required to drive LCD
DD pancls.

0 Disable frame buffer (default)
1 Enable frame buffer

1 Frame Accelerator Enable

This bit should always be set to 1 for DD flat
panels. This bit should be
programmed to 0 when XR6F([0] = 0
or for non-DD panels.

0 Disable frame accelerator (default)
1 Enable frame accelcrator

Reserved (R/W)

7 Frame Buffer Method

0 Frame buffer is stored in upper
portion of display memory
1 Reserved
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Extension Registers

SETUP / DISABLE CONTROL REGISTER (XR70)
Read/Write at I/ O Address 3D7h
Index 70h

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

- Reserved (0)

3C3/46E8 Register Disable

6-0 Reserved (0)
7  3C3/46ES8 Register Disable

0 In the MC and PI bus, port 3C3h
works as defined to provide control of
VGA disable. In the ISA bus, port
46E8h works as defined to provide
control of VGA setup and disable
modes (setup and disable functions are
not provided on pins),

1 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).

Note: Writes to register 46E8 are only
effective in ISA bus configurations (46ES8 is
ignored in MC and PI bus configurations
independent of the state of this bit). Writes
to 3C3 are only effective in MC and PI 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 46ES8h are write-only registers).

This register is cleared by reset.

Revision 2.0
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\ n l l- : Extension Registers
EXTERNAL DEVICE I/O REGISTER (XR72) 5 GPIO1(ENABKL)Data
f:;efzvgze at 10 Address 3D7h This bit always reads back the status of the
ENABKL pin (pin 76). When ENABKL is
configured as general purpose output
[D7]D6[Ds]D4{p3]|D2]b1|DO] (XR72[7-6]=11), this bit determines the data
output on the ENABKL pin.
ZWS# Pin Control
ENAVEE Pin Control 7-6 GPIO1 (ENABKL) Pin Control
GPIOO (ACTI) Data

GPIOO (ACTI) Pin Control
GPIO1 (ENABKL) Data

GPIO1 (ENABKL) Pin Ctrl

0 ZWS# Pin Control
This bit is effective when XR01[3]=1.

0 Pin 38 is used as ZWS# (Zero Wait
State) for ISA bus or POS# for Micro
Channel bus (default on reset).

1 Pin 38 is used as IRQ for ISA or
Micro Channel bus.

1 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

2 GPIOO(ACTI) Data

This bit always reads back the state of the
ACTI pin (pin 75). When ACTI is
configured as gencral purpose output
(XR72[4-3]=11) this bit determinges the data
output on ACTI pin.

4-3  GPIOO (ACTI) Pin Control

This bit is effective only when XRO1[4]=1
and XR50[7]=0.

00 Pin 75 is ACTI output (default on

This bit is effective only when XR01{4]=1
and XR50[7]=0.

00 Pin 76 is used to output ENABKL
(enable backlight) (default on reset)
01 Reserved

10 Pin 76 is gencral purpose input 1

(GPIO1)
11 Pin 76 is general purpose output 1
(GPIO1)

reset)
01 Reserved
10 Pin 75 is general purpose input O
(GPIOO0)
11 Pin 75 is general purpose output 0
(GPIO0)
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\ n ' r : Extension Registers
DPMS CONTROL REGISTER (XR73)
Read/Write at I/ O Address 3D7h
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
allows the controller to signal a CRT monitor to enter
power-saving states per the VESA DPMS (Display
Power Management Signaling) Standard. The
DPMS states are:
H Y Power Management State
Active  Active  Nommal Operation
Inactive Active Standby (Quick Recovery) Opt
Active Inactive Suspend (Max Power Savings)
Inactive Inactive Off (Autorecovery is optional)
0  HSYNCData
If XR73 bit-1 (bit-1 of this register) is
programmed to 1, the state of this bit will be
output on HSYNC (pin 51).
1 HSYNC Control
Determines whether bit-0 of this register or
internal CRTC horizontal sync information
is output on HSYNC (pin 51).
0 CRTC HSYNC is output (Default)
1 XR73[0] is output
2 VSYNCData
If XR73 bit-3 (bit-3 of this register) is
programmed to 1, the state of this bit 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 CRTC VSYNC is output (Default)
1 XR73[2] is output
7-4 Reserved (0)
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Extension Registers

CGA /HERCULES COLOR SELECT REGISTER

(XR7E)

Read/Write at /O Address 3D7h

Index 7Eh

[D7]D6]Ds[D4]D3|D2{D1]DO]
Color Bit-0 (Blue)
Color Bit-1 (Green)
Color Bit-2 (Red)
Color Bit-3 (Intensity)
Intensity Enable
Color Set Select

]» Reserved (0)

This I/O address is mapped to the same register as
I/O address 3D%h. This altemate mapping effec-
tively provides a color select register for Hercules
mode. Writes to this register will change the copy at
3D%h. The copy at 3D%h is visible only in CGA
emulation. The copy at XR7E is always visible.

5-0 See Register 3D9
7-6 Reserved (0)

DIAGNOSTIC REGISTER (XR7F)
Read/Write at 1/O Address 3D7h
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, and ENAVEE.

1  3-State Control Bit 1

0 Nommal outputs (default on Reset)

1 3-state output pins: RASA#, RASB#,
CASAL#, CASAH#, CASBL#,
CASBH#, WEA#, WEB#, and AAOD-
9.

5-2 Test Function

These bits are used for internal testing of the
chip when bit-6 = 1.

6  Test Function Enable
This bit enables bits 5-2 for internal testing.

0 Disable test function bits (default)
1 Enable test function bits

7  Special Test Function

This bit is used for internal testing and
should be set to 0 (default to O on reset) for
normal operation.
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Functional Description

Clock Synthesizer

An integrated 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 1IMHz and the maximum specified operating
frequency for that clock in increments not exceeding
0.5%. The frequencies are generated by an 18-bit
divisor word. This value contains 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 via Clock Control Registers XR30-32.

MCLK Operation

Normal operational frequencies for MCLK are
between SOMHz and 68MHz. Refer to the Electrical

Specifications for maximum frequencies at 3.3V and
5V (the maximum frequency at 3.3V will be slightly
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 is fully programmable. This initial value is
conservative enough not to viclate slow 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.

YCLK Register Table
VGA CLKO = 25.175MHz
VGA CLK1 = 28.322MHz 2] VCLK Synthesizer
CLK2 = Programmable
1
XR32:30 MCLK Register Table
MCLK = Programmable 21/ = MCLK Synthesizer
LKSEL1:0
CLKS MISC Output Reg[3:2]
Clock Synthesizer Register Structure
XR30[0] 1 ‘,_""""_"””””“”_"“"""”“"m"""""_"”““d"“"f
Reference ——'»LPS_N}—» . ™ Phase Charge ~ P  CLK
XR32[6:0] —~ 1 o »| Detector| | Pump I VO 2t e
. Y
! Internal I
| I Loop Filter :
| +4M |« |
XR31[6:0) ; 1 > |
XR30(3:1] post-VCO divider select
Revision 2.0 135 65535

Th|Merlaa3q))%étlﬁ:khs Rgsgg\;g V&aﬂjécturgr]’ 5 -



Functional Description

VCLK Operation

The VCLK output typically ranges between 19MHz
and 65MHz. VCLK has a table 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 bits MSR[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 synthesizers is
based on the reference frequency (FrerF) and the 4
programmed fields:

Field # Bits
Prescale N (PSN) XR30[0] (+1 or +4)
M counter (M')  XR31[6:0] (M'=M -2)
Ncounter (N’) XR32[(6:0) (N'=N-2)
Post Divisor (P) XR30[3:1] (+2F;0<P<5)
F _ Frer ¥4 * M
OUT= "pSN * N * 2P

The frequency of the Voltage Controlled Oscillator
(Fvco) is determined by these fields as follows:

_ _Frer*4*M

Fveo = —pSN+N

where FREF = Reference frequency (between 4 MHz
- 20 MHz; typically 14.31818 MHz)

Note: If a reference frequency other than 14.31818
MHz is used, then the frequencies loaded on

RESET will not be correct.
P Post Divisor
000 1
001 2
010 4
011 8
100 16
101 3

Programming Constraints

There are five primary programming constraints the
programmer must be aware of:

4 MHz < FREF< 20 MHz
150 KHz < FRep/(PSN * N) £ 2 MHz
48 MHz < Fvco < 220 MHz
3<sM<127
3<N<127

The constraints have to do with trade-offs between
optimum speed with lowest noise, VCO stability,
and factors affecting the loop equation.

The value of Fvco must remain between 48 MHz
and 220 MHz inclusive. Therefore, for output
frequencies below 48 MHz, Fvco must be brought
into range by using the post-VCO 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 as it is loaded following a write to
XR32. Any change in the post-divisor will take
affect immediately. There is a possibility that the
output may glitch during this transition of post divide
values. Because of this, the programmer may wish
to hold the post-divisor value constant across a range
of frequencies (eg. changing MCLK from the reset
value of SOMHz to 65MHz). There is also the
consideration of changing from a low frequency
VCO value with a post-divide +1 (eg. S0OMHz) 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. In this example there will
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 as to violate
bus timing and cause a watchdog timer error.
Programmers should time-out the system (CPU) for
approximately 10ms after writing XR32 before
accessing the VGA again. This will ensure that
accesses do not occur to the VGA while the clocks
are in an indeterminate state.

Note: On reset the MCLK is initialized to a 60MHz
output with a post divisor = 2 (Fvco = 120MHz).
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Programming Example
The following is an example of the calculations
which are performed:

Derive the proper programming word for a 25.175
MHz output frequency using a 14.31818 MHz refer-
ence frequency:

Since 25.175 MHz < 48 MHz, double it to 50.350
MHz to get Fvco in its valid range. Set the post

divide field (P) to 001.
Prescaling PSN =4
The result:
Fvco = 50.350 = (14.31818 x 4 x M/4 x N)
M/N =3.51655
Several choices for M and N are available:
M N Fvoo Frror
109 31 50.344 -0.00300

102 29 50.360 +0.00500
Choose (M, N) = (109,31) for best accuracy.

Prescaling PSN =1

The result:
Fvco = 50.350 = (14.31818 x 4 x M/1 x N)
M/N = 0.879127
M N Fvoo Error
80 91 50.349 -0.00050

FREF/(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 (5%)
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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 digital signals in close
proximity to the analog sections. Inside the 65535,
the clocks are physically located in the lower left
comer 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 is shown in the figure to the right:

.C;.;ID
C2

Functional Description
+5V
t 10Q
— AAA v CVCCn
| 0.1pF 47uF |, _I_O.lpF
-1 T~
v T CGNDn
1L GND

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 O.1uF capacitor)
should be placed as close as possible to the 65535.

NOTE: Do
not connect
Vec here.
Route the trace
through the
decoupling cap
pad as shown.
Designator Value
C1,C3,C4,C6,C7| 0.1uF
GND C2,C5 47QF
T R1,R2 10Q
Always pass the Vce trace through the decoupling cap pad. Do not leave a stub as shown here.
Revision 2.0 138 65535
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Functional Description

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 modcs 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 intemnal palette DAC register 1/O 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 data overrun. This is accomplished by holding

RDY in the ISA configuration and by delaying
LRDY# for VL-Bus and 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 slow (ISA) bus which is
shadowing the palette LUT may see the access. The
65535 always responds to palette read accesses so it

- is still possible for the shadowing adapter to become

out of phase with the intecrnal 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
Palette Control Register (XR06). Two 16bpp
formats are supported: 5-5-5 Targa format and 5-6-5
XGA format.

“High Color Pixel Data > o —» Red
Hardware Cursor ——» . Triple
P M
External RGB Video ——» JI 6{)8[;‘3‘ Green
(565, 666, or 888) » Blue
Triple 6-bit
LUT Pixel Data 8 > ur 18
VGA Color Palette DAC Data Flow S
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Flat Panel Timing

Flat Panel Timing

Overview

A number of extension registers in 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 registers of interest for panel interfacing are:

XR06 Color Reduction Select

XR1C H Panel Size (# of characters - 1)

XR68 V Panel Size (# of scan lines — 1) bits 0-7
(XR65[1]=Vsize bit-8, XR65[6]=bit-9)

XR4F Panel Format 2 (Bits/pixel, M/LP function)
XR50 Panel Format 1 (FRC,dither,clkdiv,VAM)
XRS51 Display Type (Panel type, clk/L.P control)
XR53 Panel Format 3 (FRC opt, pixel packing)
XR54 Panel Interface (FLM/LP Control)

XRSE M (ACDCLK) Control

XR6F Frame Buffer 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 all
color LCD STN and TFT panels. The panel types
supported are:

nel-Single driv Monochrom
pixel/clock, 8 bits/pixel

2 pixels/clock, 8 bits/pixel

4 pixels/clock, 4 bits/pixel

8 pixels/clock, 2 bit/pixel

16 pixels/clock, 1 bit/pixel

Dual panel-Double drive (DD) Monochrome
8 pixels/clock, 1 bit/pixel
16 pixels/clock, 1 bit/pixel

Single panel-Single drive (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 pixels/clock, 3 bit/pixel 1-1-1 RGB

Dual panel- le drive (DD) Color STN
2 2/3 pixels/clock, 3 bit/pixel 1-1-1 RGB
5 1/3 pixels/clock, 3 bit/pixel 1-1-1 RGB

ingl

Panel Size

The horizontal panel size register (XR1C) is an 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 1sbs in XR68 and the overflow in
XR65 bits 1 and 6. The maximum panel resolution
supported is 2048x1024.

Panel Type
The panel type (PT) is determined by XR51 bits 1-0:

00 Single panel-Single drive (SS)
11 Dual panel-Double drive (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
XRS50 bit-7 controls output width for TFT panels:

0  15-bit color TFT panel interface (555 RGB)
1  18-bit color TFT panel interface (666 RGB)

Color Reduction Select

XR06 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).

00 NTSC Weighting

01 Equivalent Weighting
10 Green Only Weighting
11 Color (no reduction)
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Flat Panel Timing

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 XRS50 bits 1-0;

00 NoFRC :
01 16-frame FRC (color or mono STN panels)
10 2-frame FRC (color TFT or mono panels)

Three options are provided for FRC control;

FRC option 1 (XRS53[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 FRC data changes every frame
1 FRC data changes every 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
panel life.

XRG6E 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 Chips and Technologies).

Dither
The 65535 also provides Dither capability to generate

multiple gray / color levels. Dither selection is deter-
mined by XRS50 bits 3-2:

00 No Dither
01 Enable Dither for 256-color modes only
10 Enable Dither for all modes

M Signal Timing

Register XRSE (M/ACDCLK Control) is provided to
control the timing of the M (sometimes called
ACDCLK) signal. XRSE bit-7 selects between two
types of timing control:

0 Use XRSE bits 0-6 to determine M signal
timing (bits 0-6 are programmed with the
number of HSYNCs 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 Levels with
Gray/Color Levels 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/Color
to Generate Color Levels with
Gray/ColorLevels Levels  Dithering
010 1 3 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/Color
to Generate Color Levels with
Gray/ColorLevels Levels  Ditherin
001 1 2 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 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 algorithm chosen (the actual number of
bits used is indicated in the table above). 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 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 XRS50 bits 6-4. For monochrome
panels, the valid settings are:

Pixels Per Pixels Per
Shift Clock Shift Clock
without with
Shift Frame Frame
Clock Acceleration Acceleration
000 Dot clk 1 2
001 Dclk/2 2 4
010 Dclk/4 4 8
011 Dclk/8 8 16
100 Dclk/16 16 1/a
Pixels
Per 8-Bit Valid 16-Bit  Valid
Shift Panel Outputs Panel Outputs
Clock Interface (8-bit) Interface (16-bit)
1 8bpp P8-15 8bpp PB8-15
2 4bpp P8-15(8-11 1st) 8bpp PO-15
4 2bpp P8-15(8-9 1st) 4bpp PO-15
8 1bpp P1,3,5,... (1 Ist) 2bpp PO-15
16 a n/a lbpp PO-15

The pixel on the lowest numbered output pin is
always the first 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 is the second, etc. For 16 pixels per clock,
1bpp on a 16-bit interface, PO is the first pixel, P1 is
the second, etc. For 4 pixels per clock, 2bpp on an
8-bit interface, P8-9 is the first pixel, P10-11 is the
second, etc. Data output mappings for SS panels for
more than 1bit/pixel are shown in more detail 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 Q00 001 010 011

PO [B2n} B5n |B3n| B6n - GOn | G4n | G6n
P1 |B3n| Bén {B4n| B7n — | Gln | G5n | G7n

P2 |B4n| B7n |B5n|B5n+1] - G2n |G4n+1|G6n+1
P3 |B5n|B5n+1| B6n |B6n+1 G3n_|G5n+1|GTn+1

P4 |B6n|B6n+1|B7n|B7n+1 GOn+1}G4n+2|G6n+2
PS |B7n|B7n+1{G3n} Gén Gln+1iG5n+2|G7n+2

GO_nT
Glint

P6 |G2n| G5n |G4n] G7n G2n+1|G4n+3|G6n+3
P7 |G3n] G6n |G5n|GSn+1 G3n+1iG5n+3|GTn+3

G2nt
G3nt

P8 [G4n| G7n |G6n|G6n+1 G4n | G6n |Gén+4
P9 |G5n|G5n+1|G7n |G7n+1 G5n | G7n |G7n+4

GOn
Gln

P10 |G6n|G6n+1{R3n| Ré6n G6n |G6n+1|Gon+5
P11 |G7n{G7n+1|R4n{ R7n G7n |Gn+1|G7n+5

G2n
G3n

P12 |R2n| R5n |R5n|RS5n+1 G4n+1{G6n+2 [G6n+6
P13 jR3n| R6n [R6n{R6n+1} G5n |G5n+1{GTn+2[G7n+6

G4n

P14 {R4n| R7n [R7n|R7n+1] G6n |G6n+1|G6n+3|G6Nn+7

P15 |R5n|RSn+l} - G7n |G7n+1{G7n+3 |G 7n+7
P16 jR6n|R6n+1j — - - - — _
P17 [R7n|R7n+1j - - - - - -

t For information only, not recommended for panel connections

The number of bits per pixel is determined as
follows:

Ibpp: 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 (2 Pixels/Clock) or
Not 1bpp and CD=000 (1 Pixels/Clock)

2bpp:
4bpp:

8bpp:

Valid Color TFT panel shift clock divide settings are:

Pixels
Sper TFT TFT "BO-n" "GO-n" "RO-n"
hift OQutput Output Panel Panel Panel

Clock Width Format Qutputs Outputs Qutputs
000 1 15 5-5-5 P04 P§-9 Pl%}-l4

_ 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
Frame Acceleration Frame Acceleration
SS or DD Panels DD Panels Only
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

The above clock divide ('CD’) bits (XRS50 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 XRS50 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 line will be on the rising edge).

Extended 4-Bit Pack for Color STN pancls 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 Qutput Order)

For color STN panels, pixel packing must be
selected via XRS53 bits 5-4:

Packing CD Settings Allowable
00 3-Bit Pack SS: 000, 001, or 010

DD: 000, 001 (010 w/o FA)
SS: 000, 001, or 010

DD: 000, 001 (010 w/o FA)
11 Ext'd4-Bit Pack SS: 001 (8bit panels only)

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
without frame acceleration:

CD=000 (1p/clk) CD=001 (2p/clk) CD=010 (4p/cik)
ShfClk Edge

01 4-Bit Pack

1st 2nd 3nd 4th  1st 2nd 3nd 4th  1st 20d 3nd 4th

Shift Clock Edge _Shift Clock Edge

PO
P1 Rl R2 R3 ... [R1|R3[R5]... [R1|R5]|R9]...
P2 |G1]|G2{G3]|... |G1|G3{G5]... [|G1|G5|GI]...
P3 |IB1IB2{B3!... |B1|B3iB5]|... |BLIB5|RB9]...
P4 - - - - - - - - -
P5 - - - R2|R4}R6]. R2|R6]R1( ...
P6 - -~ - G2|G4{Go| . G2|G6 |Gl ...
P7T - - - B2|B4|B6]. B2|B6[B10] ...
P8 - - - - - -
PO - - - - - - R3|R7[R1Y| ...
P10 - - - - - - G3|G71G1Y] ...
P11 - - - - - - B3{B7iB11] ...
P12 - - -~ - - - - - =
P13 - - - - - - R4[R8[R12] ...
P14 - - - - - - G4|G8|G1Y ...
P15 - - - - - - B4| B8 |B12| ...
4b Pack, CD=001 Ext'd 4b Pack, CD=001
Shift Clock Edge Shift Clock Edge
_1_211_3@4th 1st 2nd 3rd 4th 5th 6th 7th
PO [R1] | B31G6|. R1 _G1]G6 B6 B11fR12]...
P1 |Gl R4_B_i... Bl {R2 [ R7 G7 [G12B12]...
P2 |B1|G4(R7]... |G2 B2|B7 [RERI3GI3[...
P3 |R2|B4(G7]... R3 _G3| G8_ B8 B13[R14]...
P4 |G2|R5|B7]... B3 [R4[R9 GY |G14 Bi4]...
PS5 |B2|G5(R8|... [G4 B4 |B9 JRIORI5GIS]...
P6 |R3|B5]|G8|... R3 G5 IG10 B10B15[R16[...
P7 |G3[R6|B8]. B5 | R6 |[R11 G11|G16 B16|.

The pixel sequence for 3-bit Pack repeats with either
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 pixels every 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:

hift Clock Edge

1st 2nd 3rd 4th
Upper: —
PO R1|G2|B3]...
P1 G1|B2[R4]...
P2 |BI|R3|G4|...
P3 R21G3|B4]...
Lower: -
P4 R1}G2|B3]...
P5 G1i{B2|[R4]..
P6 Bl [R3|G4]...
P7 R2IG3|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
Acceleration and 001 without Frame Acceleration,

Pixel output order for 16-bit STN panels (4bit Pack):

STN-SS Panels STN-DD Panels
. Shift Clock E
Ist 2nd 3rd 4th
PO Upper: —
P1 0 [RT|B3|G6[..
P2 Pl |G1[R4|B6
P3 P2 |B1|G4[R7|...
P4 P3  [RZ|B4]G7[...
P5 P8 |G2[R3|B7]...
P6 P9 |B2|G5[R8]...
P7 P10 [R3|B5|G8[...
lljg P11 |G3[R6]BS]..
P10 Lower; _
P11 P4 R1|B3|G6]...
P12 P5 G1[R4]B6
P13 P6 Bl |G4 'R”T__
P14 P7 [RZ2|B4|G7[-.
P15 P12 |G2{R5|B7]
P13 |B2|G5[R8]...
P14 [R3]|B5|G8]...
P15 |G3[R6|B8]..

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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Flat Panel Timing

Output Signal Timing

LP Signal Timing

LP output polarity is controlled by XR54[6]
(O=positive, 1=negative). Sctting XR4F bit-7,
however, causes the LP pin to output flat panel
BLANK# / DE instead of the normal LP signal (and
all other LP timing control parameters will be
ignored). Some panels (e.g., Plasma 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 Qutput Signal 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,
I=negative). XR54[1] sclects whether BLANK# /
DE outputs both H and V (0) or just H (1).
XR51[2] selects whether BLANK# / DE is generated
from CRT Blank or Flat Panel Blank.

SHFECLK Output Signal Timing

XRS51[5] (Shift Clock Mask or SM) may be set to
force the shift clock output low outside the display
enable interval.

Pixel Timing Diagrams
Pixel output timing sequences are shown for the
following panel configurations:

1) Monochrome Pl EL

Single Panel-Single Drive (Panel Type = 00)
Plasma/EL Panel
2 pixels/shift clock, 4 bits/pixel (CD = 001)

2) DD Monochrome LCD

Dual Panel-Double Drive (Panel Type = 11)
Monochrome LCD Panel
8 pixels/shiftclk, 1bit/pixel, CD = 011
(010 with FB)
16 pixels/shiftclk, 1bit/pixel, CD = 100
(011 with FB)

3) SS Color TEFTLCD
Single Panel-Single Drive (Pancl Type = 00)
Color TFT LCD Panel
4/5/6 bits/color/pixel (12/16/18 bits total)
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 Panel
1 bit/color/pixel (3 bits total) 1-1-1 RGB
1 pixel/shiftclk (3bit), CD=000
2 pixels/shiftclk (6bit), CD=001
2-2/3 pixels/shift clock (8bit), CD=010
5-1/3 pixels/shift clock (8bit), CD=010, SD=1
5-1/3 pixels/shift clock (16bit), CD=010

5) DD Color STNLCD

Dual Panel-Dual Drive (Panel Type = 11)

Color STN LCD Panel

All timings = 1 bit/color/pixel (3 bits total) RGB
2-2/3 pixels/shift clock (8-bit), CD=001

5-1/3 pixels/shift clock (16-bit), CD=010

Revision 2.0
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Flat Panel Timing

Whirs
4
P \_/ / /T
BLANK# / \ / \ » / AL
SHFCLK fuut Uyt Judt. JUtl. ... JUUL TUUL
j— 320 Clks /H —¥| #— 320 Clks /H —¥| 4 320 Clks /H —¥
LM\ /
PO-7T T a0 Y  a2)..(6402 ////////Z//////// (1,480)...(640,480) %
e 480 Data Transfer Cycles / V >
SHFCLK V4 A 4
(Plasma) Vi <
SEE LI A el
FK LT 1L //
P8 :X (1_,11) (3 1) X: :x (637, 1)X (639 1) :X(637480)X(639480)
P9 ] (1 1) X (3 1) X: :X (637, 1)X (6391) :X(637480)X(639480)
//
P10 :X a1 X EEY) X: :X (637, 1) (639 1) X:// :X(637480)X(639480)X:
P11 :X (&é)x (3.1) X: 1(637 1) (639 1) X: :X(637480)X(639480)
P12 :X (2_,11) (4 1) X: :X (6381) (64(;1) :X(638480)X(640480)
/7 - 4
P13 :X @1 (4 1) x :X (638 1) (640 D 7 :X(638480)X(640480)
-2 //
Pl4 :x @D X @0 X: :X (638, 1)X (640,1) / X(638480)X(640480)
- 4
P15 :X 2.1 X @,1) x: :X (638, 1)X (640,1) X: //:X(638480)X(640480)
8 -8 y

1 EL panels use the rising edge of SHFCLK to clock in pancl data, so the

SHFCLK output from the 65535 must be inverted prior to driving the panel

-Level EL / Plasma 8-Bit Interface
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Flat Panel Timing

Timing -

p \ [/
BLANK# /

nel Monochrome DD 8-Bit (1 Bit / Pixel, 8 Pixel

\

\_///\_/

/ A

SHFCLK

4— 160 Clks /H —¥ j— 160 Clks / H —¥f

(640 x 480)

AM  \

l— 160 Clks / H —»|
(640 x 480)

(1,1)...(640,1)
(1 ,241)...(640,241)

(1,2)...(640,2)
(1 242)...(640,242)

pm///// i,

240 Data Transfer Cycles / V

//////

(1,240)...(640,240) %,
(1 /480)...(640,480) %

bl

(640 x 480)
nel Pixel Order - X
(NoFA) DCLK (S%Ec%ﬁ 8)
FAyDCLK (SIC“BCB&E)M
SHFCLK
(UD3) PO @O X GD X, X3 X 639D X~ j X(633,240) (637,240 X
2 y/
(UD2) P1 X @D X 6D )(:Z:_X @ X ©80 X, /;:)((634240))((638 280X
(UDD) P2 _ X_ @) X @n X /f: X 635, X_(639.1) X /j (635,240) X (639.240) X
(UD0) P3 X @D Y G0 X, X (636D X_(640.0) //:X(63624 0} (CIFZD))
(LD3) P4 X124 X_G24n X X(633.24DX (637, 241)[ // j X(633.280) X (637480) ___
(LD2) P5 __ X241 X (6.241) X ’ X (634.241) X (638.241) // /: X (632.230) X (638.480) X__
4
(LD1) P6 __ X (324D X (7.241) X ’ X(635241)X(639241)X _’ . X(635480) X (639,480 X
(LDO) P7 _X@24D (@24 X~ ’ X (636,241) X (640.241) /: X (636.480) X (640,480) X
FA = Frame Accelerator (Imbedded or External)
Panel Tlmmg Monochrome LCD DD 8-Bit Interface
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\ﬂ||'=® Flat Panel Timing

r \_/ \_/ /" \_/

SHFCLK Uyl Juur  Juur._nnmn..... s JUUL_TUTL.

¢— 256 Clks / H —¥| 4— 256 Clks /H —¥ M— 256 Clks / H —¥
(1024 x 768) (1024 x 768) (1024 x 768)

\ "
w15 Y oSS s U oS- 3 I, I oY

" 384 Data Transfer Cycles / V >
(1024 x 768)
ixel i rder - 1024 x 7
(No FA) DCLK (SHECLK x 16)
e DCLK it
SHFCLK 1 1 L
(UD7) PO X D Xon g (1009.384)
(UD6) P1 _X Z0 —aon ) - (1010384
(UDs) P2 _X €3)) ) SRTR g (1011.384)
(UD4) P3 X @10 —zn j (1012.384)
(UD3) P4 X GD ) kN — S X__(onzen
(UD2) P5 _X 6.0 —aan__) g (1014,382)
(UD1) P6 _X a0 ) SRR g (1015.384)
(UD0) P7 X A X_aen z {1016.384)
(LD7) P8 X 1.3%5) ) GICKEE Z (1009.768)
LD6) P9 _X 2385 X038 g (1010.768)
(LD5) P10 _X (3.385) X385, g (1011.768)
(LD4) P11 _X @385 12385, g (1012.768)
(LD3) P12 _X (5.385) 13385 - (1013.768)
(LD2) P13 _X (6.385) Xaaks ) g (1014.768)
@LD1) P14 _X (7.385) X538, g (1015.763)
(LDO) P15 _X B385) X (6385 g (1016.768)
FA = Frame Accelerator (Embedded or External)
Panel Timing - Monochrome LCD DD 16-Bit Interface )
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\nlra Flat Panel Timing
pak _ [ || ||
SHFCLK T 1 | ||
PO X_BO(O) X BIO) X
P1 X_Bo) X Bi() X
P2 X B0 X Bl X
P3 X BO3) X _BI13) X
P4 X_BO0@ X Bi@) X
P5 X_GO0 X GI1O) X
P6 X_Go) X GIH X
P7 X _GO02) X Gi(> X
P8 X GO3) X _Gi(3) X
P9 X GO0@ X Gi4 X
P10 X_ROO) X RI1O) X
P11 X_ROD X RIM X
P12 X_RO) X RI(2) X
P13 __ X ROB) X RIB) X
P14 X_RO@ X RI@® X
P15 _ XUndefined{Undefinedf
CD: 000 (1 Pixel / Clock)
FRC: 10 (2 Frame)
Bits / Pixel: 110 (6 bits/pixel)
Pixel Format: 5-5-5RGB
Data Width: 15-Bit ¥
1 Panels with 9 or 12-bit data interfaces would use this
setting and only connect to the msbs of each color
Panel Timing - Color LCD TFT 9/12/15-Bit Interface
Revision 2.0 149 65535
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Flat Panel Timing

Panel

v \_/

Timing - 1024 x 768 Monochrome DD 16-Bit (1 Bit / Pixel

BLANK# /

\___/

\/

Pixel

/7
\

7

SHFCLK
....... Juut. rout ot it . I
#— 256 Clks /| H —¥] }— 256 Clks / H —¥]
(1024 x 768) (1024 x 768)
M\
(1,1)..(1024,1) ’/ (1.2)..(1024 2)
PO-15 /// (1 385)...(1024.385) // (1 386)...(1024, 386)/// ///,
384 Data Transfer Cycles / V
(1024 x 768)
Pixel Pixel Order - 1024 x 7
(No FA) DCLK (SHFCLKx 16) T
(FA)DCLK (S}({:%L[((nxl 8)
SHFCLK _1 1 | —_
¥
(UD7) PO _X Tm) ) G CRI— %2
(UD6) P1 _X [eY)] X @wn )
(UD5) P2 _X [€R)) X_ain )
(UD4) P3 X @D Xz /j:)
(UD3) P4 X G X @n ) j:)
(UD2) P5 X A Xm@n ) /jZ)
(UD1) P6 _X D) X_Bh ) /:>
(UDO) P7 X €A Xaen ) =
Z
(LD7) P8 _X (1385 — X (9385 j:)
@ALD6) P9 X (2.385) X 10385 j
(LD5) P10 X (3385) S N -
(LD4) P11 —X (4385 X azEn ) g
(LD3) P12 X (5.383) B3 ;
(LD2) P13 —X (6.385) X435 ;
(LD1) P14 X (7.385) X138 ) g
(LDO) P15 _ X (8385 X 163835 ) ;
FA = Frame Accelerator (Embedded or External)
Panel Timing - Color LCD TFT 18-Bit Interface
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\.l'lll": Flat Panel Timing

e nliplinininipipipinininipigipip]
e [ LML UL L

IDCLK/2 | [ | ] iImm | | ]
SHFCLKL ¥ | ! | Y [
(Pin 56)
SHFCLKU | Y | v | v
(P8) (Pin 67)
| R1 X Gl X G6 X B6 X_BlI X RI2
P1 Y R2 X R7 X G7 X _Gi12 __B12
2 G2 X B2 X B7 X RS X__RI13 X _Gi3
P3 X R3 X <D < B X_Bi3 X _Rl4
P4 X B3 X R4 X RO X G9 X Gi4 X __Bl4
P5 X G4 X B4 X B9 [ RIO X RIS X GIs
P6 ) R5 XG5 X Gio___X BI0_ X BIS X __RI6
p7 X__ BS Y _R6 ) IV | Gil__X__Gl16 X Bi6
PT: 00 (SS Panel)
CD: 010 (5-1/3 Pixels / Clock) 16 Pixels are transferred
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)
Frame Buffer / Acceleration: Disabled / Disabled
Panel Tlmmg Color LCD STN 8-B |t (Extended 4-Bit Pack) Interface
Revision 2.0 151 65535
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\n"-: Flat Panel Timing

S ninininipiniplininininigigininl
ok [ LML UM L

b S S ! | 'S
PO Y R1 X G6 X Bll X R17 X G22 X  B27
P1 X Gi M B6 X  R12 X G17 X B22 X R28
P2 X Bl ){ R7 ) SV { B17 X_R23 X G28
P3 Y R2 X G7 X B12 [ R18 X G23 X B2
P4 X G2 [ B7 X __RrR13_ Y G138 X B23 X__R29
ps X B2 X R§ X  G13 X B18 X R24 X___G29
P6 ) R3 X G8 X  B13 |} R19 X G24 X B29
P7 X G3 X B8 X Ri4__{ G19 X B2 ~ X__R30
Pg X B3 X R9 X G4 X B19 X R25 X__G30
Po X R4 X G9 X B14 R20 X G25 X B30
P10 X G4 X B9 X R1I5 X G20 X B2 X_R31
P11 ) B4 X RIO X Gi5_ X B20 X R26 X G3t
P12 ) R5 X Gio X B15 Y R21 X G26 X B3l
P13 X G5 X B0 X Ri6 [ G21 X B26 X __R32
P14 X "Bs X _Ri1 X G116 X B2l ___ X R27 X_G32
P15 X R6 X G11 X  Bl6 X R22 X G27 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)
Frame Buffer / Acceleration: Disabled / Disabled
Panel Pixel Timing - Color LCD STN 16-Bit (4-Bit Pack) Interface
R R SR AR R
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"\ n ' r : Flat Panel Timing

o'e < N D A O e O R R S
SHECLK v [ v [ + v v v
p0__ X RADH X G2 X B(3,1) Y RG,1D) X G@6,1) X
P1__X G, _X_BZD X R(4,1) X_GG.h X B X
P2__X_ B X RGED X G(4,1) Y BG5,H) X R@ZD X
P3__ X _R21D X _G@B1H (X B(4,1) X R, X G711 X
p4__ X R(1.24D) { G(2.241) X B(3,241) X _R(G.24D X G(6,24D) X
ps __ ((G(1,241) X B(2.241) X R(4,241) A_G(5.241) X B(6,241) X
P6 X B(1,24D) X R@3.24D) X G(4,241) X B(5,241) X__R(7,24D) X
P7__X_R2.241) X_G3.241) B(4,241) Y 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)
Frame Buffer/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

R R S R R R e e R e R S R R
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"\ n ' r : Flat Panel Timing

DCLK

IDCLK

waxs | v v ¥ 3| ¥

|

PO_ X RADH X GZhH X B@ELH X RGH G661 L
Pi_X Ga,) X BZD X  RGED X GG.D X BGD X
PZ:L B(1,) X R(3,1) M G@4,1) X BG,D X R(7,1) x:
P3 :x R(2,1) X G(@3,1) X B(4,1) X_R(6,1) X G(.1) X:
P4 R(1,241 G(2,241) X B(3,241) X R(5,241) X G(6,241) X:
P5 :X G(1,241) ¥  B(2241) X  R@#,241) X G524 X B(6,241) X:
P6 _ ( B(A,Z4D) X R@B.241) X G@,241) X B(G.24D X R(7,241) X:
P7 __\RZ2D X G@B.241) X B@.241) X R(6,24D) 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)
Frame Buffer/Acceleration: 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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Flat Panel Timing

pek LTI LU L L
1ove'® <N [ N I I S

(IDCLK /2)

SHFCLK [ ¢ | v [ 3 4 | [
Po __ X _R(O,D X B3,1) X G6,) X _RONH X BOLL X
PI_Y GOLD X  R&D X BGD X GO.H X RAZD X
P2 _ X B, X G(4,1) X R(7,1 X _BO.H X Gazn X
P3 __ {_R2,D X B(4,1) X G(7,1) X_RO0,D X B(12,) X
p4 __ Y R@24D N B@B.241) X G6.241) X R(O.24DH X B(11,241) X
P5 _ N G240 \__R@241) N B(624D) X GO.24D X RA2241) X
P6 __ Y\ B(L24D {___G@241) X R(Z,241) X B(9.24D G224 X
P7 __ Y RZ24D \___B(@&24D) X G(7,241) _ { R(1024DX  B(12241)  X__
P8 __ X G2 (X R(5,1) ){ B(7.1) X_G(10,1) X R(13.1) X
PO _ X B2 X GGDOH X RB.D Y _Ba0,H X 6(a3nH X
P10 __X_RG.D [ BG,D X G@E,.Dh___ X RALD X B(13,1) X
P11 __{ G@B.1) X RG6,D X BGB,D) X GaLh) X RJ4D X
P12 __ X G224D) X RG.2AD X B@F.24D)  GA024DY  RA324D X
P13 __{ BZ24D) X GG.241) X _R(@824D) X B(1024D Y G(13.24h) X
P14 __ X RG.24D) X B(G,24D X G(B241) X R(11,24DX___B(13.24D)__X__
P15 __ X G(3.24D) X R(6241) X B(8241) X G(124Dh) R(1424D X

PT:
CD:

FRC:

Pixel Packing:

Bits / Pixel:

Frame Buffer / Acceleration:

11 (DD Panel)
010 (5-1/3 Pixels / Clock)
01 (16-Frame)
01 (4-Bit Pack)
100 (4 bits / pixel)
Enabled / Enabled

16 Pixels (8 each for the upper and lower panels) are transferred every 8 Dot Clocks (3 Shift Clock Edges)

Panel Pixel Timing - Color LCD STN-DD 16-Bit (4-Bit Pack) Interface - With Frame Acceleration

Revision 2.0
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kn'r:® Flat Panel Timing

wek/2 [ | L 1 | N e B
oSETS T ¢ | ¢ | v
PO _X R(1,1) X B(3,1) X G6.D
P1 __J G(L,1) X R(4,1) X BG.1)
P2 _X B(1,1) ) G(4,1) X _R@,D
P3 _\ R(2,1) X B(4,1) X__Ga.)
P4 _ X R(1,241) X B(3,241) X__G(6,241)
P5 X G(1,241) X R(4,241) X __B(6,24D)
P6 _ X B(1,241) X G(4,241) X R(@.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@,1)
2 { B(2,1) X G(5,1) X ___R@E.D
P10 _X R(3,1) X B(5,1) X __GG@B.1)
P11 _X G(3,1) X R(6,1) X B,
P12 _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 __ ) R(3,241) X B(5,241) X__G@8.241)
P15 __X G(3,241) )¢ R(6,241) X___B(8,241)
PT: 11 (DD Panel)
CD: 010 (5-1/3 Pixels / Clock)
FRC: 01 (16-Frame)
Pixel Packing: 01 (4-Bit Pack)
Bits / Pixel: 100 (4 bits / pixel)
Frame Buffer/Acceleration: Enabled/Disabled

16 Pixels (8 each for the upper and lower panels) are transferred 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 algorithm by adjusting 'm' and 'n’
polynomial values in 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 equal the
horizontal total. The horizontal sync start and end
values have a wide range of acceptable values. The

65535 also has the versatility to program an LP delay
to aid in interfacing to panels with a wide 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 parameters for a panel that most closely
resembles the target panel. Adjust the flat panel
configuration registers as needed and adjust the
horizontal and vertical parameters as needed.
Adaption to a non-standard panel is usually a trial
and error process.

These parameters are recommended by Chips and
Technologies, 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.

Revision 2.0
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Programming

EXTENSION REGISTER VALUES

The 65535 controller can be programmed for a wide variety of flat panels, compensation techniques and
backwards compatibility. The following pages provide the following 65535 Extension Register Value tables:

Display Type Description

Parameters for Initial Boot (Analog CRT VGA Mode)
Parameters for Emulation Modes

640x480 Monochrome LCD-DD (Panel Mode Only) ............

640x480 Monochrome LCD-DD (Simultancous Mode Display)
640x480 Color TFT LCD (Panel Mode Only) .........ccccvvuene

640x480 Color TFT LCD (Simultaneous Mode Display)
640x480 Color STN-SS LCD - 4-Bit Pack.......ccccverenn.
(Panel Only & Simultaneous Mode Display)

640x480 Color STN-SS LCD - Extended 4-Bit Pack............

640x480 Color STN-DD LCD - 8-Bit Interface...................
(Panel Mode Only)

640x480 Color STN-DD LCD - 16-Bit Interface .................
(Panel & Simultaneous Mode Display)

640x480 16 Intermnal Gray Scale Plasma...................c.oo.
640x480 16 Internal Gray Scale EL ...l

an analog CRT monitor.

Panels

Epson EG-9005F-LS
Citizen G6481L-FF

Sharp LM64P80

Sanyo LCM-6494-24NTK
Hitachi LMG5364XUFC

Hitachi TX26D02VC2AA
Sharp LQ9DO11
Toshiba LTM-09C015-1

Sanyo LM-CKS53-22NEZ
Sanyo LCM5327-24NAK
Sanyo LCM5330

Sharp LM64C031

Kyocera KCL6448 DSTT
Hitachi LMG9720XUFC

Sharp LM64C08P

Sanyo LCMS5331-22NTK
Hitachi LMG9721XUFC
Toshiba TLX-8062S-C3X
Optrex DMF-50351NC-FW

Matsushita S804
Sharp LI64ZUS50

specifies the minimum Extension Register values required for the 65535 to boot to VGA mode on

specifies the additional Extension Register values required for emulation of EGA, CGA, MDA and

Hercules backwards compatibility modes. The registers in Table #2 should be used in conjunction
with the registers specified in Table #1. For registers listed in both tables, use the values in Table
#2 (shown in bold text).

Extension
Table Registers
#1 Minimum
#2  Additional
#3  Additional
#4  Additional
#5  Additional
#6  Additional
#7  Additional
#8  Additional
#9  Additional
#10 Additional
#11 Additonal
#12 Additional
Table #1
Table #2
Tabl

#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).

Revision 2.0
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CHIFS Programming

Table #1 - Parameters for Initial Boot
Initial Boot-Up Extension Register Values for VGA Display on an Analog CRT Monitor

Register Value (Hex) Register Name Comments
XR02 01 CPU Interface Control 1
XRO04 Al Memory Control 1 Note 1
XRO5 00 Memory Control 2
XR06 00 Palette Control
XROB 00 CPU Paging
XRO8 00 Linear Addressing Base
XROC 00 Start Address Top
XROD 00 Auxiliary Offset
XROE 80 Text Mode Control
XROF 10 Software Flags O Note 2
XR10 00 Single/Low Map
XR11 00 High Map
XR51 63 Display Type
XR14 00 Emulation Mode
XR15 00 Write Protect
XR16 00 Vertical Overflow
XR17 00 Horizontal Overflow
XRI1E 00 Altemate Offset
XR1F 00 Virtual EGA Switch
XR24 12 Alternate Max Scanline
XR25 59 Horizontal Virtual Panel Size
XR28 80 Video Interface
XR29 4C Half Line Compare
XR2B 00 Software Flags 1 Note 2
XR33 20 Clock Control
XR30 03 Clock Divide Control
XR31 6B Clock M-Divisor
XR32 3C Clock N-Divisor
XR33 00 Clock Control
XR30 03 Clock Divide Control
XR31 4E Clock M-Divisor
XR32 59 Clock N-Divisor
XR44 10 Software Flags 2 Note 2
XR45 00 Software Flags 3 Note 2
XR52 40 Power Down Control
XR53 00 Panel Format 3
XR54 32 Panel Interface
XRS5F 06 Power Down Mode Refresh
XR60 88 Blink Rate Control
XR61 2E SmartMap™ Control
XR62 07 SmartMap™ Shift Parameter
XR63 41 SmartMap™ Color Mapping Control
XR70 80 Setup / Disable Control
XR72 24 Extemal Device 1/O

Note: 1) Memory Control Register 1 is automatically re-programmed with the proper display memory
configuration by the BIOS
2) The Software Flag Registers are used by the BIOS and should not be re-programmed
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CHIFS Progranming

Table #2 - Parameters for Emulation Modes
Extension Register Values for CRT-Only, Panel-Only, & Simultaneous CRT / Panel Display

Register ~ Value (Hex)  Register Name Comments
XR14 00 Emulation Mode EGA Emulation
XR15 18 Write Protect EGA Emulation
Register Yalue (Hex) Register Name Comments
XR14 01 Emulation Mode CGA Emulation
XR15 0D Write Protect CGA Enulation
XR18 27 Alternate Horizontal Display Enable End  CGA Emulation
XR19 2B Altemmate Horizontal Retrace Start CGA Emulation
XR1A A0 Altermnate Horizontal Retrace End CGA Emulation
XRI1B 2D Altemate Horizontal Total CGA Emulation
XR1C 28 Alternate Horizontal Blanking Start CGA Emulation
XR1D 10 Alternate Horizontal Blanking End CGA Emulation
XRI1E 14 Alternate Offset CGA Emulation
XR7E 30 CGA /Hercules Color Select CGA Emulation
Register  Value (Hex) Register Name Comments
XR14 52 Emulation Mode MDA Emulation
XR15 0D Write Protect MDA Emulation
XR7E OF CGA / Hercules Color Select MDA Emulation
Register  Yalue (Hex)  Register Name Comments
XROD 02 Auxiliary Offset Hercules Emulation
XR14 52 Emulation Mode Hercules Emulation
XR15 0D Write Protect Hercules Emulation
XR18 59 Alternate Horizontal Display Enable End  Hercules Emulation
XR19 60 Alternate Horizontal Retrace Start Hercules Emulation
XR1A 8F Altemnate Horizontal Retrace End Hercules Emulation
XR1B 6E Alternate Horizontal Total Hercules Emulation
XR1C 5C Alternate Horizontal Blanking Start Hercules Emulation
XR1D 31 Alternate Horizontal Blanking End Hercules Emulation
XRIE 16 Alternate Offset Hercules Emulation
XR7E OF CGA /Hercules Color Select Hercules Emulation

Note: 1) Bold text indicates registers with values different from those shown in Table #1
2) Non-bold text indicates additional registers (not included in Table #1)
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CHIFS Progrannig

Table #3 - Parameters for 640x480 Monochrome LCD-DD Panels (Panel Mode Only)

Extension Register Values for Epson EG9005F-LS
Citizen G6481L-FF

Sharp LM64P80
Sanyo LCM-6494-24NTK
Hitachi LMG5364XUFC
Register Jue (Hex Register Name Comments
XR06 02 Palette Control Disable Internal DAC
XR19 57 Alternate Horizontal Sync Start
XR1A 19 Alternate Horizontal Sync End
XR1B 59 Alternatc Horizontal Total
XR1C 4F Horizontal Panel Size
XR2C 04 FLLM Delay
XR2D 50 LP Delay (CP disabled)
XR2E 50 LP Delay (CP enabled)
XR2F 00 LP Width
XR4F 44 Panel Format 2
XRS50 25 Panel Format 1
XR51 67 Display Type
XR52 41 Power Down Control
XRS53 0C Panel Format 3
XR54 3A Panel Interface
XRS5 ES Horizontal Compensation
XR56 00 Horizontal Centering
XR57 1B Vertical Compensation
XR58 00 Vertical Centering
XR59 84 Vertical Line Insertion
XR5A 00 Vertical Line Replication
XR5B 8F Power Sequencing Dclay
XR5D 10 FP Diagnostic
XR5E 80 M (ACDCLK) Control
XR64 E4 Altemnate Vertical Total
XR65 07 Alternate Overflow
XR66 EO Alternate Vertical Sync Start
XR67 01 Alternate Vertical Sync End
XR68 DF Vertical Panel Size
XR6C 02 Programmable Output Drive
XR6E 26 Polynomial FRC Control Register Optimize for best display quality
XR6F 1B Frame Buffer Control

Note: 1) Bold text indicates registers with values different from those shown in Table #1
2) Non-bold text indicates additional registers (not included in Table #1)
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Table #4 - Parameters for 640x480 Monochrome LCD-DD Panels (Simultaneous Mode Display)

Programming

Extension Register Values for Epson EG9005F-LS

Register  Value (Hex)

XR19
XR1A
XR1B
XR1C
XR2C
XR2D
XR2E
XR2F
XR4F
XRS50
XR51
XR52
XR53
XR54
XR55
XR56
XR57
XR58
XR59
XR5A
XR5B
XR5D
XRSE
XR64
XR65
XR66
XR67
XR68
XR6C
XR6E
XR6F

55

Citizen G6481L-FF
Sharp LM64P80

Sanyo LCM-6494-24NTK
Hitachi LMG5364XUFC

Register Name

Alternate Horizontal Sync Start
Alternate Horizontal Sync End

Alternate Horizontal Total
Horizontal Panel Size
FLM Delay

LP Delay (CP disabled)
LP Delay (CP enabled)
LP Width

Panel Format 2

Panel Format 1

Display Type

Power Down Control
Panel Format 3

Panel Interface
Horizontal Compensation
Horizontal Centering
Vertical Compensation
Vertical Centering
Vertical Line Insertion
Vertical Line Replication
Power Sequencing Delay
FP Diagnostic

M (ACDCLK) Control
Alternate Vertical Total
Alternate Overflow

Alternate Vertical Sync Start
Altemnate Vertical Sync End

Vertical Panel Size

Programmable Output Drive

Polynomial FRC Control Register

Frame Buffer Control

Optimize For LCD

Note: 1) Bold text indicates registers with values different from those shown in Table #1
2) Non-bold text indicates additional registers (not included in Table #1)
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CHIPS g

Table #5 - Parameters for 640x480 Color TFT Panels (Panel Mode Only)

Extension Register Values for Hitachi TX26D02VC2AA
Sharp LQ9DO011 (set to accommodate the DE signal)
Toshiba LTM-09C015-1

Register Value (Hex) Register Name Comments
XR06 C2 Palette Control Color Reduction
XR19 56 Alternate Horizontal Sync Start
XRI1A 13 Alternate Horizontal Sync End
XR1B SF Alternate Horizontal Total
XR1C 4F Horizontal Panel Size
XR2C 04 FLM Dclay
XR2D 4F LP Delay (CP disabled)

XR2E 4F LP Dclay (CP enabled)
XR2F OF LP Width

XR4F 44 Panel Format 1

XR50 02 Panel Format 2

XR51 C4 Display Type

XR52 41 Power Down Control
XR53 0C Panel Format 3

XRS54 FA Panel Interface Set to F9 for Toshiba color panels
XRS5S E5 Horizontal Compensation
XR56 00 Horizontal Centering

XRS57 1B Vertical Compensation
XR58 00 Vertical Centering

XR59 84 Vertical Line Insertion
XRSA 00 Vertical Line Replication
XR5B 8F Power Sequencing Delay
XR5D 10 FP Diagnostic

XRSE 80 M (ACDCLK) Control
XR64 01 Alternate Vertical Total
XR65 26 Alternate Overflow

XR66 DF Alternate Vertical Sync Start
XR67 0C Alternate Vertical Sync End
XR68 DF Vertical Pancl Size

XR6C 02 Programmable Output Drive
XR6E BD Polynomial FRC Control Optimize for best display quality
XR6F 00 Frame Buffer Control

Note: 1) Bold text indicates registers with values different from those shown in Table #1
2) Non-bold text indicates additional registers (not included in Table #1)
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o Programming
Table #6 - Parameters for 640x480 Color TFT Panels (Simultaneous Mode Display)
Extension Register Values for Hitachi TX26D02VC2AA
Sharp LQ9D011 (set to accommodate the DE signal)
Toshiba LTM-09C015-1
Register ~ Yalue (Hex)  Register Name Comments
XR06 Co Palette Control Color Reduction
XR19 55 Alternate Horizontal Sync Start
XR1A 00 Alternate Horizontal Sync End
XR1B SF Alternate Horizontal Total
XR1C 4F Horizontal Panel Size
XR2C 00 FLM Delay
XR2D 4F LP Delay (CP disabled)
XR2E 4F LP Delay (CP enabled)
XR2F OF LP Width
XR4F 44 Panel Format 2
XR50 02 Panel Format 1
XR51 C4 Display Type
XRS2 41 Power Down Control
XR53 oC Panel Format 3
XR54 FA Panel Interface Set to F9 for Toshiba color panels
XRS5 ES Horizontal Compensation
XR56 00 Horizontal Centering
XR57 1B Vertical Compensation
XR58 00 Vertical Centering
XR59 84 Vertical Line Insertion
XR5A 00 Vertical Line Replication
XR5B 8F Power Sequencing Delay
XR5D 10 FP Diagnostic
XRSE 80 M (ACDCLK) Control
XR64 0oC Altemate Vertical Total
XR6S 26 Alternate Overflow
XR66 EA Alternate Vertical Sync Start
XR67 0C Alternate Vertical Sync End
XR68 DF Vertical Panel Size
XR6C 02 Programmable Output Drive
XR6E BD Polynomial FRC Control Optimize for best display quality
XR6F 00 Frame Buffer Control
Note: 1) Bold text indicates registers with values different from those shown in Table #1
2) Non-bold text indicates additional registers (not included in Table #1)
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Programming

Table #7 - Parameters for 640x480 Color STN-SS Panels with 16-Bit Interface (4-Bit Pack) (Panel-Only and

Simultaneous Display)

Extension Register Values for Sanyo LM-CK53-22NEZ

Regiser  Value (Hex)

XR06
XR19
XR1A
XR1B
XR1C
XR2C
XR2D
XR2E
XR2F
XR4F
XR50
XR51
XR52
XR53
XR54
XRS5
XR56
XR57
XR58
XR59
XR5A
XR5B
XRS5D
XR5E
XR64
XR65
XR66
XR67
XR68
XR6C
XR6E
XR6F

C2
56
19
59
4F

Sanyo LCM5327-24NAK
Sanyo LCM5330

Register Name
Palette Control

Alternate Horizontal Sync Start
Alternate Horizontal Sync End

Altemnate Horizontal Total
Horizontal Panel Size

FLM Delay

LP Delay (CP disabled)
LP Delay (CP enabled)

LP Width

Panel Format 1

Panel Format 2

Display Type

Power Down Control
Panel Format 3

Panel Interface

Horizontal Compensation
Horizontal Centering
Vertical Compensation
Vertical Centering

Vertical Line Insertion
Vertical Line Replication
Power Sequencing Delay
FP Diagnostic

M (ACDCLK) Control
Altemnate Vertical Total
Alternate Overflow
Alternate Vertical Sync Start
Alternate Vertical Sync End
Vertical Panel Size
Programmable Output Drive
Polynomial FRC Control
Frame Buffer Control

Comments

C0 in simultaneous mode
55 in simultaneous mode
00 in simultaneous mode
5F in simultaneous mode

22 in simultaneous mode
62 in simultancous mode
62 in simultaneous 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 in simultaneous mode
0C in simultaneous mode
DF in simultaneous mode

Optimize for best display quality

Note: 1) Bold text indicates registers with values different from those shown in Table #1
2) Non-bold text indicates additional registers (not included in Table #1)
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CHIFS Progranin

Table #8 - Parameters for 640x480 Color STN-SS Panels with 8-Bit Interface (Extended 4 Bit Pack) (Panel-Only

and Simultaneous Display)
Extension Register Values for Sharp LM64C031
Register  Value (Hex)  Register Comments
XR06 C2 Palette Control C0 simultaneous mode
XR19 54 Alternate Horizontal Sync Start 55 simultaneous mode
XR1A 00 Alternate Horizontal Sync End
XR1B 5F Alternate Horizontal Total 5F simultaneous mode
XR1C 4F Horizontal Panel Size
XR2C oC FLM Dclay
XR2D 4F LP Delay (CP disabled)
XR2E 4F LP Delay (CP enabled)
XR2F 00 LP Width
XR4F 44 Panel Format 2
XR50 15 Panel Format 1
XR51 6C Display Type
XR52 41 Power Down Control
XRS3 3C Panel Format 3
XR54 3A Panel Interface
XRS5 ES Horizontal Compensation
XR56 00 Horizontal Centering
XR57 1B Vertical Compensation
XR58 00 Vertical Centering
XR59 84 Vertical Line Insertion
XR5A 00 Vertical Line Replication
XR5B 8F Power Sequencing Delay
XRS5D 10 FP Diagnostic
XRSE 80 M (ACDCLK) Control
XR64 ED Altemnate Vertical Total 15 simultancous mode
XR65 07 Alternate Overflow 26 simultaneous mode
XR66 El Altemnate Vertical Sync Start EA simultaneous mode
XR67 02 Alternate Vertical Sync End 0C simultaneous mode
XR68 DF Vertical Panel Size
XR6C 02 Programmable Output Drive
XR6E BD Polynomial FRC Control Optimize for best display quality
XR6F 00 Frame Buffer Control '

Note: 1) Bold text indicates registers with values different from those shown in Table #1
2) Non-bold text indicates additional registers (not included in Table #1)
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wHirs Programming

Table #9 - Parameters for 640x480 Color STN-DD LCD Panels with 8-Bit Interface without Frame Acceleration

(Panel Mode Only)
Extension Register Values for Kyocera KCL6448 DSTT
Hitachi LMG9720XUFC
Register Yalue (Hex) Register Comments
XR06 C2 Palette Control
XR19 56 Alternate Horizontal Sync Start
XR1A 13 Alternate Horizontal Sync End
XR1B 5F Alternate Horizontal Total
XR1C 4F Horizontal Panel Size
XR2C 03 FLM Delay
XR2D B9 LP Delay (CP disabled)
XR2E B9 LP Dclay (CP enabled)
XR2F 00 LP Width
XR4F 44 Panel Format 2
XRS50 15 Pancl Format 1
XR51 67 Display Type
XR52 41 Power Down Control
XRS3 1C Panel Format 3
XR54 32 Panel Interface
XR55 ES Horizontal Compensation
XR56 00 Horizontal Centering
XR57 1B Vertical Compensation
XR58 00 Vertical Centering
XR59 1F Vertical Line Insertion
XR5A 00 Vertical Line Replication
XRS5SB 8F Power Sequencing Delay
XRSD 10 FP Diagnostic
XRSE 80 M (ACDCLK) Control
XR64 F4 Altemnate Vertical Total
XR65 07 Alternate Overflow
XR66 F3 Alternate Vertical Sync Starnt
XR67 01 Alternate Vertical Sync End
XR68 DF Vertical Panel Size
XR6C 02 Programmable Output Drive
XR6E 33 Polynomial FRC Control Optimize for best display quality
XR6F 1B Frame Buffer Control

Note: 1) Bold text indicates registers with values different from those shown in Table #1
2) Non-bold text indicates additional registers (not included in Table #1)
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CHIFS Progrming

Table #10 - Parameters for 640x480 Color STN-DD Panels with 16-Bit Interface with Frame Acceleration (Panel-
Only and Simultaneous Mode Display)

Extension Register Values for Sharp LM64C0O8P
Sanyo LCM5331-22NTK

Hitachi LMG9721XUFC
Toshiba TLX-8062S-C3X
Optrex DMF-50351NC-FW
Register Value (Hex) Register Name Comments
XR06 C2 Palette Control
XR19 57 Alternate Horizontal Sync Start
XR1A 19 Alternate Horizontal Sync End
XR1B 59 Alternate Horizontal Total
XRIC 4F Horizontal Panel Size
XR2C 15 FLM Delay 22 for no frame acceleration
XR2D 50 LP Delay (CP disabled) 9E for no frame acceleration
XR2E 50 LP Delay (CP enabled)
XR2F 00 LP Width
XR4F 4 Panel Format 1
XR50 25 Panel Format 2 35 for no frame acceleration
XRS51 67 Display Type
XRS2 41 Power Down Control
XRS3 1C Panel Format 3
XR54 3A Panel Interface
XRS5 ES Horizontal Compensation
XR56 00 Horizontal Centering
XR57 1B Vertical Compensation
XR58 00 Vertical Centering
XR59 1F Vertical Line Replication
XR5A 00 Vertical Line Replication
XR5B 8F Power Sequencing Delay
XR5D 10 FP Diagnostic
XR64 0B Altemate Vertical Total
XR65 07 Altemnate Overflow
XR66 EA Alternate Vertical Sync Start
XR67 0C Alternate Vertical Sync End
XR68 DF Vertical Panel Size
XR6C 02 Programmable Output Drive
XR6E 33 Polynomial FRC Control Optimize for best display quality.
XR6F 1B Frame Buffer Control

Note: 1) Bold text indicates registers with values different from those shown in Table #1
2) Non-bold text indicates additional registers (not included in Table #1)
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Programming

Table #11 - Parameters for 640x480 Plasma Panels with 16 Internal Gray Levels
Extension Register Values for Matsushita S804

Register ~ Yalue (Hex)

XR19
XR1A
XR1B
XRI1C
XR2C
XR2D
XR2E
XR2F
XRA4F
XR50
XRS51
XR52
XR53
XR54
XR55
XR56
XR57
XR58
XR59
XR5A
XR5B
XR5D
XRSE
XRo64
XR65
XR66
XR67
XR68
XR6C
XR6E
XR6F

Note: 1) Bold text indicates registers with values different from those shown in Table #1

Register Name Comments

Alternate Horizontal Sync Start
Alternate Horizontal Sync End
Alternate Horizontal Total
Horizontal Panel Size

FLM Delay

LP Delay (CP disabled)

LP Delay (CP enabled)

LP Width

Panel Format 1

Panel Format 2

Display Type

Power Down Control

Panel Format 3

Panel Interface

Horizontal Compensation
Horizontal Centering
Vertical Compensation
Vertical Centering

Vertical Line Insertion
Vertical Line Replication
Power Sequencing Delay
FP Diagnostic

M (ACDCLK) Control
Alternate Vertical Total
Alternate Overflow
Alternate Vertical Sync Start
Alternate Vertical Sync End
Vertical Panel Size
Programmable Output Drive
Polynomial FRC Control
Frame Buffer Control

2) Non-bold text indicates additional registers (not included in Table #1)

Optimize for best display quality
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CHIPS g

Table #12 - Parameters for 640x480 EL Panels with 16 Internal Gray Levels
Extension Register Values for Sharp LJ64ZU50

Register  Value (Hex)  Register Name Comments
XR19 52 Alternate Horizontal Sync Start
XRI1A 15 Alternate Horizontal Sync End
XR1B 54 Alternate Horizontal Total
XR1C 4F Horizontal Panel Size
XR2C 0C FLM Delay
XR2D 4F LP Delay (CP disabled)
XR2E 4E LP Delay (CP enabled)
XR2F 81 LP Width
XR4F 04 Panel Format 1
XRS50 17 Panel Format 2
XR51 44 Display Type
XRS2 41 Power Down Control
XRS3 0C Panel Format 3
XR54 F9 Panel Interface
XRS5 ES Horizontal Compensation
XR56 00 Horizontal Centering
XR57 1B Vertical Compensation
XR58 00 Vertical Centering
XR59 84 Vertical Line Insertion
XR5A 00 Vertical Line Replication
XRS5B 8F Power Sequencing Delay
XR5D 10 FP Diagnostic
XRSE 80 M (ACDCLK) Control
XR64 FO Alternate Vertical Total
XR65 07 Alternate Overflow
XR66 E5 Alternate Vertical Sync Start
XR67 05 Alternate Vertical Sync End
XR68 DF Vertical Panel Size
XR6C 02 Programmable Ouput Drive
XR6E 9D Polynomial FRC Control Optimize for best display quality
XR6F 00 Frame Buffer Control

Note: 1) Bold text indicates registers with values different from those shown in Table #1
2) Non-bold text indicates additional registers (not included in Table #1)
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L n l r : Application Schematic Examples

Application Schematic Examples

This section includes schematic examples showing various 65535 interfaces. The schematics are divided into into
three main groups for discussion:

1) System Bus Interface

» ISA (PC/AT) Bus (16-bit)
+ 486SLC / 386SX Local Bus (16-bit)
« 486 16-Bit Local Bus (VL Bus compatible) (16-bit expanded to 32-bit)
« 486 32-Bit Local Bus (VL Bus compatible) (32-bit)

2) Display Memory Interface

» One or Two or 256Kx16 DRAMs (2-CAS)
« One or Two or 256Kx16 DRAMs (2-WE)
« Four or Eight or 256Kx4 DRAMs

3) CRT/Panel / Video Interface

« CRT/Panel Interface
« PC-Video Interface

To design a system around the 65535, one schematic page would be selected from each of the groups above.

Selection of a bus interface for the VGA controller is generally dictated by the type of bus and CPU available in the
system. If performance is a concern, however, and a 386 or 486 CPU is being used, a local 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 (typically the
Windows Driver) to be more efficient. If a 32-bit 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 translation for 16-bit cycles. The 65535 provides all transceiver control signals, so no other
external logic is required. 386 16-bit local bus interfacing does not require the extemal transceivers. Interfacing to
ISA bus is always 16 bits, requires no external logic, and allows the use of either 16-bit or 32-bit display memory
interfacing. Clock connections arc shown as part of the bus interface diagrams. A 14.31818 MHz reference
crystal is shown, although 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 DRAMs would be used for display memory, although, if desired, the memory interface may
be designed to use 256Kx4's instead. Interface schematics are included 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 is able to detect which type
is connected and program the 65535 accordingly. The diagrams included in this section show interfaces to both
types; it is also possible to lay out a PCB to allow either type to 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 a number of typical panels. These connectors are used to simplify evaluation of the 65535 with various panels;
a real 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 there is a wide variety of possible configurations.

If internal logic is to be operated at 3.3V, CFG8 must be connected to ground via a 4.7K resistor.
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Application Schematic Examples

RESET 33 ohmaaa o 159
B02 RESET
1 0.010F 155| vTALT
T 14.31818 =
) MHz T 156
79— RESH# 7] XTALO
BHE# e RFSH#
C01 AEN = BHE#
E 10
All ALE ) AEN
ALE
QRD# 339 10RD#
OWR# 36,
Q IOWR#
MEMR# 331 MEMR#
MEMW# 34
q MEMW#
RDY 37
OCS16% 404 Fo
MEMCS 167 39 16# (BCFG2)
380 MCS16# (BCFG1)
see gote i see Note 1 ——=C] ZWS# (BCFG0) (IRQ) (ROMCS#)
see Note
Note 1: Pin 38 may also be 65535
configured as ROMCS# or ISA-Bus
IRQ via XRpl bit-3 (CI':G3) 6 Interface
and XR72 bit-0, respectively. _E— ADDHI
LA23 " 5|
~2§% g A22 NOTE: The 65535 will normally
: A%0 > A21 automatically detect and configure
NT) 1420 itself for the ISA bus interface: if
AlS 153 ﬁ}g CFGO-1 (pins 100-101) are detected
Al7 152 | 19 high and ALE (pin-9) is detected
ﬁ%g ]lg(l) Al6 low at RESET, ISA interface will
Al4 149 AlS5 be selected. To force ISA operation,
AL3 Al4 CFG1 (pin 101) may be tied to
148 1713
Al2 147 Al12 ground via a 4.7K resistor.
All 146
A10 15| A1
A9 144 1%
A8 143 A8
A7 141 A7
A6 140 A6
A5 138 AS
Ad 137
A4
A3 36 A3
A2 135 A2
Al 134 Al
A0 133 A0
+5V = B3, B29, D16
GND = B1, B10,B31,D18
B3 pis
151 D14 NOTE: Additional data output
16 D13 drive may be enabled by
17 g%% programming XR6C bit-3 = 0.
18 110
Tl e
D8
23
24127
25 D6 . .
55 DS Circuit Example
57 B§ 65535 ISA Bus Interface
28 D2
30 D1
31
DO
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Application Schematic Examples

From Systems Logic

486SL.C/3868X

SYSRESET

14.31818 —,
MHz

[ 156

159
155

8

BHE#
( C )U-lg)'m—

Q

N,
C;:J-16 X MIO%

o
103

CPU23
CPU-25 y—W/R#

339
"l

CLK2 (2X CPU Clock)

35

34

D11 12 )
%11;11( CPURST

PU-33 )

To Local Bus Control Logic LREY# 364

36
37

CopprH—Rov

Pull up to VCCB

Pull up to VCCB

—3d

Qg

40
39
38

oy |
whln
[3S] (VS] Eod | (S (P81 F=N L9} (=)

151

150

=3 AS)

Y P OO ol e Lo Lot ol haund
INININ N N IS NN N
IS |

—

L

(=] fwee] Lol {WR]

2

ol (g
(93] |8
@Y S ]

135

134

133C

13

14

15

16

17

18

20

21

23

24

25

26

27

28

U-96
_—<’U-09I D02

30

>4

C

c

¢

C oy
g:U-95 D03
C

¢

c

31

PU-1

RESET
XTALI

XTALO

BHE#
ADS#
MIO#
RD#

CPUCLK
CPURST

LDEV#
LRDY#

BS16# (BCFG2)
OEH# (BCFG1)
OEL# (BCFGO)

NOTE: The 65535 will select the
16-bit direct CPU interface if the
'BCFG' pins are connected as
shown (and the AAO and AAL1 pins
are detected high at RESET).

ADDHI

A23
A22
A2l
A20
Al9

as 65535

Al7

Al16
‘ALS 486SLC / 386SX

A1s4 16-Bit Local-Bus
Al3 Interface

Al2

All

Al0

A9

A8

A7

A6

Ad
A3

Al
BLE#

D15

D14

D13 NOTE: Additional data output
Di2 drive may be enabled by

g%(l) programming XR6C bit-3 = 0.

Circuit Example
65535 Local Bus Interface to
486SLC/386SX
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Application Schematic Examples

SYSRESET 159

To Systems Logic 155 RESET
XTALI
436DX/SX 1431818 =
MH .
Cx486S/52 Z | 156 XTALO Not; 2: tI:'or ng;-rsr;asl 1?( c:l;zck
ST BE3# 7 BEM configuration, pin-
gg )U- 6 )—‘ BEI# §E BE14 should be grounded. For 2x
< PU?‘ S < ADSE 9(] ADS# CPU clock configuration [XR01
CPU N5 _M/O# 109 Mio# bit-2 = 0], 65535 pin-34 should
CPUNITI—RE ' 39 RD# be connected to CPURSTH.
34
See Note 2 —=Q RDYRTN#
CPUCLK 35
CPuCaD CPUCLK
LPU RDY# To Local Bus Control Loglc _g_gc LDEV# NOTE: The 65535 will select
(CPU-F16 ) C LRDY# 16-bit 486 local bus operation
if the 'BCFG'’ pins are
(CPU-C17) BS16# ggo BS16# (BCFG2) connected as shown and detected
380 OEH# (BCFG1) high at RESET. In addition,
"QOEL# (BCFGO) the AAO (LB#) pin must be
tied to ground via a 4.7K
resistor (i.e., AAO must be
detected low and AA1 must be
See Note 1 6 ADDHI detected high at RESET).
A23 S
CPU-S3 )55 7 ]A23 Note 1: A decode of A31-24 may be
CPU-QT 5T 314%2 input on ADDHI (pin-6) to meet
19 (CPU-Q5 555 51A21 . . .
ENAD CPU-OR A20 linear addressing requirements.
DIR— CPU-04 A0 1147 Otherwise ADDHI must be grounded.
D31 9 11 BD15 CPURS AlS 153 AlS
BDIN Cepior AL 152 | A17
R Su
BD1 TR 150 |
BDIN (SR Ald 140413 65535
Al3 148 .
Bg 1N ggg-;o A2 147 ﬁg 486 16-Bit Local-Bus
BDN CCPURIIY-ALL 146 |17 Interface
N (Crusis A0 123 110
CPU-Q11 1 A9
BD7 CPU-R13 A8 143 A8
BDN | (Chuony-Ar— 14Llys
BDN | (CpUsSIs a8 140 [4q
ggg: CPU-Q12)—42—138 {5
BDN CPU-S16 A3 1361 A4
CPU-R15 A3
BDN CPUOL A2 13515
BDO\‘ CPUI15 3-peat LMo BEys
ENAp2 CPUK15PEH 1339 pEoy
s—=—— D15 ¢ DIRIT} BDIS
(@ 8 BD14
7 RD13 13
9 BD12 14Dl
BD11 15 1513
4 BD10 16 { D12 NOTE: Additional data output
4% BDO ig D11 drive (enabled by programming
BDg 50 D10 XR6C bit-3 = 0) is not normally
D9 required with this interface.
21 D8
BD7 23 D7
BD6 24 1hg "
BD5 25 115 Circuit Example
BD4 %?} D4 65535 Interface to
B3 D3 486 16-Bit Local Bus
B2 28 D2
BD1 30 D1
CPU-PI BDO 31 1po
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Application Schematic Examples

SYSRESET

159

486DX/SX To Systems Logic 155 RESET
XTALI
Cx486S/S2 ADS# 14.31818 MHz I ||]|__159_6 XTALO
e e
(CPUNTT)—VR# 33 RD#
CPU.C3 )—<PUCLK 331 CPUCLK
&;——(U 3 2 RDVE 37 CPUC _
PU-F16 ) To Local Bus Control Logic 36 lljgl}gv: NOTE: To select the 486 32-bit
See Note 2 3403 RDYRTN# configuration, BleGO shf)uld be
. 38 pulled to ground via a resistor
I 30 Undef  (BCFGO)
BS16# Pullup to VCCB ——55q Undef  (BCFG1) and BCFG1 and 2 should be
(CPU-C17)) 60 BS16# (BCFG2) pulled to VCC via a resistor.
A2} See Note 1 5| ADDHI To select auto configuration the
T&%‘ A22 ) ﬁgg AAO and AA1 (ISA#) pins must
A2l 3 a2 both be left open. To force
228 % A20 Local-bus pinout operation, the
NE 133 Al9 AAQ (LB#) pin must be tied to
Al7 155 |Al8 ground via a 4.7K resistor.
Al6 51417
L"AI5 50418
Dayyv: 9 A1S
DNE 128 | 414
AL 127 A12 65535
=== All 46 .
Al0 @5 21(1) 486 32-Bit Local-Bus
A9 44 1o Interface
A8 43 A8
A7 41 Note 1: A decode of A31-24 may be
139-R% 5147
25 35 A6 input on ADDHI (pin-6) to meet
PU-Q12 Y AT 371 AS linear addressing requirements.
16 A3 36 Ad Otherwise ADDHI must be grounded.
PU-RLY =37 35
x BE3# T NOTE 2: For 1x clock configuration,
17)—BEz m 1349 BE3#
g g BE2# RDYRTN# (pin-34) should be
D C] BE1# grounded. For 2x CPU clock
< BEO# 133
K15 1537 990 ggo# configuration, RDYRTN# (pin 34)
D30 98 1 should be connected to CPURST#.
D29 971030
D28 9 | D2
557 05 D28 Per VL-Bus Spec:
TSl D26 94| D27 LRDY# = Asychronous Ready
T3 D25 o e RDYRTN# = Sychronous Read
D25 = Sychronous Ready
i 51 {D2!
D22 90 Db23
D21 g9 | D22
D20 g3 | D21
- D19 871 5% NOTE: Only one 256Kx16 DRAM
-z J-D18 > D18 and no PC-Video is allowed with
< DI6 82 | P17 this bus configuration.
D15 3| D16
QD4 4| D13
r(3)—-) 3 15 D14
D12 16 1D13 NOTE: Additional data output drive
Dil 17 Bﬁ may be enabled by programming
D g 8 ;g D10 XR6C bit 3=0.
21— DO 21D
U5 9207 23 1y
50Ty —3_D06 24 o
PUI2 ) 382 %g DS Circuit Example
PU-M3 553 >3 D4 65535 Interface to
a1 2|5 486 32-Bit Local Bus
- < D01 30
PU-N2 ) D1
(cpu-p] 2% 3 1o
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Application Schematic Examples

(VRS) (D31) MBDIS o0 A DE
(VR4)  (D30) MBDI4 I3 $5{D14
(VR3)  (D29) MBDI3 5e 36| P13
(VR2) ({D28) MBD12 5 34 D12
(VR1) O27) MBD11 04 33 D11
(VRO) (D26) MBD10 ) 3 D10
(VG5) D25) MBD9 97 3] D9
(VG4) D24) MBDS o1 10 D8
%833 8%%; M e |90 o e NOTE: The upper DRAM is
(VGl) (D21) MBDS 2 8 D5 optional. It cannot be used in
VG0) (D20) MBD4 ;g ;’ D4 32-bit Local-bus configurations
(VBS) D19y MBD3 35 1 D3 nor with PC-Video.
(VB4) D18) MBD2 34 3 256K
(VB3) (D17) MBDI |5 5{D1 256K
(VB2) (D16) MBDO DRAM
26|
25]4% son
24 A6
23 AS
65535 2204
1913
18 A2
17 Al
16/ 40
78 R1 33 ohm 14§ =—
(PCLK) RASB# D20 MY R2 33 ohm 28 RAS
(VBO) (CASB#) CASBH# Dr—MWApa—5-20 503 CASH
(VB1) (WEBL#) CASBL# Do~ MWAps 221 T30 CASL
(KEY) (WEBH#) WEB# D\ 20 olg
131 = 39
NOTE: MAO-8 MADI1S5 130 38 D15
are also used at MADI14 559 37| D14
reset to indicate Mﬁgg 128 36 g%g
various hardware 127 34
1 . MADI11 126 23 D11
configuration MADI10 135 5 D10
options to the MAD9 124 3] D9
chip, so some MADS =53 To| D8
pins may have %:gg 122 9 gg
pulldown MAD4 }%8 21)4
resistors attached.  MAD3 117 y) D3 65535
MAD2
(CTENA#) MaDI HHE 3{D1 256K Display Memory Circuit
(TSENA#) MADOF DRAM One or Two
@LV#) (CFG8)  MA8 o= 55148 (son (Two-CAS)
(Ts#) (CFGT) ~ MAT oz 24 A7
(CFG6) ~ MA6 oz 53] A6
(0S#) (CFGS) ~ MAS 0= 55]AS
(EC#) (CFG4)  MA4 =2 =5 Ad
(RC#) (CFG3) MA3 =55 3 A3
(2X#) (CFG2) MA2 =59 17 A2
dSA#) (CFG1) ~ MAIl g5 el AL
(LB#) (CFG0) MAO A0
RASA#"“O AA RS 33 ohm 14"R_AS
112 AAARSE 33 ohm 28
(CASA#) CASAH# 2173 A R7 33 ohm 250 CASH
(WEAL#) CASAL# D7 VY RE 33 ohm 13 CASL
(WEAH#) WEA#D WA 770 b\’%z
Connect to 32.768 KHz if DRAMs — "—.I—‘_O
do not have self-refresh capability
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Application Schematic Examples

(VRS) (D31) MBDI5
(VR4) (D30) MBDI4
(VR3) (D29) MBDI3
(VR2) (D28) MBDI2
(VR1) (D27) MBDIl
(VRO) (D26) MBDIO
(VGS) (D25) MBD9
(VG4) (D24) MBDS8
(VG3) (D23) MBD7
(VG2) (D22) MBD6
(VGl) (D21) MBD5
(VG0) (D20) MBD4
(VBS) (D19) MBD3
(VB4) (D18} MBD2
(VB3) (D17) MBDI
(VB2) (D16) MBDO
65535
(PCLK) RASB#

(VBO) (CASB#) CASBH#

(VB1) (WEBL#) CASBL# DS—\W

(KEY) (WEBH#) WEB#
NOTE: MA0-8 MAD15
are also used at Mﬁgig
resc?l to indicate MADI12
various hardware MAD11
configuration MADI10
options to the MAD9Y
chip, so some MADS8
pins may have MAD?

MAD6
external 4.7K MADS
pulldown MAD4
resistors attached. MAD3

MAD?2

(ICTENA#) MADI1
(TSENA#) MADO
(32KHZ) MA9
LV#) (CFGS8) MAS
(TS#) (CFGT) MA7
(CFG6) MA6

(OS#) (CFGS) MAS
(EC#) (CFG4) MA4
(RC#) (CFG3) MA3
(2X#) (CFG2) MA2
(ASA#) (CFG1) MA1l
(LB#) (CFGO0) MAO
RASA#

(CASA#) CASAH#
(WEAL#) CASAL#
(WEAH#) WEA#

Connect to 32.768 KHz if DRAMs —

99 39573
98 38
D14
97 37
D13
96 36
D12
95 34
D11
04 33
D10
93 32|50
92 31
D8
91 10
D7
90 956
89 8
DS
88 7 e
87 5
D3
85 7]
84 35 256K
82 2 x16
DRAM
25
55 ﬁ? (SOJ)
24
A6
2303
22 a4
19
18] A3
A2
17
T2l Al
A0
78 , . R1 33 ohm 14—
Og0 ¥V RZ 33 ohm 2 RAS
8L A R3 33 ohm 24w
DMA R4 33 ohm %’376%_{
OE
131 = 39
130 35| D1
D14
129 37
D13
128 36515
127 34
D11
126 13
D10
125 32|59
124 31] 0%
123 10
D7
122 9 b6
121 e
120 7 pa
119 5|3
117 4l
116 AP 256K
114 2 Do x16
109 DRAM
108 25
107 75 j}g (SOJ)
106 24 ¢
105 23]'ns
104 222
103 19]'3
102 18
101 171
100 16| ‘a0
110 AAA RS 33 ohm 14, ——.
0113 Ax R6 33 ohm R RAS
113 aaR7_33 ohm 12 %EL
ot

do not have self-refresh capability

NOTE: The upper DRAM is
optional. It cannot be used in
32-bit Local-bus configurations
nor with PC-Video.

65535 s
Display Memory Circuit
One or Two
256Kx16 DRAMs
(Two-WE)
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gRs) ©31) MBDIS o3
R4) (D30) MBDI4 NOTE: The upper
(VR3) (D29) MBDI3 L
96 four DRAMs are
(VR2)  (D28) MBDI2 |38 ional. Th
(VR) (D27) MBDII {32 optional. They
(VRO) (D26) MBDI10 cannot be used in
(VGS) (D25) MBD9 gg 32-bit Local-bus
(VG4) (D24) MBDS o1 configurations nor
(V63 (23 MeD7fL with PC-Video
(VG2) (D22) MBDS ko5 )
((2//61) (D21)  MBDs [52
GO) (D20) MBD4 (55
35 25 25 25
Ve [ [ |
3 17 MBDI |32 2 2 2 2|2
(VB3)  (DI17) > 21p1 2ID1 2D1 2ip1
(VB2) (D16) MBDO — |0 >0 DO DO
7]A8 256K 7]A8 256K § A8 256K § A8 256K
3 ﬁg x4 Z1A7 x4 5147 x4 16127 x4
5|ASDRAM 15| ASDRAM 15 z‘gDRAM 15 ﬁgDRAM
65535 1A 12 a4 A 1A
12143 SOJ 121A3 soj Haz soj 2Ha3 soj
10 fg PKG 0 A2 PKG 5 A2 PKG 0 A2 PKG
Al Al Al
9 5 9 9
AO AO AO A0
4 Jore 4 e P plut 4 |
RAS dRAS L 4dRAS - 44RAS
78 | QRAS RAS RAS RAS
(PCLK) RASB# D13 2ACAS —23qCAS —23dCAS —23qCAsS
(VBO) (CASB#) CASBH# P —3q WE S WE S WE [ 3qWE
a(\(/g% (WEBPLifg CASBL# D75 fdoE OE OE Z240E
(WEB WEB# = = = -
NOTE: MAO8 MAD15 31
arcalsousedat MADI4 |53
reset to indicate MADI3 128
. MADI12
various hardware 127
us har MADI1
configuration MADI10 126
options to the MAD9 %Z
chip, so some MADS 53
pins may have MAD7 122
MAD6
external 4.7K MADS5 121
50
pulldown MAD4 1
resistors attached. MAD3 HLL2 23153 233 L2553 LDI53
MaD2 17 245 2n2 24n) 2
(CTENA#) MAD1 (HS D1 41 D1 D1
(TSENA#) MADO - 1P D0 DO )
(2KHZ) MA9 A8 256K A8 18] 18 181 48
@LV#) (CFG8)  MAg 18 LA7 “xa 77 28K 7] 26K 1747 26K
(Ts#) (CFG7)  MA7HYZ S A6 1y A6 ym 16] 56 4 3 Y
(CFog  Mas %@ 15| A DRAM 5]ASDRAM 15| AS DRAM 5|ASDRAM
14 4 14 4
Egcszi) (gggi) ﬁﬁi 104 12 2?. SOJ 225 soy 223 so 2|53
) (CFG4) 103 i1 1]A3 T]A3 SOJ 11]A3 SOJ
(RCH) (CFG3) ~ MA3 03 a2 PKG L2 PG a2 PKG A2 PKG
@X#) (CFG2) ~ MA2 Bt 51Al g Al g1Al glAl
(SA%) (CFG)  MAL iy AD AD A0 AD
(LB#) (CFGO) 4 s 4 =z 4 == 4 ==
RASA# D110 [gRas 7qRas 1Y RAS BYRAS
CASA#) C P12 39¢cA 39EA 395AS 39<a
( ) CASAH# Dy73 2 WE 2 VE T NE T WE
(WEAxﬁg)) CASAL# D173 OE fZdoE OE OE
32.768 KHz if DRAMs ) )
are not self-refresh type
65535 Display Memory Circuit - Four or Eight 256Kx4 DRAMs
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k n ' r : Application Schematic Examples

J3=DK PCB J5=DK PCB
50-Pin Connector 26-Pin Connector
SHFCLK |32 R
(BLANK#) (DE) M 54 \ G ® A
(BLANK#) (DE) LP 33
| — S o
From System Power Control Circuitry
STNDBY# D (Tie high if not used)
ne—SEet
ENAVDD [35—— |  Panel Power YDDSAEE ¢
(ENABKL)  ENAVEE Control Circuitry 12VSAFE T
Flat Panel
VGA Controller See Below
(GPIO1) (P17) ENABKL (12 l L
(GPIOO) (P16) ACTI 74 b1
PIST3 14
i 7} P13
T P12
NOTE: In local bus P11 L Pil
systems, CFG3 & P10 gg 5190
CFG6 can be used PO s P3
to indicate selection P8 ree 7
of one of four panels ];g 65 P6
to the graphics ps &4 P5
system BIOS (see P4 g:{’ E‘;
XRO1 for additional P3 60 5
information on this g% 58 Pl
option). po P22 PO
R i3
Sla3
B
43 rmn— +5V
AVee 4 Rset 1% 2% L 4.7uH
Egﬁg —42—W—1 uF | 0.1 004;'\
270Q é
HSYNC 21
VSYNC
-~ .001uF
. Digital Ground é Analog Ground 4 I nje ~Ke 710
GPIO1 (DDC-Clock D3
Optional Interface per Proposed VESA ( o )n/ g )
‘Display Data Channel’ Standard GPIO0 (DDC-Data) N
n/c
65535 CRT / Panel Interface Circuit
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Application Schematic Examples

DK65535 PC Video Pro
ggm\llelgg; External Output Option
=, Reserved DPCLK 7
2z 2 Reserved PDBLANK _ ¢—52:2-2
2= 2 (VR5) MBDI3 DRED 7 C JPo-4 )
e (VR4) MBD14 DRED 6 § JPo-6 )
s (VR3) MBDI13 DRED 5 { _JP9-8 )
s (VR2) MBDI2 DRED 4 {IP9-10 J
BT (VR1) MBDI11 DRED 2 { JP9-12 )
214 > VR0, MBDIO DRED2 o—b-14
216 J (VG5) MBDY DGRE 7 ——
1182 (VG4) MBD3 DGRE 6 —IE-18 2
S (VG3) MBD7 DGRE 5 s 2
1222 2 (VG2) MBD6 DGRE 4 {_1P9-22 )
1224 2 (VG1) MBD5 DGRE 3  _JP9-24 )
5224 (VG0) MBDA DGRE 2 {JF9-26
1223 2 (VB5) MBD3 DBLU 7 -
72-30 1PO
.W'( (VB4) MBD?2 DBLU 6 T
W‘ {(VB3) MBD1 DBLU3 De [,9‘34 4
369 (VB2) MBDO DBLU4 DT
5o (VB1) CASBL¥ DBLU3 s
a0 (VB0) CASBH¥ DBLU2 P90
o GND CI91 D)
GND L _JE9-
GND GND > '3'2 %
GND GND e
GND GND a3
Reserved GND pnle
Reserved GND ( _IPo-11)
GND GND { JP9-13 )
GND GND—__o—1eo-1<4
SND OND 959199
EServi
Reserved gI:Tflg ; 1P9-23 )
GND GND £ 1P9-25 )
GND GND — ’9'273)
GND OND o5t
Reserve o — LD
Deyisx
{_JP9-39)
PC Video Pro
VGA Feature Connector
~ BHSYNC PHSYNC —
22 BVSYNC PVSYNC _o—E3224
C12-a6 3——~KEY KEY 153559
1228 BPCIK PCLK___o—E3-22-4
m Reserved PBLANK#  p— 5390 )
- GND GND p
e — M
m{ Reserved e -
C sy GND GND C IP319)
= - OND___ 753
J2-49 {_JP3-26 )
65535 Interface to PC-Video
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\ n ' '- : Panel Interface Examples

Panel Interface Examples

This section includes schematic examples showing how to connect the 65535 to various flat panel displays.

lasma / EL. Panel
Panel
Panel Panel  Panel Panel Panel Data  Gray
Mfr Part Number Resolution Technology Drive Interface Transfer Levels Page
1) Matsushita S804 640x480 Plasma SS 8-bit 2 Pixels/Clk 16 183
2) Sharp LJ64ZUS0 640x480 EL SS 8-bit 2 Pixels/Clk 16 184
Monochrome LCD Panels
Panel
Panel Panel  Panel Panel Panel Data  Gray
Mfr Part Number Resolution Technology Drive Interface Transfer Levels Page
3) Epson EG-9005F-LS 640x480 LCD DD 8-bit 8 Pixels/Clk 2 185
4) Citizen G6481L-FF 640x480 LCD DD 8-bit 8 Pixels/Clk 2 186
5) Sharp LM64P80 640x480 LCD DD 8-bit 8 Pixels/Clk 2 187
6) Sanyo LCM-6494-24NTK 640x480 LCD DD 8-bit 8 Pixels/Clk 2 188
7) Hitachi LMG5364XUFC 640x480 LCD DD 8-bit 8 Pixels/Clk 2 189
8) Sanyo LCM-5491-24NAK  1024x768 LCD DD  16-bit 16 Pixels/Clk 2 190
9) Epson ECM-A9071 1024x768 LCD DD  16-bit 16 Pixels/Clk 2 191
10) Hitachi LMG9060ZZFC 1024x768 LCD DD  16-bit 16 Pixels/Clk 2 192
11) Hitachi LMG9100ZZFC 1280x1024 LCD DD  16-bit 16 Pixels/Clk 2 193
Active Color Panels
Panel Panel Panel Panel Panel Data Panel
Mfr Part Number Resolution Technology Drive Interface Transfer Colors Page
10) Hitachi TM26D5S0VC2AA 640x480 TFTLCD SS 9-bit 1 Pixel/Clk 512 198
11) Sharp LQ9D011 640x480 TFTLCD SS 9-bit 1 Pixel/Clk 512 199
12) Toshiba  LTM-09C015-1 640x480 TFTLCD SS 9-bit 1 Pixel/Clk 512 200
13) Sharp LQI10D311 640x480 TFTLCD SS 18-bit 1 Pixel/Clk 256K 201
Passiv lor Panel
Panel Panel Panel Panel Pancl Data  Panel
Mfr Part Number Resolution Technology Drive Interface Transfer Colors Page
14) Sharp LM64C031 640x480 STNLCD SS 8-bit 2-2/3 Pixels/Clk 8 202
15) Sanyo LM-CK53-22NEZ 640x480 STNLCD SS 16-bit 5-1/3 Pixels/Clk 8 203
16) Sanyo LCM5327-24dNAK 640x480 STNLCD SS 16-bit  5-1/3 Pixels/Clk 8 204
17) Kyocera ~ KCL6448 640x480 STNLCD DD 8-bit 2-2/3 Pixels/Clk 8 205
18) Hitachi LMG9720XUFC 640x480 STNLCD DD 8-bit 2-2/3 Pixels/Clk 8 206
19) Sharp LM64CO8P 640x480 STNLCD DD  16-bit 5-1/3 Pixels/Clk 8 207
20) Sanyo LCM5331-22NTK 640x480 STNLCD DD  16-bit 5-1/3 Pixels/Clk 8§ 208
21) Hitachi LMG9721 XUFC 640x480 STNLCD DD  16-bit 5-1/3 Pixels/Clk 8 209
22) Toshiba  TLX-8062S-C3X 640x480 STNLCD DD  16-bit 5-1/3 Pixels/Clk 8 210
23) Optrex DMF-50351NC-FW  640x480 STNLCD DD  16-bit 5-1/3Pixels/Clk 8 211
Glossary:
SS = Single Panel Single Scan
DD = Dual Pancl Dual Scan
TFT = Thin Film Transistor (Active Matrix")
STN = Super Twist Nematic ('Passive Matrix’)
Revision 2.0 181 65535
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SHEE NG © Panel Inferface Examples

Flat Panel Interface Examples

Mono | Mono | Color | Color

o 4 \ s i
/ [+5V] VDDSAFE

1] 2 |+12 VSAFE GND[ 1 | 2 J[DPCLK]
15 VEESAFE[ 3 | 4 |Reserved GND| 3 | 4 | [BLANK#]
M[1] 2 |DE ENABKL[ 5 | 6 JGND GND| 5 | 6 | VRS
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 |+12 VSAFE 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) P3[19 |20 |GND GND[19] 20| VG4
UD3[17[ 18 |GND @ P4[21[22PS GND[21]22]VG3
LDO[ 1920 |GND (+12V TO +45V)  GND[23[24 |P6 [Reserved]| 23] 24 |vG2 Development
LD1[21[22 |GND P7[25 126 |GND [Reserved] | 25 | 26 | VG1 Board
LD2[23[24 |GND P8[27]28]P9 GND|[27]28]VG0  PC-Video
LD3{25]26 |GND GND[29[30]P10 GND[29]30]|VB5 nector
P11[31[32 |GND GND[31[32|VB4
P12[33 [34 P13 GND{ 33 34 | VB3
Development Board GND|{35[36 P14 [Reserved][ 35| 36 | VB2
P16[39 40 |P17 GND|[ 39] 40| VB0
GND [41 [42 |NC {P18) GND[41] 42 |HSYNC
t 6554x provides 16-bjt TFT output (5-6-5) %gg% gg jg :g 1?12?1}21] [Reseévls%] Zg j‘é KIS;NC
635335 provides 15-bit TFT output (5-5-5) GND [47 [38 |NC {P22) GND|[47]48|PCLK
(P23} NC[49 50 |GND GND[49]50] [Reserved]
{ P18-P23 } FOR FUTURE USE
Revision 2.0 182 65535
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\ n l r : Panel Interface Examples

DK65535
PCB
Connector Matsushita S804
ENABKL ¢ Panel
E?irvNe]g# B nfc Connector
(QACDCLK) _ nc GND
ND o 35 GND
'fI‘;JCLK 73 CLOCK#
b TSy 24 GND
ND 30 HSYNC
LM (VS) 2 GND
JND 32 VSYNC
28 GND

] DATA-EO
13- DATA-E1
] DATA-E2
3-33 JTPNLIL DATA.OD
=221 L PNL.10 g
13-30 SNLO DATA-O1
1328 9 SNLS DATA-OQ2
327 DATA-O3

PNL7
13-25 )= njc
1324 3-PNLE /e
13-22 == n/c
3-21 njc
n/c
n/c
n/c
n/c
NC
NC

GND

GND

GND

GND

GND

GND

GND

GND

GND

VDDSAFE (+5V) e

CJ3-1 31 +3V

+5V
.‘- +12V

+12V
(753 )-YEESAFE (12 0 #45) [ v

65535 Interface - Matsushita S804 (640x480 16

S R SRR

Revision 2.0 183 65535
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Panel Interface Examples

DK65535
PCB
Connector Sharp LI64ZU50
: i?éi‘ﬁe% e coanel
~ BLANK#/DE _ ™° %HD
-:53' M (ACDCLK) _ - L
-ED B D 6D
——— SHFCLK
BB T3
1310 =P nc
- GND
FLM __ (VS)
11 AG_ ) VD.
12 )-FD B3
PNL23
)__—_
Taa— PNL22 e
<< PNL21 nle
—< P\ _,20 n/c
PNL19 ol
PNLIB e
)) PNLT7
C3g )-PNLIE e
= PNLI15
mPNLlfi D11
PNLI2
1333 oNTaT D10
D03
D02
D01
D0D
nfc NC
BI0 ) GND
A10 ) GND
» BIZ ) VL
VL
12V SAFE
Cz O+ » B13 ) VD
VD

@ VEESAFE (12 to #45)

Revision 2.0 184 65535
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SHRE 3 N ®
n l : Panel Interface Examples
DK65535 mming Recommendations / Requiremen
PCB Parameter " Register ValueComment
Connector iXR1 4Fh (640 /8) -1

nfc Epson EG-9005F-LS
n/c Panel
n/c Connector £3soun.t RO SO

{ 5 DFR

(9 D XscL
* 4 LP
YSCL
8 DIN

LDO  |AftYs
LD1

LD2
LD3
UD0
UD1
ubD2
UD3  eopenem

( 2 ) VSS

- S / * T VDD
. El
T3 )12V SAFE EO

73 VEESAFE (£12 to +43) —19VCE VLCD

65535 Interface - Epson EG-9005F-LS (640x480 Monochrome LCD DD Panel)
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L n l r : ’ Panel Interface Examples

DK 65535
PCB
Connector
ENAB:;L n/e Citizen G6481L-FF
eservi Panel
BLANKA TDE e Connector
< M (ACDCLK)
31 2"GND (9 DPDF
LS
——— SHFCLK
B-13 GNb I C 7 Dce
== 1P (HS)
2-10<$"GND C_E D 1oaD
=2 < FLM____ (VS)
:[g:}; —ERD {10 FRAME

PNL23

e m—
7346 L2l n/c
a5 )-ENL20 nfc
1342 IPNLIO iy
= 342 PNL18 n/c
1340 <( NEL nfc
J13-39 ) = n/c

LDO
LDl
LD2
LD3
UDo
UD1
uD2
ubD3

ne—_ 6 J)NC
nfc NC
n/c NC

( 3 ) VSS

’ 5 DISPOFF#|H
VDD

55 —)_+12V SAFE

33 VEESAFE (+12 to +45) +2 VO
VAA

65

535 Interface - Citizen G6481L-FF (640x480 Monochrome LCD DD Panel)

BRI 3

Revision 2.0 186 65535

TM&IEF§| go?yrﬂlg*e% E Its ge@pgcx/h/llgnﬁmthelr] ? -




Panel Interface Examples

DK65535
PCB
Connector

ENABKL
Reserved

n/c

=—— BLANK#/DE

n/c
n/c

M (ACDCLK)

n/c

Sharp LM64P80
Panel
Connector

( 3 _)CP2

(2 _Dcpi

n/c

n/c

n/c
n/c
n/c

n/c

n/c

n/c

n/c

n/c
n/c
n/c
njc
n/c
n/c

C 155

DLO

DL1

DL2

DL3

DUO

DU1

puU2

DU3

—( 6 ) VSS

@ VDDSAFE (+5V)

(E +12V SAFE

» 5 VDD
DISP

@ VEESAFE (12 to +45)

AT e

Programming Recommendations / Requirements

aa €r 1ster

P
V Line Repl Height

Sharp LM64P80 (640x480 Monochrome LCD DD Panel)

Revision 2.0

Th|smter|aacgp§lri91%d]éhts Rnesgegl\'/zz halr!u%ctur[grq 3

187

65535



Panel Interface Examples

Sanyo LCM-6494-24NTK

Panel
Connector

(CN2-18 ) M
{_CN1-5 ) CL2

{_CN1-3 ) CLI
(_CNi1-1 ) FLM

CN2-12 ) LDO
CN2-13 ) LDl
CN2-14 ) LD2

CN2-15 ) LD3
CN1-8§ ) UDO
CN1-9 ) UD1
CN1-10 ) UD2
CN1-11 ) UD3

Y'Y

.

nfc —(_CN1-7_) NC
N2-21 ) NC

nfc CN2-24 ) VO

(CN220 ) VSS
N2-19 ) VSS
Ni-6 ) VSS
Ni4 ) VSS
N1-2 ) VSS

CE +12V SAFE [ 7 CN2-17 § VDD

o] o] el®]

YYY

CN2-25 ) DISPOFF#

CN2-22 ) VEE

65535

P
V Line Repl Height

Sanyo LCM

-6494-24NTK (640x480 Monochrome LCD DD Panel)

Revision 2.0 188 65535
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Panel Interface Examples

DK65535 mming Recommendati
PCB Parameter egister
Connector
KL n/c
BLANK#/DE_ /¢
M (ACDCLK) _ ¢ Hitachi LMG5364XUFC
GND Panel
Connector
g C 3 Ocr
p (HS)
) 2 ) 1oAD
9 2 FLM _(VS) )
] (__1__) FRAME
SOl 7
—~—— PNL23
g B-49 X515y n/c
J3-48 )- BNL21 n/c
( .3'46 ) D\ ~20 n/C
C _J3-45 }D\ "19 n/c
(_13-43 2 PNLIE n/c
342
340
9
7
6

LDO
LD1
LD2
LD3
upDo
UD1
UD2
ubD3

( 6 ) VSS

* 5 VDD
DISPOFF#

+12V SAFE 6

@ VEESAFE (+12 to #45) 23V /ZD VEE

65535 Interface - Hitachi LMG5364XUFC (640x480 Monochrome LCD DD Panel)

Revision 2.0 189 65535
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Panel Interface Examples

DK65535
PCB

Connector
ENABKL n/c Sanyo LCM-5491-24NAK
Reserved nfc Panel
BLANK# / DE n/c Connector
M (ACDCLK) @ M
SHFCLK
GND { 6 ) CL2
LP (HS)
GND i { 4 ) CL1

(VS) C 1 D FM

LDO
LD1
LD2
LD3
LD4
LD5
LD6
LD7

UDo
UD1
uD2
UD3
UD4
UuD5
UD6
uD7

5

Z
o

SERE

26 VSS1
27 VSS1
I 5 VSS2
] 8 VSS2

31 —YRDSAFEGSY) {25 D vDD
CI/ +12V SAFE

VEESAFE (12 to +45) +36,
C B33 ) VEE
L5099 vEE

7.4 A vd
vl v wi |}

QOOQO%OOOQOQ

5

5535 Interface - Sanyo LCM-5491-24NAK (1024x768 LCD DD Panel)

Revision 2.0 190 65535
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Panel Interface Examples

DK65535
PCB
Connector

ENABKL
3 Reserved 2//2
g BLANK# / DE nfc

(ACDCLK) nfc Epson ECM-A9071
Panel
Connector
——— SHFCLK 3 XSCL
Al10 VSS
(HS) AE Lp
AS VSS
(VS) AT ) DN
n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c
(LDO)
(LD1) Do
(LD2) LD2
(LD3)
(LD5) Eg‘s‘
@.D6) LD6
(LD
LD7
(UD0)
(UD1) oo
(UD2) UD2
(UD3)
(UD4) uUD3
(UD5) ggg
UD6) uDé6
{UD7)
uD7
Bl VSS
4 B6 AAN
Bll VSS
Bl6 VSS
@ VDDSAFE (+5V) - 3 VDD
(A4 ) VDD
+12V SAFE L A5 DIsP
@ VEESAFE (#12 10 +45) +7MV A VDDH
VDDH

ara

V Line Repl Height

€

Programming Recommendations / Requirements

L

65535 Interface - Epson A9071 (102

4x768 LCD DD Panel)

Revision 2.0
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Panel Interface Examples

DK65535
PCB
Connector

n/c
n/c
n/c

Hitachi LMG9060ZZFC
Panel
Connector

19 OM

22 HcL2

21 Hcu

n/c
n/c
njc
n/c
n/c
n/c
njc
n/c

(20 ) FLM

DLO
DL1
DL2
DL3
DLA
DL3
DL6
DL7
1 DUO
2 DU1
3 DU2
4 DU3
3 DU4
6 DU5
7 DU6
8 DU7
.4 i
: ] 9 VSS1
; 18 VSS1
‘ 23 VsSs1
757 VDDSAFE (+5V) {24 ) VDD
K +12V SAFE VO
3 VEESAFE (+12 to #45) 429V 55— yj ¢p

V Line Repl Height

65535 Interface - Hitachi LMG9060ZZFC (1024x768 LCD DD Panel)

Revision 2.0
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| n r Panel Interface Examples

DK65535 mming R mimen ions / Reguiremen
Paramete; Repister [ Vaue Comment
Hitachi LMG9100ZZFC
Panel
Connector
19 OM
— 22 ) CL2
{21 CL1
)
(VS) — (30 D FLM
n/c
n/c
n/c
LDO)
DL o
(LD3) DL3
(LD5) DL5
(LD6) DL6
(LD7)
DL7
o e
UD2) Z bul
(UD3) 3 DU2
(UD4) 4 DU3
(UD3) 2 DU4
(UDe) 63 Dpus
D7) 72 DU6
8 DU7
9 VSS1
23 VS§S2
2 41 VSS2
:3]3-1 VDDSAFE (+5Y) :)20 VDD

C 2 -2V SATE
@ VEESAFE (+12 1o #45) +42V@ VLCD

65535 Interface - Hitachi LMG9100ZZFC (1280x1024 LCD DD Panel)
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Panel Interface Examples

mming Recommendations / Requiremen
Farameter ~Yalue:Comment
KL Hitachi TM26D50VC2AA
= Panel
¢ a:fll < ;fewed#/DE ://g Connector
N
E 5 M (ACDCIK) o (15 D DpmMe
% GND
C 36 ) {__16__) GND
—— SHFCLK
B3 60 3 OND.
C 0 3-LE (HS) 199 HSYNC
g 9-OND 59 GND
C B9 S 2
g IESVID o o 17 VSYNC
1312 ) 18 GND
(1340 )-ENL23 n/c
(13-4 )-EN “gf /e
PN
£ 21—
CB4Y ;: ‘%g nfc
(1342 S$PNLT7 nfc
¢ B30 S PNLI6 n“/f
339 y——"——nk
——=— PNLI15
C B-37 X oNiia—ma e
(_13-36 2 R3
T34 9-ENLI3 (R3) 3 R2
W{ PNL12 __(R2) ) R1
CIESTS-ENLIL RD 0 3 RO
C 33 ENLI0 RO
Fog 9 PNLY _(G4) 3 63
&WQNLS (G3) E G2
PNL7 __ (G2)
8 G1
PNLE—G) 33
PNLS —(GO)_ e 2J GO
PNL3__(B3) 1 B
PNL2__ (B2) 12 Bl
ENLL__(BD_ o 13 BO
PNLO__(BO)_ 17c
D17 )ong e VR1
13-20 &N n/c VR2
—_ngg N ¢ nc—C__32_ ) VR3
=2-=0 "GN
13-29 )
J3-32 ) GND
335 9-OND
338 3-oND 29 DOTE
1341 > 14 HREV
TM_( GND
57 5-OND__
] oD ] GND
B350 22 GND
31 VDDSAFE (+5V) . VDD
. VDD
T3 )12V SAFE e BLC
( ) - VEE

65535 Interface - Hitachi TM26D50VC2AA (640x480 512-Color TFT LCD Panel)
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Panel Interface Examples

DK65535
PCB

Connector

BLANK#/DE

Sharp LQ9D011
Panel
Connector

M (ACDCLK
GND e

{_CN2-5 ) ENAB

{_CNi-8 ) GND

ND

CN1-1 CK

C 313 D) SHECLK
( .4[3- 3 rG
¢

P (HS)

CN1-2 ) GND

EHJ

1-3 HSYNC

1-8 ) GND

YYY
nloln

N
N1-4 ) VSYNC
N

39 ND
éTIT(TLM (VS)
] —
—
—

1-12 ) GND

1-7 ) R2

(o]l®]

YY)

N
N1-6 ) Rl
N

1-5 ) RO

8

~
(CCNI-11) G2

{_CN1-10) Gl

L»...
N
O

B

o [ ot

S |oo

=~ -

ZiZ|Z

oy

=]

a [
=g

=] &

n/c CN2-6 ) TST

3-15 n/c
@VDDSAFE (+5V)

CN2-3 ) GND
CN2-4 ) GND

+— 2-1 JVCC
2-2 ) VCC

Yarameter
Panel Width

Revision 2.0
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L n l r : ® Panel Interface Examples

DK 65535 mming Recommendations / Requiremen

PCB e:Comment
Connector Toshiba LTM-09C015-1

ENABKL nfc Panel
nfc Connector

BLANK#/DE
M (ACDCLK) - CN2-7 ) ENAB

GND (CNi8 ) GND

{ CN1.1_) NCLK

(_CNI-Z ) GND
{_CNi-6_) GND
{_CN1-12 ) GND

CN1-7 R2
CN1-5 R1
CN1-3 RO

N1-13 ) G2
N1-11 ) G1

{CN1-9 ) GO

C
Cc

Y )

CN2-5 )B2
CN2-3 ) BI1
CN2-1 D BO

njc NC
g CN2-8 ;GND

CN2-6 ) GND
(_CN1.14) GND

{_CN1-10 ) GND
{_CN1-4 ) GND

13
i CNZ4 ) GND
CBs0Y CN2.2 ) GND
T VDDSAFE :5V) < CN39) VDD
CN2-10) VDD

@ +12V SAFE nfc

V Line Repl Height XRSA[3-0] 0

65535 Interface - Toshiba LTM-09C015-1 (640x4806 512-Color TFT LCD Panel)

R A g
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DK 65535
PCB
Connector Sharp LQ10D311
/e Panel
n/ Connector
(ACDCLK) (CNz5 ) ENAB
{_CN2-4 ) GND
C
C
{ C
{_CN1-4_) VSYNC
—(_CN1-12 ) GND
n/c
n/c
n/c
n/c
n/c
n/c
) C
) CN3-4 GND
{_CN2-3 GND
K] VDDSAFE (+5V) o TN vee
[;;—CNZ-Z vVCC
CTz - HESAE nie
@ VEESAFE (+12 to +45) nfc
V Line Repl Height

olor TFT LCD Panel)

Revision 2.0 197 65535
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Panel Interface Examples

DK 65535
PCB
Connector

Sharp LM64C031

Panel
SHFCLK (SCL) Connector
Bji > GND - ( 3 ) XCKL
s P
J3-10 > GND { 2 _JLP
ai 1LV ———
GND

PNL12
PNL11
B30 $-LNL1O nn//g
B28 L——”NU) n/c
s S-_PNLS  (SCH)
(B5..)
(R5..)
(G4..)
(B3..)
(R3..)
(G2..)
(B1..)
(R1..)
n/c NC
18 VSS
9 VS§S
7 VSS
C - VRRSARELS) C 6 DO
@ VEESAFE (£12 to +45) +32V CE VEE

V Line Repl Height

65535 Interface - Sharp LM64C031 (640x480 Color STN LCD Panel)

SRR ARFEE A R
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DK65535
PCB Sanyo
Connector LM-CK53-22NEZ
ENABKL e (LCM 5330)
Reserved nle Panel
EAL( CI;#CL?(% e Connector
- A
220 GND 39 O™
13 Yotk B oL
14
! Lo (13) C 37 Dl
13- g% (VS) C 30D FLM
129
. PNL23
! g gjg PNL22 “n//g
( ‘3_46 Y )NL21 n/c
i L I —
s PNL19
1343 )y nfc
PNL18
J3-42 PNL17 njc
13-40 PNLIG njc
3.39 n/c
(R6..)
(B5.) b%%
(G5..) LD1
(R5...) Ub1
(B4...) LD2
(G4..) UDs
(R4..) LD3
(B3..) UD3
(G3..)
(R3..) b‘l))i
(B2..) D5
(G2..) UDS
(R2..) LD6
(B1..) Ube
(G1...) (D7
(R1..) Un7
e NC
26 VSS
24 VSS
6 GND
5 GND
VDDSAFE (+5V) o
C 51> 7 VDD
DISP
755 )12V SAFE
- Vo
VEESAFE (+12 to +45) __+38V
CB3 O— C_4_ )
B33 . M V H/W Line Replicaiion XRS9(7] & i

V TLine Repl Height

65535 Interface - Sanyo LM-CK53-22NEZ (LCM 5330) (640x480 Color STN LCD Panel)

825
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\. n ' r : ® Panel Interface Examples
DK 65535
PCB L L ORI 2 “L =
Connector ~ |Panel Width - XRIC
ENABKL _____ ¢ Sanyo LCM-5327-24NAK Fanel Height . ZRO/C
Reserved n/e Panel P
BLANK# / DE nfe Connector
M _(ACDCLK) CTZDM  [Grayicoter Leidls ~ XiaE
6 Ocr2 Frame Accel B
— CZDcu
n/c
n/c Yo XRS4[6] & i
nfc [
njc :
nfc
n/c
njc
n/fc
(R6...)
55 Loo
(G5..) LD1
(RS..-) UD].
(G4..) U2
(R4..) LD3 XR65/66 ¢
(G3..)
(R3..) e
(B2..) LDS Displ .
(G2..) UDS U >, €. 510/ § 503 N S
(R2..) LD6 Option 1 (XRS3[2) & i
(B1..) UD6 i
(Rl-.-) UD7
26 ) vssl [V AutoCentering T IXRST[1] ;T
27 _J)VSS1 [ Centering KRS s
5 VSS2 V'Centering T TIXRSgj58
8 VSS2 : OO SRS S
VDDSAFE (+5V) o S5[5] ©
Car o 25_) VDD UDHNg,
V SAFE DISPOFF
C -2V SA nfe V1 deTXRS7[4-3)
C T35 )—YEESAFE (+12 to $45)  +3QY 55 VEE -1ching Mode ' o
ae= S V' HAW Line Replicasion XRS9[7] 1
V Line Repl Height ‘XR5A[3-0]:

N LCD Panel)

Revision 2.0 200 65535
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Panel Interface Examples

DK65535

Kyocera KCL6448
Panel
Connector

PNL7 _ (LR2.)
PNL6 __(LBL.) 2 LD
PNL5 _ (LGL.) Lot
PNL4 __ (LRL.) 3 Hhe
PNL3 __(URZ..) £ 31D
PNLL— (UGT.) e
PNLO __ (URL.) L
GND

‘ GND

===~ < GND

- GND
GND
GND
GND
GND
GND
GND
GND
GND

@ +12V SAFE

n/c

P
V Line Repl Height

65535 Interface - Kyocera KCL6448 (640x480 Color

Revision 2.0
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\ n l '- : Panel Interface Examples

DK65535
PCB
Connector

KL
P Reenved 1
s+ BLANK#DE _ 0
T< M (ACDCLK) n/c Hitachi LMG9720XUFC
3 G

3.6 ND Panel
e Connector
1z )

SHFCLK
e GND ( 3 )CLZ
P 1S 3O
Fﬁi—(%\]/)[ VS ? —
BT M C T M
C
e

AAA
b4
N
~J
&

;i

(81 y
Lo
—

:

b—]
[
A
-
Z
-
-

LDO
LD1
LD2
LD3
uDo
UD1
ubD2
uD3

NI
¥
o)
Z
[y
[=,8

uul—»w
o[t

bl 'y
-
ol=[r>

brs] o
b—lh’—l'
(o [ ]
1*] 6] lav] =]

e
it 1
—
n
L
(=]

()
ZIZ1Z|Z
J|g|o|c

g5

)] (®] »)
ZI1Z|1Z1Z|Z
olo|cic|d

A

(6 D vss

VDDSAEFE (+5V) R

CBio = VDD
12V SAFE DISPOFF#

+ n/c V

65535 Interface - Hitachi LMG9720XUFC (640x480 Color STN-DD LCD Panel)
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Panel Interface Examples

DK65535
PCB
Connector

LANK#/DE ~ ¢

(ACDCLK)
ND nfe

Sharp LM64CO8P

Panel
Connector
CBT (S}Il-\]III:)CLK CN1-3 ) XCK
J3-14 i
¢ Jg-13 <L LP HS) f CNi-2) LP
13-9
FLM (VS)
BT LM (_CNI-1) YD
13-12 (,
PNL23
2 S PNLY n“/,ﬁ
¢ 9—PNL21 n/c
= PNL20 iy
PNL19 n/c
PNL18 nfe
PNL17 nfc
n/c
(LG3..) {_CN2-17) LDO
(LR3..) (_CN2-18)
(LB2..) NS 1o
(B2 { CN2-19) LD2
162 { CN2:20) LD3
(UG3..) ( _CN1-8 ) UDO
(UR3..) ( CN1.9 ) UD1
sl { CN1-10) UD2
(_CN1-11) UD3
g_gf...)) -(CN2-21 ) DL4
(LBL.. { CN2-22 ) DLS
(I:le) { CN2-23 ) DL6
DL7
(UR2..)
(UB1..) ng
(UG1..) DU6
(URL..)

j
<
v
7]

N

) VSS

et = N

0) VSS

[N N ] o

‘YYY

C
C
C

N

CBiD VDDSAFE (+5V)
+12V SAFE n/c

N
N
N2-16) VSS
N

{_CN2-25) VSS

* CN1-5 ) VDD

CN1-4 ) DISP

aramete

mming Recommen
pegister

V Line Repl Height

ions / Requiremen
ue: 0n)_y_nent

5535 Interface - Sharp LM64CO08P (640x480 Color STN-DD LCD Panel)
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Panel Interface Examples

DK65535
PCB
Connector

n/c
n/c
n/c

Sanyo LCM-5331-22NTK

Single
Connector

Panel

Dual

Connector

(Panel Spec)  (Prototypes)

(29 > _CNI12)M

-6 ) CL2

-7 ) VS8S

PNL23
29 )-ENL23
49 T PNL22 nfe

3

28 ENL22
1348 PN121 /e
PNL20 e

CN

CN
—__CNI-4)CL1

CN

CN

4 24 ;:é 1-5 ;VSS
{__30 1-1 ) FLM

)
A
5

PNL19
D/

Z

n/c
18 /e

N
v

D

2,

P

) o
WIAA.L
oo

AL/

1~

)

16 e
L1S

.14

L13

L12

2-18) LD2

’) 15 ;:(( CN2-16) LDO
( 14 CN2-17) LD1
{ N

N

) e v
[ (Y [URTIWRY (N}
e (WS PN (=8 BN ]

11

l’

10

@
1
(=]

VI VI VLU VIV

ZI1Z|1ZVZ|ZVZ| 7|2

f
[\e3
==}

N
“g ’) 21 ;:g
= (20

Ilf’
(S ISTI

BN (%] EN |

A4
Z,
r
n

= I |2
NO—
o

|2
|

5

\S] (V8]

nfc NC
DISPOFF#

5 CN2-26) VSS
s ;:E CNz-zsg Vss
7 CNz2) vop I
VEESAFE +30V

3 > CN2-27) VEE
(12 to +45) 4> _CN228) VEE
(7 D)2 Vo
65535 Interface - Sanyo LCM-5331-22NTK (640x480 Color STN-DD LCD Panel)
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Panel Interface Examples

DK65535
PCB
Connector ENABKL
eserved 2//2
LANK#/DE _ 1
- (ACDCLK) _ ¢ Hitachi LMG9721XUEC
=——< GND Panel
- Connector
g‘;%CLK (CCNI3 D) CL2
f— (IS CCNI2 D CL1
i% (VS) CCNILD) FLM
PNL23
PNL22 e
PNL21 Y
PNL20 Y
PNL19 Y
PNL18 e
PNL16 o

1°] a=] =] le=]

ZIZ1Z|Z
N
™~

CN2-10 ) VSS
CN2-5 VSS
CN1-6 ) VSS

CBz DO HESAE e

9—( CN1-5 VDD

CN1-4 DISPOFF# N

T3 —)_YEESAFE (412 to $45)

7V _TN17 ) VEE

Hitachi LMG9721XUFC (640x480 Color STN-DD LCD Panel)

65535 Interface

Revision 2.0
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DK 65535
PCB

Connector

Panel Interface Examples

ENABKIL,

eserved

LANK# / DE

(ACDCLK)

n/c
n/c
n/c
n/c

Toshiba TLX-80628-C3X
Panel
Connector

(HS)

(_CN1-3 ) SCP

< FLM (VS)

(CN1-2 D LP

:
2

b]
o
-3
]
Z,
=
h

n/c
n/c
nfc
n/c
n/c
n/c
n/c
n/c

{_CN1-1 ) FP

)

2-9 ) LD7

ok

&J\.
Oy

-
Z,
=
N

2-8 Q) LD6

(P (8]

l»;:

Y
ol

N2-7 LDS

Al

N2-6 ) LD4

Y

S v vy
(92) (WA} (o9
O {W)

1-15 ) UD7

Z
L
ko

1-14 ) UD6

1-13 ) UD5

[
3% W

1-12 ) UD4

O] 10

NS N Y Y
L ~J|oo

LD3

J

B[
!
o~
v
'Z,
iy
[@,)

JLD2

130 [
L\
33
N

) LD1

L
=}
Z.
—
o

'YYYY

et
A
—
O |—

1) UD3

0 UD2

UD1

el o L o [\ 1 (8] (0] ()

-5
-4
-3
2 ) LDO
-1
-1
-9
-8

CHOOQIOOION0
ZIZ1ZIZ|ZIZ|Z|Z

UDo0

i

C 1347 )

C 1350 SN

@ VDDSAFE (+5V)

+12V SAFE I!/C

$ CN2-10 ) GND
CN2-1 GND
{_CN1-6 ) GND
o' CN1-5 VDD
CN1-4 DISP

+24.5V VEE

-
I
e Comment

Revision 2.0
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Panel Interface Examples

DK 65535
PCB
Connector
n/c
n/c
n/c
nfe Optrex DMF-50351NC-FW
Panel
Connector
CEE > on N3 cp
- 3103 L = CNIZ D LP
—_—j GND
-——<§:?1 s E— CNT-1 D) FLM
1312 )
PNL23
Eig PNLgy "¢
Tiag 3 ENL2I e
=< PNL20
e WAL e
7545 S_PNLIE e
T3-40 -LNL17 nfe
339 )-PNLIG n/c
PNL15
ﬁjgg PNL14
T34 S_PNL13
333 FENL12
33 3-ENLLL
330 9—LNL10
358 9—ENLY
1307 9-ENL8
D
D
D
2222 J"GND
C 34 )
a4 a8 CN2—) VSS
R CN2- 9 VSS
13-50 ) CN16 ) VSS
@ VDDSAFE (+5V) (T3 vee
+12V SAFE L{CNIA DISPOFE#
n/c
C 53 )-VEESAFE (1210 445) 47V ~=xrY VEE

65535 Interface - Optrex DMF-50351NC

B e R RIS R

FW (640x480 Color STN-DD LCD Panel)

Revision 2.0 207 65535
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\ n l r' : Electrical Specifications

Electrical Specifications

65535 ABSOLUTE MAXIMUM CONDITIONS

Symbol ; Parameter
P, Power Dissipation

V;  Input Voltage

Vo  {Output Voltage

Top | Operating Temperature (Ambient)

Tsrg | Storage Temperature

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
Vee  Supply Voltage (SV + 10%)

Vee i Supply Voltage (3.3V £10%)

| Ambient Temperature

._Units

Tc  Case Temperature

65535 DAC CHARACTERISTICS (Under Normal Operating Conditions Unless Noted Otherwise)
Symbol : Parameter Notes _Min_ Twp Max__ Units
Vo  iOutput Voltage Io< 10 mA 15 - -V

.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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Sessiase B

\.l"lii": Electrical Specifications
65535 DC CHARACTERISTICS (Under Normal Operating Conditions Unless Noted Otherwise)
Symbol | Parameter Notes . Min_ . Units
Tocpp Power Supply Current_0°C, 5.5V, 65 MHz MCLK, DAC Enabled ~ — | 120 mA
Iccpo  (Power Supply Current O°C 5.5V, 65 MHz MCLK, DAC Disabled . - : ‘ . mA |
Iccpo  iPower Supply Current O°C 3.3V, 56 MHz MCLK, DAC Dlsabled - mA

""" Iccs Power Supply Current "”'(’)'°C 5.5V, Standby - Slow Refresh - - mA
I;  iInput Leakage Current L —-100 © - | +100 uA
Io; Output Leakage Current ngh Impedance . ~100 | - : +100 uA
Vy  iInputLow Voltage  Allinput pins . -05 - 038 \
Vi Input High Voltage : All input pins except clocks L 20 ¢ - §Vcc+0.5 v
Vo {Output Low Voltage | Under max load per table below (5V) - - 105 1V
Vo OutputLow Voltage  {Under max load per table below (3.3V) - - 05 \'

Vg OutputHigh Voltage ~ Under max load per table below (5V) = Vo 05 - - A

Vg OutputHighVoltage  Undermaxloadpertablebelow 33V) 24 - - vV o
65535 DC DRIVE CHARACTERISTICS (Under Normal Operating Conditions Unless Noted Otherwise)

Symbol : Parameter ‘Qutput Pins .__DC Test Conditions :Min: Units

lo _Output Low Drive HSYNC, VSYNC, BS16#, LDEV# LRDY#  Vour=Vor. Vec=4SV 12| mA
mA

All Other Outputs éVOUT— o Yo 5V 2

mA

Iy Output High DnveJHSYNC VSYNC, BSI6#, LDEV#, LRDY# Vo=V, Voc=45V 12| mA
FLM, LP,M VourtVou Vo455V 8 mA

T OEL#, OEH#, ENAVEE,ENAVDD Vour=Vom Voc=45V: 8 | mA
P017PCLKSHFCLKD015VOUT—VOHVCC-45V """ 8 mA

g;&ﬁ"éﬂié’r""dﬁiﬁﬁié """"""""""""""""""""""""""""""""""""""""" VOUT=VOHVCC=45V2mA
65535 AC TEST CONDITIONS (Under Normal Operating Conditions Unless Noted Otherwise)
Output Pins
DO-15, RDY, IRQ, ZWS#, BS16#, HSYNC, VSYNC : Voo 5 2.4V 85pF
P0-7, PCLK, SHFCLK, ENAVEE#, ENAVDD#, FLM, LP,M : '
All Other 4mA Output Pads
All Other 2mA Output Pads

Note: STNDBY# power measurement was taken using Slow Refresh DRAMs with a 32 KHz clock nput.

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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\ n l r : Electrical Specifications

65535 AC TIMING CHRACTERISTICS - CLOCK GENERATOR

Symbol |Parameter ‘Notes
T. VCLK Period, (5V) 68 MHz

T, VCLK Period, (3.3V) 56 MHz

Ty VCLK High Time

Tym MCLK High Time
Ty, MCLK Low Time

Tge Clock Rise / Fall

Tc
TcH TcL
w4 "
T™
T™MH T™L
wax

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.

Revision 2.0 211 65535

Thlsﬂerlaaigﬁ@tzﬂ]ihs RESREVY by Rl 87



SIIE O ENLE ®

L n l l- : Electrical Specifications

65535 AC TIMING CHARACTERISTICS - RESET
Symbol Pararmte' '

iReset Fall Time

eset Active to Output Float Delay

Tesu ;EConﬁgurau'on Setup Time

Tqp Configuration Hold Time

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 all internal logic to a known state.

Note 2: This parameter includes time for the internal clock synthesizer to reset to its default frequency and time to set all internal logic
to a known 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 as internal 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.

o R ith Chi in
Initial Power-Up R P I

1L
VCC a

RESET _/ A

Configuration Lines
AAQ-AAS8 ' '
Bus Output Pins >——

Reset Timin,

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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\l"lll':® Electrical Specifications

65535 AC TIMING CHARACTERISTICS - LOCAL BUS CLOCK (33 MHz)

Symbol : Parameter ‘Notes C Max Min & Max | Umts
Ty cp :Local Bus Clock Period (33MHz) 0 1% stability at 2.0V /0. 8V SOpF{ 30 | 30 | nS
T, Local Bus Clock High Time - TsopF 12 I es T
T_cr Local Bus Clock Fall Time sopf =3 ns

i T s _ ........ _______ 1 _______ i V/nS
Tcrs {CPU Reset Setup Time to Local Bus Clock For 2x Clock Sync 50pF 2 - i nS
Teru 'CPU Reset Hold Time from Local Bus Clock For 2x Clock Sync """"""""""" SOpF """"""" s - nS

CCLK /LCLK

Local Bus Clock Timing

CCLK /LCLK
(2x Bus Clock
Configuration)
CPURST X

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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\ ﬂ l l- : Electrical Specifications

65535 AC TIMING CHARACTERISTICS - LOCAL BUS INPUT SETUP & HOLD (33 MHz)
Symbol ; Parameter ‘Notes
§Setup Time - A2-31,BEn#,M/IO#,W/R# :

.......................................................................................................................................................................................................................................................

Tpws Setup Time - DO-31 Write

:Setup Time - BS16#

Tgrs :Setup Time - RDYRTN#
‘Hold Time - A2-31,BEn# M/IO#,W/R#

Hold Time - BS16#
Hold Time - LRDY#

LRDY# v Trys " Trvn f N\
JORSGL L ToaH_____,.
" TDWS(w)' 5
D31-0 ) G A
JTRES TR
RDYRTN# X ! X
« IBSS 1 TBSH ; X
BS16# \ ! : |
(Tass,  Tasn )
ADS# X | W
| o TaDs . TaH
BEn#, A31-2 f : ;
M/IO#, W/R# ) | X

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 6SMHz.
Electrical specifications contained herein are preliminary and subject to change without notice.
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--\ n l r : Electrical Specifications

65535 AC TIMING CHARACTERISTICS - LOCAL BUS OUTPUT VALID (33 MHz)

Symbol ; Parameter Notes  C;Max; Min . Max  Units
Tapv Bus Clock to Output Valid - A2-31,BEn# M/IO#,W/R# '125pF: 3 18 | nS

Tpsv iBus Clock to Output Valid - ADS# . 125pF; 3 18 : nS

.........................................................................................................................................................................................................................................................................

Tpay Bus Clock to Output Valid - D0O-31 18 | nS

nS

gnS

Wi MO ValidN X X validNal
TASV MmN ) gmax _____ >
ADSH# Valid N D ¢ X Valid N+1
TDAV ¢ Mill p. i Max_____ >
D31-0 Valid N D¢ X Valid N+1
TBSV Tl pig MaX
BS16# Valid N X x Valid N+1
(100pf) TRDV 1gMin_piqmax _____ >
LRDY# Valid N D ¢ X Valid N+1
or (175pHTRYV /DIl pigmax >
LRDY#/RDYRTN# Valid N X X Valid N+1

ut Valid Timi

Note: Unless otherwise specified, specifications above apply to both 3V & 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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\ " ' r : Electrical Specifications
65535 AC TIMING CHARACTERISTICS - LOCAL BUS FLOAT DELAY (33MHZ)

Symbol | Parameter ‘Notes ‘C Max Min | Max | Units
Typp iFloat Delay - A2-31, BEn#, M/IO#, W/R# {125pF: - ¢ 20 | nS

..................................................................................................

............................................................. L ST PTPON S

Driven high before floating : 100pF: - = 30 | nS

- cL >
BRn#, A31-2 _ : !
M/IO¥, W/R# Valid N X )
PR Tase___ . >
ADS# Valid N .4 )
.- Toae »>
D31-0 ValidN - X )
PR TBSE
BS16# ! /[ \
R TrD SIS
LRDY# /[ \

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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Wy ' o Electrical Specifications
65535 AC TIMING CHARACTERISTICS - ISA BUS
Symbol i Parameter Notes Min | Typ | Max | Units
Tepw (Command Strobe Pulse Width 6Tm Po- nS
T  Command Strobe Hold from Ready [ Y R - nS
Tyxr Command Strobe Inactive to Next Srobe 3Tm - | ZTTRST
Typ AddressSetpto ALE Inactive . 20 - ~ | nS
TASC ------ Address Setup to Command Strobe | 30— - nS
""" Tcs AddresstolOCS16# & MEMCSI6#Delay . — - 2Tm nS
Tger [Read DataSewptoReady Mem Accesses Only = 25 = - | -~ | nS
Tgpw RDYPulseWidh M em Accesses Only = o - 1100Tm. nS |
T,yc Address Hold to Command Strobe . 20 I — i nS |
| Tgpy Read Data Hold from Command Strobe 11/ R R R R 0
| Ty, Read Data Tri-Stated from Command Strobe 7 30 | nS
Twypp Wiite Data Delay from Command Strobe 27770 s
 Typy Write Data Hold from Command Strobe T R ~ o ns
Ty RDY Low Delay from Command Strobe (+5V)  Mem Accesses Only = 407 ns”
Tyee '"@iiii?i&&ﬁéiéﬁfé}nm'é&&iiﬁéﬁ&'é"'tr'éﬁé"('345"3'{?)“";"&&5&{‘Xc"c‘é's‘éé‘s"bi{fy’“f """"" ST ss T s

RFSH#, AEN,

| 72

AOQ-19, BHE#
—b TALE
T
< TASC _: TAHC L‘* Tcpw » TNXT »
o | \ / .
MEMR#, MEMW# TRIC—»| M= Trow TomR
RDY TlCS| A /
I0CS16#, MCS16# X )
TRSR » TRDZ >
> TRDH
Data (Read) )'7/////)——
‘M*l TWDH
Data (Write) 2 222

Note: Unless otherwise specified, specifications above apply to both 5V & 3.3V opéralion & memory clock is assumed to be 65MHz.
Electrical specifications contained herein are preliminary and subject to change without notice.

Revision 2.0
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65535 AC TIMING CHARACTERISTICS - DRAM READ / WRITE

SvmbolfParameter Notes . Min Max | Units
Tge Read/Write Cycle Time {12Tm-5: - | nS

Tasc {Column Address Setup to CAS# 2Tm -8 - nS

Tray RoW Address Hold from RAS# . Tm-2 | - nS

§XR05[2 11=0 (BMCLK CAS Cycle)
XRO5[2-1]=1 (4MCLK CAS Cycle)

Typ WE# Hold from CAS# TrmZs TS s

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

< TRAS >
<— TRP —»
RAS# -\_
TCRP—» 4— TRCD—» Trc TRSH
«—TCAS—P «— TCAS
CAS# i \
<«— Tcp—»
< TcsH
JASR) TRAH ’ | ([CAH, TAsC ’¢> 4@# TASR ¢
Address % Row Column m@lumn Row
} | —)l
» TASC
WE# Tcac
«— TCAC—»| +—»

HIGH Z Read HIGHZ (_L—ad_/\ HIGHZ

4—TRAC ———P

DRAM Page Mode Read Cycle Timing

Note: The above diagram represents a typical page mode read cycle. The number of actual CAS cycles may vary.

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

+—— TAR ——»
RAS# L

TRAS >

#TCRP-P 4—TRCD —p

CAS# %

<4—Tcay—»

TcsH >
TcaH

TASR TasC
- - —>‘ —

Tpc————»{¢—— TRSH—>

Address % Row‘m@Columnt
rp > [T

4—TCcAas—»

Tcp—»

TASR

T

TASC %> 4——>’TCAH
1. Column % "‘ Row

TCWL—»
" Tws TwP
W N/ N
Tos|| Toyg Tos|| Tod

2

DATA /////////////////////////'7/////////////4 2%

Note: The above diagram represents a typical page mode read 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.

Revision 2.0
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65535 AC TIMING CHARACTERISTICS - REFRESH

Symbol | Parameter Notes ' _Min | Typ . Max__ Units
Teur [RAS# 10 CAS#Delay {Tm = 15.4 @ 65 MHz 5Tm-5; - 5Tm+5. nS
Tesg CAS#to RAS# Delay | | Tm+
Tpas [RAS#Pulse Width  STm = 89 ns (56 MHz) or 77 ns (65 MHz) 5Tm 5. - 5Tm+5 nS

TRrAS

65535 AC TIMING CHARACTERISTICS - SELF REFRESH

Svmbol | Parameter Notes _Twp M Units
RAS# Pulse Width for Self- Refresh - - S

RASH# Precharge for Self-Refresh | B . nS

TRP TRASS TRPS

RAS# __7 TRPC | | TCSR 1 y/a Tcus *L_

_% »

v
A

TCPN

% »

cast 2 N p /S

I

High Z 1
/7

Dout

Address 27772, 777727,

'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 panel 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 65SMHz.
Electrical specifications contained herein are preliminary and subject to change without notice.
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65535 AC TIMING CHARACTERISTICS - CRT OUTPUT

Symbol | Parameter ' ¢ M Max | Units
Tsyn 'HSYNC, VSYNC Delay from VCLK In (5.0V) Extemal Clock Option - 50 | nS
Tgyy HSYNC, VSYNC Delay from VCLK In (3.3V) {Extemnal Clock Option = — | 80 | nS
| Tgp VCLK Into SHFCLK Delay (5.0V) ‘External Clock Option — 30 nS
| Tgp VCLK Into SHFCLK Delay 33V) éiiémal Clock Option 250 s

VCLK j£ \ /

HSYNC, VSYNC X
TSD

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 OUTP

Symbol Paramder Min i Max | Units
 Tpsy Panel DataSetpto SHFCLK -
Tpy (Panel Data Hold to SHFCLK 10 - nS
TDL{ Panel Data Delay from SHFCLK 77 10 _ nS
"”"'f,;;g"""éﬁ"ﬁéik Allowance Time fromLP . T - iTTThs
' T';Z'L "E'i} Allowance Time from SHFCLK o o Tc T nsS |
Tpsy FLMSewpTime ~ ~ ~  8Tc - s
Trgy FLM Hold Time 8 Tc _ nS

w_ X —
l‘EZL "'?’ Tr2s
SHFCLK NN 2N

ToLy — r—TDH

o R OO O I

Trsu

o -

flat panel vertical refresh

< —»

A UVAUYVANNYANYANYAUVANYAN AN

First | Second Last
line's line's line's
data data data

transfer | transfer transfer

FLM / T\ /T\ /[ \___

Panel 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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Mechanical Specifications

2 Lead Length
T 0.8 £0.2

apopagnoaanopatgaoannoagopoaoaooppnaanon

3
g

e = ! (0.031 +0.008)
0.65 (00256) EE BEED BE @0 IS EEES - EE Q .9 ==
= L 13 EE  ES 88 88 = 8 o E
wwen & OIS B¢ |E
0.20 0.008 == = s 8 g
0.43 (0.017) & 160-P = —~ =
= -Pin = S < == DIMENSIONS:
= Plastic Flat Pack = :9"' % g mm (in)
CHIPS Part No. and Revision |25 F65535 R = o o =
Vendor Mask Identifier ;E! D000 0004 =] d =
Date Code and Country of Assembly |—&5 = 8 8 =
= YYWW ccccee =R =
Lot Code (Optional) |3 =75 | B
== LLLLLLL == 'g 8 =
Lead Lcnglh E E EE [ = Clearance
0.8 $0.2 e = | L 0.10 (0.004)
(0.031 £0.008)| "~ ,{RHRNEYARACE R EHEHaR g Ha G EaHRAe ey | | ¢ Minimum
. Body Size 28.0 0.1 (1.102 £0.004) 9 Height
in 1 . | Seating Plane 4.07 (0.175)
Footprint 32.0 +0.4 (1.260 0.016) ———3 Maximum
Revision 2.0 225 65535
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" ¢HIDS & TECHNOLOGIES INC 57E D EE 209811k 0005168 851 WECHP

Mechanical Specifications
a80 ‘ S s Lead Length
paak SRINRRRERHERRANARRTNS *SeeNouz
Lead Pitch BB =sg Hfirahss o =
0.65 (0.0256) : =
160-Pin =L cc | B  DIMENSIONS:
Plastic Flat Pack = 2o+ | B mm (in)
o = ; @ ;
M) = -,! = i 3 - ";-
0.43 (0017) ==l , F655x0 R =t | B
CHIPS Part No. = | 3 =
Vendor Mask Identifier = | =
Date Code = =% Clearance
0.000 (0.000)
S 0.650 (0.026)
Pin 1 See Note 1 . 3 Max Height
F ., 31.6 (1.244) eating Plane 4.07 (0.175)
ootprint 324 (1.276) \
. R=CHIPS Revision
Note 1: Package Body Size = 28 0.2 (1.102 $0.08)\Y C—Country of Assembly
Note 2: Lead Length = 08 02 (0031 £0.008) | | Lot Code (Optional)
Revision 0.7 257 Preliminary 65520 /530
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