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I ntroduction / Overview

65548
High Performance
Flat Panel / CRT GUI Accelerator

m Highly integrated design (Flat Panel / CRT GUI m Interface to VESA Advanced Feature Connector
Accelerator, RAMDAC, Clock Synthesizer) (VAFC) or CHIPS PC Video to display "live"
m Multiple Bus Architecture for direct interface to: video on flat panel displays
« 32-hit 486 CPU Loca Bus m Supports pane resolutions up to 1280x1024
» 32-hit VL-Bus (up to 40 MH2) including 800x600 and 1024x768
* 32-bit PCI Bus with Burst Mode & BIOS m Supports non-interlaced CRT monitors with
ROM SUEport _ resolutions up to 1024x768 / 256 colors
* Igg}IeB& Ig Endian data format support for m Truecolor and Hi-color display capability with
-l BUS _ , flat panels and CRT monitors up to 640x480
m Flexible Display Memory Configurations resolution
* One 256Kx16 DRAM (512KB m Direct interface to Color and Monochrome Dual
* Four 256Kx4 DRAMs  (512KB Drive (DD) and Single Drive (SS) STN and TFT
* Two 256Kx16 DRAMs (1MB) panels (supports 8, 9, 12, 15, 16, 18 and 24-bit
m Advanced frame buffer architecture uses data interfaces)
available  display ~ memory,  maximizing m Advanced power management features minimize
integration and minimizing chip count power consumption during:
m Integrated programmable linear address feature * Normal operation
accelerates GUI performance * Standby $S|eep) modes
m High performance resuilting from write buffer and * Panel-Oftf Power-Saving Mode
internal asynchronous FIFO design * XRAM Video Cache™
m High Performance Embedded XRAM Video m VESA interface standards support
Cache™ * DPMSfor CRT power-down
m Hardware Windows Acceleration * DDC for CRT Plug-n-Play N
« 32-hit Graphics Engine m Flexible on-chip Activity Timer facilitates
- System-to-Screen & Screen-to-Screen ordered shut—down of the display system
BitBLT m Power Sequencing control outputs regulate
- 3-Operand Raster-Op's application of supp?/_ voltage to the panel and to
- Color Expansion _ the inverter for backlight operation
- Optimized for Windows™ BitBLT format m Display centering / stretching features improve
* Hardware Line Drawing display on large panels (e.g., VGA text may be
* 64x64x2 Hardware Cursor expanded for optimal fit on 800x600 panels)
m Hardware Pop-up Icon m Text Enhancement and SMARTMAP™ features
* 64x64 pixels by 4 colors improve text legibility and contrast
* 128x128 pixels by 2 colors m Fully Compatible with IBM® VGA
= Mixed 3.3V and 5.0V Operation m ElAJstandard 208-pin plastic flat pack
m Composite Sync for NTSC / PAL Output
To Flat
486 CPU, g P Address PanPeI Célogtrol — [°0F
VL-Bus, Data ane! Datar— <% Display
or 32 65548
PCI Local Bus | Control PRS2 ToCRT
Data Data Data H/V/C Sync » Display
14.31818 MHz A /‘/32 />18/ 16 /‘/8
: A y Al
Optional 32 KHz 512KB Optional Optional Optional To NTSC
or IMB PC Video/ VAFC PCI NTSC [y /paL
Display Multi-Media BIOS / PAL Disol
Memory Interface ROM Encoder Py

System Diagram
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I ntroduction / Overview

The 65548 High Performance Flat Panel / CRT GUI
Accelerator extends CHIPS offering of high
performance flat panel controllers for full-featured
notebooks / sub-notebooks. The 65548 is fully pin
compatible with CHIPS 65545 and offers higher
performance and lower graphics sub-system power
consumption.

High Performance

The 65548 achieves superior performance through
direct 32-bit interface to the processor local bus,
Vesa Local Bus, or PClI Loca Bus. When
combined with CHIPS advanced linear acceleration
driver technology, the 65548 offers exceptional
performance.

Based on the architecture of the 65545, the 65548
integrates a powerful 32-bit graphics accelerator
engine for Bit Block Transfer (BitBLT), line
drawing, hardware cursor, and other functions
intensively used in Graphical User Interfaces
(GUIs) such as Microsoft Windows™.

The 65548 integrates CHIPS' proprietary XRAM
Video Cache™ technology in order to increase
display memory's data throughput and hence
offering higher performance.

High Integration

Minimum chip-count, low-power graphics sub-
system implementations are enabled through the
high integration level of the 65548. This device
integrates the V GA-compatible graphics controller,
true color RAMDAC, and dual PLL clock synthe-
sizers. The entire graphics sub-system can be
implemented with a single 256Kx16 DRAM
without external buffers.

For maximum performance, the 65548 supports an
additional 256Kx16 DRAM, which provides a 32-
bit video memory bus and additional display
memory support for resolutions up to 1024x768
with 256 colors, 800x600 with 64K colors, and
640x480 with 16M colors. In addition, the 65548
supports PC  Video multi-media features
simultaneously.

Versatile Panel Support

The 65548 supports a wide variety of monochrome
and color Single-Panel, Single-Drive (SS) and
Dual-Panel, Dua Drive (DD) passive STN and
active matrix TFT / MIM LCD panels. For
monochrome panels, up to 64 gray scales are
supported. Up to 226,981 different colors can be
displayed on passive STN LCDs and up to 16M

colors on 18/24-bit active matrix LCDs using the
65548.

The 65548 offers a variety of programmable
features to optimize display quality. The 65548
provides horizontal and vertical font stretching, fast
vertical centering and programmable vertical
stretching in graphics modes for handling modes
with less than panel height. Three selectable color-
to-gray scale reduction  techniques  and
SMARTMAP™ are available for improving the
viewability of color applications on monochrome
panels. CHIPS polynomia FRC agorithm reduces
panel flicker on awider range of panel types with a
single setting for a particular panel type. Text mode
horizontal expansion is also supported for 800x600
panels.

Low Power Consumption

The 65548 employs a variety of advanced power
management features to reduce power consumption
of the display sub-system and extend battery life.
The 65548's internal logic, memory interface, bus
interface, and flat panel interfaces can be
independently configured to operate at either 3.3V
or 5.0V. The 65548 is optimized for minimum
power consumption during normal operation and
provides two power-saving modes - Panel Off and
Standby. During Panel Off mode, the 65548 turns
off the flat panel while the VGA sub-system
remains active. The palette may aso be
automatically shut off during Panel Off mode to
further reduce power consumption. During Standby
mode, the 65548 suspends all CPU, memory and
display activities. In this mode, the 65548 places
the DRAM in sef-refresh mode and the 65548
reference input clock can be turned off. The 65548
aso provides a programmable activity timer which
monitors VGA activity. After al display activity
ceases, the timer will automatically shut down the
panel by either disabling the backlight or by putting
the 65548 in Panel Off mode.

Softwar e Compatibility / Flexibility

The 65548 is fully compatible with the VGA
graphics standard at the register, gate, and BIOS
levels.  The 65548 provides full backwards
compatibility with the EGA and CGA graphics
standards without using NMls. CHIPS and third-
party vendors supply fully VGA-compatible BIOS,
end-user utilities and drivers for common
application programs (e.g., Microsoft Windows™,
0S/2, WordPerfect, Lotus, etc.). CHIPS driversfor
Windows include a Big Cursor setting and fast
panning / scrolling capabilities.
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65545 vs. 65548 Perfor mance
Bus|nterface

» PCI Device ID = 00DCh, Chip Version = 0DCh

» PCl BIOS ROM support (256K B space)

e PCl burst mode support (FIFO added for this
support will also be used for all memory writesin
VL-Bus mode)

e PCl 32-hbit register access via |/O operations
(65545 allows only memory mapped 1/0 access)

e PCI will now Target Abort only on I/O cycles
with wrong byte enables. Command / address
parity errors will generate System Error.
Read/write cycles to non-existing registers or
memory locations will be ignored (no datawill be
returned for reads)

 16/32bpp "Endian Byte Swap" for non-x86 CPUs

* Memory space increased from 2MB to 8MB and
PCI 1/0O Base register removed ("DoubleWord
Register" 1/0 and "Endian Byte Swap" accesses
mapped into copies of the base 2MB memory
space)

» PCI Palette snooping improved. Palette snooping

now enabled with PCl Palette Snooping Enable

only. Chip responds to palette reads with Palette

Snooping Enabled.

40MHz VL-Bus support

LDEV# tri-stated during standby mode

RESET# ignored during standby mode

No response will be generated to PCI CPU cycles

while in standby mode

e Power consumption will be reduced in bus
interface logic in standby mode (input buffers
will be disabled to prevent current consumption
as aresult of input pin activity)

» Power consumption reduced for IVCC® BVCC

Display Memory Interface

* Embedded XRAM Video Cache™ (for perfor-
mance increase and power consumption decrease)
« EDO DRAM support

Panel / CRT / Video Port / Misc I nterfaces

» Additional configuration inputs for panel-1D

* Video input port support for VAFC standard

e NTSC/PAL output support (including composite
sync selectable on Hsync, ACTI, or ENABKL)

» "32KHZz" pin now dedicated to 32 KHz input

* H/V sync driven by 32KHz during standby and
paneloff modes to maintain monitor in DPMS
mode set prior to entering standby/panel of f

o Activity timer is now reset only by graphics
memory writes or by DR register writes (i.e., it is
no longer reset by VGA or extension register
read/write or graphics memory read accesses)

* Removed restriction in changing from panel-off
mode directly to standby mode

Internal Function / Feature Changes

* 9-dot and 10-dot text modes fill the screen with
800x600 panels
* Pop-up Improvements

- Blink and Transparency capabilities added

- Auto-zoom function changed (545 applied
zoom to both H & V dimensions, 548 has
separate auto-zoom controlsfor H & V)

- H & V pop-up position may now remain fixed
on the screen independent of display resolution
or may remain fixed with respect to the on-
screen datafor compatibility with the 65545

» Changed panel interface shift clock output timing
generation to decrease effective frequency to be
more compatible with panel  operating
frequencies for color STN-DD panels (especially
800x600 panels) (DCLK/2.5 instead of DCLK/2)

e Increased flexibility in externa frame buffer
timing generation

e Clock synthesizer resolution improved (M and N
divisorsincreased from 7 bits to 8 bits each)

Operating Frequency | mprovements

Higher frequency operation (especialy at 3.3V) due
to process improvements, increased depth of
internal FIFOs, and data path modifications:

» 80MHz dotclock and 75 MHz memory clock in
8bpp at 3.3V (i.e, approximately 20% speed
improvement over the 65545)

 Supported modes for 65548 at 3.3V are the same
as for the 65545 at 5V, including 640x480 24bpp
simultaneous display on CRT and TFT panels

 Support 800x600 8bpp at 3.3V with simultaneous
display on CRT (60Hz / 40MHz dotclock) and
STN-DD panels using the embedded frame buffer
with IMB

e Support al standard VGA modes and 640x480
8bpp mode in single DRAM with simultaneous
display on CRT and STN-DD panelsat 3.3V

« Target DRAM (75 MHz MCLK) is standard -70
non-EDO DRAM (however, to prevent violations
of memory timing specs, either -60 standard
DRAMs or -70 EDO DRAMs may be required).
Supported operating frequencies using faster
DRAMswill be the same as for the target DRAM
pending completion of chip characterization.

65545 Functions Removed From 65548

24-bit PC-Video input option (now 16 or 18 bit)
Asymmetrical DRAM support

External clock synthesizer support

Internal oscillator support

ISA bus support

Hercules backwards compatibility support
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65548 Display Capabilities

CRT Mode Mono LCD DD STNLCD 9-Bit TFT LCD
Resolution Color4 Gray Scales4 Colors? 3,4 Colors 1.2.3,4
320x200 256 / 256K t 61/61 256 / 226,981 256 /185,193
640x480 16/ 256K T 16/61 16/ 226,981 16/ 185,193
640x480 256 / 256K t 61/61 256 / 226,981 256/ 185,193
640x480 64K 61/61 64K 64K
640x480 16M 61/61 16M 16M
800x600 16/ 256K T 16/61 16/ 226,981 16/ 185,193
800x600 256 / 256K t 61/61 256 / 226,981 256 /185,193
800x600 64K 16/61 64K 64K
1024x768 16/ 256K T 16/61 16/ 226,981 16/185,193
1024x768 256 / 256K t 61/61 256 / 226,981 256 /185,193
1280x1024 16/ 256K T 16/61 n/a n/‘a
Notes:
1 Larger color palettes and simultaneous colors can be displayed on 12-bit, 18-bit, and 24-bit TFT panels via the 65548 video input port
2 Includes dithering
3 Includes framerate control
4 Colors are described as number of simultaneous on-screen colors and number of unique colors available in the color palette
t 256K colors assumes DAC output mode is set to 6 bitsof R, G, & B. If DAC is set to 8-bit output mode, the number of available colorsis 16M
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CPU BUSINTERFACE
The 65548 provides a direct interface to:

m 32-bit VL-Bus
m 32-Bit 386/486 CPU local bus
m PCl Bus

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

HIGH PERFORMANCE FEATURES

The 65548 includes a number of performance
enhancement techniques including:

Direct 32-bit local bus CPU support
32-bit interface to video memory
Linearly addressable display memory
32-bit graphics hardware engine
64x64x2 hardware cursor

The 65548 provides an optimized 32-bit path from
32-bit CPUs direct to the video memory. Running
the 32-bit local bus of the 65548 at CPU speeds up
to 33 MHz maximizes data throughput and drawing
speed for today's powerful CPU architectures.
Addressing pixels linearly maximizes the efficiency
of software drivers, enabling the CPU to make the
most use of the full 32-bit path through the 65548
controller. Software drivers optimized for linear
addressing are available from CHIPS and improve
performance up to 80% over standard software
methods.

65548 ACCELERATION

Several functions traditionally performed by
software have been implemented in hardware in the
65548 to off load the CPU and further improve
performance. Three-Operand BitBLT logic
supports all 256 logical combinations of Source,
Destination, and Pattern. All BitBLTs are executed
up to 32-hits per cycle, maximizing the efficiency
of memory accesses. A 32-bit color expansion
engine alows the host CPU to transfer
monochrome "maps’ of color images over the
system bus at high speeds to the 65548, which
decodes the monochrome images into their color
form. Line drawing is also accelerated with
hardware assi stance.

65548 HARDWARE CURSOR

A programmable-size hardware cursor frees
software from continuously generating the cursor
image on the display. The 65548 supports four
types of cursors:

32x32 x2bpp (and/xor)
64 x 64 x2bpp (and/xor)
64x 64 x2bpp (4-color)
128 x 128 x 1bpp (2-color)

The first two hardware cursor types indicated as
‘and/xor' above follow the MS Windows™
AND/XOR cursor data plane structure which
provides for two colors plus ‘transparent'
(background color) and 'inverted' (background color
inverted). The last two types in the list above are
aso referred to as 'Pop-Ups because they are
typically used to implement pop-up menu
capabilities. Hardware cursor / pop-up data is
stored in display memory, allowing multiple cursor
values to be stored and selected rapidly. The two or
four colors specified by the values in the hardware
cursor data arrays are stored in on-chip registers as
high-color (5-6-5) values independent of the on-
chip color lookup tables.

The hardware cursor can overlay either graphics or
video data on a pixel by pixel basis. It may be
positioned anywhere within screen resolutions up to
2048x2048 pixels. 64x64 'and/xor' cursors may also
be optionally doubled in size to 128 pixels either
horizontally and/or vertically by pixel replication.

Hardware cursor screen position, type, color, and
base address of the cursor data array in display
memory may be controlled via the 32-bit 'DR'
extension registers.

PC VIDEO / OVERLAY SUPPORT

The 65548 allows up to 18 hits of externa RGB
video data to be input and merged with the internal
VGA data stream. The 65548 supports two forms
of video windowing: (i) color key input and (ii) X-
Y window keying. The X-Y window key input can
be used to position the live video window coordi-
nates. The 65548 can be used in conjunction with
Chips and Technologies, Inc. PC Video products to
provide portable multimedia solutions.
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DISPLAY INTERFACE

The 65548 is designed to support a wide range of
flat panel and CRT displays of all different types
and resolutions

Flat Panel Displays

The 65548 supports al flaa panel display
technologies including plasma, electroluminescent
(EL) and liquid crystal displays (LCD). LCD panel
interfaces are provided for single panel-single drive
(SS) and dual panel-dual drive (DD) configurations.
A single panel sequences data similar to a CRT
(i.e., sequentially from one area of video memory).
In contrast, a dual panel requires video data to be
provided aternating from two separate areas of
video memory. In addition, a dua drive panel
requires the data from the two areas to be provided
to the panel simultaneously. Due to its integrated
frame buffer and 24-data-line panel interface, the
65548 supports al panels directly. Support for
LCD-DD panels does not require externa hardware
such as aframe buffer. Support for high-resolution,
'high color' flat panels also does not require
additional components. The 65548 handles display
data sequencing transparently to applications
software, providing full compatibility on both CRT
and flat panel displays.

9-bit 12-bit
'‘612-Color' '4096-Color’  Dither FRC
512 (89) 4096 (16°) No No
3,375 (15°) 29,791 (313) No Yes
24,389 (299) 226,981 (613) Yes No
185,193 (57%) 1,771,561 (121°) Yes Yes

There is currently no standard interface for flat
panel displays.  Interface signals and _tlmlng
requirements vary between gan technologies an

suppliers. The 65548 provides register
programmable features to alow interfacing to the
widest possible range of flat panel displays. The
65548 provides a direct interface to panels from
vendors such as Sharp, Sanyo, Epson, Seiko Instru-
ments, Oki, Toshiba, Hitachi, Fujitsu, NEC,
M atsushita/Panasonic, and Planar.

PANEL POWER SEQUENCING

Flat panel displays are extremely sensitive to condi-
tions where full biasing voltage VEE is applied to
the liquid crystal material without enabling the
control and data signals to the panel. Thisresultsin
severe damage to the panel and may disable the
panel permanently. The 65548 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 65548 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 65548, the power
on/off delay time (Tro) is programmable (with a
default of 32 mS).

The 65548 initiates a 'panel off' sequence if the
STNDBY# input is asserted (low), or if XR52 bit-4
is set to a'l' putting the chip into STNDBY mode.
The 65548 also initiates a 'panel off' sequenceif 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
65548 initiates a 'panel on' sequence if the
STNDBY# input is high and the chip is
programmed to 'panel on' (XR52 bit-3 transitions
from a'l' to '0") and 'flat panel display' (XR51 bit-2
issetto'l’).

Panel On Panel Off
ENAVDD {( yE—
Tpo 4— —» Tpoa—
ENABKL
Flat Panel .
Control & vaid
Data Signals

—» Tpo4— —» Tpoe—
ENAVEE

( Panel Power Sequencing '

CRT Displays

The 65548 supports high resolution fixed frequency
and variable frequency analog monitors in inter-
laced and non-interlaced modes of operation.
Digital monitor support is aso built in.

The 65548 supports resolutions up to 1024x768 256
colors, 800x600 64K colors or 640x480 16,777,216
colors in 1 MByte display memory configurations,
1024x768 16 colors, 800x600 256 colors in 512
KBytes display memory configurations. The tables
starting on the following page list all 65548 CRT
monitor video modes.
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Supported Video Modes- VGA Standard

Horizontal | Vertical
Mode#| Display Text | Font| Pixel DotClock | Frequency |Frequency] Video
(Hex) Mode |Colors| Display| Size |Resolutionl (MHZz) T (KH2) (Hz2) [Memory| CRT
0,1 Text 16 | 40x 25| 8x8 | 320x200 25.175 315 70 256 KB | A,B,C
o*, 1* 40x 25| 8x14| 320x350 25.175
O+, 1+ 40x 25| 9x16| 360x400 28.322
2,3 Text 16 | 80x25| 8x8 | 640x200 25.175 315 70 256 KB | A,B,C
2%, 3* 80x 25| 8x14| 640x350 25.175
2+, 3+ 80 x 25| 9x16| 720x400 28.322
4 Graphics 4 |140x25| 8x8 | 320x200 25.175 315 70 256 KB | AB,C
5 Graphics 4 |40x 25| 8x8 | 320x200 25.175 315 70 256 KB | AB,C
6 Graphics 2 80x 25| 8x8 | 640x200 25.175 315 70 256 KB | A,B,C
7 Text Mono | 80 x 25| 9x14| 720x350 25.175 315 70 256 KB | A,B,C
7+ 80x 25| 9x16| 720x400 28.322
D Planar 16 | 40x 25| 8x8 | 320x200 25.175 315 70 256 KB | A,B,C
E Planar 16 | 80x 25| 8x8 | 640x200 25.175 315 70 256 KB | AB,C
F Planar Mono | 80 x 25| 8x14| 640x350 25.175 315 70 256 KB | A,B,C
10 Planar 16 | 80x25|8x14| 640x350 25.175 315 70 256 KB | AB,C
11 Planar 2 |80x30]|8x16| 640x480 25.175 315 60 256 KB | AB,C
12 Planar 16 | 80x 30| 8x16| 640x480 25.175 315 60 256 KB | AB,C
13 |Packed Pixel| 256 | 40x 25| 8x8 | 320x200 25.175 315 70 256 KB | A,B,C
Note: ¢ All of the above VGA standard modes are supported directly in the 65548 BIOS (both 32K and 40K BIOS versions).

Note: Not all above resolutions can be supported at both 3.3V and 5V.

All of the above VGA standard modes are supported at both 3.3V and 5V.
All VGA modes using 25.175 MHz and 28.322 MHz can also be supported using 32 MHz and 36 MHz respectively.

In this case, the horizontal frequency becomes 40.000 KHz and the vertical frequency becomes 89 Hz.
(see XR33 hit-7 "1SO Mode Control" for selection of VGA dot clock frequencies)

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

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

Mode#| Display Text | Font| Pixe DotClock | Horizontal | Vertical | Video

(Hex) Mode |Colors|Format| Size |Resolution| (MHZz) t (KH2) (Hz) |Memory
20 |4bitLinear| 16 |80x30|8x16| 640x480 25.175 315 60 512 KB
20 |4bitLinear| 16 |80x30|8x16| 640x480 31.500 37.9 72 512 KB
20 |4bitLinear| 16 |80x30|8x16| 640x480 31.500 37.5 75 512 KB
22 |4bitLinear| 16 |100x 37| 8x16| 800x600 36.000 35.1 56 512 KB
22 |4bitLinear| 16 [100x 37 8x16| 800x600 40.000 37.9 60 512 KB
22 |4bitLinear| 16 |100x 37| 8x16| 800x600 50.350 48.1 72 512 KB
22 |4bitLinear| 16 [100x 37 8x16| 800x600 | 49.500 46.9 75 512 KB
241 |4bitLinear| 16 |128x48 8x16| 1024x768| 44.900 355 43 512 KB
24 | 4bitLinear| 16 |128x 48 8x16| 1024x768 65.000 484 60 512 KB
24 | 4bitLinear| 16 |128x 48 8x16| 1024x768| 75.575 575 70 512 KB
24 | 4bitLinear| 16 [128x 48 8x16| 1024x768| 78.750 60 75 512 KB
281 |4bitLinear| 16 |128x 48 8x16|1280x1024| 78.750 46.433 43 1IMB
28 |4bitLinear| 16 |128x 48 8x16|1280x1024| 80.000 80.0 43 1IMB
30 |8hbitLinear| 256 | 80x 30| 8x16| 640x480 25.175 315 60 512 KB
30 |8hitLinear| 256 | 80x 30| 8x16| 640x480 31.500 37.9 72 512 KB
30 |8hbitLinear| 256 | 80x 30| 8x16| 640x480 31.500 375 75 512 KB
32 | 8hitLinear| 256 |100x 37 8x16| 800x600 36.000 35.1 56 512 KB
32 |8hbitLinear| 256 |100Xx 37| 8x16| 800x600 40.000 37.9 60 512 KB
32 | 8hitLinear| 256 |100x 37 8x16| 800x600 50.350 48.1 72 512 KB
32 |8hbitLinear| 256 |100Xx 37| 8x16| 800x600 49.500 46.9 75 512 KB
341 |8bitLinear| 256 |128x 48 8x16| 1024x768 44.900 35.5 43 1MB
34 |8bitLinear| 256 |128x 48 8x16| 1024x768 65.000 48.4 60 1MB
34 |8hitLinear| 256 |128x 48 8x16| 1024x768| 75.575 57.5 70 1MB
34 |8hbitLinear| 256 |128x 48 8x16| 1024x768| 78.750 60.00 75 1IMB

Note: Support for the modes in the above tableisincluded directly in the BIOS (both 32K and 40K versions).
The"I" in the mode # column indicates "Interlaced".

Note: Not all above resolutions can be supported at both 3.3V and 5V.

T Refer to Electrical Specifications section for maximum clock frequencies for 5V and 3.3V operation.
MAX DCLK supplied is 80MHz at 3.3V and 80 MHz at 5V.
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Supported Video M odes - Extended Resolution (Continued)

Mode#| Display Text | Font| Pixe DotClock | Horizontal | Vertical | Video
(Hex) Mode |Colors|Format| Size |Resolution| (MHZz) t (KH2) (Hz) |Memory
40 |15bitLinear| 32K | 80x 30| 8x16| 640x480 50.350 315 60 1 MB
40 |15bitLinear] 32K | 80x 30| 8x16| 640x480 63.000 37.9 72 1IMB
40 |15bitLinear] 32K | 80x 30| 8x16| 640x480 63.000 37.5 75 1IMB
41 |16hit Linear| 64K | 80x 30| 8x16| 640x480 50.350 315 60 1MB
41 |16 bitLinear] 64K | 80x 30| 8x16| 640x480 63.000 37.9 72 1IMB
41 |16 bitLinear] 64K | 80x 30| 8x16| 640x480 63.000 375 75 1IMB
42 | 15hit Linear| 32K [100x 37| 8x16| 800x600 72.000 35.1 56 1MB
42 | 15hit Linear| 32K [100x 37| 8x16| 800x600 80.000 37.9 60 1MB
43 |16bitLinear| 64K [100x 37 8x16| 800x600 72.000 35.1 56 1 MB
43 | 16hit Linear| 64K [100x 37| 8x16| 800x600 80.000 37.9 60 1MB
50 |24bitLinear| 16M | 80x 30| 8x16| 640x480 75.525 315 60 1 MB
60 Text 16 |132x 25 8x16| 1056x400| 41.500 315 70 256 KB
61 Text 16 |132x50 8x8 | 1056x400| 41.500 315 70 256 KB
6A/70 Planar 16 |100x 37| 8x16| 800x600 36.000 35.1 56 256 KB
6A/70| Planar 16 |100x 37| 8x16| 800x600 | 40.000 37.9 60 256 KB
6A/70 Planar 16 |100x 37| 8x16| 800x600 50.350 48.1 72 256 KB
6A/70| Planar 16 |100x 37| 8x16| 800x600 | 49.500 46.9 75 256 KB
721175l Planar 16 |128x 48 8x16| 1024x768| 44.900 355 43 512 KB
72175 Planar 16 |128 x 48 8x16| 1024x768| 65.000 484 60 512 KB
721175l Planar 16 |128x 48 8x16| 1024x768| 75.525 575 70 512 KB
72175 Planar 16 |128 x 48 8x16| 1024x768| 78.750 60.0 75 512 KB
78 |Packed Pixel| 16 | 80x 25| 8x16| 640x400 25.175 315 70 256 KB
79 |Packed Pixell 256 | 80x 30| 8x16| 640x480 25.175 315 60 512 KB
79 |Packed Pixel| 256 | 80x 30| 8x16| 640x480 31.500 37.9 72 512 KB
79 |Packed Pixell 256 | 80x 30| 8x16| 640x480 31.500 37.5 75 512 KB
7C |Packed Pixel| 256 |100x 37| 8x16| 800x600 36.000 35.1 56 512 KB
7C |Packed Pixel| 256 |100 x 37| 8x16| 800x600 | 40.000 37.9 60 512 KB
7C |Packed Pixel| 256 |100x 37| 8x16| 800x600 50.350 48.1 72 512 KB
7C |Packed Pixel| 256 |100 x 37| 8x16| 800x600 | 49.500 46.9 75 512 KB
7E| | 8bhitLinear| 256 |128x 48 8x16| 1024x768 44.900 35.5 43 1MB
7E | 8bhitLinear| 256 [128x 48 8x16| 1024x768 65.000 484 60 1MB
7E | 8bhitLinear| 256 |128x 48 8x16| 1024x768| 75.525 575 70 1IMB
7E | 8bhitLinear| 256 |128x 48 8x16| 1024x768| 78.750 60.00 75 1IMB

Note: Support for the modes in the above tableisincluded directly in the BIOS (both 32K and 40K versions).
The"I" in the mode # column indicates "Interlaced”.

Note: Not all above resolutions can be supported at both 3.3V and 5V.

T Refer to Electrical Specifications section for maximum clock frequencies for 5V and 3.3V operation.
MAX DCLK supplied is 80MHz at 3.3V and 80 MHz at 5V.
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Simultaneous Flat Panel / CRT Display

The 65548 provides simultaneous display operation
with Multi-Sync variable frequency or PS/2 fixed
frequency CRT monitors and single panel-single
drive LCDs (LCD-SS), dua panel-dual drive LCDs
(LCD-DD), and plasma and EL panels (which
employ single panel-single drive interfaces). Single
drive panels sequence data in the same manner as
CRTs, so the 65548 provides simultaneous CRT
display with LCD-SS, Plasma, and EL panels by
driving the panels with CRT timing. LCD-DD
panels require video data aternating between two
separate locations in memory. In addition, a dua
drive panel requires data from both locations simul-
taneously. A framestore area, also called the frame
buffer, is required to achieve this operation. The
65548 innovative architecture implements the frame
buffer in an unused area of display memory,
reducing chip count and subsystem cost. As an
option, an extra 16-bit wide DRAM can be used as
an external frame buffer, improving performance
while in simultaneous flat panel/CRT modes. The
65548 provides simultaneous display with
monochrome and color 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 65548 provides many features to
enhance the flat panel display quality.

"TRUE-GRAY" Gray Scale Algorithm

A proprietary polynomia-based Frame Rate
Control (FRC) and dithering algorithm in the
65548's hardware generates a maximum of 61 gray
levels on monochrome panels. The FRC technique
simulates a maximum of 16 gray levels on
monochrome panels by turning the pixels on and off
over 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 pandl's vertical refresh
rate. With this technique, the 65548 produces up to
61 flicker-free gray scales on the latest fast response
"mouse quick" film-compensated monochrome
STN LCDs. The alternate method of reducing
flicker -- increasing the panel's vertical refresh rate -

- has several drawbacks. Asthe vertical refresh rate
increases, panel 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 palette data from the VGA
standard color lookup table (CLUT) are reduced to
6 bits for 64 gray scales via one of three selectable
RGB color to gray scale reduction techniques:

1) NTSC Weighting: 5/16 Red 9/16 Green 2/16 Blue
2) 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
isuseful for replicating on aflat pand the display of
software optimized for IBM's monochrome
monitors which use the six green bits of palette
data.

SmartMap™

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

Most application programs are optimized for color
CRT monitors using multiple colors. For example,
aword processor might use a blue background with
white characters for normal text, underlined text
could be displayed in green, italicized text in
yellow, and so on. This variety of colors, which is
quite distinct on a color CRT monitor, can be
illegible on a monochrome flat panel display if the
colors are mapped to adjacent gray scale values. In
the example, underlined and italicized text would be
illegible if yellow is mapped to gray scale 4, green
to gray scale 6 with the blue background mapped to
gray scaleb.

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 scade adjustment vaues are
programmed in the 65548's Extension Registers.
This feature can be disabled if desired.
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Text Enhancement

Text Enhancement is another feature of the 65548
that improves image quality on flat panel displays.
When enabled, the Text Enhancement feature
displays Dim White as Bright White, thereby opti-
mizing the contrast level on flat panels. Text
Enhancement can be enabled and disabled by
changing abit in one of the Extension Registers.

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 displayed on
a higher resolution panel only partialy fills the
useable display area. For instance, 350-line EGA
software displayed on a 480-line panel would leave
130 blank lines at the bottom of the display and
400-line VGA text or Mode 13 images would leave
80 blank lines at the bottom. The 65548 offers the
following Vertical Compensation techniques to
increase the useable screen area:

Vertical Centering displays text or graphics images
in the center of the flat panel, with a border of
unused area at the top and bottom of the display.

Automatic Vertical Centering automatically adjusts
the Display Start address such that the unused area
at the top of the display equals the unused area at
the bottom.

Non-Automatic Vertical Centering enables the
Display Start address to be set (by programming the
Extension Registers) such that text or graphics
images can be positioned anywhere on the display.

Line replication (referred to as "dsretching")
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 lineis 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 area without altering the
height and shape of the text characters. Blank line
insertion can be used in text mode only.

The 65548 implements the Tall Font™ scheme so
that there are very few blank lines on the flat panel
in text modes. For example, using an 8x19 Tall
Font™ would fill 475 lines on a 480-line panel in
VGA mode 3. Lines 1, 9, 12 of the 16 line font
may be replicated to generate the 8x19 font. Alter-
nately, line 0 may be replicated twice and line 15
replicated once. The Tall Font™ scheme is imple-
mented in hardware thereby avoiding any compati-
bility issues.

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

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

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

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

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

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

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

Horizontal Compensation techniques include
Horizontal Compression, Horizontal Centering, and
Horizontal Doubling and text expansion.

Automatic Horizontal Centering automatically
centers the display on alarger resolution panel such
that the unused area at the left of the display equals
the unused area at the right.

Non-Automatic Horizontal Centering enables the
left border to be set (by 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.

Text expansion expands 8-dot or 9-dot text to 10-
dot text for 800x600 panels.
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ADVANCED POWER MANAGEMENT
Normal Operating Mode

The 65548 is a sub-micron CMOS integrated circuit
optimized for low power consumption during
normal operation. The 65548 provides CAS
before-RAS refresh cycles for the DRAM display
memory. The 65548 provides "mixed" 3.3V and
5.0V operation by providing dedicated Vcc pins for
the 65548's internal logic, bus interface, memory
interface, and display interface. If the 65548
internal logic operates at 3.3V, the memory, bus,
and panel interfaces can independently operate at
either 3.3V or 5.0V. The clock Vcc must be the
same as the Vcc of the internal logic. The 65548
provides direct interface to 386/486 local bus which
conserves power when 3.3V microprocessors are
used. A flexible clock synthesizer is used to
generate independent memory and video clocks.
The 65548's performance-enhancement features
minimize the memory clock frequency (and thus
power consumption) required to achieve a given
performance level. The 65548's proprietary gray
scaling algorithm produces a flicker-free display
with a minimum video clock and panel vertical
refresh rate. (Note: the power consumption of the
controller increases linearly with video clock

frequency).
Mixed 3.3V and 5.0V Operation

The 65548 supports operation at either 5.0V +10%
or 3.3V x0.3V. The 65548 also provides "mixed"
5V and 3.3V operation by providing dedicated Vcc
pins for the 65548's internal logic, bus interface,
memory interface, and display interface. Each
dedicated Vcc can be either 5V or 3.3V, such that
the 65548 internal logic operates at 3.3V and the
various interfaces at either 3.3V or 5V. The clock
VCC must be the same as the Vcc of the interna
logic. The following table shows the relationship
between the VCC inputs to the 65548 and the
interface pins controlled by each Vcc input.

Vcce Pins Interface Pins Affected
80, 181 Internal Logic --
9,42 Bus 1-54, 178-201, 207
158 Memory A 145-177
142 Memory B 123-144
108 Memory C 90-122
66 Display 61-89
205, 206 Clock* 203, 204
59 DAC 55,57,58,60

* Must be same as the Vcc of the interna logic.

Panel Off Mode

In 'Panel Off' mode, the 65548 turns off both the
flat panel and CRT interface logic. The VGA
subsystem remains active, such that the CPU can
read/write display memory and I/O registers. The
65548's video clock can be reduced significantly,
saving power. Panel Off mode is activated by
programming Extended Register XR52 hit-3=1.

Standby M ode

In 'Standby' mode, the 65548 suspends all CPU,
memory and display activities. The 65548 places
the DRAM in its self-refresh mode of operation,
and the 65548's clock can be shut off. The VGA
subsystem dissipates a minimum amount of power
during Standby. Since the 65548 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. The Standby mode may be
activated by forcing the STNDBY# pin low or
programming XR52 bit-4 to 'l. The state of all
65548 pins during Standby mode is summarized in
the tables on the following page.

CRT Power Management (DPMS)

The 65548 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.
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CPUACTIVITY INDICATOR/TIMER

The 65548 provides an output pin called ACTI (pin
53) 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 1/O read/write opera-
tion is executed by the CPU. This signal may be
used by power management circuitry to put the
65548 in Panel Off or Standby power down modes.
The 65548 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 Pane Off
mode after a specified time interval. This time
interval is programmed in 30 second intervals via
Extension Register XR5C.

FULL COMPATIBILITY

The 65548 is fully compatible with the IBM™
VGA standard at the hardware, register, and BIOS
level. The 65548 also provides enhanced backward
compatibility to EGA™ and CGA™ 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 panel
used in an implementation. Mode initialization is
supported at the BIOS and register levels, ensuring
compatibility with all application software.

Write Protection

The 65548 has the ability to write protect most of
the standard VGA registers. This feature is used to
provide backwards compatibility with software
written for older generation display types. The
write protection is grouped into register sets and
controlled by the Write Protect Register (XR15).

Extension Registers

The 65548 employs an "Extension" Register set to
control its enhanced features. These Extension
Registers provide control of the flat panel interface,
flaaa pand timing, vertica 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

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 65548 is designed to
support a wide range of panel types and sizes, the
control of these features is fully programmable.
The video polarity of text and graphics modes is
independently selectable to allow black text on a
white background and still provide normal graphics
images.

Alternate Panel Timing Registers

Flat panel displays usually require sync signa
timing that is different from a CRT. To provide full
compatibility with the IBM VGA standard,
dternate timing registers are used to alow
independent timing of the sync signals for flat panel
displays. Unlike the values programmed into the
standard CRT timing registers, the vaue
progranmed 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 65548
(internal registers) is readable and writable. This
feature is fully compatible with IBM's VGA.
Additional registers are provided to allow read back
of internal latches not readablein the IBM VGA.
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RESET, SETUP, AND TEST MODES

Reset Mode

When this mode is activated by pulling the RESET#
pin low and STNDBY# pin high, the 65548 is
forced to VGA-compatible mode and the CRT is
selected as the active display. In addition, the
65548 is disabled; it must be enabled after
deactivating the RESET# pin by writing to the
Global Enable Register. Access to all Extension
Registers is aways enabled after reset (at
3D6/3D7h). The RESET# pin must be active for at
least 64 clock cycles.

Setup Mode

In this mode, only the Global Enable register is
accessible. In IBM-compatible PC implementa-
tions, setup mode is entered by writing a 1 to bit-4
of port 46E8h. This port is incorporated in the
65548. 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 3C3 registers (via
XR70) for competibility in case other non-IBM-
compatible peripheral devices use those ports.

Tri-State Mode

In this mode, all output pins of the 65548 chip may
be disabled for testing of circuitry external to the
chip. The 65548 will enter Tri-State mode if it sees
arising edge on XTALI during RESET with one of
the display memory data pins pulled low (MADO

pin 162). The 65548 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 digital pins of the 65548 chip may
be tested individually to determine if they are
properly connected (the analog RGB and RESET#
pins cannot be tested in ICT mode). The 65548 will
enter ICT mode if it sees arising edge on XTALI
during RESET with one of the display memory data
pins pulled low (adifferent 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 aa ENAVDD (pin 62) and
proceeding to lower pin numbers around the chip to
pin 1 (except analog pins 55, 57, 58, and 60) then to
pin 208 and ending at VSYNC (pin 64). If al pins
in the path are high, the VSYNC output will be
high. If any pinislow, the VSYNC output will be
low. Thus the chip can be checked in circuit to
determine if al 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 effectively Tri-States all pins except
VSYNC.

Display

M ode of RESET# STNDBY# Memory Video

Operation Pintt Pin Access Output
Reset Low High - e
Setup 0000 - e No Yes
Test - e No Yes
Standbyt XXX Low No No
Panel-Off High High Yes No

T Itisillegal to go from Panel-Off Mode to Standby Mode. Panel-Off Mode must be exited first and a delay must
occur of twice the value programmed into XR5B[7-4] prior to entering Standby Mode.

( Reset / Setup / Test / Standby / Panel-Off Mode Summary '
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CHIP ARCHITECTURE
The 65548 integrates six major internal modules:
Sequencer

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

CRT Controller

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

Graphics Controller

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

Attribute Controller

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

RGB 5-6-5External Video ——»

into a set of 16 internal color look-up registers
which generate a 6-bit color value. Two additional
bits of color data are added to provide an 8-hit
address to the VGA color paette. In 256-color
modes, two 4-bit values may be passed through the
color look-up registers and assembled into one 8-hit
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 65548 integrates a VGA compatible triple 6-bit
Color Lookup Table (sometimes referred to as a
"CLUT" or just "LUT") and high speed 6/8-hit
DACs. Additionally true color bypass modes are
supported displaying color depths of up to 24bpp
(8-red, 8-green, 8-blue). The palette DAC can
switch between true color data and LUT data on a
pixel by pixel basis. Thus, video overlays may be
any arbitrary shape and can lie on any pixel
boundary. The hardware cursor is also a true color
bitmap which may overlay on any pixel boundary.

The internal palette DAC register 1/0 addresses
and functionality are 100% compatible with the
VGA standard. In al bus interfaces the palette
DAC automatically controls accesses to its registers
to avoid data overrun. Thisis handled by delaying
RDY# for VL-Bus and local businterfaces.

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

High Color Pixd Data ——»

8 Triple6-bit
LUT

LUT Pixd Data ——*——»

—» Red
24
—» —» Green
—» Blue
18

( Color Palette/ DAC Internal Block Diagram '
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Clock Synthesizers

Integrated clock synthesizers support all pixel clock
(VCLK) and memory clock (MCLK) frequencies
which may be required by the 65548. Each of the
two clock synthesizers 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

VCLK Regiger Table

frequencies are set via a programmable 18-bit
divisor value which contains fields for Phase Lock
Loop (PLL), Voltage Controlled Oscillator (VCO)
and Pre/Post Divide Control. A block diagram
showing the clock synthesizer registers is included
below. Refer to the Functional Description section
of this document for additional information.

VGA CLKO =25.175MHz

VGA CLK1 =28.322MHz

21

VCLK Synthesizer

Y

CLK2 = Programmable

XR32:30—

MCLK Regiger Table

MCLK = Programmable

2%' = MCLK Synthesizer

CLKSEL1:0

MISC Output Reg[3:2]

( Clock Synthesizer Register Diagram '
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CONFIGURATION INPUTS

The 65548 can read up to nine configuration bits.
These signals are sampled on memory address bus
AAO-AAB8 on thetrailing edge of Reset. The 65548
implements pull-up resistors on-chip on al configu-
ration input pins. 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.

65548
Pin # Signal [ Active] Functionality
145 LB# | Low Bus Configuration
146 — — Bus Configuration
147 2X# | Low 2xCPU Clock Select
148 — | Low Reserved
149 — | Low | Reserved (Do Not Use)
150 OS# | Low | External Oscillator Select
151 AD#| Low |[ENABKL/ACTI=A26,A27
152 TSH | Low Test Mode Enable
153 LV#| Low Low Voltage Select
2X# LB#
(AA2) | (AAL) | (AAO) Bus Functionality
Pin 147 | Pin 146 | Pin 145
Low Low Low Reserved
Low Low | High Reserved
Low | High [ Low Reserved
Low | High [ High |32-bit CPU Bus (2x clk)
High | Low Low Reserved
High | Low [ High Reserved
High | High [ Low PCl Bus
High | High [ High | 32-bit VL-Bus (1x clk)

AA2 determines the CPU clock rate for purposes of
local bus implementation (0=2x CPU clock, 1=1x
CPU clock). AA3 has no hardware function, but
the status of the pin is latched in extension register
1 bit 3 on reset so it may be used to input system-
specific information. AA4 is reserved and should
be sampled high on reset. AA5 must be forced to 0,
indicates that a reference frequency of 14.31818
MHz must be input on XTALI (pin 203). AA6
selects between ACTI/ENABKL and A26-27 on
pins 53-54 (default is ENABKL and ACTI). AA7,
when forced low, enables clock test mode (VCLK
and MCLK are output on A24-25 (pins 29-30).
AA8, when forced low, selects 3.3V level of
operation for the internal logic and the clock core.

VIRTUAL SWITCH REGISTER

The 65548 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 internal
comparator output.

LIGHT PEN REGISTERS

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

BIOSROM INTERFACE

In typical VL-Bus applications, the 65548 is placed
on the motherboard and the video BIOS is
integrated with the system BIOS (in PCI Bus, the
video BIOS is aways included in the system
BIOS). The 65548 can support separate BIOS for
PCI Bus.

Typicaly, an 8-bit BIOS is implemented with one
external ROM chip. A 16-bit dedicated video BIOS
ROM could be implemented with the 65548 if
required using two BIOS ROM chips, an externa
PAL, and a 74LS244 buffer. However, a higher-
performance and lower-cost video system will
result from implementation of the video BIOS as
either an 8-bit dedicated video BIOS ROM or as
part of the system BIOS and having the video BIOS
be copied into system RAM by the system BIOS on
startup.

Chips and Technologies, Inc. supplies avideo BIOS
that is optimized for the 65548 hardware. The
BIOS supports the extended functions of the 65548,
such as switching between the flat panel and the
CRT, SMARTMAP™ Vertica 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.

PACKAGE

The 65548 is available in a EIAJ-standard 208-pin
plastic flat pack with a 28 x 28 mm body size and
0.5 mm (19.7 mil) lead pitch.
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APPLICATION SCHEMATIC EXAMPLES

This document includes application schematic
examples of the following:

1. BusInterface - 32-bit 486 Local Bus (1x Clock)
Bus Interface - 32-bit VL-Bus (1x Clock)
Bus Interface - 32-bit PCI Bus

2. Display Memory Interface

3. CRT / Pandl Interface

4. PC Video Interface
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T In 2x clock mode, pin 23 becomes CRESET instead of RDY RTN#
Tt In Test mode, pin 29 becomes GCLKOUT (name change only from 65545 VCLKOUT) and pin 30 becomes MCLKOUT
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Pin Changes

Deletions:
Pin # Pin Name
146 |SA#
149 ECH#
150 OSH

53-54 CSELO0-1
204 Reserved

154 AA9
54 VB1
53 VB0
98 VGl
99

100 VR1
154 VRO

Additions/ Changes:

Pin # Pin Name
170-177 ROMDO-7
179-198 ROMAO-17

200 ROMOE#

53 DDCDAT
54 DDCCLK

164-169 CFG10-15
98 BLANK#

100 VCLK
101 VRDY
119 GRDY
106 EVID#

53,54,0r65 CSYNC

64 VSINT

Summary of Pin Changesfr om 65545t065548

Description : : L ,

Configuration: |SA businterfaceisnot supported so thispinisundefined / unused.
Configuration: External Clock interface is not supported so this pin is undefined /
reserved (note that this capability isno longer supported inthe 65545 also).
Confl?uratlon: Internal oscillator interface is not currentI_Y_ supported so this pin must
be pulled down to select "external oscillator" for compatibility with the 65545.

External clock support isno longer available so these alt functions have been removed

In 65545, this pin was XTALO for support of the "internal oscillator" option. This
option is not currently supported in the 65548 so this pin is reserved. An external
oscillator (external clock source) should be used (i.e., 14.31818 MHz reference clock
should beinput on XTALI, XTALO left unconnected, and OS# pulled down).

In 65545 this pin could optionally be used as AA9 for support of asymmetrical
DRAMs. Asymmetrical DRAMs are not commonly used so support for this option has
been removed. Thispinisnow primarily 32KHz (itstypical use in 65545 designs).

Primary functionisENABKL)
Primary functionisACTI)
Primary functionis CA8)

eserved
Primary function is OEC#)
Primary function is 32KHz)

The 65545 optionally supported 24-bit RGB PC-Video interface, however, some
des 52{313 experienced noise problems on the Isbs, so this option was seldom used. The
65548 only supports 18-bit RGB PC-Video interface and the pins formerly used for
the 2 Isbs of R, G, and B have been assigned different alternate functions.

Description

New optional function in 65548 (not availablein 65545): PCl BIOS ROM support.
New optional function in 65548 (not availablein 65545): PCI BIOS ROM support.
New optional functionin 65548 (not availablein 65545): PCl BIOS ROM support.

New optional function in 65548 Enot documented in 65545;: DDC support gdata :
New optional function in 65548 (not documented in 65545): DDC support (clock).

New functionin 65548 (not availablein 65545): unassigned configuration inputs

New alternate function "Blank" output for VAFC support

New alternate function "Video Input Clock" for VAFC support

Name changefor aternate function (also called KEY) for VAFC support

New alternate function "Graphics System Ready" for VAFC support (output). In the
65548 this pin is aways driven high (the 65548 is always ready to receive data).

New alternate function "Enable Video" for VAFC support (input). For VAFC compat-
ibility, this pin should be driven low by the external video system to indicate datainput
on VPO-15. This provides for backwards compatibility support for the 'old feature
connector'. This pinisignored by the 65548 (V P0O-15 are always video data inputs),
but this pinisreserved for thisfunction should it be added in the future.

New alternate function "Composite Sync" selectable for output on HSYNC, ACTI, or
ENABKL for support of various external NTSC/PAL encoder chips

New alternate function "Vsync Interval" selectable for output on VSYNC for support
of external NTSC/ PAL encoder chips

Note: The 65548 also has new internal features and capabilities which have no pinout impact: Higher frequency
internal operation (especially at 3.3V), PCI burst mode capability, improved EDO DRAM support, 50MHz VL-
Bus support, embedded XRAM Video Cache™, 9-dot and 10-dot text modes for 800x600 panels, 16bpp and
32bpp "Endian Byte Swap" for improved support of non-x86 CPUs, and other various internal improvements.
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Pin List

Pin# Dir Drivel|Pin Name "PCl" Pin# Dir _Drivel|Pin Name "PCI" Pin# Dir Driveg

A2 "ROMAOQO" 179 t — ||DO "ADQO" 51 1/0O 8mA ||MBD3 130 /0 2mA
A3 "ROMA1" 180 t — ||D1 "AD1" 50 1/O 8mA ||MBD4 131 /O 2mA
A4 "ROMA2" 182 ¥ — ||D2 "AD2" 49 1/0 8mA ||MBD5 132 1/0 2mA
A5 "ROMA3" 183 t+ — ||D3 "AD3" 48 1/O 8mA |[|MBD6 133 /0 2mA
A6 "ROMA4" 185 t+ — ||D4 "AD4" 47 1/O 8mA|[|MBD7 134 1/0 2mA
A7 "ROMA10" 186 T — ||D5 "AD5" 46 1/0 8mA ||MBD8 135 1/0 2mA
A8 "ROMA5" 187 t+ — ||D6 "AD6" 45 |/O 8mA |[|MBD9 136 /0 2mA
A9 "ROMA11" 188 t+ — |[|D7 "ADT7" 44 /O 8mA |[|MBD10 137 1/0 2mA
A10 "ROMAG" 189 ¥ — ||D8 "AD8" 41 1/0 8mA||MBD11 138 1/0 2mA
All "ROMA9" 190 t — ||D9 "AD9" 40 1/O 8mA|[|MBD12 140 /0 2mA
Al12 "ROMA7" 191 t+ — ||D10 "AD10" 38 1/0 8mA |[MBD13 141 1/O 2mA
Al13 "ROMAS8" 192 ¥ — ||D11 "AD11" 37 1/0 8mA||MBD14 143 1/O 2mA
Al4 "ROMA12" 193 t+ — ||D12 "AD12" 36 1/0 8mA |[MBD15 144 1/0 2mA
A15 "ROMA13" 194 t — |[|D13 "AD13" 35 1/O 8mA||MCDO (VB2 106 /0 2mA
Al6 "ROMA15" 195 — ||D14 "AD14" 34 1/O 8mA||MCD1 (VB3 107 1/O 2mA
Al7 "ROMA14" 196 t — |[|D15 "AD15" 33 /O 8mA||MCD2 (VB4) 109 /0 2mA
A18 "ROMA16" 197 T — [|D16 "AD16" 20 1/O 8mA||MCD3 (VB5) 110 /O 2mA
A19 "ROMA17" 198 — ||D17 "AD17" 19 1/0 8mA||MCD4 (VB6) 111 1/O 2mA
A20 "Reserved" 199 t — ||D18 "AD18" 18 1/0 8mA||MCD5 (VB7) 112 1/O0 2mA
A21 "ROMOE#"' 200 t — ||D19 "AD19" 17 1/0 8mA||[MCD6 (VG2) 113 /O 2mA
A22 "CLK" 201 In — |[|D20 "AD20" 16 1/0 8mA||[MCD7 (VG3) 114 1/O 2mA
A23 "Reserved" 28 In — ||D21 "AD21" 15 1/0 8mA||[MCD8 (VG4) 115 /O 2mA
A24 "PERR#' 29 1/O 8mA||D22 "AD22" 14 1/0 8mA||[MCD9 (VG5) 116 /O 2mA
A25 "SERR#' 30 1/O0 8mA||D23 "AD23" 13 1/0 8mA||[MCD10 (VG6) 117 1/O 2mA
AAQ (CFG0) (LB#) 145 /0 4mA|(|D24 "AD24" 8 1/0 8mA||MCD11 (VG7) 118 /0 2mA
AA1l (CFG1) 146 /0 4mA ||D25 "AD25" 7 /O 8mA||MCD12 (VR2) 119 /O 2mA
AA2  (CFG2) (2X#) 147 1/0 4mA [|D26 "AD26" 6 1/O 8mA||MCD13 (VR3) 120 1/0 2mA
AA3 (CFG3) 148 /0 4mA ||D27 "AD27" 5 /O 8mA||MCD14 (VR4) 121 1/0 2mA
AA4 (CFG4) 149 /O 4mA ||D28 "AD28" 4 1/0 8mA||MCD15 (VR5) 122 1/O 2mA
AA5 (CFG5) (OS#) 150 1/0 4mA||D29 "AD29" 3 1/O 8mA |[MGNDA (Memory A) 61 — —
AAG6 (CFG6) (AD#) 151 /O 4mA ||D30 "AD30" 2 /O 8mA||MGNDB (Memory B) 139 — —
AA7 (CFG7) (TSH) 152 /0 4mA |(|D31 "AD31" 1 1/O0 8mA|[MGNDC (Memory C) 105 — —
AA8  (CFG8) (LV#) 153 1/0 4mA [|DGND (Display) 63 — — [[mno# "PAR" 31 /Ot 4mA
AA9 (32KHz) 154 1/0 4mA ||DGND (Display) 89 — — ||[MVCCA (Memory A) 158 — —
ACTI (A26) 53 1/O 8mA||DVCC (Display) 66 — — ||MVCCB (Memory B) 142 — —
ADSH "FRAME#' 22 In — ||ENABKL(A27) 54 /O 8mA ||MVCCC (Memory C) 108 — —
AGND 56 — — ||ENAVDD 62 Out 8mA ||OEAB# 155 Out 4mA
AVCC 59 — — ||ENAVEE(ENABKL) 61 Out 8mA ||OECH# 100 /O 4mA
BEO# "C/BEO#' 43 In — [|FLM 67 Out 8mA ||PO 71 Out 8mA
BE1# "C/IBE1#' 32 In — ||GREEN 58 Out — ||P1 72 Out 8mA
BE2# "C/IBE2#' 21 In — |[|HSYNC 65 Out 12mA||P2 73 Out 8mA
BE3# "C/BE3#' 10 In — [|IGND (Internal Logic) 7w — — ||P3 74  Out 8mA
BLUE 57 Out — ||IGND (Internal Logic) 184 — — ||P4 75 Out 8mA
BGND (Bus) 12 — — ||IVCC (Interna Logic) 80 — — ||P5 76 Out 8mA
BGND (Bus) 26 — — [|IvCC (Interna Logic) 81 — — ||P6 78 Out 8mA
BGND (Bus) 39 — — ||LCLK "STOP#' 27 In — [|P7 79 Out 8mA
BGND (Bus) 52 — — ||LDEV# "DEVSEL#"' 25 /O 12mA||P8 81 Out 8mA
BVCC (Bus) 9 — — ||LRDY# "TRDY#' 24 Out 12mA||P9 82 Out 8mA
BVCC (Bus) 42 — — [|LP (BLANK#)(DE) 68 Out 8mA ||P10 83 Out 8mA
CAO (P16) 90 Out 4mA |[M (BLANK#)(DE) 69 Out 8mA |[P11 84 Out 8mA
CA1l  (P17) 91 Out 4mA|[|MADO (TSENA#) 162 1/0 2mA [[P12 85 Out 8mA
CA2 (P18) 92 Out 4mA |[MAD1 (ICTENA#) 163 1/0 2mA ||P13 86 Out 8mA
CA3 (P19) 93 Out 4mA ||MAD2 164 1/0 2mA ||P14 87 Out 8mA
CA4 (P20) 94 Out 4mA |[MADS3 165 1/0 2mA ||P15 88 Out 8mA
CA5 (P21) 95 Out 4mA ||MAD4 166 1/0 2mA [|RASA# 156 Out 4mA
CAG6 (P22) 96 Out 4mA ||MAD5 167 1/0 2mA |[|RASB# 123 Out 4mA
CA7 (P23) 97 Out 4mA [|[MAD6 168 1/0 2mA ||RASC# (KEY) 101 1/O 4mA
CA8 98 1/0 4mA ||MAD7 169 /0 2mA |[|RRTN# "IRDY#' 23 In —
—  Reserved 99 1/0 4mA ||MADS8 170 1/0 2mA ||RED 60 Out —
CASAH#(CASA#) 159 Out 4mA [|[MAD9 171 /O 2mA ||RESET# In —
CASAL# (WEAL#) 160 Out 4mA ||MAD10 172 1/0 2mA [|RSET 5 In —
CASBH# (CASB#) 125 Out 4mA ||MAD11 173 1/0 2mA [|SHFCLK 70 Out 8mA
CASBL# (WEBL#) 126 Out 4mA [|[MAD12 174 1/O 2mA ||STNDBY# 178 In —
CASCH# (CASCH#) (VR7) 103 1/0 4mA ||MAD13 175 1/0 2mA [|[VSYNC 64 Out 12mA
CASCL# (WECL#) (VR6) 104 1/0 4mA ||MAD14 176 1/0 2mA ||WEA# (WEAH#) 157 Out 4mA
CGNDO (Clock) 202 — — ||MADI15 177 1/0 2mA ||WEB# (WEBH#) 124 Out 4mA
CGND1 (Clock) 208 — — |IMBDO 127 1/0 2mA ||WEC# (WECH# (PCLK) 102 Out 4mA
CVCCO (Clock) 205 — — ||MBD1 128 1/0 2mA |[|W/R# "IDSEL" 11 In —
CVCC1 (Clock) 206 — — ||MBD2 129 1/0 2mA || XTALI 203 In —
TVL ModeDIR=IN; PCI ModeDIR=OUT. [|* Drive=5V lowdriveand 3V highdrive. Reserved 204 Out —
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WHAIrFS Pin Lists
PINLIST-BUSINTERFACE
Pin# Type|VCCPlane| loH | oL | Load PCI Bus VL-Bus CPUDirectLB
207 In Bus - — — RESET# RESET# RESET#
25 1/10 Bus -12 12 | 150 DEVSEL# LDEV# LDEV#
24 Out Bus -12 12 | 150 TRDY# LRDY# LRDY#
23 In Bus — - - IRDY# RDY RTN# CRESET
11 I/10 Bus -4 4 150 IDSEL WI/R# W/R#
31 110 Bus -4 4 150 PAR M/IO# M/IO#
22 In Bus — — — FRAME# ADSH ADSH
27 In Bus — - - STOPH# LCLK CLK2X
32 In Bus - — — C/BE1# BE1# BE1#
10 In Bus - — — C/BE3# BE3# BE3#
43 In Bus — — — C/BEO# BEO# BEO#
21 In Bus — - - C/BE2# BE2# BE2#
179 Bus — - - ROMAO A2 A2
180 Bus — - - ROMA1 A3 A3
182 Bus — — - ROMA?2 A4 A4
183 Bus — - - ROMA3 A5 A5
185 Bus — — — ROMAA4 A6 A6
186 Bus — - - ROMA10 A7 A7
187 Bus — - - ROMAS5 A8 A8
188 Bus — - - ROMA11 A9 A9
189 Bus — — - ROMAG A10 A10
190 Bus - — — ROMA9 All All
191 Bus — — — ROMA7 Al2 Al2
192 Bus — - - ROMAS8 Al3 Al3
193 Bus — - - ROMA12 Al4 Al4d
194 Bus — - - ROMA13 Al5 Al5
195 Bus — — - ROMA15 Al6 Al6
196 Bus - — — ROMA14 Al7 Al7
197 Bus — — — ROMA16 Al18 A18
198 Bus — - - ROMA17 A19 A19
199 Bus — - - RESERVED A20 A20
200 TT1 Bus — - - ROMOE# A2l A21
201 In Bus — - - CLK A22 A22
28 In Bus - — — RESERVED A23 A23
29 1/0 Bus -8 8 | 150 PERR#tT A2471t A241t
30 I1/0 Bus -8 8 | 150 SERR#TT A251t A251t
53 I1/0 Bus -8 8 | 150 ACTI A26 T A26 T
54 1/10 Bus — 8 150 ENABKL A27 T A27 T

T Thesetwo pins usualy function as ACTI and ENABKL, but can be reconfigured as additional address msbs (for 386/486/VL-Bus
only) viaconfiguration bit-6 (see other tables and pin descriptions for more details)

1 Ininternal clock synthesizer test mode, MCLK is output on A25 and VCLK is output on A24.
Tt VL Mode TypeisIN; PCl Mode Typeis OUT.

Note: 0L and IOH drive listed above indicates 5V low drive and 3.3V high drive (see dso XR6C)

Note: 10L/IOH are specified in mA; Load is specified in pF
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\"'r: Pin Lists
PINLIST-BUSINTERFACE
Pin# Type| VccPlane | loH | oL | Load PCI Bus VL -Bus CPUDirectLB
51 1/0 Bus -8 8 150 ADO DO DO
50 1/0 Bus -8 8 150 AD1 D1 D1
49 1/0 Bus -8 8 150 AD2 D2 D2
48 1/0 Bus -8 8 150 AD3 D3 D3
47 1/0 Bus -8 8 150 AD4 D4 D4
46 1/0 Bus -8 8 150 AD5 D5 D5
45 1/0 Bus -8 8 150 ADG6 D6 D6
44 1/0 Bus -8 8 150 AD7 D7 D7
41 1/0 Bus -8 8 150 ADS D8 D8
40 1/0 Bus -8 8 150 AD9 D9 D9
38 1/0 Bus -8 8 150 AD10 D10 D10
37 1/0 Bus -8 8 150 AD11 D11 D11
36 1/0 Bus -8 8 150 AD12 D12 D12
35 1/0 Bus -8 8 150 AD13 D13 D13
34 1/0 Bus -8 8 150 AD14 D14 D14
33 1/0 Bus -8 8 150 AD15 D15 D15
20 1/0 Bus -8 8 150 AD16 D16 D16
19 1/0 Bus -8 8 150 AD17 D17 D17
18 1/0 Bus -8 8 150 AD18 D18 D18
17 1/0 Bus -8 8 150 AD19 D19 D19
16 1/0 Bus -8 8 150 AD20 D20 D20
15 1/0 Bus -8 8 150 AD21 D21 D21
14 1/0 Bus -8 8 150 AD22 D22 D22
13 1/0 Bus -8 8 150 AD23 D23 D23
8 1/0 Bus -8 8 150 AD24 D24 D24
7 1/0 Bus -8 8 150 AD25 D25 D25
6 1/0 Bus -8 8 150 AD26 D26 D26
5 1/0 Bus -8 8 150 AD27 D27 D27
4 1/0 Bus -8 8 150 AD28 D28 D28
3 1/0 Bus -8 8 150 AD29 D29 D29
2 1/0 Bus -8 8 150 AD30 D30 D30
1 1/O Bus -8 8 150 AD31 D31 D31

Note: 0L and IOH drive listed above indicates 5V low drive and 3.3V high drive (see dso XR6C)

Note: 10L/IOH are specified in mA; Load is specified in pF
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\"'r: Pin Lists

PINLIST-DISPLAYMEMORYINTERFACE

Pin #Type ToH| IoL [Load FunctionT Alt Alt Pin #Type Ton| oL [Load FunctionT Alt Alt

145/ 1/0 /-4 4 | 25 AAO CFGO - 162 1/O/ -2 2 20 @ MADO

146 | I/O | -4 4 | 25 AAl CFG1 — 163 1/O1 -2 2 | 20  MAD1

147 1/0 /-4 4 | 25 AA2 CFG2 — 164 1/O1 -2 2 | 20  MAD2

148  1/O -4 4 25 AA3 CFG3 — 165 I/O -2 2 | 20 | MAD3

149  1/O -4 4 25 AA4 CFG4 — 166 1/O -2 2 20  MAD4

150 I/O -4 4 25 AA5 CFG5 — 167 1/O/ -2 2 20 @ MADS5

151 1/O -4 4 | 25 AAG6 CFG6 - 168 1/O/ -2 2 20 MADG6

152 1/O -4 4 | 25 AA7 CFG7 — 169 1/O -2 2 | 20 MAD7

153/ 1/O -4 4 | 25 AA8 CFG8 — 170 I/O -2 2 | 20 | MADS8

154  1/O -4 4 25 AA9 | 32KHz — 171 1/O -2 2 | 20 | MAD9
172 1/O0 -2| 2 | 20 MADI10

9 [ Out -4 4 25 CAO P16 — 173 1O -2| 2 | 20 MAD11

91 Out -4 4 | 25 CAl P17 — 174 1)JO0 -2 2 | 20 MADI12

92 [ Out -4 4 25 CA2 P18 - 175 1/O0 -2 2 | 20 | MAD13

93 [ Out -4 4 25 CA3 P19 — 176 [ I/O -2 2 | 20 | MAD14

94 [ Out -4 4 25 CA4 P20 — 177 ' 1/O -2 2 | 20 | MAD15

95 [Out -4 4 25 CA5 P21 —

9% [Out -4 4 25 CAG6 P22 — 127 1)/ -2 2 | 20 | MBDO

97 Out -4 4 | 25 CA7 P23 — 1281 1/O =2 2 20  MBD1

98 110 -4 4 25 CAS8 - - 129 1/O/ -2 2 | 20 | MBD2

9 1/0 -4 4 25 CA9 - - 130 I/O|/ -2 2 | 20 | MBD3
131 1/O -2 2 | 20  MBD4

156 | Out  —4 4 | 25 | RASA# — — 132 1/ -2 2 | 20 | MBD5

123 Out —4| 4 25  RASB# - — 133 1/O/ =2 2 20 | MBD®6

101 I/O -4 4 25  RASCH# - KEY 134 1/O =2 2 20  MBD7
135 1/0/ -2 2 | 20 | MBDS8

160 Out —4 4 25 CASAL# WEAL# - 136 1/O =2 2 | 20 MBD9

159 Out —4 4 25 CASAH# CASA# — 137 1/O =2 2 20 MBD10

126 Out —4 4 25 CASBL# WEBL# -— 138 I/O =2 2 | 20 | MBD11

125 Out -4 4 | 25 [CASBH#| CASB#| - 140 1/O =2 2 | 20 | MBD12

104 I/O -4 4 25 CASCL# WECL# VR6 141 71/0 =2 2 | 20 | MBD13

103 I/O -4 4 | 25 CASCH# CASC# VR7 143 1/O =2 2 20 MBD14
144 110/ -2 2 | 20 | MBD15

157 Out -4 4 | 25 | WEA# |WEAH# -

124 Out -4 4 | 25 | WEB# |WEBH# - 106 1/O/ =2 2 20 | MCDO | VB2

102 Out —4| 4 25 WECH# |WECH# PCLK 107 1O =2 2 | 20 MCD1 VB3
109 I/O -2 2 | 20  MCD2 VB4

155 Out -4 4 25 OEAB# - - 110 I/O -2 2 | 20  MCD3 VB5

100 1/O -4 4 25 | OECH — — 111 1)/O -2 2 | 20  MCD4 VBG6
112 /O -2 2 | 20 | MCD5 | VB7
113/ I/O0 -2 2 | 20 | MCD6 | VG2
114 I/O -2 2 | 20 | MCD7 | VG3
115 1/O -2 2 | 20 MCD8 VG4
116 1/O -2 2 | 20  MCD9 VG5
117 1)/O -2 2 | 20 MCD10 VG6
118 /O -2 2 | 20 | MCD11| VG7
119 /O -2 2 | 20 | MCD12| VR2
120 /O -2 2 | 20 | MCD13| VRS3
121 1/O /-2 2 | 20 MCD14 VR4
122 1/O -2 2 | 20 MCD15 VR5

Note: 0L and IOH drive listed above indicates 5V low drive and 3.3V high drive (see dso XR6C)
Note: 10L/IOH are specified in mA; Load is specified in pF
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Pin Lists

PINLIST-POWER& GROUND

Pin #| Type| loH loL [Load Function
8 | Vecc - | - - IVCC
181 | Vec | — | — | -— IVCC
77 Gnd - | - - IGND
184 Gnd - - | - IGND
9 ' Vec - - - BVCC
42 | Vcc| - | — BVCC
12 Gnd - | - - BGND
26 Gnd - - - BGND
39 6d - - - BGND
5 6nd - - - BGND
158 Vecc - | — - | MVCCA
142 Vcc - | - MVCCB
108 Vecc - | -— -  MVCCC
161  Gnd - - — | MGNDA
139 Gnd - - | - | MGNDB
105 Gnd - - - | MGNDC
66  Vcc - - - DVCC
63 Gnd - - - DGND
8 6nd - - @ - DGND

L | |
PIN PIST - CRT INTERFACE
Pin #| Type loH| loL [Load Function Alt
65 Out -12 12 150 HSYNC -
64 Out -12 12 150 VSYNC -
55 — - | -] - RSET —
60 Out| — | — - RED —
58 Out - - | —  GREEN —
5 Out| - | - - BLUE —
59 Vel - | - — AVCC —
5% Gnd - - — | AGND —
PIN PIST - PANEL INTERFACE
Pin# Type lod| loL 'Load Function Alt  Alt
6/ Out -8 8 | 50 FLM —
68 Out -8 8 | 50 LP BLANK# DE
69 Out -8 8 | 50 M BLANK# DE
70 Out -8 8 50 |SHFCLK —
71 Out -8 8 | 50 PO -
72 Out -8 8 | 50 P1 -
73 Out -8 8 | 50 P2 -
74 Out -8 8 | 50 P3 -
75 Out -8 8 | 50 P4 -
76 Out -8 8 | 50 P5 —
78 Out -8 8 | 50 P6 -
79 Out -8 8 | 50 P7 -
8 Out -8 8 | 50 P8 -
82 Out -8 8 | 50 P9 -
83 Out -8 8 | 50 P10 -
84 Out -8 8 | 50 P11 —
86 Out -8 8 | 50 P12 —
86 Out -8 8 | 50 P13 -
8 Out -8 8 | 50 P14 —
88 Out -8 8 | 50 P15 —
PINLIST-POWERMANAGEMENT
Pin# Type loH| loL 'Load Function Alt Alt
62 Out | —8 8 80 ENAVDD — —
61 Out -8 8 80 | ENAVEEENABKL -
54 1 1/O|-8 8 80 ENABKL AZ27 —
53 1/O -8 8 | 80 ACTI A26 —
178  In — — | — STNDBY# — —
PIN LIST - CLOCK
Pin # Type lodH | loL Load Function Alt
203 | In — | —  — | XTALI —
204 Out - — | — | Reseved -
205 Vecc| - | = = | cvceo -
206 Vcc| - | = - | cvccl —
202 Gnd - - | — CGNDO —
208 Gnd - — | —  CGND1 —

Note:

Note:

CVCC must equal IVCC

Note: 1VCC must equal CVCC

IOL and IOH drive listed above indicates 5V low drive and 3.3V high drive (see dso XR6C)
Note: 10L/IOH are specified in mA; Load is specified in pF
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Pin Descriptions

PIN DESCRIPTIONS

CPU Direct/VL-Bus Interface

Pin# PinName

Type Active

Description

207

RESET# In

Low

Reset. For VL-Bus interfaces, connect to RESET#.
For direct CPU local bus interfaces, connect to the
system reset generated by the motherboard system logic
for al peripherals (not the RESET# pin of the
processor). ThisinputisignoredduringStandbymode
(STNDBY# pin low) so that the remainder of the
system (and the system bus) may be safely powered
downduringStandbymodeifdesired.

22

ADSH In

Low

Address Strobe. In VL-Bus and CPU loca bus inter-
faces indicates valid address and control signal infor-
mation is present. It is used for al decodes and to
indicatethe start of abuscycle.

31

M/1O# In

Both

Memory / 10. InVL-Busand CPU local businterfaces
indicates memory or /O cycle: 1 = memory, 0=1/0.

11

W/R# In

Both

Write / Read. This control signal indicates a write
(high) or read (low) operation. It is sampled on the
rising edge of the (internal) 1x CPU clock when ADS#
isactive.

23

RDY RTN#for 1x clock config In
CRESET for 2x clock config In

Low
High

Ready Return. Handshaking signal in VL-Businterface
indicating synchronization of RDY# by the local bus
master / controller to the processor. Upon receipt of
this LCLK-synchronous signal the chip will stop
driving the bus (if aread cycle was active) and terminate
the current cycle.

24

LRDY# Out/OC

Low

Local Ready. Driven low during VL-Bus and CPU
local bus cycles to indicate the current cycle should be
completed. This signal is driven high at the end of the
cycle, then tri-stated. This pin is tri-stated during
Standby mode (asare all other businterface outputs).

25

LDEV# Out

Low

Local Device. InVL-Busand CPU local businterfaces,
this pin indicates that the chip owns the current cycle
based on the memory or 1/O address which has been
broadcast. For VL-Bus, it isadirect output reflecting a
straight address decode. This pin is tri-stated during
Standby mode (asare all other businterface outputs).

27

LCLK In

Both

Loca Clock. In VL-Bus this pin is connected to the
CPU 1x clock. In CPU loca bus interfaces it is
connected to the CPU 1x or 2x clock. If theinputisa
2x clock, the processor reset signal must be connected
to CRESET (pin 23) for synchronization of the clock
phase.

Note:

Pin namesin parentheses (...) indicate alternate functions
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\l'lll': Pin Descriptions
PIN DESCRIPTIONS CPU Direct/VL-Bus Interface

(continued)
Pin# PinName TypeActive Description

43 BEO# (BLE#) In Low ByteEnableO. Indicates datatransfer on D7:DO for the
current cycle.

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

21 BE2# In Low ByteEnable 2. Indicates data transfer on D23:D16 for
the current cycle.

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

179 A2 In High System Address Bus. In VL-Bus, and direct CPU

180 A3 In High interfaces, the address pins are connected directly to the

182 A4 In High bus.

%gg ﬁg :2 ::gﬂ Addressinputsthrough A23 are always available; A24-

186 A7 In  High 27 may be optionally used for other functions:

187 A8 In High In internal clock synthesizer test mode (TSH=0 at

188 A9 In High  Reset), A24 becomes VCLK out and A25 becomes

189 Al10 In High  MCLK out.

190 A1l In High

191 A12 In High A26 and A27 may be alternately be used as General

192 A13 In High Purpose I/O pins or as Activity Indicator and Enable

193 Al14 In High Backlight respectively (see panel interface pin descrip-

194 A15 In High tionsand XR5C and XR72 for more details). If A26

195 A16 In High and A27 are used as GPIO pins, they may be

196 A17 In High programmed as a 2-pin CRT Monitor DDC interface

197 A18 In High (VESA™"Display DataChannel” also referredto asthe

198 A19 In High "Monitor Plug-n-Play” interface). Either A26 or A27

199 A20 In High May also beused to output Composite Sync for support

200 AZ21 In High of anexternal NTSC/PAL encoder chip.

201 A22 In High

28 A23 In High

29 A24 (VOUT) /O High

30 A25 (MOUT) /O High

53 A26 (ACTIl) (GPO/DD/CS)I/0 High

54  A27 (ENABKL)(GPLDCICS) I/0O High

Note:

Pin namesin parentheses (...) indicate alternate functions
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\nlra Pin Descriptions
PIN DESCRIPTIONS CPU Direct/VL-Bus Interface
(continued)

Pin# PinName Type Active Description

51 D00 /O  High System DataBus.

28 88% :;8 ::gﬂ In 32-bit CPU Loca Bus designs these data lines

48 D03 1/O High connect directly to the processor datalines. OntheVL-

47 D04 1/O High Bus they connect to the corresponding buffered or

46 D05 1/O High unbuffered data signal.

ﬁ ng :;8 ::gﬂ These pins aretri-stated during Standby mode (asare all

other bus interface outputs).

41 D08 /0 High

40 D09 /0 High

38 D10 /0 High

37 D11 /0 High

36 D12 /0 High

35 D13 /0 High

34 D14 /0 High

33 D15 /0 High

20 D16 /0 High

19 D17 /0 High

18 D18 /0 High

17 D19 /0 High

16 D20 /0 High

15 D21 /10 High

14 D22 /10 High

13 D23 /0 High

8 D24 /10 High

7 D25 /10 High

6 D26 /10 High

5 D27 /10 High

4 D28 /10 High

3 D29 /10 High

2 D30 /0 High

1 D31 /0 High

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

PIN DESCRIPTIONS

PCI Bus Interface

Pin #

PinName

Type

Active Description

207

RESET#

In

Low

Reset. Thisinput is used to bring signals and registers
in the chip to a consistent state. All outputs from the
chip aretri-stated or driven to an inactive state. Thispin
isignored during Standby mode (STNDBY # pin low)
sother emainder ofthesystem (andther efor ethesystem
bus) may be powered down if desired (all bus output
pinsar ealsotri-statedinStandbymode).

201

CLK

High

Bus Clock. Thisinput providesthetiming reference for
all bustransactions. All businputs except RESET# and
INTA# are sampled on the rising edge of CLK. CLK
may be any frequency from DC to 33MHz.

31

PAR

1/O

High

Parity. This signal is used to maintain even parity
across ADO-31 and C/BEO-3#. PAR isstable and valid
one clock after the address phase. For data phases PAR
is stable and valid one clock after either IRDY# is
asserted on awrite transaction or TRDY # is asserted on
aread transaction. Once PAR isvalid, it remainsvalid
until one clock after the completion of the current data
phase (i.e., PAR has the same timing as ADO-31 but
delayed by one clock). The bus master drives PAR for
address and write data phases; the target drives PAR
for read data phases.

22

FRAME#

Low

Cycle Frame. Driven by the current master to indicate
the beginning and duration of an access. Assertion
indicates a bus transaction is beginning (while asserted,
data transfers continue); de-assertion indicates the
transaction isin thefinal data phase.

23

IRDY#

Low

Initiator Ready. Indicates the bus master's ability to
complete the current data phase of the transaction.
During awrite, IRDY# indicatesvalid datais present on
ADO-31; during a read it indicates the master is
prepared to accept data. A data phase is completed on
any clock when both IRDY# and TRDY # are sampled
asserted (wait cyclesareinserted until thisoccurs).

24

TRDY#

SITS

Low

Target Ready. Indicates the target's ability to complete
the current data phase of the transaction. During aread,
TRDY# indicates that valid datais present on AD0-31,;
during awriteit indicatesthetarget is prepared to accept
data. A data phase is completed on any clock when
both IRDY# and TRDY# are sampled asserted (wait
cyclesareinserted until thisoccurs).

27

STOP#

STS

Low

Stop. Indicates the current target is requesting the
master to stop the current transaction.

25

DEVSEL#

STS

Low

Device Select. Indicates the current target has decoded
itsaddress asthe target of the current access.

Note: SITS standsfor "Sustained Tri-state". These signals are driven by only one device at atime, are driven high for one clock before
being released, and are not driven for at least one cycle after being released by the previous device. A pull-up provided by the
bus controller is used to maintain an inactive level between transactions.
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Pin Descriptions

PIN DESCRIPTIONS

PCI Bus Interface

(continued)

Pin# PinName Type Active Description

29 PERR# (VCLKOUT) SITS Low  Parity Error. This signa is for the reporting of data
parity errors (except for Special Cycleswhere SERR#is
used). The PERR# pin is Sustained Tri-state and is
driven active by the agent receiving the data for two
clocks following the data when a data parity error is
detected. PERR# will be driven high for one clock
before being tri-stated as with all sustained tri-state
signals. PERR# will not be reported until the chip has
clamed the access by asserting DEVSEL# and
completing the data phase.

30 SERR# (MCLKOUT) oD Low  System Error. Used to report system errors where the
result will be catastrophic (address parity error, data
parity errors for Special Cycle commands, etc.). This
output is actively driven for a single PCI clock cycle
synchronous to CLK and meets the same setup and hold
time requirements as al other bused signals. SERR#is
not driven high by the chip after being asserted; it is
pulled high only by a weak pull-up provided by the
system, so SERR# on the PCl bus may take two or
three clock periodsto fully returnto aninactive state.

179 ROMAO Out High BIOSROM address outputs. See MADS8-15 (pins 170-

180 ROMA1 Out High  177) for BIOS ROM datainputs.

182 ROMAZ2 Out High

183 ROMA3 Out High BIOS ROMs are not normally required in portable

185 ROMA4 Out High  computer designs (Graphics System BIOS code is

186 ROMAI10 Out High normally included in the System BIOS ROM).

187 ROMAS5 Out High  However, the 65548 provides BIOS ROM interface

188 ROMA1l Out High  capability for development systems and add-in card Flat

189 ROMAG6 Out High  Panel Graphics Controllers.

190 ROMA9 Out High

191 ROMA7 Out High  Note that a BIOS ROM interface is provided "through

192 ROMAS8 Out High thechip" in PCl bus mode for compliance with the PCI

193 ROMA12 Out High  bus specification which requires only one load on the

194 ROMA13 Out High  PCI busfor the entiregraphics subsystem.

195 ROMAI15 Out  High

196 ROMA14 Out High

197 ROMA16 Out High

198 ROMA17 Out High

200 ROMOE# Out Low BIOSROM Output Enable.

199 Reserved Out na  This pin is reserved for future use and should not be
connected. This pin is tri-stated at all times in PCI
interface mode.

28 Reserved In na  This pin is reserved for future use and should be

grounded. Thispinistri-stated in PCI interface mode.

Note: SITS standsfor "Sustained Tri-state". These signals are driven by only one device at atime, are driven high for one clock before
being released, and are not driven for at least one cycle after being released by the previous device. A central pull-up provided by
the bus controller is used to maintain an inactive level between transactions.
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\nlr: Pin Descriptions
PIN DESCRIPTIONS PCI Bus Interface
(continued)
Pin# PinName Type Active Description
51 ADOO 1/10 High  PCl Address/ DataBus
50 ADO1 /0 High
49 ADO2 1/10 High  Address and data are multiplexed on the same pins. A
48  ADO3 /0 High  bus transaction consists of an address phase followed
47 ADO4 1/0 High by one or more data phases (both read and write bursts
46  ADO5 /0 High areallowed by the busdefinition).
45  ADO06 /0 High
44 ADO7 /0 High  Theaddress phaseisthe clock cyclein which FRAME#
. is asserted (ADO-31 contain a 32-bit physical address).
Z% ﬁggg :;8 E!gﬂ For 1/0, the address is a byte address, for memory and
8 ADIO 1o H!gh configuration, the address is a DWORD address.
> ADLL 1o H!gh During data phases ADO-7 contain the LSB and 24-31
% ADL 1o H!gh contain the MSB. Write data is stable and valid when
>  ADI3 1o H!gh IRDY# is asserted and read data is stable and valid
31 ADIA e H!gh when TRDY# is asserted. Data is transferred during
3 ADIS 1o H:Qh those clocks when both IRDY# and TRDY# are
9 asserted.
20 AD16 /0 High BES-
19 ADI7 /O High 00 e edge o
18 AD18 I1/O0 High 0001 eci aF Cycle
17  AD19 /0 High 0010 |/ORead u
16  AD20 /0 High 0011 |/ONrite O
15 AD21 /10 High 0100 -reserved-
14  AD22 /10 High 8%% I\;I ee?erhrgregﬁead 0
13 ADz3 Vo High 0111 MemoriVrite 0
8 AD24 1/0 High 1000 -reserved-
7 AD25 /10 High 1001  -reserved-
6 AD26 I/O  High %8%9 8on;iguratigat/ead E
i onfiguratiowrite
° ap27 o High 1100 MemoryReadMultiple
4 AD28 /10 High
3 AD29 1/O High 1101 Dua AddressCycle
> AD30 /0 High 1110 MemoryReadLine
1 AD31 /0 High 1111  Memory Read & Invalidate
43 C/BEO# In Low Bus Command / Byte Enables. During the address
32 C/BE1# In Low phase of a bus transaction, these pins define the bus
21 C/BE2# In Low command (seelist above). During the dataphase, these
10 C/BE3# In Low pins are byte enables that determine which byte lanes
carry meaningful data: byte 0 corresponds to ADO-7,
byte 1 to 8-15, byte 2 to 16-23, and byte 3 to 24-31.
11 IDSEL In High Initialization Device Select. Used asachip select during
configuration read and write transactions.
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Pin Descriptions

PIN DESCRIPTIONS

Display Memory Interface

Pin# PinName Type Active Description

145 AAO (LB#H) (CFG0O) 1/O0  High  Addressbusfor DRAMsA and B.

146  AAl1  (Reserved) (CFG1) /O High

147  AA2 (2X#) (CFG2) 1/O High Please see the configuration table in the Extended
148 AA3 (Reserved) (CFG3) 1/0  High  Register description section for complete details on the
149 AA4 (Reserved) (CFG4) 1/0  High configuration options for CFGO-8 (XR0O1 and XR6C).
150 AA5 (0sH) (CFG5) 1/O0 High See aso MAD2-7 (pins 164-169) and XR74 for
151 AA6 (AD#) (CFG6) 1/0  High additional configurationinputs (CFG10-15).

152  AA7  (TSH) (CFG7) 1/0  High

153 AAS8 (LV#H) (CFG8) 1/0  High Notethat the"internal oscillator" option of the 66545 is

no longer supported so for compatibility with the
65545, CFG5 must be pulled down on reset.

20 CAO (P16) Out High  Addressbusfor DRAM C.

91 CA1 (P17) Out High

92 CA2 (P18) Out High

93 CA3 (P19) Out High

94 CA4 (P20) Out  High

95 CA5 (P21) Out High

96 CAG6 (P22)  Out High

97 CA7 (P23) Out  High

98 CA8 (BLANK#) Out Hi(Lo) CA8may beconfiguredasVAFC BLANK# out

99 Reserved

156 RASA# Out Low RASforDRAMA

123 RASB# Out Low RASforDRAMB

101 RASCH# Out Low RASfor DRAM Cor color key input from external PC-

(VRDY) (KEY) In High  Video source (or VAFC"Video System Ready" input)

160 CASAL# (WEAL#) Out Low CASfortheDRAM A lower byte

159 CASAH#(CASAH) Out Low CASfortheDRAM A upper byte

126  CASBL# (WEBL#) Out Low CASfortheDRAM B lower byte

125 CASBH# (CASB#) Out Low CASforthe DRAM B upper byte

104 CASCL# (WECL#)(VR6/VP14)/O Both DRAM Clow byte CAS, videoinred-6 or VAFC VP14
103  CASCH# (CASCH)(VR7/VP15)/0 Both DRAM Chighbyte CAS, videoin red-7 or VAFC VP15
157 WEA# (WEAH#) Out Low  Writeenablefor DRAM A (reserved for WEABO#)

124 WEB# (WEBH#) Out Low  Writeenablefor DRAM B (reserved for WEAB1#/AA9)
102 WEC# (WECH#) (PCLK) Out Both  Writeenablefor DRAM C or videoin port PCLK out
155 OEAB# Out Low  Outputenablefor DRAMSA andB

100 OECH# Out Low  Outputenablefor DRAM C

(VCLK) In High  or VAFC"Video Input Clock" if DRAM C not used

Note:

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

PIN DESCRIPTIONS Display Memory Interface (continued)
Pin# PinName Type Active Description
162 MADO TSENA#) /10 High Memory data bus for DRAM A (lower 512KB of
163 MAD1 ICTENA#) /0 High  display memory)

164 MAD2 CFG10) (EDO#) 1/0 High

165 MAD3 CFG11) (PIDO)  I/O High MADZ2-7 arelatched into XR74 bits 2-7 on reset for use
166 MAD4 CFG12) (PID1) 1/O High as additional confi%uration inputs (CFG12-15 are
167 MADS5 CFG13) (PID2) 1/0 High  reserved by software for input of panel ID). These bits
168 MAD6 CFG14) (PID3) /O High  haveno other internal hardware configuration function.
169 MAD7 CFG15 /0 High

170 MADS8 PCI ROMDO /10 High PClI Bus. MAD8-15 are used as BIOS ROM Data
1727 MAD9 PClI ROMD1 /10 High inputs during system startup (i.e., before the system
172 MAD10 (PCI ROMD2 /10O High  enablesthe graphics controller memory interface). See
173 MAD11 (PCI ROMD3 /0 High  also pins 179-199 (in PCI businterface pin descriptions
174 MAD12 (PCI ROMD4 /0 High  section) for BIOS ROM address and ROM Chip Select
175 MAD13 (PCI ROMD5 /0 High  outputs.

176 MAD14 (PCI ROMD6 /0 High

177 MAD15 (PClI ROMD7 /0 High

127  MBDO /10 High  Memory databusfor DRAM B (upper 512KB)

128 MBD1 /10 High

129 MBD2 /10 High

130 MBD3 /10 High

131 MBD4 /10 High

132 MBD5 /10 High

133 MBD6 /0 High

134  MBD7 /10 High

135 MBD8 /10 High

136 MBD9 /10 High

137 MBD10 /10 High

138 MBD11 /10 High

140 MBD12 /0 High

141 MBD13 /10 High

143 MBD14 /0 High

144  MBD15 /10 High

106 MCDO VB2 /O High  Memory databusfor DRAM C (Frame Buffer)

107 MCD1 VB3) (VPO /10 High

109 MCD2 VB4) (VP1 /10 High  When a frame buffer DRAM is not reguired, this bus
110 MCD3 VB5) (VP2 /0 High  may optionally be used to input up to 18 bits of RGB
111  MCD4 VB6) (VP3 /10 High  datafrom an external PC-Video subsystem or 16 bits of
112 MCD5 VBT7) (VP4 1/O High RGB from an external VAFC interface. Note that this
113 MCD6 VG2) (VPS5 1/O High  configuration also provides for additional panel outputs
114  MCD7 VG3) (VP6 1/10 High  so that a video input port may be implemented along
115 MCDS8 VG4) (VP7 /10 High  with a 24-bit true-color TFT panel (TFT panels never
116 MCD9 VG5) (VP8 /10 High  need DRAM C).

117 MCD10 (VG6) (VP9 /10 High

118 MCD11 (VG7) (VP10) /10 High

119 MCD12 (VR2 /10 High

1217 MCD14 (VR4) (VP12 /0 High

120 MCD13 (VR3) (VP11 /10 High
122 MCD15 (VR5) (VP13 /10 High

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

Note: If ICTENA# islow with RESET# low, arising edge on XTALI will put the chip into 'In Circuit Test' mode. In ICT mode, al digital signa
pins become inputs which are part of a long path starting at ENAVDD (pin 62) and proceeding to lower pin numbers around the chip to pin 1
then to pin 208 and ending at VSYNC (pin 64). If al pinsin the path are high, the VSYNC output will be high. If any pin is low, the VSYNC
output will be low. Thus the chip can be checked in circuit to determine if al pins are connected properly by toggling al pins one at a time and
observing the effect on VSYNC. XTALI must be toggled last because rising edges on XTALI with ICTENA# high or RESET# high will exit ICT
mode. As aside effect, ICT mode effectively 3-states all pins except VSYNC. If TSENA#islow with RESET # low, 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

PIN DESCRIPTIONS

Flat Panel Display Interface

Pin# PinName Type Active Description
71 PO Out  High 8,9, 12, or 16-hit flat panel data output. 18-bit and 24-
12 P1 Out High  bit panel interfaces may also be supported (see CAO-7
73 P2 Out High  for P16-23). Refer to the table below for configurations
74 P3 Out High  for various panel types.
75 PA Out High
76 P5 Out High
78 P6 Out High
79 P7 Out High
81 P8 (SHFCLKU)  Out High
82 P9 Out High
83 P10 Out High
84 P11 Out High
8 P12 Out  High
86 P13 Out High
87 P14 Out High
88 P15 Out High
70 SHFCLK (CL2) (SHFCLKL) Out High  Shift Clock. Pixel clock for flat panel data.
67 FLM Out  High FirstLineMarker. Flat Panel equivalent of VSYNC.
68 LP (CL1) (DE) (BLANK#)Out High Latch Pulse. Flat Panel equivalent of HSYNC.
69 M (DE) (BLANK#) Out High M signal for panel AC drive control (may also be called
ACDCLK). May also be configured as BLANK# or as
Display Enable (DE) for TFT Panels (see XR4F hit-6).
62 ENAVDD Out High  Power sequencing controls for panel driver electronics
61 ENAVEE (ENABKL) Out High  voltage Vbband panel LCD biasvoltage VEE
53 ACTI (A26/GPO/DDATI/CS) I/O High  Activity Indicator and Enable Backlight outputs. May
54 ENBKL (A27/GPL/DCLK/CS)I/O  High be configured for other functions (see Extension
Registers XR5C and XR72 and pin descriptions of
MCDO0-15 and A26/A 27 for moreintormation).
Mono  Mono  Mono Calor Calor Color  Color STN  Color Calor Color
65548 65548 SS DD DD TFT TFT TFTHR STNSS STNSS SINDD STNDD
Pin# PinName 8-bit 8bit  16-bit 9/12/16-bit 18/24-bit 18/24-bit 8-bit(X4bP) 16-bit(4bP) 8-bit(4bP) 16-bit(4bP)
71 PO - uD3 ubD7 BO BO BOO R1... R1... URL... URGO...
72 P1 - uD2 uD6 B1 B1 BO1 B1l... Gl... UGL.. UGO...
73 P2 - uD1 uD5 B2 B2 B02 G2... B1l... UBL1... UBO...
74 P3 - uDo uD4 B3 B3 B03 R3... R2... UR2... URL...
75 P4 - LD3 uD3 B4 B4 B10 B3... G2... LR1... LRO...
76 P5 - LD2 uD2 GO B5 B11 G4... B2... LGL... LGO...
78 P6 - LD1 uD1 Gl B6 B12 R5... R3... LB1... LBO...
79 P7 - LDO uDO G2 B7 B13 B5... G3... LR2... LR1...
81 P8 PO - LD7 G3 GO GO0 SHFCLKU  B3... - UGL...
82 P9 P1 - LD6 G4 Gl G01 - R4... - UBL...
83 P10 P2 - LD5 G5 G2 G02 - G4... - UR2...
84 P11 P3 - LD4 RO G3 G03 - B4... - UG2...
85 P12 P4 - LD3 R1 G4 G10 - R5... - LGL...
86 P13 P5 - LD2 R2 G5 G11 - G5... - LB1...
87 P14 P6 - LD1 R3 G6 G12 - B5... - LR2...
88 P15 P7 - LDO R4 G7 G13 - R6... - LG2...
20 P16 - - - - RO ROO - - - -
91 P17 - - - - R1 RO1 - - - -
92 P18 - - - - R2 R02 - - - -
93 P19 - - - - R3 RO3 - - - -
94 P20 - - - - R4 R10 - - - -
95 P21 - - - - R5 R11 - - - -
96 P22 - - - - R6 R12 - - - -~
97 P23 - - - - R7 R13 - - - -
70 SHFCLK SHFCLK SHFCLK SHFCLK SHFCLK SHFCLK SHFCLK SHFCLKL SHFCLK SHFCLK SHFCLK
Pixels/Clock: 8 8 16 1 1 2 2-2/3 5-1/3 2-2/3 5-1/3
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PIN DESCRIPTIONS

Pin Descriptions

CRT and Clock Interface

Pin #

PinName

Type Active Description

65

HSYNC

(CSYNC)

Out

Both

CRT Horizontal Sync (polarity is programmable) or
"Composite Sync" for support of various external
NTSC / PAL encoder chips (see dso XR27). Note
CSYNC may optionaly be output on the ACTI or
ENABKL pins (see XR72).

64

VSYNC

(VSINT)

Out

Both

CRT Vertical Sync (polarity is programmable) or
"Vsync Interval" for support of various external NTSC/
PAL encoder chips (see also XR27).

60
57

RED
GREEN
BLUE

Out
Out
Out

High
High
High

CRT analog video outputsfrom theinternal color palette
DAC.

55

RSET

n/a

Set point resistor for the internal color palette DAC. A
270W 1% resistor is required between RSET and
AGND.

59
56

AVCC
AGND

VCC
GND

Analog power and ground pins for noise isolation for
the internal color palette DAC. AVCC should be
isolated from digital VCC as described in the Functional
Description of the internal color palette DAC. AGND
should be common with digital ground but must be
tightly decoupled to AVCC. See the Functional
Description of theinternal color palette DAC for further
information.

203

XTALI

(MCLK)

In

High

Crystal In. This pin serves as the input for an external
reference oscillator (usually 14.31818 MHZz). Note that
in test modefor theinternal clock synthesizer, MCLK is
output on A25 (pin 30) and VCLK is output on A24
(pin 29).

204

(Reserved)

Reserved. The 'internal oscillator' option of the 65545
is no longer supported, so this pin (formerly 'Crystal
Out' or 'XTALO") must be unconnected and pin 150
(OS# | CFG5) must be pulled down on reset for
compatibility with the 65545.

205
202

206
208

CVCCO
CGNDO

CVCC1
CGND1

VCC
GND

VCC
GND

Analog power and ground pins for noise isolation for
the internal clock synthesizer. Must be the same as
VCC for internal logic. VCC/GND par O and
VCC/GND pair 1 pins must be carefully decoupled
individually. Refer also to the section on clock ground
layout in the Functional Description. Note that the
CVCC voltage must be the same as the voltage for the
internal logic (IVCC).

154

32KHz

In

High

Clock input for refresh of non-self-refresh DRAMs and
panel power sequencing.

Note:

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

CRT/Panel Output Signal Status During Standby Mode

65548 Pin # | SignalName | Signal Status SignalPolarity

67 FLM Forced Low XR54 hit 7
68 LP Forced Low XR54 hit 6
70 SHFCLK Forced Low N/A
69 M Forced Low N/A
71 PO Forced Low XR61 hit 7 (text); XR63 hit 7 (graphics)
72 P1 Forced Low XR61 hit 7 (text); XR63 bit 7 (graphics)
73 P2 Forced Low XR61 hit 7 (text); XR63 bit 7 (graphics)
74 P3 Forced Low XR61 hit 7 (text); XR63 bit 7 (graphics)
75 P4 Forced Low XR61 hit 7 (text); XR63 bit 7 (graphics)
76 P5 Forced Low XR61 hit 7 (text); XR63 hit 7 (graphics)
78 P6 Forced Low XR61 hit 7 (text); XR63 bit 7 (graphics)
79 P7 Forced Low XR61 hit 7 (text); XR63 bit 7 (graphics)
81 P8 Forced Low XR61 hit 7 (text); XR63 bit 7 (graphics)
82 PO Forced Low XR61 hit 7 (text); XR63 bit 7 (graphics)
83 P10 Forced Low XR61 hit 7 (text); XR63 bit 7 (graphics)
84 P11 Forced Low XR61 hit 7 (text); XR63 bit 7 (graphics)
85 P12 Forced Low XR61 hit 7 (text); XR63 bit 7 (graphics)
86 P13 Forced Low XR61 hit 7 (text); XR63 bit 7 (graphics)
87 P14 Forced Low XR61 hit 7 (text); XR63 bit 7 (graphics)
88 P15 Forced Low XR61 hit 7 (text); XR63 bit 7 (graphics)
90 P16/CAOQ Forced Low XR61 hit 7 (text); XR63 bit 7 (graphics)
91 P17/CA1 Forced Low XR61 hit 7 (text); XR63 bit 7 (graphics)
92 P18/CA2 Forced Low XR61 hit 7 (text); XR63 hit 7 (graphics)
93 P19/CA3 Forced Low XR61 hit 7 (text); XR63 bit 7 (graphics)
94 P20/CA4 Forced Low XR61 hit 7 (text); XR63 bit 7 (graphics)
95 P21/CAS5 Forced Low XR61 hit 7 (text); XR63 bit 7 (graphics)
96 P22/CAB Forced Low XR61 hit 7 (text); XR63 bit 7 (graphics)
97 P23/CA7 Forced Low XR61 hit 7 (text); XR63 hit 7 (graphics)
62 ENAVDD Forced Low N/A
61 ENAVEE Forced Low N/A
54 ENABKL/A27 Forced Low N/A
65 HSYNC Forced Low N/A
64 VSYNC Forced Low N/A
53 ACTI/A26 | Forced Low N/A

60,58,57 R.G,B Forced Low N/A

DisplayM emor yOutputSignalStatusDuringStandbyM ode

65548 Pin # SignalName Signal Status
156 RASA# Driven Low
123 RASB# Driven Low
101 RASCH# Driven Low (see note 1)
157 WEA# Driven High
124 WEB# Driven High
102 WECH# Driven High (see note 1)
160 CASAL# Driven Low
159 CASAH# Driven Low
126 CASBL# Driven Low
125 CASBH# Driven Low
104 CASCL# Driven Low (see note 1)
103 CASCH# Driven Low (see note 1)
155 OEAB# Driven High
100 OECH# Driven High (see note 1)
154-145 AA9-0 Pulled low with weak resistor
99-90 CA9-0 Driven Low
177-162 MAD15-0 Pulled low with weak resistor
144-143,141-140,138-127| MBD15-0 Pulled low with weak resistor
122-109,107-66 MCD15-0 | Pulled low with weak resistor (see note 1)

1 Th@e pins are inputs when using the video input port. These pins are driven as outputs when using a frame buffer DRAM.
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PIN DESCRIPTIONS

Pin Descriptions

Power /Ground and Standby Control

Pin# PinName Type Active Description
178 STNDBY# In Standby Control Pin. Pulling this pin to ground places
the 65548 in Standby Mode.
80 IVCC Vce Power / Ground (Internal Logic). 5V+10% or 3.3V
77 IGND Gnd +0.3V. Note that this voltage must be the same as
CVCC (voltagefor internal clock synthesizer).
181 IvCC Vce
184 IGND Gnd
9 BVCC Vce Power / Ground (Bus Interface). 5V+10% or 3.3V
12 BGND Gnd +0.3V.
26 BGND Gnd
42 BvVCC Vce
39 BGND Gnd
52 BGND Gnd
66 DvVCC Vce Power / Ground (Display Interface). 5V+£10% or 3.3V
63 DGND Gnd +0.3V.
89 DGND Gnd
158 MVCCA Vce Power / Ground (Memory Interface A). 5V+10% or
161 MGNDA Gnd 3.3V £0.3V.
142 MVCCB Vce Power / Ground (Memory Interface B). 5V+10% or
139 MGNDB Gnd 3.3V £0.3V.
108 MVCCC Vce Power / Ground (Memory Interface C). 5V+10% or
105 MGNDC Gnd 3.3V £0.3V.
BusSignal StatusDuringStandbyM ode
65548 Signal Name-PCI Signal Name-VL Sandby Signal State
Pin # Name Type Name Type PCI VL
31 PAR 1/0 M/10# In Input N/A
24 TRDY# 9TS LRDY# Oout/DC Pull-up Tri-state
27 STOP# STS LCLK In Pull-up N/A
25 DEVSEL# gTS LDEV# Out Pull-up Tri-state
29 PERR# gTS A24 (VOUT) 1/0 Pull-up N/A
30 SERR# oD A25 (MOUT) 1/0 Tri-state N/A
200 ROMOE# Out A20 In INACTIVE N/A
179-180, 182-183, | ROMAO-17 Out A2-A19 In Tri-state N/A
185-198
51-40, 38-33, ADO-AD31 1/O D00-D31 1/0 Input Tri-state
20-13, 8-1
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CHIFS 10 Mp

/O Map

Port Address Read Write

(102 |Global Enable (486 and VL-BusOnly) |Global Enable (486 and VL-BusOnly)

3B0 - -

3B1 — —

3B2 — — Mono

3B3 — — M ode

3B4 CRTC Index CRTC Index

3B5 CRTC Data CRTC Data

3B6 - -

3B7 — —

3B8 MonochromeM odeRegister (MODE) MonochromeM odeRegister (MODE)

3B9 - -

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

3BB — —

3BC

3BD Reserved for system parallel port

3BE

3BF — _

3C0 AttributeController Index/Data AttributeController Index/Data

3C1 Attribute Controller Index/Data AttributeController Index/Data

3C2 Feature Read Register (FCR) Miscell aneousOutput Register (MSR)

3C3 - Video Subsystem Enable (V SE)

3C4 Sequencer Index Sequencer Index

3C5 SeguencerData SeguencerData

3C6 Color PaetteMask Color PaetteMask

3C7 Color Palette State Color Palette Read M ode I ndex

3C8 Color Pa ette Write M ode I ndex Color Pa ette Write M ode I ndex

3C9 Color PaletteData Color PaletteData

3CA Feature Read Register (FEAT) —

3CB — —

3CC MiscellaneousOutput Register (MSR) —

3CD — _

3CE Graphics Controller Index Graphics Controller Index

3CF GraphicsController Data GraphicsController Data

n3DOT 32-Bit DR Register Extensions 32-Bit DR Register Extensions

n3D1t 32-Bit DR Register Extensions 32-Bit DR Register Extensions

n3D2t 32-Bit DR Register Extensions 32-Bit DR Register Extensions

n3D3t 32-Bit DR Register Extensions 32-Bit DR Register Extensions

03D4 CRTC Index CRTC Index Color

03D5 CRTC Data CRTC Data Mode

03D6 CHIPS™ Extensions |ndex CHIPS™ Extensions |ndex

03D7 CHIPS™ Extensions Data CHIPS™ Extensions Data

03D8 CGA ModeRegister (MODE) CGA ModeRegister (MODE)

03D9 CGA Color Register (COLOR) CGA Color Register (COLOR)

03DA Status Reqgister (STAT) Feature Control Register (FCR)

03DB - Clear Light Pen FF (ignored)

03DC — Set Light Pen FF (ignored)

T 32-Bit register addresses are of the form 'bnnn nnlb bbbb bb0O0" where 'bbbbbbbb' is specified by
1/0 base register XR07 (default value = '01110100") and 'nnnnn' specifies 1 of 32 DRxx 32-bit registers
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Register Summary

|REGISTER SUMMARY - CGA MODE|

Register RegisterName Bits Access 1/OPort-Mono 1/0Port-CGA Comment
STOO (STAT)  Display Status 7 R 3BA 3DA
CLPEN Clear Light Pen Flip Flop 0 W(n/a) 3BB(ignored) 3DB(ignored) ref only: no light pen
SLPEN Set Light Pen Flip Flop 0 W(n/a@ 3B9(ignored) 3DC (ignored) ref only: no light pen
MODE Mode Control 7 R/W 3B8 3D8
COLOR Color Select 6 R/W n/a 3D9 R/W aso at XR7E
RX, RO-11 '6845' Registers 0-8 R/W 3B4-3B5 3D4-3D5
XRX, XR0-7F  Extension Registers 0-8 R/W 3D6-3D7 3D6-3D7
| REGISTER SUMMARY - EGA MODE |
Register RegisterName Bits  Access |/OPort-Mono [/OPort-Color Comment
MSR Mi scellaneous Output 7 w 3C2 3C2
FCR Feature Control 3 w 3BA 3DA
STOO (FEAT) FeatureRead (Input Status 0) 4 R 3C2 3C2
STO1 (STAT) Display Status (Input Status 1) 7 R 3BA 3DA
CLPEN Clear Light Pen Flip Flop 0 W(n/a) 3BB(ignored) 3DB(ignored) ref only: no light pen
SLPEN Set Light Pen Flip Flop 0 W(n/a) 3B9(ignored) 3DC (ignored) ref only: no light pen
SRX, SRO-7 Sequencer 0-8 RIW 3C4-3C5 3C4-3C5
CRX, CR0-3F CRT Controller 0-8 RIW 3B4-3B5 3D4-3D5
GRX, GR0-8  Graphics Controller 0-8 RIW 3CE-3CF 3CE-3CF
ARX, ARO-14  Attributes Controller 0-8 RIW 3C0-3C1 3C0-3C1
XRX, XR0-7F  Extension Registers 0-8 RIW 3D6-3D7 3D6-3D7
| REGISTER SUMMARY - VGA MODE |
Register RegisterName Bits Access |/OPort-Mono 1/OPort-Color Comment
ENABLE Global Enable 1 R/W 102 (486/VL-Bus) 102 (486/VL-Bus)
VSE Video Subsystem Enable 1 W/O 3C3(486/VL-Bus) 3C3 (486/VL-Bus) Disabled by XR70 bit-7
MSR Miscellaneous Output 7 w 3C2 3C2
R 3CC 3CC
FCR Feature Control 3 w 3BA 3DA
R 3CA 3CA
STOO (FEAT)  FeatureRead (Input Status 0) 4 R 3C2 3C2
STO1(STAT)  Display Status (Input Status 1) 6 R 3BA 3DA
CLPEN Clear Light Pen Flip Flop 0 W(n/a)  3BB(ignored) 3DB(ignored) Ref only: No light pen
SLPEN Set Light Pen Flip Flop 0 W(n/a)  3B9(ignored) 3DC (ignored)  Ref only: No light pen
DACMASK Color Palette Pixel Mask 8 R/W 3C6 3C6
DACSTATE Color Palette State 2 R 3C7 3C7
DACRX Color Palette Read-M odelndex 8 w 3C7 3C7
DACWX Color Palette Write-Mode I ndex 8 R/W 3C8 3C8
DACDATA Color Paette Data O-FF 3x6 R/W 3C9 3C9
SRX, SRO-7 Sequencer 0-8 R/W 3C4-3C5 3C4-3C5
CRX, CR0-3F CRT Controller 0-8 RIW 3B4-3B5 3D4-3D5
GRX, GR0-8  Graphics Controller 0-8 R/W 3CE-3CF 3CE-3CF
ARX, ARO-14  Attributes Controller 0-8 R/W 3C0-3C1 3C0-3C1
XRX, XR0-7F  Extension Registers 0-8 R/W 3D6-3D7 3D6-3D7
DROO-0F 32-Bit Extension Registers 32 R/W n3D0-n3D3 n3D0-n3D3  Programmable I/O address
PRO-17 PCI Configuration 8, 16, 32 R/W System Dependent System Dependent PCI Bus Only
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Register Summary

| REGISTER SUMMARY - INDEXED REGISTERS (VGA) |

Register  RegisterName Bits RegisterType AccesyVGA) Acces§EGA) 1/OPort

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

| EXTENSION REGISTER SUMMARY: 00-2F | CHIPS VGA Product Family
Reg Register Name Bits Access Port Reset 82C450 6430064310 65510 65530 65535 65545
XRX  Extensiorindex 7 RMW 3D6 -XxXXXXXX g d ad ad O g O
XR00 ChipVersion 8 RO 3D7 110111rr O O O O O O O
XR01 Configurationl 8 RO 3D7 dddddddd O O O O O a O
XR02 CPUlnterfaceControll 8 RW 3D7 00000000 O O O O 0 O O
XR03 CPUlnterfaceControl2 (ROMIntfc) 5 R/W 3D7 -00-0-0x . O O . O
XR04 MemoryControll 5 RW 3D7 --00-000 0 a a a a 0 0
XR05 MemoryControl2 (ClockControl) 8 R/W 3D7 00000000 O O a O
XR06 Palette Control (DRAM Intfc) 8 RW 3D7 00000000 O O O O a O
XR07 1/OBase 8 RW 3D7 11110100 O O . O
XR08 LinearAddressin@@ase (LinearBaseL) 8 R/W 3D7 XXXXXXXX ad ad a O
XR09 -reserved- (Linear BaseH) -- - 3D7 ad ad
XROA -reserved- (XRAM Mode) -- -- 3D7 . ad ad . . .
XROB CPU Paging 7 RW 3D7 0000+000 a O O O O a O
XROC StartAddressT op 2 RW 37 ------ X X O O O O O O O
XROD AukxiliaryOffset 2 RW 37 ------ 00 O O O O O a O
XROE TextModeControl 6 RW 3D7 000000- - O O O O 0 O O
XROF Softwar eFlags0 8 RW 3D7 XXXXXXXX ad ad O O O O
XR10 Single/L owMap 8 R/MW 3D7 XXXXXXXX ad ad ad ad O ad O
XR11 HighMap 8 R/MW 3D7 XXXXXXXX ad ad ad ad O ad O
XR12 -reserved- -- -- 3D7
XR13 -reserved- -- - 3D7 . . . .
XR14 EmulatiorM ode 3 RW 37 0----- 00 ad ad ad ad O ad O
XR15 Writ®rotect 8 RW 3D7 00000000 ad ad ad ad O ad O
XR16 VerticaDverflow 5 RW 3D7 00000 ad ad ad O
XR17 HorizontaDverflow 7 RW 3D7 +0000000 . ad ad . . ad O
XR18 AlternateHDispEnd 8 R/MW 3D7 XXXXXXXX ad ad ad ad O ad O
XR19 AlternateH SyncStart (Half-line) 8 R/MW 3D7 XXXXXXXX ad ad ad ad O ad O
XR1A AlternateH SyncEnd 8 R/W 3D7 XXXXXXXX ad ad ad ad O ad O
XR1B AlternateHTotal 8 R/W 3D7 XXXXXXXX ad ad ad ad O ad O
XR1C AlternateHBlank Start/HPanelSize 8 R/W 3D7 XXXXXXXX ad ad ad ad O ad O
XR1D AlternateHBlankEnd 8 RW 3D7 OXXXXXXX ad ad ad ad O ad O
XR1E Alternat©ffset 8 RW 3D7 XXXXXXXX ad ad ad ad O ad O
XR1F VirtualEGASwitchRegister 5 RW 3D7 0---xxxXx ad ad ad ad O ad O
XR20 -reserved- -- - 3D7 .
XR21 FPAlternateHSyncStart 8 R/MW 3D7 XXXXXXXX g
XR22 FPAlternateHSyncEnd 8 R/MW 3D7 XXXXXXXX g
XR23 FPAlternateHorizontalTotal 8 R/W 3D7 XXXXXXXX . . . . O .
XR24 FPAltMaxScanline 5 RW 3D7 «e¢exxxXxx . . . ad O a O
XR25 FPAItTxtHVirtPanelSize 8 RW 3D7 XXXXXXXX O 0 0
XR26 AltHSyncStart 8 RMW 3D7 XXXXXXXX g g
XR27 VideoOutputControl 8 R/W 3D7 00000000 . . . . . .
XR28 Videbnterface 5 RW 3D7 0000--0- a ad ad ad O a O
XR29 HalfLinecCompare 8 RMW 3D7 XXXXXXXX O
XR2A -reserved- -- - 3D7 . . . . . .
XR2B SoftwareFlagsl 8 RW 3D7 00000000 O O a O O | 0
XR2C FLM Delay 8 RMW 3D7 XXXXXXXX g g g O
XR2D LP Deay 8 RMW 3D7 XXXXXXXX g g g g
XR2E LP Delay 8 RMW 3D7 XXXXXXXX . . . . g g g
XR2F LPwWidth 8 RMW 3D7 XXXXXXXX . . . a O 0 0
Reset Codes.  x = Not changed by reset (indeterminate on power-up) — = Not implemented (always reads 0)
d = Set from the corresponding external pin on trailing edge of reset * = Reserved (read/write, reset to 0)
r = Chip revision # (starting from 0000) 0/1 = Reset to 0/1 by trailing edge of reset

Note: Check marks in the table above indicate the register listed to the left is implemented in the chip named at the top of the column
Note: 82C450 & 64xxx VGAs drive CRTs only, 65xxx VGAs drive both CRT and Flat Panel displays (Plasma, EL, and LCD)
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Register Summary

| EXTENSION REGISTER SUMMARY: 3 0-5F | CHIPS VGA Product Family
Reg Register Name Bits Access Port Reset 82C450 6430064310 65510 65530 65535 65545
XR30 ClockDivideControl 6 R/W 3D7 e eXXXXXX . d ad . . g O
XR31 ClockM-Divisor 8 R/W 3D7 XXXXXXXX d ad g O
XR32 ClockN-Divisor 8 R/W 3D7 XXXXXXXX d ad g O
XR33 ClockControl 7 RW 3D7 0000-+000 d ad g O
XR34 -reserved- -- - 3D7
XR35 -reserved- -- --  3D7
XR36 -reserved- -- - 3D7
XR37 -reserved- -- - 3D7
XR38 -reserved- -- - 3D7
XR39 VideoPortControl 2 R/W 3D7 0Q0secsecee . .
XR3A Color Key 0 8 R/W 3D7 XXXXXXXX d ad g O
XR3B Color Key 1 8 R/W 3D7 XXXXXXXX d ad g O
XR3C Color Key 2 8 R/W 3D7 XXXXXXXX d ad g O
XR3D Color KeyMask 0 8 R/W 3D7 XXXXXXXX d ad g O
XR3E Color KeyMask 1 8 R/W 3D7 XXXXXXXX d ad g O
XR3F Color KeyMask 2 8 R/W 3D7 XXXXXXXX d ad g O
XR40 BitBlConfiguration 2 RW 3D7 ------ X X d ad ad
XR41 -reserved- -- - 3D7
XR42 -reserved- -- - 3D7
XR43  -reserved- -- - 3D7 . . . . . . .
XR44 SoftwareFlagRegister 2 8 R/W 3D7 XXXXXXXX . d ad ad O a ad
XR45 SoftwareFlagRegister 3 8 R/W 3D7 XXXXXXXX . . . . . a ad
XR46 -reserved- -- - 3D7
XRA7  -reserved- -- - 3D7
XR48 -reserved- -- - 3D7
XR49 -reserved- -- - 3D7
XR4A  -reserved- -- - 3D7
XR4B  -reserved- -- - 3D7
XRAC -reserved- -- - 3D7
XR4D -reserved- -- - 3D7
XRAE -reserved- -- - 3D7 .
XR4F PanelFormat2 7 RMW 3D7 XXXXe®XXX a O
XR50 PanelFormatl 8 R/W 3D7 XXXXXXXX O O a O
XR51 DisplayType 7 RW 3D7 0000000 . . . O O O O
XR52 Power DownControl 8 RW 3D7 00000001 . O O O O O O
XR53 PanelFormat3 8 RW 3D7 000000x0 O O a O
XR54 Pandinterface 8 R/W 3D7 XXXXXXXX O 0 O O
XR55 HCompensation 8 R/W 3D7 XXXXXXXX O O a O
XR56 HCentering 8 R/W 3D7 XXXXXXXX O O a O
XR57 VCompensation 8 R/W 3D7 XXXXXXXX O O O O
XR58 VCentering 8 R/W 3D7 XXXXXXXX O O a O
XR59 VLinelnsertion 7 RW 3D7 XXX®XXXX a O O O
XR5A VLineReplication 4 R/W 3D7 eeeexXXX O O O O
XR5B PowerSequencingDelay 8 RW 3D7 10000001 O O a O
XR5C ActivityindicatorControl 7 RW 3D7 OXxeXXXXX a O
XR5D FP Diagnostic 8 RW 3D7 00000000 . . . . . O O
XR5E ACDCLK(M)Control 8 R/W 3D7 XXXXXXXX . . . ad O a O
XR5F XRAMAreaPointer (PwrdnRefresh)y 8 R/W 3D7 00000000 O O O
Reset Codes.  x = Not changed by reset (indeterminate on power-up) — = Not implemented (always reads 0)
d = Set from the corresponding external pin on trailing edge of reset * = Reserved (read/write, reset to 0)
r = Chip revision # (starting from 0000) 0/1 = Reset to 0/1 by trailing edge of reset

Note: Check marks in the table above indicate the register listed to the left is implemented in the chip named at the top of the column
Note: 82C450 & 64xxx VGAs drive CRTs only, 65xxx VGAs drive both CRT and Flat Panel displays (Plasma, EL, and LCD)
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Register Summary

| EXTENSION REGISTER SUMMARY: 60-7F | CHIPS VGA Product Family
Reg Register Name Bits Access Port Reset 82C450 6430064310 65510 65530 65535 65545
XR60 BlinkRateControl 8 RW 3D7 10000011 . d ad ad O g O
XR61 SmartMap™ontrol 8 R/W 3D7 XXXXXXXX ad O g O
XR62 SmartMap™shifParameter 8 R/W 3D7 XXXXXXXX ad O g O
XR63 SmartMap™ColorM appingControl 8 RW 3D7 X1IXXXXXX ad O g O
XR64 FPAlternateVerticalTotal 8 R/W 3D7 XXXXXXXX ad O g O
XR65 FPAlternateOverflow 6 RW 3D7 XXXe®e*XXX ad O g O
XR66 FPAlternateVerticalSyncStart 8 R/W 3D7 XXXXXXXX ad O g O
XR67 FPAlternateVertical SyncEnd 4 R/W 3D7 e9oeoxXXX ad O g O
XR68 FPVertical Panel Size 8 R/W 3D7 XXXXXXXX ad O g O
XR69 -reserved- -- - 3D7
XR6A -reserved- -- - 3D7
XR6B  -reserved- -- - 3D7 . . . . . . .
XR6C Programmabl®©utpuDrive 5 RW 3D7 ++0000d- . . . ad O g O
XR6D -reserved- -- - 3D7 . . . . . . .
XR6E Polynomial FRC Control 8 RW 3D7 10111101 . . . ad O g O
XR6F FramaufferControl 8 RW 3D7 00000000 O g O
XR70 Setup/DisableControl 1 RW 37 0------- ad ad . ad O ad O
XR71 -reserved- (GPIO Control) - - 3D7 ad ad .
XR72 ExternalDevice /O (GPIOData) 8 R/W 3D7 00000000 ad ad ad O
XR73 MiscellaneouLontrol 8 RW 3D7 00000000 ad ad ad O
XR74 Configuration? 6 R/O 3D7 dddddd- - ad ad
XR75 -reserved- (Software Flags3)  -- - 3D7 ad ad
XR76 -reserved- -- - 3D7
XR77 -reserved- -- - 3D7
XR78 -reserved- -- - 3D7
XR79 -reserved- -- - 3D7
XR7A  -reserved- -- - 3D7
XR7B  -reserved- -- - 3D7
XR7C XRAMControl 6 R/W 3D7 ++«000000 .
XR7D Diagnostic 8 R/W 3D7 OXXXXXXX . . . ad O O
XR7E CGA Color Select/H PulseWidth 6 RW 3D7 --XXXXXX ad d ad ad O ad O
XR7F Diagnostic 8 RW 3D7 00xxxx00 ad d ad ad O ad O
Reset Codes.  x = Not changed by reset (indeterminate on power-up) — = Not implemented (always reads 0)
d = Set from the corresponding external pin on trailing edge of reset * = Reserved (read/write, reset to 0)
r = Chip revision # (starting from 0000) 0/1 = Reset to 0/1 by trailing edge of reset

Note: Check marks in the table above indicate the register listed to the left is implemented in the chip named at the top of the column
Note: 82C450 & 64xxx VGAs drive CRTs only, 65xxx VGAs drive both CRT and Flat Panel displays (Plasma, EL, and LCD)
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Register Summary

| 32-BIT EXTENSION REGISTER SUMMARY

Reg Group Register Name Bits Access Port Reset
DR0OO BitBIt BitBIt Offset 24 R/W 83D0-3 ----XXXX XXXXXXXX =---=XXXX XXXXXXXX
DRO1 BitBIt BitBIt Pattern ROP 25 RW 8/D03 -------- e A XXXXX O XXXXXXXX XXXXXXXX
DR02 BitBIt BitBIt BG Color 32 R/W 8BD0-3 XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX
DRO3 BitBIt BitBIt FG Color 32 R/MW 8FD0O-3 XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX
DR04 BitBIt BitBIt Control 21 RW 93D0-3 -------- - sOXXXX O XXXXXXXX XXXXXXXX
DR0O5 BitBIt BitBIt Source 21 RW 97D0O-3 -------- e A XXXXX O XXXXXXXX XXXXXXXX
DR06 BitBIt BitBIt Destination 21 RW 9BDO3 -------- e A XXXXX O XXXXXXXX XXXXXXXX
DRO7 BitBIt BitBlt Command 24 R/W O9FD0O-3 ----0000 00000000 ----XXXX XXXXXXXX
DR08 Cursor CursoControl 13 RW A3DO-3 -------- -------- 00000000 000e+++00
DR0O9 Cursor Cursor Color 0-1 32 R/MW A7D0-3 XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX
DROA Cursor Cursor Color 2-3 32 R/W ABDG(O-3 XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX
DROB Cursor Cursor Position 24 R/W AFD0O-3 X----XXX XXXXXXXX X=---=-XXX XXXXXXXX
DROC Cursor CursoBasAddress 11 R/W B3D0-3 -------- e A XXXXX XXXXXX == ===------
DROD Reserved Reserved 0 — B7D0-3 - - - - - - - e e e e e e e e e e aa o o a e aa o
DROE Reserved Reserved 0 — BBDO-3 -------- et eeeoo-ae aaa oo
DROF Reserved Reserved 0 — BFDO-3 - ------- cmmmm e e ee e e e e aaao oo
Reset Codes:  x = Not changed by reset (indeterminate on power-up) — = Not implemented (always reads 0)

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

0/1 = Reset to 0/1 by trailing edge of reset
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\nlr: Register Summary

| PClI CONFIGURATION REGISTER SUMMARY

Reg Register Name Bits Access Offset Reset

VENID  VendodD 16 R 0oh 00010000 00101100
DEVID DeviceID 16 R 02h 00000000 11011100
DEVCTL Device Control 16 RW osh - 10 10000000
DEVSTAT DeviceStatus 16 R/IC 06h 00000000 O-------
REV Revision ID 8 R osh aa--- rrr
PRG Programminglnterface 8 R 09h 00000000
SUB Sub Class Code 8 R 0Ah 00000000
BASE Base Class Code 8 R 0Bh 00000011
- Reserved (CacheLineSize) 8 - och e
- Reserved(Latency Timer) 8 - obh  eeaa e
- Reserved(Header Type) 8 - oceh  aaaaoe
BIST Reserved Built-1n-Self-Test) 8 R 0] o
MBASE MemoryBaséAddress 32 RW 10h XXXXXXXX X===-=-=-= =-------- ----0000
- ReservedBasA ddr ess) 32 - o I T T T
- Reserved(BaseAddress) 32 - I8H - - - - m - e - m e e e o i e o e e
- Reserved(BaseAddress) 32 - O o B I S
- Reserved(BaseAddress) 32 - P20 o B T i
- Reserved(BaseAddress) 32 - P2 I
- Reserved 32 - P2 e T I e B I I
- Reserved 32 - 2Ch - - - - e - o e e e e e e e e e o e o
RBASE ROMBaseAddress 32 RW 30h XXXXXXXX XXXXXX == =-=----=- =------- X
- Reserved 32 - K I T i I BT I
- Reserved 32 - I i T T I I
- Reserved (InterruptLine) 8 - 2
- Reserved (Interrupt Pin) 8 - 3bh e e
- Reserved (Minimum Grant) 8 - 0
- Reserved (MaximumLatency) 8 - 0 o T

Access Codes: R = Read, W = Write, C = Clear (1s written to specific bits will clear those bits)

Reset Codes: x = Not changed by reset (indeterminate on power-up)
— = Not implemented (always reads 0)
* = Not implemented (read/write, reset to 0)
0 = Reset to 0 by trailing edge of reset
1 = Reset to 1 by trailing edge of reset
r = Chip revision # (starting from 000)
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Regigers

Registers

GLOBAL CONTROL (SETUP) REGISTERS

The Setup Control Register and Video Subsystem
Enable registers are used to enable or disable the
VGA. The Setup Control register is also used to
place the VGA in normal or setup made (the Global
Enable Register is accessible only during Setup
mode). 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; al 'disable' bits
must be off to enable access to the chip. When the
chip is 'disabled' in this fashion, only bus access is
disabled; other functions remain operational
(memory refresh, display refresh, etc).

Note: In setup mode in the IBM VGA, the Global
Setup Register (defined as port address 102) actually
occupies theentirel/Ospace. Only the lower 3 bits
are used to decode and select this register. To avoid
bus conflicts with other peripherals, reads should
only be performed at the 10xh port addresses while
in setup mode. To eliminate potential compatibility
problems in widely varying PC systems, CHIPS
VGA controllers decode the Global Setup register at
1/O port 102honly.

PCI CONFIGURATION REGISTERS

For PCI bus configuration in the 65548, ten 16-bit
registers are implemented to alow identification of
the chip, examination of various interna states,
configuration of memory and 1/0O base addresses,
and control of settings for various modes of
operation. These registers are located at various
offsets into the PCI configuration space which may
be 1/0 or memory mapped depending on the system
design.

GENERAL CONTROL REGISTERS

Two Input Status Registers read the SENSE function
(Virtual Switch Register or internal RGB comparator
output), pending CRT interrupt, display enable /
horizontal sync output, and vertical retrace / video
output. The Feature Control Register selects the
vertical sync function while the Miscellaneous
Output Register controls /0O address selection, clock
selection, CPU access to display memory, display
memory page selection, and horizontal and vertical
sync polarity.

CGA REGISTERS

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

SEQUENCER REGISTERS

The Sequencer Index Register contains a 3-bit index
to the Sequencer Data Registers. The Reset Register
forces an asynchronous or synchronous reset of the
sequencer. The Sequencer Clocking Mode Register
controls master clocking functions, video
enable/disable and selects either an 8 or 9 dot
character clock. A Plane/Map Mask Register enables
the color plane and write protect. The Character
Font Select Register handles video intensity and
character generation and control sthe display memory
plane through the character generator select. The
Sequencer Memory Mode Register handles all
memory, giving access by the CPU to 4/ 16 / 32
KBytes, Odd / Even addresses (planes) and writing
of datato display memory.

CRT CONTROLLER REGISTERS

The CRT Controller Index Register contains a 6-bit
index to the CRT Controller Registers. Twenty one
registers control various display functions. hori-
zontal and vertical blanking and sync timing,
panning and scrolling, cursor size and location, light
pen, and text-mode 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 aso works with the
Enable Set/Reset Register. Reducing 32 bits of
display data to 8 bits of CPU data is accomplished
by the Color Compare Register. Data Rotate
Registers specify the CPU data bits to be rotated and
subjected to logical operations. The Read Map Select
Register reduces memory data for the CPU in the
four plane (16 color) graphics mode. The Graphics
Mode Register controls the write, read, and shift
register modes. The Miscellaneous Register handles
graphicg/text, chaining of odd/even planes, and
display memory mapping. Additional registers
include Color Don't Care and Bit Mask.
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Regigers

ATTRIBUTE CONTROLLER AND
COLOR PALETTE REGISTERS

The Attribute Controller Index Register containsa 5-
bit index to the Attribute Controller Registers which
consist of a 16-entry color lookup table with 6 bits
per entry plusfive additional control registers. A 6th
index register bit is used to enable video. The
Attribute Controller Registers handle color lookup
table mapping, text/graphics mode control, overscan
color selection, and color plane enabling. One
register allows the display to be shifted left up to 8
pixels. Another register provides default values to
extend the 6-bit lookup table values to 8 bits for
modes providing less than 8 bits per pixel.

The color palette registers control the interface to the
on-chip color palette. This on-chip palette fully
implements the functions of the VGA-standard
palette (Inmos IMSG176, Brooktree BT471/476, or
equivalent functionality). Thecolor palette primarily
consists of a 256-entry color lookup table (also
sometimes referred to as a CLUT), a mask register,
index registers used to access the CLUT data, and
triple 6 / 8-bit DACs used to drive analog RGB
outputs to a CRT monitor. Each entry inthe CLUT
is 18 hits in length (6 bits each for red, green, and
blue) so each CLUT data entry must be accessed
sequentially as 3 separate bytesand each DA C output
operates with 6 bits of resolution. In 24-bpp "True-
Color" modes, the CLUT is bypassed and each DAC
operates with 8-bit resolution.

EXTENSION REGISTERS

The 65548 defines a set of extension registers(called
"XR's") which are addressed with the 7-bit
Extension Register Index. The 1/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 chip
version/revision, configuration, and various
interface control and diagnostic functions.

2. Mapping Registers include paging controls and
base registers for relocation of 1/0 and memory
blocks.

3. Software Flags Registers provide locations for
BIOS and driver software to store various
temporary variablevalueson-chip

4. Clock Registers control the operation of the on-
chipclock synthesizer

5. MultimediaRegisters control the operation of the
video input port color key and mask

6. BitBLT Registerscontrol the operation of the Bit-
Block-Transfer (BitBLT) engine for graphics
acceleration.

7. Backwards Compatibility Registers control,
MDA, and CGA emulation modes. Write Protect

functions are provided to increase flexibility in
providing backwardscompatibility.

8. AlternateHorizontal andVertical Registers handle
al horizontal and vertical timing, including sync,
blank and offset. These are used for backwards
compatibility.

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

32-BIT REGISTERS

The 65548 a so implements agroup of thirteen 32-bit
doubleword extension registers (called "DR'S’).
These registers are used for control of the high
performance BitBLT and Hardware Cursor
subsystems and may be mapped anywherein the 1/O
and/or memory address space.

For VL-Bus configurations, the 32-bit registers take
up 32 doubleword locations in the 16-bit 1/O address
space (only the first 13 registers are defined; the
remaining locations are reserved). An 8-bit
extension register is provided to program the base
address. The address is of the form "bnnn nnlb
bbbb bbxx" (where b specifies the vaue
programmed into the base register and 'n' selects one
of the 32 register locations). The base register is
typically programmed with '74h' to map the 32-bit
registersto I/O addresses x3D0-x3D3h (unused ports
inthe standard VGA 1/O address range).

For PCI bus configurations, the 32-bit registers are
mapped to both the memory and 1/0O address spaces.
The PCI configuration registers contain an 1/0 base
register which defines a 1KB space (256
doublewords) which allows the 32-bit register space
to start on any 1KB boundary in the 1/O address
space. In addition, the PCI memory base register
specifies an 8MB memory address space; display
memory is mapped into the lower 2 megabytes and
the 32-bit registers are mapped into the upper 6
megabytes.

Note: The state of most of the standard VGA registers is undefined at reset. The state at Reset of all registers
specific to the 65548 (extension registers and 32-hit registers) is summarized in the register summary tables.
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Global Control (Setup) Registers

Global Control (Setup) Registers

Register /0
Mnemonic Register Name Index Access /O Address Page
VSE VideoSubsystemEnable — W 3C3h (Loca BusOnly) 55

VIDEOSUBSY STEMENABLEREGISTER(VSE)
WriteOnly at I/O Address3C3h

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

VGA Sleep

~ Reserved(0)

This register is accessble in Local Bus
configurations only. Access to this register may be
disabled by setting XR70 bit-7 to 1 (the default is 0).

This register is cleared by RESET to disable the
VGA. In this state, only register 3C3 is accessible
(the other registers in the VGA 1/0 address range
will be inaccessible and read or write accesses to
VGA 1/0 addresses other than 3C3 will be ignored)
until bit-0 of thisregister isset to 1.

In PCI bus configurations, VGA enable and disable
are controlled viathe PCI configuration registers and
this register isignored.

0 VGA Seep

0 VGA isdisabled
1 VGA isenabled

7-1 Reserved (0)

Revision 1.1 2/28/96

55

Preliminary 65548
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PCIl Configuration Registers

Register

Mnemonic Register Name Offset Access Reset State Page
VENID Vendor ID 00h R 0001 0000 0010 1100 56
DEVID DevicelD 02h R 0000 0000 1101 1000 56
DEVCTL  DeviceControl 04h  R/W 0000 0010 1000 0000 57
DEVSTAT DeviceStatus 06h R/C 0000 0000 0000 0000 57
REV Revision 08h R 0000 0000 58
PRG Programminglnterface 0%h R 0000 0000 58
SUB Sub Class Code OAh R 0000 0000 58
BASE Base Class Code 0Bh R 0000 0011 58
MBASE Memory Base Address 10h  R/W  xxxx xxxx xxx0 0000 0000 0000 0000 0000 59
RBASE PCI ROM Base Address 30h  R/W  XXXX XXXX XXXX XXXX XXXX XX00 0000 0001 59

Note: 'Access codes are R=Read, W=Write, and C=Clear (writing a1 to abit clearsthat bit)

VENDOR ID REGISTER (VENID) DEVICE ID REGISTER (DEVID)
Read/Only at PCI Configuration Offset 00h Read/Only at PCI Configuration Offset 02h
Byteor Word Accessible Byteor Word Accessible

Accessiblein PCI Bus Configuration Only Accessiblein PCI Bus Configuration Only

15 [15

Ml—,m
‘\l—,m

- VendorID - DevicelD

150 Vendor ID 15-0 Device ID
Read-Only. Always returns 102Ch (4140d) DevicelD for 65548 is00DCh
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PCI Configuration Registers

DEVICE CONTROL REGISTER (DEVCTL)

Read/Writeat PCI Configuration Offset 04h
Byteor Word Accessible
Accessiblein PCI Bus Configuration Only

DEVICE STATUS REGISTER (DEVSTAT)

Read/Only at PCI Configuration Offset 06h
Byteor Word Accessible
Accessiblein PCI Bus Configuration Only

[15 0| l15 0|
I— 1/0 Access Ena u_
—— Mem Access Ena
Always Read 0 —  Undefined(0)
Pal ette Snoop Ena
PERR# Enable i
Always Reads 1 Always Reads 1
SERR# Enable — Always Reads 0
Always Reads 1 - DEVSEL# Timing
| (Always Reads 10)
Target Abort Sigd
Always Reads 0
Undefined(0) Always Reads 0
Sys Err Signaled
Parity Err Detected
0 /O AccessEnable 6-0 Undefined/Reserved (0)
When set, the chip will respond to 1/0 cycles 7 Fast Back-to-Back Capable (1
for addresses within the range specified by _ P ()
the IOBASE register. Data Parity Error Detect (0)
1 Memory Access Enable Implemented by bus masters only.
When set, the chip will respond to memory L.
cycles for addresses within the range 109 DEVSEL# Timing
specified by the MBASE register. Only 01" ;
consecutiveactivebyteenables(BE[3:0]) are Always responds ‘01 (Medium)
supported for both memory and 1/O access. 11 Target Abort Signaled
2 Bus Master (Always Reads 0) . .
_ This bit is set whenever Target Abort is
3  Special Cycles (Always Reads 0) generated which can happen on 1/0 cycles
4 MemWrite& Invalidate(AlwaysReads0) with the wrong byte enables.
5 Pak'le“e S”‘;Op :”ab'l‘lf ] 12 Received Target Abort (0)
When set, the chip will not respond to VGA
Palette Access. Reads will be ignored but Implemented by bus masters only.
writeswill still updatetheinternal pal ette. 13 Master Abort (0)
e Implemented by bus masters only.
Set to enable PERR# response for detected .
7 Wait Cycle Control (Always Reads 1) Set whenever SERR# is asserted.
8 SERR# Enable 15 Parity Error Detected
Set to enable SERR# response for detected i ) )
address / command parity errors. The chip Set when data parity error is detected even if
will also generateaTarget Abort. PERR# responsedlsabled (DEVCTL blt'6)
9 Fast Back-to-Back Enable for Masters
(AlwaysReads0)
15-10 Undefined/Reserved (0)
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PCI Configuration Registers

REVISION REGISTER (REV) SUB CLASS CODE REGISTER (SUB)

Read/Only at PCI Configuration Offset 08h
ByteAccessible

Read/Only at PCI Configuration Offset OAh
ByteAccessible

Accessiblein PCI Bus Configuration Only Accessiblein PCI Bus Configuration Only
|D7|D6|D5|D4|D3|D2|D1[DO| |D7|D6|D5|D4|D3|D2|D1|DO]

~ Chip Revision Code

2-0 Chip Revision Code

These bits match XR00 bits 2-0. Revision
codes start at 0 and are incremented for each
silicon revision.

7-3 Reserved (0)

These bits are defined by the PClI 2.0
specification as additional revision code bits.
They always read zero.

PROGRAMMINGNTERFACEREGISTERPRG)

Read/Only at PCI Configuration Offset 09h
ByteAccessible
Accessiblein PCI Bus Configuration Only

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

Programming
- Interface
Code

7-0 Programming Interface Code
This register aways returns a value of 00h
(no special register-level device-independent
interface definitionisdefined).

- Sub-Class Code

7-0 Sub-Class Code

This register always returns a value of 00h
toindicate"V GA CompatibleController”.

BASE CLASS CODE REGISTER (BASE)

Read/Only at PCI Configuration Offset OBh
ByteAccessible
Accessiblein PCI Bus Configuration Only

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

-~ Base Class Code

7-0 Base Class Code

This register dways returns a value of 03h
toindicatebase class"Display Controller”.
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MEMORY BASE REGISTER (MBASE)

Read/Writeat PCI Configuration Offset 10h
Byte, Word, or DoubleWord Accessible
Accessiblein PCI Bus Configuration Only

31 23p2 432 1]

— 0 (Memory Space)

- 00(32-bit Address)
— 0(No Prefetching)

- O(AddressMask)
(8MB Range)

- Memory
BaseAddress

0 Memory/IO Space (0)
Alwaysreturns0to indicate memory space
2-1 Memory Type (00)
Alwaysreturn 0 to indicate 32-bit address
3  Prefetchable Memory (0)
Alwaysreturn 0to prevent prefetching
22-4 Address Mask (0)

These bits always return O to indicate 8 MB
address range.

31-23 Memory Base Address

Note that if during memory access address
bit-21 is 1 then memory mapped 1/0 access
is performed. Also, if during memory
access address bit-22 is 1 then endian byte
swap will be enabled in the 16-bpp and 24-
bpp modes as determined by XR06[3-2].

PClI ROM BASE REGISTER (RBASE)

Read/Writeat PCI Configuration Offset 30h
Byte, Word, or DoubleWord Accessible
Accessiblein PCI Bus Configuration Only

[31  18h7 1/ 0|

LlT ROM AddrDecode

- O(AddressMask)
(256K B Range)

- Expansion ROM
BaseAddress

0 ROM Address Decoding

This bit is set to enable. Expansion ROM
address space.

17-1 Address Mask (0)

These bits aways return 0 to indicate
256K Byte of ROM address range.

32-18 Expansion ROM Base Address
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General Control & Status Registers

Register /0 Protect
Mnemonic Register Name Index Access Address Group Page
ST00 Input Status 0 - R 3C2h - 60
ST01 Input Status 1 - R 3BANh/3DAh - 60
FCR Feature Control - w 3BANh/3DA 5 61
R 3CAh
MSR MiscellaneousOutput - w 3C2h 5 61
R 3CCh
INPUT STATUS REGISTER 0 (ST00) INPUT STATUS REGISTER 1 (STO1)
Read only at I/O Addressat 3C2h Readonly at 1/0 Address3BAh/3DAh
|D7|D6|D5|D4|D3|D2|D1[DO| |D7|D6|D5|D4|D3|D2|D1|DO|
| DE/Hsync Output
- Reserved(0) - Reserved(0)
| VerticaRetrace/Video
— RGB Comparator / Sense
VideoFeedback
- Reserved(0) Reserved(0)
CRT Interrupt Pending V Sync Output
3-0 Reserved (0) 0 Display Enable/HSYNC Output
4 RGB Comparator/Sense The functionality of this bit is controlled by

the Emulation Moderegister (XR14 bit-4).

This bit returns the state of the output of the 0 Indicates DE or HSYNCinactive

RGB output comparator or the output of the

Virtua Switch Register (XR1F bit 0, 1, 2, 1 Indicates DE or HSYNCadtive
or 3) if enabled by XR1F bit-7. 2-1 Reserved (0)
6-5 Reserved (0) 3 VerticalRetrace/Video
. The functionality of this bit is controlled by
7 CRT Interrupt Pending the Emulation Mode register (XR14 bit-5).
0 Indicatesno CRT interrupt ispending 0 IndicatesVSYNC or videoinactive
1 Indicatesa CRT interrupt iswaiting to 1 IndicatesVSYNC or video active
be serviced

54 Video Feedback 1, O

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

6 Reserved (0)
7 VSync Output

The functionality of this bit is controlled by
the Emulation Mode register (XR14 bit-6).
It reflects the active status of the VSYNC
output: O=inactive, 1=active.
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FEATURE CONTROL REGISTER (FCR) MISCELLANEOUSOUTPUTREGISTER(MSR)
Writeat 1/O Address3BAh/3DAhO Writeat 1/0 Address3C2h
Read at /0O Address3CAh Read at 1/0 Address 3CCh
Group 5 Protection Group 5 Protection
|D7|D6|D5|D4|D3|D2|D1[DO] |D7|D6|D5|D4|D3|D2|D1|DO]
T Feature Control I/OAddressSelect
— | ——— RAM Enable
Reserved(0)
— VSync Control Clock Select
Reserved(0)
Page Select
- Reserved(0) HSync Polarity
| V Sync Polarity
1-0 FeatureControl Thisregister iscleared by RESET.
These bits are used internal to the chip in 0 1/O Address Select

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

FCR1:0 = 00 = 40.000 MHz
FCR1:0 = 01 = 50.350 MHz 1
FCR1:0 = 10 = User defined
FCR1:0 =11 =44.900 MHz

This preserves compatibility with drivers
developed for earlier generation Chips and 3-2
TechnologiesV GA controllers.

2 Reserved (0)
3 VSync Control
Thisbitiscleared by RESET.

0 VSyncoutput ontheVSYNC pin
1 Logica 'OR' of VSync and Display
Enableoutput onthe VSYNC pin

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

7-4 Reserved (0) 4
5
CRT Display Sync Polarities 6
V H Display H Freq V Freg
P P >480Line Variable Vaiabld €
P P 200Line 15.7KHz 60Hz
N P 350Line 21.8KHz 60Hz
P N 400Line 315KHz 70Hz
N N 480Line 31.5KHz 60Hz

This bit selects 3Bxh or 3Dxh as the 1/0
address for the CRT Controller registers, the
Feature Control Register (FCR), and Input
Status Register 1 (STO01).

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

RAM Enable

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

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

MSR3:2 = 00 = Select CLKO
MSR3:2 =01 = Select CLK1
MSR3:2 =10 = Select CLK2
MSR3:2 =11 = Select CLK3

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

Reserved (0)

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

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

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

Register /O Protect

Mnemonic Register Name Index Access Address Group Page

MODE CGA Mode - R/W 3D8h - 62

COLOR CGA Color Select - R/W 3D%h - 63

CGA MODE CONTROL
REGISTER (MODE)
Read/Writeat 1/0 Address3B8h/3D8h

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

HiRes Text (CGA only)
GraphicsMode (0=Text)
Monochrome (CGA only)
Video Enable

HiRes Graphics(CGA only)
Text Blink Enable
Reserved(0)

Page Select (Herc only)

This register is effective only in CGA mode. It is
accessible if CGA 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.
Otherwisethe addressisdetermined by theemulation
mode. Itiscleared by RESET.

0 CGA 80/40 Column Text Mode

0 Select 40 column CGA text mode
1 Select 80 column CGA text mode

1 CGA GraphicdText Mode

0 Selecttextmode
1 Selectgraphicsmode

CGA Mono/Color Mode

0 Select CGA color mode
1 Select CGA monochromemode

CGA Video Enable

0 Blank the screen
1 Enablevideooutput

CGA High Resolution Mode
0 Select 320x200 graphicsmode
1 Select 640x200 graphicsmode

CGA Text Blink Enable

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

1 Enablecharacterblinkattribute
Reserved (0)

Page Select

0 Select the lower part of memory
(starting address BOOOOh) in Graphics
Mode

1 Select the upper part of the memory
(starting address B80O0h) in Graphics
Mode
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CGA Registers

CGA COLOR SELECT REGISTER (COLOR)
Read/Writeat 1/0 Address3D9%h

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

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

} Reserved(0)

This register is effective only in CGA modes. It is
accessible if CGA emulation modeis selected or the
extension registers are enabled. This register may
aso be read or written as an Extension Register
(XRT7E). Itiscleared by Reset.

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

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

640x200 2-color:

Foreground Color (color when the pixel
valueisl)

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

4  Intensity Enable

TextMode: Enables intensified
background colors

320%x200 4-color:  Enables intensified
colors0-3

640x200 2-color: Don't care
5 Color Set Select

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

Pixel Color Set Color Set
Value 0 1

0 0 Color perbits0-3  Color per bits 0-3
01 Green Cyan
10 Red Magenta
11 Brown White

7-6 Reserved(0)
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Sequencer Registers

Sequencer Registers

Register /0 Protect
Mnemonic Register Name Index Access Address Group Page
SRX Sequencer Index - R/W 3C4h 1 65
SR00 Reset 00h R/W 3C5h 1 65
SR0O1 Clocking Mode 01h R/W 3C5h 1 66
SR02 Plane/MapMask 02h R/W 3C5h 1 66
SR03 Character Font 03h R/W 3C5h 1 67
SR04 MemoryMode 04h R/W 3C5h 1 68
SRO7 Horizontal Character Counter Reset 07h W 3C5h - 68

SEQUENCER INDEX REGISTER (SRX)
Read/Writeat 1/O Address3C4h

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

———  Sequencer ndex

~ Reserved(0)

Thisregister iscleared by reset.

SEQUENCER RESET REGISTER (SR00)
Read/Writeat 1/O Address3C5h

Index O0h
Group 1 Protection
|D7|D6|D5|D4|D3|D2|D1|DO]
Async Reset
——— Sync Reset
— Reserved(0)

0  Asynchronous Reset

2-0 Sequencer Index 0 Force asynchronous reset
) ] ) 1 Normal operation
These bits contain a 3-bit Sequencer Index , _ ,
value used to access sequencer dataregisters Display memory data will be corrupted if
atindices0 through 7. this bit is set to zero.
7-3 Reserved (0) 1  Synchronous Reset
0 Force synchronous reset
1 Normal operation
Display memory datais not corrupted if this
bit is set to zero for a short period of time (a
few tenths of a microsecond). See aso
XROE.
7-2 Reserved (0)
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SEQUENCER CLOCKING MODE
REGISTER (SR01)

Read/Writeat 1/0O Address3C5h

Index 01h

Group 1 Protection

|D7|D6D5|D4|D3|D2|D1[DO]

8/9 Dot Clocks
Reserved(0)

Shift Load

Input Clock Divide
Shift 4

Screen Off

} Reserved(0)

0 89 Dot Clocks

Thisbit determineswhether acharacter clock
is 8 or 9 dot clocks long.

0 Select9dots/character clock
1 Select8dots/character clock

Reserved (0)
Shift Load
0 Load video data shift registers every
characterclock
1 Load video data shift registers every
other character clock
Bit-4 of thisregister must be O 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  Shift 4

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

1 Loadshift registersevery 4th character
clock.

5 Screen Off

0 Normal Operation

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

7-6 Reserved (0)

SEQUENCER PLANE/MAP MASK
REGISTER (SR02)

Read/Writeat 1/0O Address3C5h

Index 02h

Group 1 Protection

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

-~ Color Plane Enable

- Reserved(0)

3-0 Color Plane Enable

0 Write protect corresponding color
plane

1 Allow write to corresponding
color plane.

In Odd/Even and Quad modes, these bits
still control access to the corresponding
color plane.

7-4 Reserved (0)
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CHARACTER FONT SELECT The following table shows the display memory plane
REGISTER (SRO03) selected by the Character Generator Select A and B
Read/Writeat 1/0 Address3C5h bits.
Index 03n : Code Character Generator Tablel ocation
Group 1 Protection "0 Firt8Kof Plane2
1 Second 8K of Plane 2
[D7[D6[D5[D4[D3[D2]D1[DO] 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 Seventh 8K of Plane 2
Font Sdlect 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
l bit-3 of the attribute byteis one.
Reserved(0) Character Generator Select B (bits 1, 0, 4) when

bit-3 of the attribute byteis 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 hits. If
the two values are the same, the character select
function is disabled and attribute bit-3 controls the
foreground intensity.

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

1-0 High order bits of Character Generator
Select B

3-2 High order bits of Character Generator
Select A

4 Low order bit of Character Generator
Select B

5 Low order bit of Character Generator
Select A

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

Read/Writeat 1/0O Address3C5h
Index 04h

Group 1 Protection

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

Reserved(0)
—— ExtendedMemory

Odd/EvenMode

Quad Four Mode

Reserved(0)

Reserved (0)
1 Extended Memory

0 Restrict CPU accessto 4/ 16/ 32
KBytes
1 Allow completeaccesstomemory

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

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

1 All planes are accessed simultaneously
(IRGB color)

Bit-3 of thisregister must be O for this bit to
be effective. Thishit affectsonly 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 (SRO07)

Read/Writeat 1/0O Address3C5h

Index 07h

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

- Don't Care

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

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

This is a standard VGA register which was not
documented by IBM.
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\nlr: CRT Controller Registers
CRT Controller Registers

Register /O Protect
Mnemonic Register Name Index Access Address Group Page
CRX CRTC Index - R/W 3B4h/3D4h - 70
CROO Horizontal Total 00h R/W 3B5h/3D5h 0 70
CRO1 Horizontal Display EnableEnd 01h R/W 3B5h/3D5h 0 70
CRO2 Horizontal Blank Start 02h R/W 3B5h/3D5h 0 71
CRO3 Horizontal Blank End 03h R/W 3B5h/3D5h 0 71
CR04 Horizontal Sync Start 04h R/W 3B5h/3D5h 0 72
CRO5 Horizontal Sync End 05h R/W 3B5h/3D5h 0 72
CRO6 VerticaTotal 06h R/W 3B5h/3D5h 0 73
CRO7 Overflow 07h R/W 3B5h/3D5h  0/3 73
CRO8 Preset Row Scan 08h R/W 3B5h/3D5h 3 74
CR09 Maximum ScanLine 0%h R/W 3B5h/3D5h  2/4 74
CROA Cursor Start Scan Line OAh R/W 3B5h/3D5h 2 75
CROB Cursor End Scan Line 0Bh R/W 3B5h/3D5h 2 75
CROC Start Address High 0Ch R/W 3B5h/3D5h - 76
CROD Start Address Low 0Dh R/W 3B5h/3D5h - 76
CROE Cursor Location High OEh R/W 3B5h/3D5h - 76
CROF Cursor Location Low OFh R/W 3B5h/3D5h - 76
CR10 Vertical Sync Start (See Note 2) 10h W or R’'W  3B5h/3D5h 4 77
CR11 Vertical Sync End (SeeNote 2) 11h Wor R'W 3B5h3D5h  3/4 77
CR10 Lightpen High (See Note 2) 10h R 3B5h/3D5h - 77
CR11 Lightpen Low (See Note 2) 11h R 3B5h/3D5h - 77
CR12 Vertical Display EnableEnd 12h R/W 3B5h/3D5h 4 78
CR13 Offset 13h R/W 3B5h/3D5h 3 78
CR14 Underline Row 14h R/W 3B5h/3D5h 3 78
CR15 Vertical Blank Start 15h R/W 3B5h/3D5h 4 79
CR16 Vertical Blank End 16h R/W 3B5h/3D5h 4 79
CR17 CRT Mode Control 17h R/W 3B5h/3D5h  3/4 80
CR18 Line Compare 18h R/W 3B5h/3D5h 3 81
CR22 Memory Datal atches 22h R 3B5h/3D5h - 82
CR24 AttributeControllerToggle 24h R 3B5h/3D5h - 82

Note 1: When MDA 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
isenabled, the CRTC I/0O address should be set to 3D0h-3D7h by setting Misc Output Register bit-0to 1.

Note 2: In the EGA, al 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. Thiswould 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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CRT Controller Registers

CRTC INDEX REGISTER (CRX)
Read/Writeat 1/0 Address3B4h/3D4h

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

- CRTC Index

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

HORIZONTAL TOTAL REGISTER (CRO00)
Read/Writeat |/0O Address3B5h/3D5h

Index O0h

Group 0 Protection

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

- Horizontal Total

This register is used for al VGA and EGA modes.
It is also used for 640 column CGA modes and
MDA text mode. In all 320 column CGA modes the
alternateregister isused.

7-0 Horizontal Total

Total number of character clocks per line =
contents of this register + 5. This register
determinesthe horizontal sweep rate.

HORIZONTAL DISPLAY ENABLE END
REGISTER (CRO1)

Read/Writeat 1/0 Address3B5h/3D5h

Index 01h

Group O Protection

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

~ Horizontal Display

Thisregister isused for all VGA and EGA modeson
CRTs. It isaso used for 640 column CGA modes
and MDA text mode. Inall 320 column CGA modes
the aternateregister isused.

7-0 Horizontal Display

Number of Characters displayed per scan
line—1.
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HORIZONTAL BLANK START
REGISTER (CR02)

Read/Writeat |/O Address3B5h/3D5h
Index 02h

Group 0 Protection

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

- H Blank Start

This register is used for al VGA and EGA modes.
It is also used for 640 column CGA modes and
MDA text mode. In all 320 column CGA modes the
alternateregister isused.

7-0 Horizontal Blank Start

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

HORIZONTAL BLANK END
REGISTER (CRO3)
Read/Writeat 1/0 Address3B5h/3D5h

Index 03h
Group O Protection
[D7][D6]D5[D4|D3]|D2]D1|DO]
~ H Blank End
|- DE Skew Control

Light Pen Register Enable

This register is used for al VGA and EGA modes.
It is also used for 640 column CGA modes and
MDA text mode. In all 320 column CGA modes the
alternateregister isused.

4-0 Horizontal Blank End

These are the lower 5 bits of the character
clock count used to define the end of
horizontal blank. The interval between the
end of horizontal blank and the beginning of
the display (a count of 0) is the left side
border on the screen. |If the horizontal blank
width desired is W clocks, the 5-bit value
programmed in this register = [contents of
CRO2 + W] and 1Fh. The most significant
bit is programmed in CRO5 bit-7. Thisbit =
[( CRO2 + W) and 20h]/20h.

6-5 Display Enable Skew Control

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

7 Light Pen Register Enable

This bit must be 1 for norma operation;
when this bit is 0, CRTC registers CR10
and CR11 function as lightpen readback
registers.
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HORIZONTAL SYNC START
REGISTER (CR04)

Read/Writeat I/O Address3B5h/3D5h
Index 04h

Group 0 Protection

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

HORIZONTAL SYNC END
REGISTERCRO05)

Read/Writeat I/O Address3B5h/3D5h
Index 05h

Group O Protection

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

- Horizontal Sync Start

This register is used for al VGA and EGA modes.
It is also used for 640 column CGA modes and
MDA text mode. In all 320 column CGA modesthe
aternateregister isused.

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
aso determine display centering on the
screen.

~ Horizontal Sync End

~ Horizontal Sync Delay
H Blank End Bit 5

This register is used for al VGA and EGA modes.
It is also used for 640 column CGA modes and
MDA text mode. In all 320 column CGA modesthe
alternateregister isused.

4-0

6-5

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
CRO04) and 1Fh.

Horizontal Sync Delay

These bits specify the number of character
clocksthat the Horizontal Sync is delayed to
compensatefor internal pipelinedelays.

Horizontal Blank End Bit 5

This hit is the sixth bit of the Horizontal
Blank End Register (CR0O3).
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VERTICAL TOTAL REGISTER (CRO06)
Read/Writeat 1/0 Address3B5h/3D5h
Index 06h

OVERFLOW REGISTER (CRO07)
Read/Writeat |/O Address3B5h/3D5h
Index 07h

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

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

V DE End Bit 9

V Sync Start Bit 9

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

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

These are the 8 low order bits of a 10-bit Vertical Display Enable End Bit 8
register. The 9th and 10th bitsarelocated in Vertical St Bit 8
the CRT Controller Overflow Register. The ertical Sync Start Bit
Vertica Total vaue specifies the total Vertical Blank Start Bit 8
number of scan lines (horizontal retrace _ _
Line Compare Bit 8
Vertical Total Bit 9

periods) per frame.
Vertical Display Enable End Bit 9
Vertical Sync Start Bit 9

Programmed Count = Actual Count —2

~N o 0ok~ WON R
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PRESET ROW SCAN REGISTER (CRO08)
Read/Writeat I/O Address3B5h/3D5h

Index 08h

Group 3 Protection

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

- Start Row Scan Count

- Byte Panning Control

4-0

Reserved(0)

Start Row Scan Count

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

Byte Panning Control

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

Reserved (0)

MAXIMUM SCAN LINE REGISTER (CR09)
Read/Writeat I/O Address3B5h/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

4-0 Scan Lines Per Row

These bits specify the number of scan lines
inarow:

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

0 Normal Operation
1 Enablescanlinedoubling

The vertica 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 (CROA) REGISTER (CROB)
Read/Writeat I/O Address3B5h/3D5h Read/Writeat I/O Address3B5h/3D5h
Index OAh Index OBh
Group 2 Protection Group 2 Protection
|D7|D6|D5|D4|D3|D2|D1[DO] |D7|D6|D5|D4|D3|D2|D1|DO]
~ Cursor Start Scan Line ——— I Cursor End Scan Line
: Cursor off |
T Cursor Delay
| Reserved(0) Reserved(0)
4-0 Cursor Start Scan Line 4-0 Cursor End Scan Line
These hits specify the scan line of the These bits specify the scan line of acharacter
character row where the cursor display row where the cursor display ends (i.e., last
begins. scan linefor the block cursor):

5 Cursor Off Programmed Vaue=Actual Vaue+1

0 Text Cursor On 6-5 Cursor Delay

1 Text Cursor Off _ _
These bits define the number of character
7-6  Reserved (0) clocks that the cursor is delayed to
compensatefor internal pipelinedelay.

7 Reserved (0)

Note: If the Cursor Start Line is greater than the
Cursor End Line, then no cursor is generated.
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START ADDRESS HIGH REGISTER (CROC)
Read/Writeat 1/0 Address3B5h/3D5h
Index OCh

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

- Display Start Address High
(Upper 8 hits)

7-0 Display Start Address High

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

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

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

~ Display Start Address Low
(Lower 8 hits)

7-0 Display Start Address Low

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

CURSORLOCATIONHIGHREGISTER (CROE)
Read/Writeat |/O Address3B5h/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 modes, this register
wraps around at 16K, 32K, and 64KByte
boundaries respectively.

CURSOR LOCATION LOW REGISTER(CROF)
Read/Writeat |/O Address3B5h/3D5h
Index OFh

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

- Text Cursor Address
(Lower 8 hits)

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 modes, this register
wraps around at 16K, 32K, and 64KByte
boundaries respectively.
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LIGHTPEN HIGH REGISTER (CR10)
Read only at /0 Address 3B5h/3D5h
Index 10h

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

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

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

VERTICAL SYNC START REGISTER(CR10)
Read/Writeat 1/0 Address3B5h/3D5h

Index 10h

Group 4 Protection

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

~ V Sync Start
(Lower 8 hits)

This register is used in all modes. This register is
not readable in (Line Compare bit-9) MDA
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 (CR1l)
Read/Writeat 1/0O Address3B5h/3D5h

Index 11h

Group 3 Protection for bits4 and 5

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

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

V Sync End

V Interrupt Clear

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

This register is used in all modes. This register is
not readable in MDA emulation or when CRO3 hit-
7=1.

3-0 Vertical Sync End

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

4  Vertical Interrupt Clear

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

5 Vertical Interrupt Enable

0 Enablevertical interrupt (default)
1 Disableverticalinterrupt

Thisbitiscleared by RESET.
6 Select Refresh Type (Ignored)
7 Group Protect O

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

0 Enablewritesto CRO0-CRO7

1 Disablewritesto CRO0-CR0O7
CRO7 hit-4 (Line Compare bit-9) is not
affected by this bit.
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VERTICAL DISPLAY ENABLE END
REGISTER (CR12)

Read/Writeat |/O Address3B5h/3D5h

Index 12h

Group 4 Protection

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

7-0 Vertical Display Enable End

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

OFFSET REGISTER (CR13)
Read/Writeat |/O Address3B5h/3D5h
Index 13h

Group 3 Protection

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

- V Display Enable End
(Lower 8 hits)

- Display Buffer Width

7-0 Display Buffer Width. The byte starting

address of the next display row = Byte Start
Address for current row + K* (CR13 +
Z/2), where Z = bit defined in XROD, K =2
in byte mode, and K = 4 in word mode.
Byte, word and double word mode is
selected by bit-6 of CR17 and bit-6 of
CR14. A less dsignificant bit than bit-O of
thisregister isdefinedinthe Auxiliary Offset
register (XROD). This dlows finer
resolution of the bit map width. Byte, word
and doubleword mode affects the trandation
of the 'logical' display memory address to
the 'physical’ display memory address.

UNDERLINE LOCATION REGISTER (CR14)
Read/Writeat 1/0 Address3B5h/3D5h

Index 14h

Group 3 Protection

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

Underline Position

Count by 4
DoublewordMode
Reserved(0)

4-0 Underline Position

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

Programmed Value = Actua scan line
number — 1

5 Count by 4 for Doubleword Mode

0 Frame Buffer Address is incremented
by 1or2

1 Frame Buffer Address is incremented
by 4 or 2

See CR17 bit-3 for further details.

Doubleword Mode

0 Frame Buffer Addressis byte or word
address

1 Frame Buffer Address is doubleword
address

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

Reserved (0)
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CRT Controller Registers

VERTICAL BLANK START
REGISTER (CR15)

Read/Writeat |/O Address3B5h/3D5h
Index 15h

Group 4 Protection

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

~ V Blank Start
(Lower 8 hits)

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

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

VERTICAL BLANK END
REGISTER (CR16)

Read/Writeat |/O Address3B5h/3D5h
Index 16h

Group 4 Protection

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

- V Blank End
(Lower 8 hits)

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

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

where vertical blank begins. The interval
between the end of the vertical display and
the beginning of vertical blank is the bottom
border on the screen.
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CRT MODE CONTROL REGISTER (CR17)

Read/Writeat I/O Address3B5h/3D5h
Index 17h
Group 3 Protection for bits O, 1, and 3-7

Group 4 Protection for bit 2

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

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

AddressNrap

Word/ByteMode
CRTC Reset

Compatibility Mode Support

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

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

1 Norma operation, no substitution
takes place

Select Row Scan Counter

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

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

1 Norma operation, no substitution
takes place

Vertical Sync Select

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

Count By Two

0 Memory  address counter is
incrementedevery character clock

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

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

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

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

Reserved (0)
AddressVrap (effective only in word mode)

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

Word Mode or Byte Mode

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

1 Selectbytemode

Note: This bit is used in conjunction with
CR14 hit-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 DoubleWord Mode
1 1 DoubleWord Mode

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

CRTC Reset

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

Thisbit iscleared by RESET.

Revision 1.1

2/28/96

80

Preliminary 65548



Display memory addresses are affected by CR17 bit

CRT Controller Registers

6 as shown in the table below:

Logical Physical Memory Address

Memory Byte Word Double Word

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

Note1 = A13* NOT CR17 bit 5

+A15* CR17 bit 5

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

LINE COMPARE

REGISTER (CR18)

Read/Writeat |/O Address3B5h/3D5h
Index 18h

Group 3 Protection

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

~ Line Compare Target

(Lower 8 hits)

7-0

Line Compare Target

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

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

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

Data Latch n Bit 7
DataLatchnBit 6
DataLatchnBit5
DataLatch n Bit 4
DataLatch nBit 3
DataLatch nBit 2
DataLatch n Bit 1
DataLatchnBit0

This register may be used to read the state of
Graphics Controller Memory Data Latch 'n’, where
'n' is controlled by the Graphics Controller Read
Map Select Register (GR04 bits 0-1) and is in the
range 0-3.

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

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

ATTRIBUTE CONTROLLER TOGGLE
REGISTER (CR24)

Read only at /0 Address 3B5h/3D5h

Index 24h

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

- Reserved(0)

— Index (0) / Data (1)

6-0 Reserved (0)
7 Index/Data

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

0 Nextwriteistotheindex
1 Nextwriteistoanindexed register

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

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

Register /O Protect
Mnemonic RegisteName Index Access Address Group Page
GRX Graphics Index - R/W 3CEh 1 83
GRO0O Set/Reset 00h R/IW 3CFh 1 83
GRO1 Enabl eSet/Reset 01h R/IW 3CFh 1 84
GRO2 Color Compare 02h R/W 3CFh 1 84
GRO3 DataRotate 03h R/IW 3CFh 1 85
GR04 Read Map Select 04h RIW 3CFh 1 85
GRO05 Graphics mode 05h R/W 3CFh 1 86
GRO06 Miscellaneous 06h R/W 3CFh 1 88
GRO7 Color Don't Care 07h R/W 3CFh 1 88
GRO08 Bit Mask 08h R/IW 3CFh 1 89

GRAPHICSCONTROLLER
INDEX REGISTER (GRX)
Writeonly at 1/0O Address3CEh

Group 1 Protection

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

3-0 4-bitIndextoGraphicsController Registers

Index to Graphics
~ Controller Data

| Registers

- Reserved(0)

7-4 Reserved (0)

SET/RESET REGISTER (GRO0O)
Read/Writeat /O Address 3CFh
Index 00h

Group 1 Protection

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

Set/Reset Bit 0
——— Set/Reset Bit 1

Set/Reset Bit 2
Set/Reset Bit 3

Reserved(0)

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

3-0 Set/Reset Planes 3-0

When the Graphics Mode register selects
Write Mode 0, all 8 bits of each display
memory plane are set as specified in the
corresponding hit in this register. The
Enable Set/Reset register (GR01) allows
selection of some of the source of datato be
written to individual planes. In Write Mode
3 (see GRO05), these bits determine the color

value.

7-4 Reserved (0)
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ENABLE SET/RESET REGISTER (GRO1) COLOR COMPARE REGISTER (GR02)
Read/Writeat 1/0 Address3CFh Read/Writeat 1/0 Address3CFh

Index 01h Index 02h

Group 1 Protection Group 1 Protection

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

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

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

(GR0O2) (for the bits specified in the Color
Don't Care register) causes alogical 1 to be
placed on the CPU data bus for the
corresponding data bit; amis-match returns
alogical 0.

7-4 Reserved (0)

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

Index 03h

Group 1 Protection

|D7|D6|D5|D4|D3|D2|D1[DO|
Rotate Count 0
Rotate Count 1
Rotate Count 2

Function Select

Reserved(0)

2-0

4-3

7-5

Data Rotate Count

These bits specify the number of bits to
rotate to the right, in regards to the data
being written by the CPU. The CPU data
bits are first rotated, then subjected to the
logical operation as specified inthe Function
Select bit field. Therotate function is active
only if the Graphics Mode register is pro-
grammed for Write ModeO.

Function Select

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

Bit4 Bit3 Result

0 0  NochangetotheData
0 1  Logical 'AND' between Data
1 0
1 1

andlatched data
Logical 'OR' between Data
andlatched data
Logica "XOR' between Data
andlatcheddata

Reserved (0)

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

Index 04h
Group 1 Protection
|D7|D6|D5|D4|D3|D2|D1|DO|
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 graphicsmode. These bits select the
memory plane from which the CPU reads
data in Read Mode 0. In Odd/Even mode,
bit-0 isignored. In Quad mode, bits0 and 1
are both ignored.

The four memory maps are selected as
follows:

Bit0 MapSelected
Plane 0

0

1 Plane 1
0 Plane 2
1 Plane 3

o8]
PROOF=
=

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

Index 05h

Group 1 Protection

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

—] Write Mode
Reserved(0)
ReadMode

Odd/EvenMode

Shift Register Mode

Reserved(0)

1-0 Write Mode

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

1 0 WriteMode
0 0 Write mode O Each of the four

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

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

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

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

1 Write mode 3. The CPU datais

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

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

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

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

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

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

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

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

6-5 Shift Register Mode

These two bits select the data shift pattern used when passing data from the four memory planes through
the four video shift registers. If data bits 0-7 in memory planes 0-3 are represented as MODO-MOD7,
M1D0-M1D7, M2D0-M2D7, and M3D0-M3D7 respectively, then the datain the serial shift registersis
shifted out as follows:

Last Bit 1<t Bit Out-
Shifted Shift Shifted put
65 Out Direction — > Out to:

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

01: Mi1DO M1D2 M1D4 M1D6 MODO MOD2 MOD4 MODG6 BitO
MibDi1 M1D3 M1D5 M1D7 MOD1 MOD3 MOD5 MOD7 Bit1
M3DO M3D2 M3D4 M3D6 M2D0 M2D2 M2D4 M2D6 Bit 2
M3D1 M3D3 M3D5 M3D7 M2D1 M2D3 M2D5 M2D7 Bit 3

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

Note: If the Shift Register is not loaded every character clock (see SRO1 bits 2& 4) then the four 8-bit
shift registers are effectively 'chained' with the output of shift register 1 becoming the input to
shift register 0 and so on. This allows one to have alarge monochrome (or 4 color) bit map and
display one portion thereof.

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

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

7 Reserved (0)
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MISCELLANEOUS REGISTER (GRO6)
Read/Writeat |/O Address3CFh

Index 06h
Group 1 Protection
|D7|D6|D5|D4|D3|D2|D1[DO|
Graphics/TextMode
— Chain Odd/Even Planes
- Memory Map Mode
- Reserved(0)

3-2

7-4

Graphicg/Text Mode

0 Text Mode
1 Graphics mode

Chain Odd/Even Planes

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

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

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

0 AOnotreplaced
Memory Map Mode

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

Bit 3 Bit 2 CPU Address

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

Reserved (0)

COLOR DON'T CARE REGISTER (GRO07)
Read/Writeat 1/0 Address3CFh

Index 07h

Group 1 Protection

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

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

Reserved(0)

3-0 Ignore Color Plane (3-0)

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

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

7-4 Reserved (0)
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BIT MASK REGISTER (GRO0S)
Read/Writeat 1/0 Address 3CFh
Index 08h

Group 1 Protection

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

- Bit Mask
O=Immune to change
1=Changepermitted

7-0 Bit Mask

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

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

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

Attribute Controller and VGA Color Palette Registers

Register 110 Protect
Mnemonic Register Name Index Access Address Group Page
ARX Attribute Index (for 3C0/3C1h) — R/W 3CO0h 1 91
ARO00-AROF AttributeController Color Data 00-OFh R/W 3COh/3C1h 1 92
ARI10 Mode Control 10h R/W 3COh3Clh 1 92
AR11 Overscan Color 11h R/W 3COh3Clh 1 93
AR12 Color PlaneEnable 12h R/W 3COh/3Clh 1 93
AR13 Horizontal Pixel Panning 13h R/W 3COh/3Cilh 1 94
AR14 Pixel Pad 14h R/W 3C0h3Cih 1 94
DACMASK Color Palette Pixel Mask - R/IW 3C6h 6 95
DACSTATE Color Palette State - R 3C7h - 95
DACRX Color P4l ette Read-Mode I ndex - W 3C7h 6 96
DACX Color Palette Index (for 3C9h) - R/W 3C8h 6 96
DACDATA Color PaletteData 00-FFh R/W 3C9h 6 96

In regular VGA mode, al Attribute Controller
registers are located at the same byte address (3C0Oh)
inthe CPU 1/O space. Aninternal flip-flop controls
the selection of either the Attribute Index or Data
Registers. To select the Index Register, an 1/0 Read
is executed to address 3BAh/3DA to clear thisflip-
flop. After the Index Register has been loaded by an
1/O Write to address 3COh, this flip-flop toggles, and
the Data Register is ready to be accessed. Every |/O
Write to address 3COh toggles this flip-flop. The
flip-flop does not have any effect on the reading of
the Attribute Controller registers. The Attribute
Controller index register is aways read back at
address 3COh, the data register is aways read back
at address 3C1h.

An option is provided to alow the Attribute
Controller Index register to be mapped to 3C0h and
the Dataregister to 3C1h to allow word 1/0 accesses.
Another option allows the Attribute Controller to be
both read and written at either 3COh or 3C1h (EGA
compatible mode). These optional mappings are
selected by 'CPU Interface Register 1' (XR02[4-3])
and are not standard VGA capabilities.

The VGA color paletteis used to further modify the
video color output following the attribute controller
color registers. The color palette logic is contained
on-chip; extension register XR06 is provided to
control various optional capabilities. DAC logic is
provided on-chip to convert the final video output of
the color palette to analog RGB outputs for use in
driving a CRT display. Output comparator logic is
aso provided on-chip to duplicate the SENSE
function (see Status Register 0 readable at 3C2h).

ATTRIBUTE INDEX
REGISTER (ARX)
Read/Writeat I/0O Address3COh
Group 1 Protection

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

Index to
— Attribute Controller
Data Registers

— Enable Video

b Reserved(0)

Attribute Controller Index

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

5 EnableVideo

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

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

7-6 Reserved (0)

Revision 1.1 2/28/96

91

Preliminary 65548




\"lr: Attribute Controller and Color Palette Registers

ATTRIBUTE CONTROLLER 2 EnableLine Graphics Character Codes
COLOR REGISTERS (AR00-AROF) This bt is dependent on bit 0 of the Override
Writeat 1/0 Address3C0/1h register.

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

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

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

These bits are the color vaue in the background intensity

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

5 Split Screen Horizontal Panning Mode

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

MODE CONTROL REGISTER (AR10) 1 Scroll horizontally only the top screen
Read at I/0 Address3C1h as specified in the Pixel panning
Writeat I/O Address3C0/1h register

Index 10n 6 256 Color Output Assembl

Group 1 Protection olor Dutpu e

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

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

Text/GraphicsMode 1 Two 4-hit sets of video data are
Mono/Color Display assembled to generate 8-bit video data
Enable Line Graphics at half thefrequency of theinternal dot
Select Background clock (256 color mode).
Reserved(0) 7 Video Output 5-4 Select
Horizontal Split Sc
250; é‘;?or Split Screen 0 Videobits4 and5 aregenerated by the
. internal  Attribute Controller color
Video Output 4-5 Select pal etteregisters
0 Text/GraphicsMode 1 Video bits4 and 5 are the same as bits
0 Sdlecttext mode 0 and 1 in the Pixel Pad register
1 Selectgraphicsmode (AR14)

1  Monochrome/Color Display

0 Selectcolordisplay attributes
1 Select monodisplay attributes
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OVERSCAN COLOR REGISTER (AR11)
Read at I/0 Address3C1h

Writeat I/0O Address3C0/1h

Index 11H

Group 1 Protection

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

-~ Overscan Color

7-0 Overscan Color

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

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

COLOR PLANE ENABLE REGISTER (AR12)
Read at |/0 Address3C1h

Writeat 1/0 Address3C0/1h

Index 12h

Group 1 Protection

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

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

Display Status Select

Reserved(0)

3-0 Color Plane (3-0) Enable

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

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

5-4 Display Status Select

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

Status Register 1
Bit5 Bit4 Bit 5 Bit 4

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

7-6 Reserved (0)
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ATTRIBUTE CONTROLLER HORIZONTAL
PIXEL PANNING REGISTER (AR13)
Read at 1/0 Address3C1h

Write At 1/O Address3C0/1h

Index 13h
Group 1 Protection
|D7|D6|D5|D4|D3|D2|D1[DO]
——— | Horizontal
- Pixel Panning
- Reserved(0)

3-0 Horizontal Pixel Panning

These bits select the number of pixelsto shift
the display horizontally to the left. Pixel
panning isavailablein both text and graphics
modes. In 9 pixel/character text mode, the
output can be shifted amaximum of 9 pixels.
In 8 pixel/character text mode and all
graphics modes a maximum shift of 8 pixels
is possible. In 256-color mode (output
assembler AR10 bit-6 = 1), bit O of this
register must be 0 which results in only 4
panning positions per display byte. In Shift
Load 2 and Shift Load 4 modes, register
CRO08 provides single pixel resolution for
panning. Panning is controlled as follows:

Number of Pixels Shifted
9-dot 8-dot 256-color
AR13 mode mode mode

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

7-4 Reserved (0)

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

Write At1/O Address3C0/1h

Index 14h

Group 1 Protection

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

Video bit-4 if AR10 bit7=1
Video bit-5 if AR10 bit7=1
Video hit-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 hits are output as video bits 7 and 6 in
all modes except 256-color mode.

7-4 Reserved (0)
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COLOR PALETTE

PIXEL MASK REGISTER (DACMASK)
Read/Writeat 1/0 Address 3C6h

Group 6 Protection

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

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

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

COLOR PALETTE
STATE REGISTER (DACSTATE)
Read only at I/0O Address3C7h

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

Palette State 0
———— Palette State 1

- Reserved(0)

1-0 Palette State 1-0

Status bitsindicate the |/O address of the last
CPU writeto the Color Pal ette;

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

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

7-2 Reserved (0)

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

READ-MODE INDEX REGISTER (DACRX)
Writeonly at 1/0 Address3C7h

Group 6 Protection

COLOR PALETTE

INDEX REGISTER (DACX)
Read/Writeat I/0O Address3C8h
Group 6 Protection

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

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

COLOR PALETTE

DATA REGISTERS (DACDATA00-FF)
Read/Write at 1/0 Address 3C9h Index 00h-FFh
Group 6 Protection

Access
|D7|D6|D5|D4|D3|D2|D1|DO| & o ad
Red0 Green0 BlueO
Redl Greenl Bluel
Red2 Green2 Blue2
Red3 Green3 Blue3
Red4 Green4 Blue4d
Red5 Green5 Blueb
l Reserved (0)

The palette index register is used to point to one of
256 palette data registers. Each data register is 18
bits in length (6 bits each for red, green, and blue),
so the data values must be read as a sequence of 3
bytes. After writing the index register (3C7h or
3C8h), data values may be read from or written to
the color palette data register port (3C9h) in
sequence:  first red, then green, then blue, then
repeat for the next location if desired (the index is
incremented automatically by thepal ettelogic).

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

register) is used by the palette logic to point at the
current data register. When the index vaue is
written to 3C7h (readmode), it is written to both the
index register and the save register, then the index
register is automatically incremented When the
index value is written to 3C8h (writemode), the
automatic incrementing of theindex register does not
occur.

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

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

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

Register Register 1/0 StateAfter
Mnemonic__Group Extension Register Name Index Access Address Reset Page |
XRX -- Extension Index -- R/W 3D6h XX XXXXXX 99
XR00 Misc Chip Version 00h RO 3D7h 1101vvvyv 99
XR01 Misc Configuration 1 01h RO 3D7h dddddddd 100
XR02 Misc CPU Interface Control 1 02h R/W 3D7h r0000000 101
XR03 Misc CPU Interface Control 2 03h R/W 3D7h 00000010 102
XR04 Misc Memory Control 1 04h R/W 3D7h 00000000 103
XR05 Misc Memory Control 2 05h R/W 3D7h 00000000 104
XR06 Misc Palette Control 06h R/W 3D7h 00000000 105
XROE Misc Text Mode Control OEh R/W 3D7h 0---00-- 108
XR28 Misc Vided nterface 28h R/W 3D7h 00000 121
XR29 Misc Half Line Compare 29h R/W 3D7h  xxxxxxxx 121
XR70 Misc Setup / Disable Control 70h R/W 3D7h 0------- 156
XR72 Misc External Device l/O 72h R/W 3D7h 00000000 157
XR73 Misc DPMS Control 73h R/W 3D7h «0000000 158
XR74 Misc Configuration 2 74h RO 3D7h dddddd-- 159
XR7C Misc XRAM Control 7Ch R/W 3D7h «+000000 159
XR7D Misc Diagnostic 7Dh R/W 3D7h Qeseeeecee 160
XR7F Misc Diagnostic 7Fh R/W 3D7h 00xxxx00 160
XR0O7 Mapping 1/0 Base 07h R/W 3D7h 11110100 106
XR08 Mapping LinearAddressingBase 08h R/W 3D7h xxxxxxxx 106
XROB Mapping CPU Paging 0Bh R/W 3D7h 00-00000 107
XROC Mapping Start Address Top 0Ch R/W 3D7h eeeeee(Q00 107
XR10 Mapping Single/Low Map 10h R/W 3D7h xxxxxxxx 110
XR11 Mapping High Map 11h R/W 3D7h xxxxxxxx 110
XROF Software Flags ~ Software Flags 0 OFh R/W 3D7h xxxxxxxx 109
XR2B Software Flags ~ Software Flags 1 2Bh R/W 3D7h 00000000 122
XR44 Software Flags ~ Software Flags 2 44h R/W 3D7h  xxxxxxxx 133
XR45 Software Flags ~ Software Flags 3 45h R/W 3D7h xxxxxxxx 133
XR14 Compatibility Emulation Mode 14h R/W 3D7h 0000--00 111
XR15 Compatibility Write Protect 15h R/W 3D7h -0000000 112
XR1F Compatibility Sense Select / Scratch 1Fh R/W 3D7h 0---xxxx 117
XR7E Compatibility CGA Color Select / H Pulse Width 7Eh R/W 3D7h - -xxxxxx 160
XR30 Clock Clock Divide Control 30h R/W 3D7h eexxxxxx 125
XR31 Clock Clock M-Divisor 31h R/W 3D7h xxxxxxxx 126
XR32 Clock Clock N-Divisor 32h R/W 3D7h xxxxxxxx 126
XR33 Clock Clock Control 33h R/W 3D7h 0000-000 127
XR27 MultiMedia Video Output Control 27h R/W 3D7h 00000000 120
XR39 MultiMedia Video Port Control 39h R/W 3D7h 0Qeeseeee 128
XR3A MultiMedia Color Key 0 3Ah R/W 3D7h xXXXXXXx 129
XR3B MultiMedia Color Key 1 3Bh R/W 3D7h xXXXXxxx 129
XR3C MultiMedia Color Key 2 3Ch R/W 3D7h xxxxxxxx 130
XR3D MultiMedia Color Key Mask 0 3Dh R/W 3D7h xxxxxxxx 130
XR3E MultiMedia Color Key Mask 1 3Eh R/W 3D7h xxxxxxxx 131
XR3F MultiMedia Color Key Mask 2 3Fh R/W 3D7h xxxxxxxx 131
XR40 BitBLT BitBLT Configuration 40h R/W 3D7h eeeee00 133
Reset Codes:  x = Not changed by RESET (indeterminate on power-up) - = Not implemented (always reads 0)

d = Set from the corresponding data bus pin on faling edge of RESET ¢ = Reserved (read/write)

r = Read-only 0/1 = Resetto O or 1 by falling edge of RESET

v = Chip version
Revision 1.1 2/28/96 97 Preliminary 65548



Extension Registers

Extension Registers (Continued)

Register Register 1/0 StateAfter
Mnemonic__ Group Extension Register Name Index Access Address Reset Page |
XROD Alternate Auxiliary Offset 0Dh R/W 3D7h ------ xx 108
XR16 Alternate Vertical Overflow 16h R/W 3D7h «0<0+000 113
XR17 Alternate Horizontal Overflow 17h R/W 3D7h 0000000 113
XR18 Alternate Alternate Horizontal Display End 18h R/W 3D7h xxxxxxxx 114
XR19 Alternate Alternate Horizontal Sync Start 19h R/W 3D7h xxxxxxxx 114
XR1A Alternate Alternate Horizontal Sync End 1Ah R/W 3D7h xxxxxxxx 115
XR1B Alternate Alternate Horizontal Total 1Bh R/W 3D7h xxxxxxxx 115
XR1C Alternate Alternate H Blank Start / H Panel Size 1Ch R/W 3D7h xxxxxxxx 116
XR1D Alternate Alternate Blank End / H Serration 1 1Dh R/W 3D7h Oxxxxxxx 116
XR1E Alternate Alternate Offset / H Serration 2 1Eh R/W 3D7h xxxxxxxx 117
XR21 Alternate Alternate Horizontal Sync Start 21h R/W 3D7h xxxxxxxx 118
XR22 Alternate Alternate Horizontal Sync End 22h R/W 3D7h eeexxxxx 118
XR23 Alternate Alternate Horizontal Total 23h R/W 3D7h xxxxxxxx 118
XR24 Alternate Alternate Maximum Scan Line 24h R/W 3D7h  eeexxxxx 119
XR25 Alternate Alternate Horizontal Panel Size 25h R/W 3D7h xxxxxxxx 119
XR26 Alternate Horizontal Sync Start Offset 26h R/W 3D7h xxxxxxxx 120
XR64 Alternate Alternate Vertical Tota 64h R/W 3D7h xxxxxxxx 151
XR65 Alternate AlternateOverflow 65h R/W 3D7h xxxeexxx 151
XR66 Alternate Alternate Vertical Sync Start 66h R/W 3D7h xxxxxxxx 152
XR67 Alternate Alternate Vertical Sync End 67h R/W 3D7h e e e e x XXX 152
XR2C Flat Panel FLM Delay 2Ch R/W 3D7h xxxxxxxx 122
XR2D Flat Panel LP Delay (Comp Enabled) 2Dh R/W 3D7h xxxxxxxx 123
XR2E Flat Panel LP Delay (Comp Disabled) 2Eh R/W 3D7h xxxxxxxx 123
XR2F Flat Panel LP Width 2Fh R/W 3D7h xxxxxxxx 124
XR4AF Flat Panel Panel Format 2 4Fh R/W 3D7h xx00exxx 134
XR50 Flat Panel Panel Format 1 50h R/W 3D7h xxxxxxxx 135
XR51 Flat Panel Display Type 51h R/W 3D7h 000-0000 136
XR52 Flat Panel Power Down Control 52h R/W 3D7h 00000001 137
XR53 Flat Panel Panel Format 3 53h R/W 3D7h 000000x0 138
XR54 Flat Panel Panel Interface 54h R/W 3D7h xxxxxxxx 139
XR55 Flat Panel Horizontal Compensation 55h R/W 3D7h xxxxxxxx 140
XR56 Flat Panel Horizontal Centering 56h R/W 3D7h xxxxxxxx 141
XR57 Flat Panel Vertical Compensation 57h R/W 3D7h xxxxxxxx 142
XR58 Flat Panel Vertical Centering 58h R/W 3D7h xxxxxxxx 143
XR59 Flat Panel Vertical LineInsertion 59h R/W 3D7h xxxexxxx 143
XR5A Flat Panel Vertical Line Replication 5Ah R/W 3D7h eeeexxxx 144
XR5B Flat Panel Panel Power Sequencing Delay 5Bh R/W 3D7h 10000001 144
XR5C Flat Panel Activity Timer Control 5Ch R/W 3D7h Oxexxxxx 145
XR5D Flat Panel FP Diagnostic 5Dh R/W 3D7h 00000000 146
XR5E Flat Panel M (ACDCLK) Control 5Eh R/W 3D7h xxxxxxxx 147
XR5F Flat Panel XRAM Area Pointer 5Fh R/W 3D7h 00000000 147
XR60 Flat Panel Blink Rate Control 60h R/W 3D7h 10000011 148
XR61 Flat Panel SmartMap™ Control 61h R/W 3D7h xxxxxxxx 149
XR62 Flat Panel SmartMap™ Shift Parameter 62h R/W 3D7h xxxxxxxx 150
XR63 Flat Panel SmartMap™ Color Mapping Control 63h R/W 3D7h x1xxxxxx 150
XR68 Flat Panel Vertical Panel Size 68h R/W 3D7h xxxxxxxx 153
XR6C Flat Panel Programmable Output Drive 6Ch R/W 3D7h «.0000d- 153
XR6E Flat Panel Polynomial FRC Control 6Eh R/W 3D7h xxxxxxxx 154
XR6F Flat Panel Frame Buffer Control 6Fh R/W 3D7h O0xxxx000 155
Reset Codes:  x = Not changed by RESET (indeterminate on power-up) = Not implemented (always reads 0)

d = Set from the corresponding data bus pin on faling edge of RESET = Reserved (read/write)

r = Read-only = Reset to 0 or 1 by falling edge of RESET

v = Chip version
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EXTENSION INDEX REGISTER (XRX)
Read/Writeat |/0O Address3D6h

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

Index to
———— |- Extension Registers

— Reserved(0)

6-0 Index value used to access the extension
registers

7 Reserved (0)

CHIPS VERSION REGISTER (XRO00)
Read only at 1/0 Address3D7h
Index O0h

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

-———— |- ChipVersion

7-0 Chip Version - 65548 Chip Version start at
DCh and are incremented for every silicon
step.
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CONFIGURATION REGISTER 1 (XRO01)
Read only at 1/0 Address3D7h
Index 01h

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

CFGO BusType

CFG1 Bus Type

CFG2 BusType

CFG3: Reserved

CFG4: Reserved (do not use
CFG5/ OS#: Osc Src Select
CFG6/ AD#. A26-27 Ena
CFG7/TS#: Clk Test Ena

These bits latch the state of memory address bus A
(AA bus) bits 0-7 on the rising edge of RESET#.
The state of bits 0-7 after RESET# effect chip in-
ternal 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 (XR1F).

2-0 CFG20 - CPU BusT ype

Bus Type

Reserved

Reserved

Reserved

CPU Direct (2x LCLK)
(pin-23=CRESET)

Reserved

Reserved

PCl Bus

VL-Bus (1x clk)
(pin-23=RDY RTN#)

ITrr IIrr ik
IrIr IrIrlio

TITITT rrrreiN

3 CFG3 - Reserved

The pin corresponding to this bit has no
internal hardware function so may be used
for sampling external conditionsat reset.

4 CFG4 - Resrved

The pin corresponding to this bit must be
sampled high on reset so this bit will aways
read back 1.

CFG5 - Oscillator Source Select
This pin should be set to 0.

CFG 6-A26-A27 Enable

0 Pin53isA26 (ignorefor PCI)
Pin54is A27 (ignorefor PCI)
1 Pin53isACTI
Pin 54 isENABKL

CFG7 - Internal Clock Test Mode

0 Enableinternal clock test mode.
Output MCLK on pin-30 (A25) and
VCLK on pin 29 (A24)

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

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

Enable 16-bit Mem Access
Digital Monitor Mode
Sim Disp CRT H Timing
Attribute Controller
Mapping
10-hit1/OAddressDecode

83C6-83C9 Palette Decode

4-3

Attribute FF Status (R/O)

8/16-bit CPU Memory Access

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

Digital Monitor Clock Mode
0 Norma (clk 0-1=25,28 MH2)
(default)
1 Digital Monitor (clk 0-1=14,16MHz)
14MHz = 56MHz + 4 or 28MHz + 2
16MHz =50MHz + 3

SimultaneousDisplayCRTHTimingSelect

0 UseXR19,1A,1B for H parameters
1 Use CR04,05,00 for H parameters

Attribute Controller Mapping

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

11 Reserved

/0 Address Decoding

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

1 Decode only lower 10 bits of 1/O
address. This affects addresses 3B4-
3B5h, 3B8h, 3BAh, 3BFh, 3CO-
3C2h, 3C4-3C5h, 3CE-3CFh, 3D4-
3D5h, and 3D8-3DAN.

Palette Address Decoding

0 External palette registers can be
accessed only at 3C6h-3C9h (default)

1 External paletteregscan beaccessed at
3C6h-3C9% & 83C6h-83C9h

Attribute Flip-Flop Status (readonly)
0=Index, 1 =Data
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CPU INTERFACE CTRL REGISTER 2(XR03) 5 Increase CRT Refresh Priority

Read/Writeat /O Address3D7h

Index 03h This bit should be reset on all standard VGA
modes.

0 CRT refresh is given highest priority

|D7|D6|D5|D4|D3[D2|D1|DO| but CPU access is alowed when the

Palette Write Shadow screen refresh FIFO reaches a certain
DR Access Enable threshold. P
1 Increase CRT refresh priority by
Reserved(R/W) increasing the screen refresh FIFO
HighBandwidthMode threshold before allowing CPU
Reserved(R/W) access. This is useful for modes
Increase CRT Priority which require a lot of memory
PCI Memory Write Mode bandwidth (e.g.: text modes on STN-
Reserved(RIW) DD panels).
0 Palette Write Shadow 6 PClI Memory Write Burst Mode
0 Chip responds normelly to Palette 0 Disable PCI memory write burst mode
Write accesses (LDEV#isreturned for 1 Enable PCI memory write burst mode
VL-Busand DEV SEL# isreturned for
PCI bus) 7 Reserved (R/W)

1 Palette write commands are executed
internally but the chip does not
respond externally (LDEV# is not
returned for VL-Busand DEVSEL#is
not returned for PCl bus). This bit
should normally be set to 1.

1 DR Register Access Enable

0 32-Bit DRxx register accessdisabled
1 DRxx registers accessible at 1/O port
defined by XR07 (Default)

2 Reserved (R/W)

3 High Bandwidth Mode

This bit can be set on modes that require
high memory bandwidth such as 640x480
24-bpp to increase bandwidth for display
refresh.  This bit should be reset on al
standard VGA modes.

0 Disablehighbandwidth mode
1 Enablehighbandwidth mode

4 Reserved (R/W)
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MEMORY CONTROL REGISTER 1 (XR04)
Read/Writeat |/0O Address3D7h
Index 04h

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

:|~ Memory Configuration

Memory Wraparound Cirl
Reserved(R/W)

RAS Precharge
WriteBuffer Enable

1 Reserved(R/W)

1-0 Memory Configuration

00 32-bit memory data path. Memory
databusison MAD15-0 & MBD15-0
(DRAMSs A and B). If frame acceler-
ation is enabled and embedded frame
buffer is selected, the data will be
stored in both DRAMs A and B. An
external frame buffer can be enabled
on DRAM C with this setting.

01 16-bit data path (DRAM A only).
The memory databusison MAD15-0.
If frame acceleration is enabled and
embedded frame buffer is selected, the
data will be restricted to storage in
DRAM A only. An externa frame
buffer can be enabled on DRAM C
with this setting.

10 32-bit memory data path. Memory
databusison MAD15-0 & MCD15-0
(DRAMs A & C). DRAM C cannot
be used as an externa frame buffer
with this setting, but programming can
select between this setting and '01' to
switch the function of DRAM C
between use as display memory and
use as an external frame buffer.

11 Reserved

DRAM A must aways be present and if that
is the only DRAM present, setting 01 must
be used. DRAM B may optionaly be
present and if it is, setting 00 may be used
(either 00 or 01 may be programmed with
DRAMs A & B physicaly present). If al
three DRAMs are present, setting 00 would
normally be used (00, 01, and 10 are al
allowable). Setting 10 would be used where
only two DRAMSs (A and C) are physically
present (this field is set to 10 to use both

7-6

DRAMs as 1MB of display memory and set
to 01 to use DRAM A as 512KB of display
memory and DRAM C as an externa frame
buffer).

Memory Wraparound Control

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

0 Disable CRTC addr counter bits16-17
1 Enable CRTC addr counter bits16-17
Reserved (R/W)
This bit must be set to 0.

RASPrecharge

0 3-clock RASprecharge
(TrRP=3 clocks)

1 4-clock RASprecharge
(TRP=4 clocks)

This bit is used by the external frame buffer
also.

CPU Memory Write Buffer

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

Reserved (R/W)
These bits must be set to 0.
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MEMORY CONTROL REGISTER 2 (XRO05) 4
Read/Writeat |/0O Address3D7h
Index 05h

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

Disable Long CPU Cycles 5
CAS Ctrl for CPU Access

CASCitrl for Dis Access

RAS-CAS Delay Control

Memory CAS/WE Select

Frame Buffr CAS/WE Slct

PCVideo Interface Enable

EDO DRAM Enable 6

0 Disable Long CPU Cycles

0 Enable long CPU cycles (default on
RESET). This puts as many CPU
cyclesaspossibleinto one RAS cycle.

1 Disablelong CPU cycles.

1 CAS Control for CPU Accesses

0 3-MCLK CAS# cycle (2 low, 1 high)

for al read or write accesses (default) 7
1 4-MCLK CAS# cycle (3 low, 1 high)

for al read accesses and for the first

CASH cycle of page-mode write

accesses (following cyclesare 2L/1H)

2 CASControl for Display Refresh Accesses

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

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

3 RASCAS Deay Control (R/W)

When set, TRAC (RAS access time) and
TRC (RAS cycle time) are relaxed for both
regular and EDO DRAMs. Note: this
change eliminates the asymmetric DRAM
optionfor DRAMSA & B.

0 3-Clock TRcD (RASH to CASH delay)
1 4-Clock TRCD (RAS#to CASH delay)

This bit isignored for external frame buffer
timing generation (external frame buffer
timing always uses 4 clocks).

CAS#H/WE# Sdect for DRAMs A&B

0 2-CAS# | 1-WE# 256Kx16 DRAM
configurationisused (default)

1 1CAS#Hand 2 WE# 256Kx16 DRAM
configuration is used

CASH/WE# Select for DRAM C
This bit is effective when XR6F[7]=1.

0 2 CAS# and 1 WE# configuration
256K x16 DRAM isused (default)

1 1 CAS# and 2 WE# configuration
256K x16 DRAM is used

PC Video Interface Enable

0 DisablePCVideolInterface(default)

1 Enable PC Video interface on DRAM
'C" pins (MCD15-0, RASCH#,
CASCH#, CASCL#, and WECH#). If
bit-7 of this register is set to 1, OECH#,
AA9, ACTI, ENABKL, and CA8-9
also serve as PC Video Interface pins.
An external frame buffer cannot be
used in this configuration.

EDO DRAM Enable

Note: This change eliminates the 24-bit PC
Video option.

0 Standardnon-EDODRAM
1 EDODRAM

This bit isignored for external frame buffer
timing generation (external frame buffer
timing alwaysassumesnon-EDO DRAMS).
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PALETTE CONTROL REGISTER (XRO06)
Read/Writeat |/0O Address3D7h
Index 06h

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

Pixel Out Diagnostic Mode
Internal DAC Disable

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

- FP Color Reduction Select

0 Pixel Data Pin Diagnostic Output Mode

0 Normal operation. Pixel data (P15:0)
pins output flat panel pixel data
(default on Reset).

1 Output CRT pixel data on pixel data
pins PO-7 and output various internal
signals on pixel data pins P8-15 for
diagnostic purposes.

1 Internal DAC Disable
Thishit affectsthe DAC analog outputs.

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

1 Disable internal DAC. The DAC
analog outputs (R, G, B) will be 3-
stated. Setting this bit forces power
down of the internal DAC. HSYNC
and VSYNC are forced inactive if
XR5D[6] is 0 and will be driven if
XR5D[6] is 1.

3-2 Display Mode Color Depth

00 4 or 8 bits-per-pixel (default on reset)
01 16bpp (5-5-5) (Targacompatible)

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 EnablePC Video Overlay on color key

Bypass Internal VGA Palette

0 Useinternal VGA palette (Default on
reset).

1 Bypass interna 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 datafor monochrome panels.

00 NTSC weighting algorithm (default on
reset)

01 Equivalentweightingalgorithm

10 Greenonly

11 Color (no reduction). This setting
should be used when driving color
panels.
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/0 BASE REGISTER (XRO07)
Read/Writeat |/0O Address3D7h
Index 07h

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

- 1/0 Base for 32-Bit Regs

7-0

/0 Base for 32-Bit Registers

In VL-Bus configuration, these bits
determine the 1/0O range for the Doubleword
Hardware Cursor & BitBLT registers
(DRxx). The vaue programmed here is
matched against CPU addresses A15 & A8-
2. Address A9 must equal 1 and A14-10
select one of 32 DR registers. For example,
a programmed value of 074h (011101 O0b)
would result inthis DR register mapping:

DRxx: nxxx xx1n nnnn Nnn00b
DRO0O: 03D0Oh = 0000 0011 1101 0000b
DRO1: 07D0Oh = 0000 0111 1101 0000b
DRO02: 0BDOh = 0000 1011 1101 0000b
DRO03: OFDOh = 0000 1111 1101 0000b
DRO04: 13D0h = 0001 0011 1101 0000b
DRO05: 17D0Oh = 0001 0111 1101 0000b
DRO06: 1BDOh = 0001 1011 1101 0000b
DRO7: 1FDOh = 0001 1111 1101 0000b
DRO08: 23D0h = 0010 0011 1101 0000b
DRO09: 27D0Oh = 0010 0111 1101 0000b
DROA: 2BD0Oh = 0010 1011 1101 0000b
DROB: 2FDOh = 0010 1111 1101 0000b
DROC: 33D0Oh = 0011 0011 1101 0000b

The DRxx registers are enabled for access
by setting XRO03[1]. They are disabled
following Reset. The programmer should
write this register before enabling access to
the DRxX registers.

In PCI bus configuration, this register is
ignored. The PCI Configuration IOBASE
register is used to determine the base address
for the 32-hit registersin the PCI 1/0O space.
Note that for PCI bus configuration only,
the 32-bit registers may also be memory
mapped: MBASE defines a 2MB memory
space with frame buffer memory mapped
into the lower megabyte and the 32-bit
registers mapped into the upper megabyte.

LINEARADDRESSINGBASEREGI STER(XR08)
Read/Writeat 1/0O Address3B7h/3D7h
Index 08h

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

- LinearAddressBase

7-0 Linear Address Base

In VL-Bus configuration, if linear
addressing is enabled (XR0B[4]=1), these 8
bits are compared to A[27:20] to determine
the base address of the 1IMB of display
memory in the 256MB VL-Bus address
space (normally the VL address space is
4GB, but only 28 bits of address are de-
coded by the chip). For example, if the
video memory is to be placed at 12MB
(OC00000-0CFFFFFh), this register should
be programmed to '00001100b'. Note that
as aresult, programming thisregister to 0 is
typically not useful.

If A26-27 are not available (used for ACTI
and ENABKL if Configuration Register
XROL1 bit-6 = 1) then bits 6-7 of this register
are ignored and only A20-25 are compared
against bits 0-5 of this register to determine
the base address for the linear frame buffer
in the VL-Bus / 486 CPU memory space.
Similarly, if A25 and/or A24 are not
available (see configuration bits 3, 4, and 7),
bits 5 and/or 4 are also ignored.

In PCI bus configuration, this register is
ignored. The PClI Configuration MBASE
register isused to determine the base address
for the linear frame buffer in the 4GB (full
32-bit address) PCI memory address space.
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CPU PAGING REGISTER (XROB) 4 Linear Addressing Enable
readiriteat /O Address3D7h 0 Standard VGA (AOOOO - BFFFF)
memory space decoded on-chip using
A17-19 (default on Reset)
|D7|D6|D5|D4|D3[D2|D1[DO| 1 Linear Addressing Enabled. See
. XR08 (Linear Addressing Base) for
Memory Mapping Mode base address selection. Ignored in
Single/Dual Map PCI bus configuration (see DEVCTL).
CPU Address Divide by 4
Extended TextMode 5 Reserved (0)
Linear AddressingEnable )
Reserved(0) 7-6 Endian Byte Swap for PCl Bus
} Effectivein PCI bus mode
Endian Byte Swap PCI 00 No swap.
; 01 16-bpp byte swap. ByteOand 1 are
0 Memory Mapping Mode swapped and byte 2 and 3 are
0 Norma Mode (VGA compatible) swapped.
(default on Reset) 10 32-bpp byte swap. Byte 0 and 3 are
1 Extended Mode (mapping for > 256 swapped and byte 1 and 2 are
KBytememory configurations) swapped.
11 Reserved.
1 CPU Single/Dual Mapping
0 CPU usesonly asingle map to access
the extended video memory space
(default on Reset)
1 CPU uses two maps to access the
extended video memory space. The
base addresses for the two maps are
defined in the Low Map Register START ADDRESS TOP REGISTER (XROC)
(XR10) and High Map Register Read/Writeat 1/O Address3D7h
(XR11). Index OCh
2 CPU Address Divide by 4 |D7|D6|D5|D4|D3|D2|D1|DO|
0 Disable divide by 4 for CPU T start Address Top
addresses (default on Reset) I
1 Enable divide by 4 for CPU .
addresses. This alows the video
memory to be accessed sequentially in
mode 13. In addition, al video ~ Reserved(R/W)
memory is available in mode 13 by
setting this bit.
3 Extended Text Mode .
Set to enable text font 'scrambling’ in plane 1-0 Start Address Top
2. Setting this bit improves text mode . _ ) _
performanceinsingle-DRAM configurations These bits defines the high order bits for the
(with the proper BIOS support for font Display Start Address when 512 KBytes or
load/reload functions). This bit should be more of memory is used (see XR04 bits 1—
set insingle DRAM configurationsonly. 0).
7-2 Reserved (R/W)
Revision 1.1 2/28/96 107 Preliminary 65548



Extension Registers

AUXILIARY OFFSET REGISTER (XROD)
Read/Writeat |/O Address3D7h
Index ODh

TEXTM ODECONTROLREGISTER(XROE)
Read/Writeat 1/O Address3D7h
Index OEh

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

LSB of Offset (CR13)
LSB of Alt Offset (XR1E)

| Reserved(0)

Cursor Blink Disable
— Cursor Style

- Reserved(0)

- Reserved(0)

- Sync Reset Ignore

0 Offset Register LSB

This bit provides finer granularity to the
display memory address offset when word
and doubleword modes are used. Thishitis
used with the regular Offset register (CR13). 2

Thisregister is effective for both CRT and flat panel
text modes.

1-0 Reserved (0)

Cursor Mode
0 Blinking (default on Reset).

Alternate Offset Register LSB 1 Non-blinking
This bit provides finer granularity to the
display memory address offset when word 3 Cursor Style
and doubleword modes are used. This bit is 0 Replace(default on Reset)
used with the Alternate Offset register 1 Exclusive-Or
(XR1E).
6-4 Reserved (0)
7-2 Reserved (0) 7  Synchronous Reset Ignore

When this bit is set, the chip will ignore
SR0O0 hit-1 (Synchronous Reset) and will
remain in normal operation. Synchronous
reset is a holdover from the origina VGA
which is no longer required. VGA
software, however, performs synchronous
resets frequently, creating the possibility for
display memory corruption if the chip isleft
in the synchronous reset state for too long.
The 65548 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, thisbit may be set to 0.
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SOFTWARE FLAGS REGISTER 0 (XROF)
Read/Writeat |/0O Address3D7h
Index OFh

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

Memory Size

Reserved(0)

Hi / True Color Select
Packed Pixel Dot Clock
InterlaceSelect

Text Compensation Enable

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

1-0 Memory Size

00 256KB
01 512KB
Ix 1IMB

2-3 Reserved (0)
4  HiColor/TrueColor

0 Current mode is not hi-color / true-
color mode

1 Current mode is hi-color / true-color
mode

5 Packed-Pixel Mode Dot Clock

0 Use default dot clock in packed-pixel
modes

1 Use 40MHz dot clock in packed-pixel
modes

Thisbit is used for high resolution panelsin
panel mode only.

6 Interlace Select

0 Set mode 24h, 34h, 72h/75h or 7Eh
interlaced

1 Set mode 24h, 34h, 72h/75h or 7Eh
non-interlaced

7 Text Compensation Enable/Disable

0 Tall fontdisabled
1 Tall fontenabled

See also XR2B, XR44, XR45 for definition of other
software flags registers.
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SINGLE/LOW MAP REGISTER (XR10)
Read/Writeat |/0O Address3D7h
Index 10h

HIGH MAP REGISTER (XR1l)
Read/Writeat |/0O Address3D7h
Index 11h

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

- Single or Lower Map
BaseAddressBits17-10

Thisregister effects CPU memory address mapping.
7-0 Single/Low Map BaseAddressBits17-10

These bits define the base address in single
map mode (XROB bit-1 = 0), or the lower
map base address in dual map mode (XR0B
bit-1 = 1). The memory map starts on a 1K
boundary in planar modes and on a 4K
boundary in packed pixel modes. In case of
dual mapping, this register controls the CPU
window into display memory based on the

~ Higher Map
Base AddressBits17-10

Thisregister effects CPU memory address mapping.
7-0 High Map Base Address Bits 17-10

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

contents of GRO6 bits 3-2 as follows: GROB bits3-2  Hioh M

GRO06 00 BO00O-BFFFF

Bits 3-2 Low Map % SSO'OO-A FFFF
00 AOOOO-AFFFF 1 DOH"[ care
01 AOOO0O-A7FFF on't care

10 BO0000-B7FFF Single mapping only
11  B8000-BFFFF Single mapping only
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EMULATION MODE REGISTER (XR14)
Read/Writeat |/0O Address3D7h
Index 14h

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

T Emulation Mode
| Reserved(0)
- Reserved(R/W)
- Interrupt Polarity
1-0 EmulationMode
00 VGA Mode
01 CGA Mode
10 Reserved
11 EGA Mode
3-2 Reserved(0)
6-4 Reserved (R/W)
These bits must be set to 0

7  Interrupt Output Function

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

Interrupt State Bit-7=0 Bit-7=1
Disabled 3-state  3-state
Enabled, Inactive 3-state Low

Enabled,Active 3-state  High
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WRITE PROTECT REGISTER (XR15) 6 Write Protect Group O Registers

Read/Writeat /O Address3D7h This bit affects CRO-7 (except CRO7 bit-4).

Thisbitislogically ORed with CR11 bit-7.

|D7|D6|D5|D4|D3|D2|D1[DO| 7 Reserved (0)

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
Reserved (0)

This register controls write protection for various
groups of registers as shown. 0 = unprotected
(default on Reset), 1= protected.

0 Write Protect Group 1 Registers

This bit affects the Sequencer registers
(SR00-04), Graphics Controller registers
(GRO0-08), and Attribute Controller
registers (AR00-14).

1 Write Protect Group 2 Registers

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

2 Write Protect Group 3 Registers

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

3 Write Protect Group 4 Registers

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

4  Write Protect Group 5 Registers

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

5 Write Protect Group 6 Registers

This bit affects the VGA color palette
registers (3C6h-3C9h). If this bit is set, al
VGA color paette registers are write
protected.
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VERTICAL OVERFLOW REGISTER (XR16)
Read/Writeat |/0O Address3D7h

Index 16h

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

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

Vertical Blank Start Bit 10
Reserved(R/W)

Line Compare Bit 10
Reserved(R/W)

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

HORIZONTALOVERFLOWREGISTER(XR17)
Read/Writeat |/0O Address3D7h

Index 17h

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

1 Horizontal Total Bit 8

——— | Horizontal Disp End Bit 8
Horizontal Sync Start Bit 8

~ Horizontal Sync End Bit 5

Horizontal Blank Strt Bit 8

Horizontal Blank End Bit 6

Line Compare Bit 10

| Reserved(R/W)

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

Vertical Total Bit-10 0 Horizontal Total Bit-8
1 Vertical Display End Bit-10 1 Horizontal Display End Bit-8
2 Vertical Sync Start Bit-10 2 Horizontal Sync Start Bit-8
3 Reserved (R/W) 3 Horizontal Sync End Bit-5
4  Vertical Blank Start Bit-10 4 Horizontal Blank Start Bit-8
5 Reserved (R/W) 5 Horizontal Blank End Bit-6
6 Line Compare Bit-10 6 Line Compare Bit-10
7 Reserved (R/W) 7 Reserved (R/W)
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ALTERNATHORIZONTAL
DISPLAYENDREGISTER(XR18)
Read/Writeat |/0O Address3D7h
Index 18h

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

——— - Alternate H Display End

Thisregister isused in flat panel and CRT CGA text
and graphics modes, and Hercul es graphics maode.

7-0 Alternate Horizontal DisplayE nd

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

Programmed Vaue=Actual Value—1

Note: Thisregister isused in emulation modesonly.
It is not used in CRT or flat pane VGA
modes.

ALTERNATE HORIZONTAL SYNC START
REGISTER (XR19)

Read/Writeat |/0O Address3D7h

Index 19h

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

—— |- FPHSync Start

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

7-0 Alternate Horizontal Sync Start

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

Programmed Vaue=Actual Vaue—1
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ALTERNATE HORIZONTAL SYNC END
REGISTER (XR1A)

Read/Writeat |/O Address3D7h

Index 1Ah

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

| FPH SyncEnd

~ Alternate H Sync Delay
Reserved(0)

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

4-0 Alternate Horizontal Sync End

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

(N + Contents of XR19) ANDed with 01F Hex
6-5 CRT Alternate Horizontal Sync Delay

See CRO5 for description
7 Reserved (0)

ALTERNATEHORIZONTALTOTALREGISTER
(XR1B)

Read/Writeat |/0O Address3D7h

Index 1Bh

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

- FPH Total

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

7-0 Alternate Horizontal Total

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

Programmed Vaue=Actual Vaue—5
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ALTERNATE HORIZONTAL BLANK START/
HORIZONTAL PANEL SIZEREGISTER(XR1C)
Read/Writeat |/0O Address3D7h

Index 1Ch

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

~ H Blank Start
(Horizontal Panel Size)

Thevaueinthisregister isthe Horizontal Panel Size
in all Flat Panel Modes. In CRT mode, it is used for
CGA text and graphics and Hercules graphics
modes.

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

7-0 FP Horizontal Panel Size

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

Programmed Value=Actual Value—1

ALTERNATE HORIZONTAL BLANK END/
H SERRATION POSITION 1REGISTER (XR1D)
Read/Writeat |/0O Address3D7h

Index 1Dh

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

Alt H Blank End /
- H Serration Position 1

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

4-0

6-5

CRT Alternate Horizontal Blank Start
See CRO3 for description

CRTAIlternateDisplayEnableSkewControl
See CRO3 for description

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 bedisplayed

or

Horizontal Serration Position 1

Start position of first horizontal serration
pulse for composite sync generation.
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ALTERNATEOFFSET/HORIZONTAL
SERRATION POSITION 2 REGISTER (XR1E)
Read/Writeat /O Address3D7h

Index 1Eh

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

Alternate Offset /
~ H Serration Position 2

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

7-0 Alternate Offset
See CR13 for description
Programmed Value=Actual Value—1
or

7-0 Horizontal Serration Position 2

Start position of second horizontal serration
pulse for composite sync generation.

SENSE SELECT/SCRATCH REGISTER(XR1F)
Read/Writeat |/0O Address3D7h
Index 1Fh

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

- Reserved

— Reserved(0)

3-0 Reserved (BIOS scratch bits) See current

BIOSOEM Reference Guide.
6-4 Resrved

7 Reserved (0)
This bit must be set to 0.
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FPALTERNATE HORIZONTAL SYNC START
REGISTER (XR21)

Read/Writeat |/0O Address3D7h

Index 24h

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

~ Alt FP H Sync Start

7-0 Alternate FP Horizontal Sync Start

This register is used in flat panel 9-dot or
10-dot text mode when text compression is
disabled.

FP ALTERNATE HORIZONTAL SYNC END
REGISTER (XR22)

Read/Writeat /O Address3D7h

Index 26h

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

~ Alt FPH Sync End

~ Reserved(R/W)

4-0 Alternate FP Horizontal Sync End

This register is used in flat panel 9-dot or

10-dot text mode when text compression is
disabled.

7-5 Reserved (R/W)

FP ALTERNATE HORIZONTAL TOTAL
REGISTER (XR23)

Read/Writeat |/0O Address3D7h

Index 26h

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

— Alt FP Horizontal Total

7-0 Alternate FP Horizontal Total

This register is used in flat panel 9-dot or
10-dot text mode when text compression is
disabled.
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ALTERNATEMAXIMUM
SCANLINE REGISTER (XR24)
Read/Writeat |/0O Address3D7h
Index 24h

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

—— |- Alternate Max Scanlines

- Reserved(R/W)

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

4-0 Alternate Maximum Scanlines (AMYS)

Programmed V alue = number of scanlines
minus one per character row of TallFont

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

7-5 Reserved (R/W)

ALTERNATE HORIZONTAL PANEL SIZE
REGISTER (XR25)

Read/Writeat |/0O Address3D7h

Index 25h

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

~ Alternate Horizontal
Panel Size

Thisregister isused in flat panel 9-dot or 10-dot text
mode when text compression is disabled.

7-0 Alternate Horizontal Pandl Size
Programmed Vaue = 8/10 [XR1C + 1] -1
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HORIZONTAL SYNC START OFFSET
REGISTER (XR26)

Read/Writeat |/0O Address3D7h

Index 26h

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

~ H Sync Start Offset

Thisregister isused in flat panel mode.

7-0 Horizontal Sync Start Offset

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

VIDEOOUTPUT CONTROL REGISTER(XR27)
Read/Writeat |/0O Address3D7h
Index 24h

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

———  Comp Sync Pixel Delay

Comp Sync Char Delay

Blank Delay Control

Pedestal Enable

2-0

NTSC / PAL Select

Composite Sync Pixel Deay

These hits are used to adjust the position of
composite sync from 0 to 7 pixel clocks.

Composite Sync Character Delay

These bits are used to adjust the position of
composite sync from 0 to 3 character clocks.

Blank Delay Control

0 Blank not delayed on odd frames
1 Blank delayed 1/2 scanline on odd
frames

Pedestal Enable

0 Normal (no pedestal)

1 Add voltage pedestal to RGB analog
(DAC) outputs during the active (non-
blank) videolinetime

NTSC/PAL Select

0 NTSC
1 PAL
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VIDEO INTERFACE REGISTER (XR28)
Read/Writeat |/0O Address3D7h
Index 28h

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

Reserved(R/W)
Blank#/DE Select

:I~ Reserved(R/W)
256-Color Video Path
InterlaceM ode

8-Bit Video Pixel Panning

Tall Font Replication

Reserved (R/W)

Blank /Display Enable Select

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

0 BLANK# controls color palette
blanking (default on reset)

1 Display Enable controls color palette
blanking

Note: Thisbit also controlsthe functionality
of pins 68 or 69 when BLANK# / DE is
selected for output instead of the default
function (M is normally output on pin 69
and LPis normally output on pin 68 but this
can be changed by XR4F bits 6 and 7
respectively). See also XR54 bits0 and 1.

Reserved (R/W)

256-Color Video Path

This bit is effective for both CRT and flat
panel in 256-color modes other than mode
13 (i.e., Super VGA modes).

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

Note: GRO5 bit-5 must be 0 if thisbit is set

Interlace Video

This bit is effective only for CRT grezéohics
mode. This bit should be programmed to 0
for flat panel. In interlace mode XR29 holds
]'Ehe halt-line positioning of VSync for odd
rames.

0 Non-interlaced video (default onreset)
1 Interlacedvideo

6 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 AR13bits2-1 are used to control pixel
panning (default on Reset) _
1 AR13hits2-0 are used to control pixel
panning

7 Tall Font Replication

0 Tallfontreplicateslines1, 9and 12
1 Tall font replicates line O twice and
line 15 once

HALF LINE COMPARE REGISTER (XR29)
Read/Writeat I/O Address3D7h
Index 29h

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

- Half-Line Compare

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

7-0 CRT Half-Line Value

In CRT interlaced video mode thisvalueis
used to generate the ‘'half-line compare
signal that controls the positioning of the
V Sync for odd frames.
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SOFTWARE FLAGS REGISTER 1 (XR2B)
Read/Writeat |/0O Address3D7h
Index 2Bh

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

Flag 0
Flag 1
Flag 2
Flag 3
Flag 4
Flag 5
Flag 6
Flag 7

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

7-0 Display Mode

These 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.

FLM DELAY REGISTER (XR2C)
Read/Writeat |/0O Address3D7h
Index 2Ch

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

- FLM Delay

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

The FLM pulse width is always two lines for DD
panelswhen frameaccel erationisdisabled.

7-0 FLM Deday (VDday)

These bits define the number of HSyncs
between the internal VSync and the rising
edge of FLM.
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LPDELAY REGISTER(CMPRENABLED)XR2D)
Read/Writeat |/0O Address3D7h
Index 2Dh

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

— LP Delay
(graphicsmodehorizontal
compression enabled

This register is used only in flat panel mode when
XR2F bit-6 = 0 and graphics mode horizontal
compression is enabled The LP output is generated
from the FP Blank inactive edge with a delay
specified by XR2F bhit-5 and the value in this
register. The LP pulse width is specified in register
XR2F.

7-0 LP Dday

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 9-dot text mode forced to
8-dot text. The msb (bit 8) of this parameter
is XR2F bit-5.

Programmed Vaue=Actual Vaue—1

For DD panels without frame acceleration,
the programmed val ue should be doubl ed.

Note:

L P DELAYREGISTER(CMPRDISABL ED)(XR2E)
Read/Writeat |/0O Address3D7h
Index 2Eh

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

— LP Delay
(graphicsmode horizontal
compression disabled

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

7-0 LP Deay

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 XR2Fbit-4.

Programmed Vaue=Actual Vaue-1

For DD panels without frame acceleration,
the programmed val ue should be doubled.

Note:
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LP WIDTH REGISTER (XR2F)
Read/Writeat |/0O Address3D7h
Index 2Fh

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

LP Width

LP Delay (XR2E) Bit-8

LP Delay (XR2D) Bit-8

LP Delay Disable

FLM Delay Disable

This register is used only in flat panel mode. This
register together with XR2D or XR2E defines the
LP output pulseinflat panel mode.

3-0

LP Width (HWidth)

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

Programmed Vaue=Actual Value—1

LP Delay (XR2E) Bit 8

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

LP Delay (XR2D) Bit 8

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

LP Deay Disable

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

1 LPDeayDisable: LPactiveedgewill
coincide with the FP Blank inactive
edge.

FLM Delay Disable

0 FLM Delay Enable: XR2C isused to
delay the external FLM active edge
with respect to the internal FP V Sync
active edge.

1 FLM Delay Disable: theexternal FLM
active edge will coincide with the in-
ternal FLM active edge.
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CLOCK DIVIDE CONTROL REGISTER(XR30)
Read/Writeat |/0O Address3D7h
Index 30h

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

ReferenceDivisor Select

-~ Post Divisor Select

VCO Loop Divide
Enable Ref Clock+5

| Reserved(R/W)

The three clock data registers (XR30-XR32) are
programmed with the loop parameters to be loaded
into the clock synthesizer. The Memory and Video
clock VCO's both have programmable registers.
Which of the VCO's is currently selected for
programming is determined by the Clock Register
Program Pointer (XR33[5]).

Thedatawrittento thisregister iscalculated based on
the reference frequency, the desired output
frequency, and characteristic VCO constraints as
described in the Functional Description.

Data is written to registers XR30, and XR31
followed by awriteto XR32. The completion of the
write to XR32 causes data from all three registersis
transferred to the VCO register file simultaneously.
This prevents wild fluctuations in the VCO output
during intermediate stages of a clock programming
sequence.

0 Reference Divisor Select
Selectsthereferencepre-scalefactor:

0 Divideby 4
1 Divideby 1

3-1 Post Divisor Select
Selectsthepost-dividefactor:

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

4 VCO Loop Divide
0 Divideby 4*M inVVCOdivider loop
1 Divideby 16*M inVCO divider loop
5 Enable Reference Clock + 5

Thisbit applies only to dot clock generation.
It does not affect memory clock generation.

0 Referenceclockisnotdivided
1 Referenceclockisdivided by 5

6-7 Reserved (R/W)
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Extension Registers

CLOCK M-DIVISOR REGISTER (XR31)
Read/Writeat /O Address3D7h
Index 31h

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

- M-Divisor Value

The three clock data registers (XR30-XR32) are
programmed with the loop parameters to be loaded
into the clock synthesizer. The Memory and Video
clock VCO's both have programmable registers.
Which of the VCO's is currently selected for
programming is determined by the Clock Register
Program Pointer (XR33[5]).

Thedatawrittento thisregister iscalculated based on
the reference frequency, the desired output
frequency, and characteristic VCO constraints as
described in the Functional Description.

Data is written to registers XR30, and XR31
followed by awriteto XR32. The completion of the
write to XR32 causes data from all three registersis
transferred to the VCO register file simultaneously.
This prevents wild fluctuations in the VCO output
during intermediate stages of a clock programming
sequence.

7-0 VCO M-Divisor

M-Divisor value caculated for the desired
output frequency.

CLOCK N-DIVISOR REGISTER (XR32)
Read/Writeat |/0O Address3D7h
Index 32h

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

- N-Divisor

The three clock data registers (XR30-XR32) are
programmed with the loop parameters to be loaded
into the clock synthesizer. The Memory and Video
clock VCO's both have programmable registers.
Which of the VCO's is currently selected for
programming is determined by the Clock Register
Program Pointer (XR33[5]).

Thedatawrittento thisregister iscal culated based on
the reference frequency, the desired output
frequency, and characteristic VCO constraints as
described in the Functional Description.

Data is written to registers XR30, and XR31
followed by awriteto XR32. The completion of the
write to XR32 causes data from all three registersis
transferred to the VCO register file simultaneously.
This prevents wild fluctuations in the VCO output
during intermediate stages of a clock programming
sequence.

7-0 VCO N-Divisor

N-Divisor value calculated for the desired
output frequency.
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CLOCK CONTROL REGISTER (XR33)
Read/Writeat |/0O Address3D7h
Index 33h

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

VCLK VCO Powerdown
MCLK VCO Powerdown
Oscillator Powerdown
Reserved(R/W)

Video Clock Select

CLK Reg Program Pointer
Power Sequencing Clock
SO Mode Control

0 VCLK VCO Powerdown

0 VCLK VCOEnabled (default)
1 VCLK VCODisabled

Thisbit isonly effective if XR01[4] = 1.

1 MCLK VCO Powerdown

0 MCLK VCOEnabled (default)
1 MCLKVCODisabled

Thisbitisonly effectiveif XR01[4] = 1.

2 Oscillator Powerdown

0 OSCEnabled (default)
1 OSC Disabled

Thishbitisonly effective if XR01[5] =1 and
XR33[6] = 1.

3 Reserved (R/W)

4 Video Clock Select

0 If XRO14 = 1 (internal clock
source), use output of VCLK VCO as
video clock otherwise if XR04[4] =0,
use RCLK input as video clock
(default).

1 If XR014] = 1 (interna clock
source), use output of MCLK VCO
divided by 2 as the video clock;
otherwise if XR01[4]=0, then use
MCLK input divided by 2 asthe video
clock.

Clock Register Program Pointer

This bit determines which of the VCO's is
being programmed. Following a write to
XR32 the data contained in XR32:30 is
synchronously transferred to the appropriate
V CO counter latch.

0 VCLKVCOselected
1 MCLKVCOselected

Power Sequencing Reference Clock

0 Use RCLK (reference clock) divided
by 384 as panel power sequencing
reference clock and Standby Mode
display memory refreshes. For
RCLK=14.31818 MHz, panel power
sequencing clock would be 37.5 KHz
(default).

1 Use AA9 pin as 32 KHz clock input
for panel power sequencing reference
clock and Standby Mode display
memory  refreshes. Asymmetric
DRAM option (XR05[3]=1) should
not be enabled in this case.

ISO Mode Control

0 Clock 0 and Clock 1 default to 25.175
and 28.322 MHz respectively.

1 Clock 0 and Clock 1 default to 32
MHz and 36 MHz.
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VIDEO PORT CONTROL REGISTER(XR39)
Read/Writeat |/0O Address3D7h
Index 33h

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

- Reserved(R/W)

— VAFC Enable
VAFC PCLK=+2

5-0 Reserved (R/W)

6 VAFC Enable

0 VAFCDisabled (latch dataon PCLK)
1 VAFCEnabled (latchdataonVCLK)

7 VAFC PCLK + 2

0 PCLK output not divided by 2
1 PCLK output divided by 2

This setting may be used in high resolution
modes (where the pixel clock exceeds the
VAFC-specified frequency limit of 37.5
MH2z) toreducetheeffectivedatarate.
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COLOR KEY REGISTER 0 (XR3A)
Read/Writeat |/0O Address3D7h
Index 3Ah

COLOR KEY REGISTER 1 (XR3B)
Read/Writeat |/0O Address3D7h
Index 3Bh

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

~ Color Compare Data 0

7-0 Color Compare Data 0

These bits are compared to the least signif-
icant 8 bits of the background video stream.
If a match occurs on al enabled bits (see
Color Compare Mask Register XR3D) and
the key is enabled (XR06[4]), external
video is sent to the screen. External videois
input on the MCD15:0, CASCH# and
CASCL# pins (and CAS8-9, ACTI,
ENABKL, AA9, and OEC# if 24-bit
external video input is enabled
(XR05[7]=1)). 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 Compare Data 1

7-0 Color Compare Data 1

These bits are compared to bits 15:8 of the
background video stream. |f a match occurs
on all enabled bits (see Color Compare Mask
Register XR3D) and the key is enabled
(XR06[4]), external video is sent to the
screen. External video is input on the
MCD15:0, CASCH# and CASCL# pins
(and CA8-9, ACTI, ENABKL, AAY9, and
OEC# if 24-bit external video input is
enabled (XR05[7]=1)). Thelogica masking
and compare operations are described in the
functional description. This register should
be masked from participating in the
comparison in 4BPP and 8BPP modes.
Thisis accomplished by setting Color Mask
Register 1 (XR3E) = OFFh.
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COLOR KEY REGISTER 2 (XR3C)

Read/Writeat 1/O Address3D7h
Index 3Ch

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

~ Color Compare Data 2

7-0 Color Compare Data 2

These hits are compared to bits 23:16 of the
background video stream. |f a match occurs
on all enabled bits (see Color Compare Mask
Register XR3D) and the key is enabled
(XR06[4]), external video is sent to the
screen. External video is input on the
MCD15:0, CASCH# and CASCL# pins
(and CA8-9, ACTI, ENABKL, AAY9, and
OEC# if 24-bit external video input is
enabled (XR05[7]=1)). Thelogica masking
and compare operations are described in the
functional description. This register should
be masked from participating in the
comparison in 4BPP, 8BPP and 16BPP
modes. It should only be used in 24BPP
modes. This is accomplished by setting
Color Mask Register 2 (XR3F) = OFFh.

COLORKEY MASK REGISTER 0 (XR3D)
Read/Writeat /O Address3D7h
Index 3Dh

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

~ Color Compare Mask 0

7-0 Color Compare Mask 0

This register is used to select which bits of
the background video data stream are used in
the comparison with the Color Compare Data
23:0. Thisregister controls hits 7:0.

0 Data does participate in compare
operation

1 Data does not participate in compare
operation (masked)
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COLOR KEY MASK REGISTER 1 (XR3E)
Read/Writeat |/0O Address3D7h
Index 3Eh

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

1 Color Compare Mask 1

7-0 Color Compare Mask 1

This register is used to select which bits of
the background video data stream are used in
the comparison with the Color Compare Data
23:0. Thisregister controls hits 7:0.

0 Data does participate in compare
operation

1 Data does not participate in compare
operation (masked)

COLOR KEY MASK REGISTER 2 (XR3F)
Read/Writeat /O Address3D7h
Index 3Fh

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

~ Color Compare Mask 2

7-0 Color Compare Mask 2

This register is used to select which bits of
the background video data stream are used in
the comparison with the Color Compare Data
23:0. Thisregister controls hits 7:0.

0 Data does participate in compare
operation

1 Data does not participate in compare
operation (masked)
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BitBLT CONFIG REGISTER (XR40)
Read/Writeat |/0O Address3D7h
Index 40h

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

T BitBLTDrawMode

- Reserved(R/W)

1-0 BitBLT Draw Mode

The 65548 supports two color depths in its
drawing engine:

00 Reserved
01 8BPP
10 16BPP
11 Reserved

Note: 24BPP is handled in 8BPP mode.
There is no nibble mode access for
4BPP modes.

7-2 Reserved (0)

SOFTWARE FLAGS REGISTER 2 (XR44)
Read/Writeat 1/0 Address3D7h
Index 44h

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

~ Set Panel Type

: Optima Compensation Ena

|- Reserved(0)

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

3-0 Set Pane Type (40K BIOSOnly)
00 Pand #1
01 Pand #2
02 Pand #3
03 Pane #4
04 Pand #5
05 Pand #6
06 Pand #7
07 Panel #8
08-0F Reserved

4  Optimal Compensation Enable

0 Disableoptimal compensation
1 Enableoptimal compensation

7-5 Reserved (0)

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

SOFTWARE FLAGS REGISTER 3 (XR45)
Read/Writeat /O Address3D7h
Index 45h

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

Flag 0
Flag 1
Flag 2
Flag 3
Flag 4
Flag 5
Flag 6
Flag 7

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

7-0 Flags (Reserved)

See also XROF, XR2B, XR44 for definition of other
software flags registers.
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Extension Registers

PANEL FORMAT REGISTER 2 (XR4F)
Read/Writeat |/0O Address3D7h
Index 4Fh

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

[
—} Bits Per Pixel

Reserved(R/W)

Simple Composite Sync
CRT Blank Delay

M Functionality Select
LP Functionality Select

Thisregister isused only in flat panel mode.
2-0 Bits Per Pixel Selection

Thevaluein thisfield, along with the dither
and FRC settings, determines gray / color

levels produced:
No FRC
# of msbs Gray / Gray /
Used Coalor Calor
to Generate Levels Levels

Gray / Color  without with
Levels Dithering Dithering
5

001 1 2

010 2 4 13
011 3 8 29
100 4 16 61
101 5 32 125
110 6 64 253
111 8 256 n/a

2-Frame FRC

(Calor TFT or Monochrome Panels)
# of msbs Gray / Gray /
Used Color Color
to Generate Levels Levels
Gray / Color  without with
Levels Dithéaring Dithgeri ng

010 1

011 2 5 25

100 3 15 57

101 4 31 121
16-Frame FRC

(Color or Monochrome STN Panels)

# of msbs Gray / Gray /
Used Color Color

The setting programmed into thisfield deter-
mines how many most-significant color-bits
/ pixel are used to generate flat panel video
data. In genera, 8 bits of monochrome data
or 8 bits/color of RGB color data enter the
flat panel logic for every dot clock. Not al
of these bits, however, are used to generate
output colors/ gray scales, depending on the
type of panel used, graphics/ text mode, and
the gray-scaling a gorithm chosen (the actual
number of bits used isindicated in the table
above). If the VGA palette is used then a
maximum of 6 bits/pixel (bits 7-2) (setting
'110") should be used. If the VGA paletteis
bypassed then a maximum of 8 bits/pixel
(bits 7-0) (setting '111) may be used. With
2-frame and 16-frame FRC, settings not
listed in the tables above are undefined.
Also note that settings which achieve higher
gray / color levels may not necessarily
produce acceptable display quality on some
(or any) currently available panels. This
document contains recommended settings
for various popular panels that CHIPS has
found to produce acceptable results with
those panels. Customers may modify these
settings to achieve a better match with their
requirements.

Reserved (R/W)

Simple Composite Sync

This bit affects the HSync pin only (pin 65)
and is effective only when XR72[0]=0.

0 Output CRT HSync on pin 65
1 Output CRT HSync OR-ed with CRT
V Sync on pin 65

CRT Blank Deay
Thisbit affects pin 98 only (CRT BLANK)

0 Align BLANK output timing with
other video port output signals

1 Align BLANK output timing with
analog RGB outputs

M Pin Select

0 M signal goesto the M pin (default on
reset

1 FP Display Enable (FP Blank#) signal
goes to the M pin. Polarity is
controlled by XR54[(].

(tBOGe/”ga}te L-e‘ﬁds Le\_/eﬁs LP Pin Select

ray / Color  without ‘with 0 FPHSync (LP) signal goesto the LP

Levels  Dithering Dithering pin. Pofarity %s controlled by
001 1 2 5 XR54[6] (default on reset).
8%9 % g %g 1 FPDisp athnabIe(FP Blankl#)signal

goes to the LP pin. Polarity is

100 4 16 61 controlled by XR54[0].
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PANEL FORMAT REGISTER 1 (XR50)
Read/Writeat |/0O Address3D7h
Index 50h

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

Frame Rate Control

Dither Enable

-~ Clock Divide

— TFT Panel Data Width

Thisregister isused only inflat panel mode.

Frame Rate Control (FRC)

FRC is gray scale simulation on aframe-by-
frame basis to generate shades of gray or
color on panels that do not su%?ort gener-
ation of gray / color levelsinternally.

1-0

00

01

10

11

No FRC. This setting ma¥ be used
with all panels, espmlgléy or panels
which can generate shades of gray /
colorinternally. _
16-frame FRC. This setting may be
used for Calor STN or Monochrome
panels. 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 u to
simulate 16 gray / color levels per
leel. The bits per pixel are specified
y XR4F[2-0]; valid values are 001,
010, 011, and 100. _
2-frame FRC. This setting may be
used for Color TFT or Monochrome
panels. One to four bits/pixel output
to the panel are possible and therefore
this setting can aso be used with
panels that support internal gray
scallr]?_. Number of input bits used
(specified in XR4F[2-0]) are one more
than the number o 0Lit<put bits.
Therefore, valid values for XR4F[2-0]
are 010, 011, 100, and 101.
Reserved

3-2 Dither Enable

00
01

10
11

Disabledithering

Enable dithering for 256-color modes
(AR10 bit-6 =1 or XR28 bit 4 = 1)
Enabledithering for all modes
Reserved

6-4 Clock Divide(CD)

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

000

001

010

011

100

7 TFT

Shift Clock Freq = Dot Clock Freq.
This setting is used to output 1 pixel

er shift clock with a maximum of 8

pp (bits/pixel) for single drive
monochrome panels. For double drive
color panels, this setting is used to
output 2 2/3 4-bit pack pixels. FRC
and dithering may be enabled.

Shift CIk Freq = 1/2 Dot Clock Freq.
This setting is used to output 2 pixels

er shift clock with a maximum of 8

its/pixel for singledrivemonochrome
panelsand 4 pr for single drive color
panels. For double drive color panels,
this setting is used to output 5-1/3 4-
bit pack pixels. FRC and dithering
can be enabled.

Shift Clk Freq = 1/4 Dot Clock Freg.
This setting is used to output 4 pixels

er shift clock with a maximum of 4

pp for single drive mono panels and
2 bits/pixel for single drive color
panels. For single drive color panels
this setting is used to output 5-1/3 4-
bit pack pixels. For double drive
monochrome panels, this setting is
used to output 8 pixels per shift clock
with 1 bit/pixel. FRC and dithering
can be enabled.

Shift Clk Freq = 1/8 Dot Clock Freg.
This setting is used to output 8 pixels

er shift clock with a maximum of 2

pp for single drive mono panels and
1 bit/pixel for single drive color
panels. For double drive mono
panels, this setting is also used to
output 16 pixels per shift clock with 1
bit/ Il)égl' FRC and dithering can be
en :

Shift Clk Fregq = 1/16 Dot Clock Freq.

This setting is used to output 16 pixels
er shift clock with maximum of 1
it/pixel for single drive monochrome

panels. Dithering can also be enabled.

Panel Data Width

This hit is effective only when TFT (active
matrix) panels are used (XR50 bits 1-0=10).

0
1

16-bit color TFT interface (565 RGB
24-hit color TFT interface (888 RGB
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DISPLAY TYPE REGISTER (XR51)
Read/Writeat |/0O Address3D7h
Index 51h

|D7|D6|D5|D4|D3|D2|D1[DO|
} Panel Type

Display Type

Shift Clock Divide
Reserved(R/W)

Shift Clock Mask

Enable FP Compensation
LP During V Blank

1-0 Panel Type (PT)
Thesebitsare effectivefor flat panel only.

00 SinglePanel SingleDrive (SS)
01 Reserved
10 Reserved
11 Dua Panel DoubleDrive(DD)

2 Display Type (DT)

This bit is effective for CRT and flat panel.
Thisbit aso controlsthe BLANK# output.

0 CRT display (default on reset)
BLANK# outputs CRT Blank

1 FP(Flat Pandl) display
BLANK# outputs FP Blank

Note: Thereisno pin dedicated to output of
BLANK#. Therefore this bit is ignored if
BLANK# is not selected to be output on
either the M or LP output pins.

3 Shift Clock Divide
Thishitiseffectivefor flat panel only.

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

1 Inthismode, the Shift Clock is further
divided by 2 and different video data
isvalid on therising and falling edges
of Shift Clock.

4 Reserved (R/W)

Shift Clock Mask (SM)
Thishitiseffectivefor flat panel only.

0 Allow shift clock output to toggle
outsidethedisplay enableinterval

1 Force the shift clock output low
outsidethedisplay enableinterval

Enable FP Compensation (EFCP)

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

0 DisableFPcompensation
1 EnableFPcompensation

LP During Vertical Blank

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

0 FP HSync (LP) is generated from
internal FPBlank inactiveedge

1 FP HSync (LP) is generated from
internal FP Horizontal Blank inactive
edge
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Extension Registers

POWER DOWN CONTROL REGISTER(XR52)
Read/Writeat |/O Address3D7h
Index 52h

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

—} Normal Refresh Count

Panel Off Mode

Software Standby Mode
Standby/Panel Off Control
Standby Refresh Control
CRT Mode Control

2-0 FP Normal Refresh Count

These bits specify the number of memory re-
fresh cyclesto be performed per scanline. A
minimum value of 1 should be programmed
inthis register.

3 Panel Off Mode

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

0 Norma mode (default onreset)
1 Panel Off mode

In Panel Off mode, the CRT / FP display
memory interface is inactive but CPU
interface and display memory refresh arestill
active. The internad RAMDAC is aso
inactive.

4  Software Standby Mode

This bit provides an alternative way to enter
the Standby mode. When this bit is set, the
chip enters Standby mode. To exit Standby
mode, when this bit is set, the STNDBY #
pin must be asserted and then reasserted.
This bit will aso be reset when the
STNDBY# pin goes active (low).

0 Normal Mode (default onreset)
1 Standby Mode

Standby and Panel Off Control

This bit is effective in Flat Panel Mode
during Standby and Panel Off modes
(XR52[3] = 1 or (XR52[4 = 1 or
STNDBY#, pin 178 is active (low)).

0 Video data and/or flat panel control
signals are driven inactive (default on
reset).

1 Video data and flat panel control
signals pins are tri-stated with a weak
interna pull-down.

Note: XR61 hit-7 controls the inactive level
for video data in text mode; XR63 hit-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 the HSYNC
and VSYNC pins. In Standby and Panel Off
modes, HSY NC and VSY NC will be driven
low.

Standby Refresh Control

This bit is effective only in Standby mode
(STNDBY# pin low). Standby mode is
effectivefor both CRT and flat panel modes.
In Standby mode, CPU interface to display
memory and 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 the 32KHz input or
RCLK (14.31818MHz Reference
Clock) divided per the value in XR5F.

CRT Mode Control

Thishit iseffectivein CRT mode only (non-
simultaneous CRT and flat panel) (XR51
bit-2 = 0).

0 Video data and flat panel control
signals are 3-stated with weak internal
pull-down (default on reset).

1 Video data and flat panel control
signals are inactive.
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PANEL FORMAT REGISTER 3 (XR53)
Read/Writeat |/0O Address3D7h
Index 53h

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

Disable AR10 bit-2

FRC Option 1
FRC Option 2

Color STN Pixel Packing
FRC Option 3
Reserved(R/W)

0 Disable AR10 Bit-2

0 Use AR10 hit-2 for Line Graphics
control (default on Reset).

1 Use XR53 hit-1 instead of AR10 bit-2
for Line Graphicscontrol

1 AlternatelineGraphicsCharacter Control
Thishbit iseffective only if bit-0= 1.

0 Ninth pixel of line graphics character
is set to thebackground color

1 Ninth pixel of line graphics character
isidentical to the eighth pixel

2 FRC Option 1 (awaysprogramto 1)
3 FRC Option 2 (alwaysprogram to 1)
5-4 Color STN Pixel Packing

This field determines the type of pixel
packing (the RGB pixel output sequence) for
color STN panels. These bhits should be
programmed only when color STN panels
areused. These bits must be programmed to
00 for monochrome panels or color TFT
panels.

00 3-bit Pack. XRS50 bits 6-4 can be
000, 001, or 010.

01 4-bit Pack. For SS Color STN
panels, XR50 bits 6-4 can be 000,
001, or 010. For DD panels, XR50
bits 6-4 may be set to 000 or 001.

10 Reserved

11 Extended 4-bit Pack. XRS50 bits 6-4
must be programmed to 001. This
setting may be used for 8-bit interface
Color STN SS panelsonly.

Alt Line Gr Char Code Ctrl

6 FRC Option 3
Thisbit affects 2-frame FRC only

0 FRC datachangesevery frame
1 FRCdatachangesevery other frame

7 16-bit Color STN-DD SHFCLK Timing

This hit is effective only for 16-bit Color
STN-DD when frame acceleration isenabled
or 8-bit Color STN-DD when frame acceler-
ation is disabled.

0 Normal datasetup time with respect to
SHFCLK falling edge. Maximum
SHFCLK frequency is DCLK/2 (1:1
duty cycle). Compatible with the
65545.

1 Extended data setup time with respect
to SHFCLK falling edge. Setup time
isincreased by approximately 1/2 of a
dot clock cycle by extending the
SHFCLK high time by 1/2 of a dot
clock cycle. Maximum SHFCLK
frequency is DCLK/2.5 (1.5:1 duty
cycle).

DCLK U UL Uyt Tl

O:SHFCLK 11l 2 1irr 2 1=
———-=Max Frequency = DCLK / 2

1. SHFCLK _J15 L1715 L1715 LS ™
——— Max Frequency = DCLK / 2.5
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PANEL INTERFACE REGISTER (XR54)
Read/Writeat |/0O Address3D7h
Index 54h

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

3-2 FP Clock Sdect Bits1-0

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

FP Blank Polarity 5-4 FP Feature Control Bits1-0
FPBlank Sclect Select flat panel dot clock source. Thesebits
are used instead of Feature Control Register
FP Clock Sefect (FCR) bits 1-0 in flat panel mode. See des-
cription of FCR bits 1-0.
FP Feature Control )
FP LP Polarity 6 FP HSync (LP) Polarlty
FP FLM Polarity This bit controlsthe polarity of the flat panel
HSync (LP) pin.
Thisregister isused only in flat panel modes. 0 Positive polarity
0 FP Blank Polarity 1 Negativepolarity
This hit controls the polarity of the 7 FP VSync (FLM) Polarity
BLANK# pin in flat panel mode. In CRT - :
mode, XR28 bit-0 controls polarity of the \T/h'Sb'tlcz?_nﬁOIS’.the polarity of theflat panel
BLANK# pin. Sync (FLM) pin.
- : 0 Positive polarity
0 Positive polarity : :
1 Negativepolarity 1 Negativepolarity
1 FP Blank Select
This bit controls the BLANK# pin output in
flat panel mode. In CRT maode, XR28 hit-1
controls the BLANK# output. This bit also
affects operation of the flat panel video
logic, generation of the FP HSync (LP)
pulse signals, and masking of the Shift
Clock.
0 The BLANK# pin outputs both FP
Vertical and Horizontal Blank. In
480-line DD panels, this option will
generate exactly 240 FP HSync (LP)
pul ses.
1 The BLANK# pin outputs only FP
Horizontal Blank. During FP Vertical
Blank, the flat panel video logic will
be active, the FP HSync (LP) pulse
will be generated, and Shift Clock can
not be masked. Note however that
Shift Clock can still be masked during
FP Horizontal Blank.
Note: Thesignal polarity selected by bit-0is
applicablefor either selection.
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HORIZONTAL COMPENSATION REGISTER
(XR55)

Read/Writeat |/0O Address3D7h

Index 55h

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

EnaH Compensation
EnaH Auto Centering
EnaH Compression

Text Mode H Stretching
Ena Auto H Doubling
Alternate HSync Polarity
Alternate V Sync Polarity

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

0 EnableHorizontal Compensation(EHCP)

0 Disablehorizontal compensation
1 Enablehorizontal compensation

1 Enable Automatic Horizontal Centering
(EAHC) (effectiveonly if bit-0is1)

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 O.

1 Enableautomatic horizontal centering.
Horizontal left and right borders will
becomputedautomatically.

2 EnableTextModeHorizontal Compression
(ETHC) (thisbit iseffective only if bit-0is1
in flat panel text mode). Setting this bit will
turn on text mode horizontal compression re-
gardless of horizontal display width or
horizontal panel size.

0 Text modehorizontal compression off

1 Text mode horizontal compression on.
8-dot text mode is forced when 9-dot
text mode is specified.

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 Text Mode Horizontal Stretching

This register is effective for text modes
when bit-2 is reset and bit-0 is set. These
bits specify text modehorizontal stretching:

VGA VGA
8-dot text 9-dot text
00 8-dot text 9-dot text
01 9-dot text 9-dot text
10 10-dottext 10-dot text
11 Reserved Reserved

Enable Automatic Horizontal Doubling
(EAHD)(thisbit iseffectiveif bit-0is1)

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

1 Enable Automatic Horizontal Dou-
bling. Horizontal doubling will be
performed for flat panels when SRO1
bit-3 = 1 in any emulation mode or
when 3B8/3D8 hit-0 & 3B8/3D8 bit-4
= 0 in CGA emulation or when the
Horizontal Display width (CRO1) is
equal to or less than half of the
Horizontal Panel Size (XR18).

Alternate CRT HSync Polarity

0 Positive

1 Negative
Alternate CRT VSync Polarity

0 Positive

1 Negative
Note: bits 6 and 7 above are used in flat
panel mode (XR51 bit-2 = 1) instead of
MSR bits 6 and 7). Thisis primarily used
for smultaneous CRT / Flat Panel display.
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HORIZONTALCENTERINGREGISTER(XR56)
Read/Writeat |/0O Address3D7h
Index 56h

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

- LeftBorder

This register is used only in flat panel modes when
non-automatic horizontal centeringisenabled.

7-0 Horizontal Left Border (HLB)

Programmed V alue(incharacter clocks)
= Width of Left Border — 1
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VERTICALCOMPENSATIONREGISTER(XR57)
Read/Writeat |/0O Address3D7h
Index 57h

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

Enable V Compensation
Enable Auto V Centering
Enable Text V Stretching

Text V Stretch Method
Enable Gr V Stretching
Gr V Stretch Method

Disable Fast Centering

This register is used only in flat panel modes when
flat panel compensationisenabled.

0 Enable Vertical Compensation (EVCP)

0 Disablevertical compensation
1 Enablevertical compensation

1 Enable Automatic Vertical Centering
(EAVC)

Thishit iseffectiveonly if bit-0is 1.

0 Enable  non-automatic  vertica
centering. The Vertical Centering
Register is used to specify the top
border. If no centering is desired then
the Vertical Centering Register can be
programmed to O.

1 Enable automatic vertical centering.
Vertical top and bottom borders will
becomputedautomatically.

2 Enable Text Mode Vertical Stretching
(ETVS)

Thishit iseffectiveonly if bit-0is 1.

0 Disable text mode vertical stretching;
graphics mode vertical stretching is
used if enabled.

1 Enabletextmodevertical stretching

4-3 Text Mode Vertical Stretching(TVS1-0)

These bits are effectiveif bits2 and 0 are 1.

00 Double Scanning (DS) and Line
Insertion (LI) with the following
priority: DS+LI, DS, LI.

01 Double Scanning (DS) and Line
Insertion (LI) with the following
priority: DS+LI, LI, DS.

10 Double Scanning (DS) and TallFont
(TF) with the following priority:
DS+TF, DS, TF.

11 Double Scanning (DS) and TallFont
(TF) with the following priority:
DS+TF, TF, DS.

Enable Vertical Stretching (EVS)
Thishbit iseffectiveonly if bit-0is 1.
0 Disablevertical stretching
1 Enablevertical stretching
Vertical Stretching (VS)

Vertical Stretching can be enabled in both
text and graphics modes. This bit is
effectiveonly if bits5and O are 1.

0 Double Scanning (DS) and Line
Replication (LR) with the following
priority: DS+LR, DS, LR.

1 Double Scanning (DS) and Line
Replication (LR) with the following
priority: DS+LR, LR, DS.

Disable Fast Centering

This bit is effective only if XR58[1-0] = 11.

0 EnableFast Centering
1 DisableFast Centering
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VERTICAL CENTERING REGISTER (XR58)
Read/Writeat |/0O Address3D7h
Index 58h

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

- TopBorder LSBs

This register is used only in flat panel modes when
non-automaticvertical centeringisenabled.

7-0 Vertical Top Border LSBs (VTB7-0)
Programmedvalue:
Top Border Height (in scan lines) — 1

This register contains the eight least signif-
icant bits of the programmed value of the
Vertical Top Border (VTB). The two most
significant bits are in the Vertical Line
Insertion Register (XR59).

VERTICALLINEINSERTIONREGISTER(XR59)
Read/Writeat |/0O Address3D7h
Index 59h

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

——— - V LineInsertion Height

— Reserved(R/W)
~ TopBorder Bits8-9

- HardwareLineReplication

This register is used only in flat panel text mode
whenvertical lineinsertionisenabled.

3-0 Vertical LinelnsertionHeight (VLIH3-0)
ProgrammedValue:
Number of Insertion Lines—1

The value programmed in thisregister - 1is
the number of lines to be inserted between
the rows. Insertion lines are never double
scanned even if double scanning is enabled.

Insertion lines use the background color.

4 Reserved (R/W)

6-5 Vertical Top Border MSBs (VTB9-8)

This register contains the two most signif-
icant bits of the programmed value of the
Vertical Top Border (VTB). The eight least
significant bits are in the Vertical Centering
Register (XR58).

7 Hardware Line Replication

This bit is effective in text mode when Line
Replication is selected (XR57[2] = 1).
Hardware line replication, when enabled,
replicates lines to display a 19-line character
from a 16-line font as specified in XR28 bit-
7.

0 Normal textmodelinereplication
1 Hardwarelinereplicationisenabled
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VERTICAL LINE REPLICATION REGISTER
(XR5A)

Read/Writeat |/0O Address3D7h

Index 5Ah

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

~ Line Replication Height

- Reserved(R/W)

This register is used only in flat pane text or
graphics modes when vertical line replication is
enabled.

3-0 Vertical LineReplicationHeight (VLRH)

Programmed Vaue = Number of Lines
Between Replicated Lines—1

Double scanned lines are al so counted.

In other words, if this field is programmed
with '7', every 8th line will be replicated.

7-4 Reserved (R/W)

PANEL POWER SEQUENCING
DELAY REGISTER (XR5B)
Read/Writeat |/0O Address3D7h
Index 5Bh

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

~ Delay on Power Down

— Delay on Power Up

This register is used only in flat panel modes. The
generation of the clock for panel power sequencing
logic is controlled by XR33[6]. The delay intervals
below assume a 37.5 KHz clock generated by the
internal clock synthesizer. If the 32KHz input is
used, the delay intervals should be scaled accord-

ingly.
3-0 Power Down Delay

Programmable value of panel power-
sequencing during power down. Thisvalue
can be programmed up to 459 milliseconds
inincrements of 29 milliseconds. A value of
0 isundefined.

Power Up Deay

Programmable value of pane power
sequencing during power up. This value can
be programmed up to 54 milliseconds in
increments of 3.4 milliseconds. A value of
0 isundefined.
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ACTIVITYTIMERCONTROLREGISTERXR5C)
Read/Writeat |/0O Address3D7h
Index 5Ch

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

Activity Timer Count

Reserved(R/W)
Activity Timer Action
Enable Activity Timer

This register is used to control Activity timer
functionality. The activity timer is an internal
counter that starts counting from a vaue
programmed into this register (see bits 0-4 below)
and is reset back to that count by read or write
accesses to graphics memory or I/O. If no accesses
occur, the counter counts till the end of its
programmed interval and activates either the
ENABKL pin or Panel Off mode (as selected by hit-
6 below). The timer count does not have to be
reloaded once programmed and the timer enabled:
any access to the chip with the timer timed out
(ENABKL active or Panel Off mode active) will
reset the timer and the ENABKL pin deactivated (or
Panel Off mode exited, whichever is selected). The
activity timer uses the same clock as power
sequencing which is controlled by XR33[6]. The
delay intervals below assume a 37.5 KHz clock, if
an external 32KHz input is used, the delay is scaled
accordingly.

4-0 Activity Timer Count

For a 375 KHz clock the counter
granularity is approximately 28.1 seconds.
The minimum programmed vaue of 0
results in 28.1 second delay and the
maximum count of 32 results in a delay of
15 minutes.

5 Reserved (R/W)

6 Activity Timer Action

0 When the activity timer count is
reached, the ENABKL pin isactivated
(driven low to turn the backlight off)

1 When the activity timer count is
reached, Panel Off modeisentered.

7

Enable Activity Timer

0 Disableactivity timer (default onreset)
1 Enableactivitytimer

See also XR5D bhit-2.

Revision 1.1 2/28/96

145

Preliminary 65548



\l'lll': Extension Registers

FP DIA_GNOSTIC REGISTER (XR5D) 5 18-bit Color TFT Test Mode
Fndex 5[glﬁeat /O Address3D7h 0 Disable18-bitcolor TFT test mode
(default on reset)

1 Enable18-bit color TFT test mode
6 PreventHSYNCandVSYNCDeactivation

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

Enable Palette Powerdown 0 Allow HSYNC and VSYNC to be
Enable Accessin PNLOFF deactivated when XRO6[1] = 1
Enable Activity Timer Test (default on reset)
Force 16-bit Loca Bus l Pre\/ents HSYNC and VSYNC from
18-bit Color Test Mode 7  EnablePalettePower downinBypassM ode
HSync/V Sync Deactivation 0 Disable VGA paette powerdown
Enable Palette Powerdown when XR06[5]=1
1 EnableVGA palette powerdown when
0 EnablePane-OffVGAPalettePower down XR06[5]=1 and XR06[1]=1
0 Disable VGA Palette powerdown in
Panel Off Mode (default on reset)
1 Enable VGA Palette powerdown in
Panel Off mode

1 Enable Panel-Off VGA Palette Access
Thisbit is effective when bit 0=1 or bit 7=1.

0 Disable CPU accessto VGA Palettein
Panel Off Mode (default on reset)

1 Enable CPU accessto VGA Pdettein
Panel Off Mode

2 Enable Activity Timer Test

0 Disable Activity Timer test mode
(default on reset)
1 EnableActivity Timertest mode

3 Force 16-Bit Local Bus

This bit is effective when 32-bit local bus
and 16-bit memory interface are used during
font load.

0 Do not force 16-bit local bus when
loading font (default on reset)

1 Force 16-bit local bus when loading
font

4 Disable Vertical Compensation

0 Vertica compensation can be enabled
inall cases (default on reset)

1 Disable vertica compensation if
Vertical Display Enable End equals
Vertical Panel Size.
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M (ACDCLK) CONTROL REGISTER (XR5E)
Read/Writeat |/O Address3D7h
Index 5Eh

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

- M (ACDCLK) Count

— M (ACDCLK) Control

Thisregister isused only in flat panel mode.

6-0 M (ACDCLK) Count (ACDCNT)

These bits define the number of HSyncs
between adjacent phase changes on the M
(ACDCLK) output. These bits are effective
only when hit 7 = 0 and the contents of this
register are greater than 2.

Programmed Vaue=Actual Vaue—2

7 M (ACDCLK) Control

0 The M (ACDCLK) phase changes
depending on bits 0-6 of thisregister

1 The M (ACDCLK) phase changes
every frameif the frame accelerator is
not used. If the frame accelerator is
used, the M (ACDCLK) phase
changes every other frame.

If XR4F bit-6 is programmed to one to enable flat
panel DE / BLANK# to be output on the M
(ACDCLK) pin, the contents of this register will be
ignored.

XRAM AREA POINTER REGISTER (XR5F)
Read/Writeat |/0O Address3D7h
Index 5Fh

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

XRAM Area Pointer

DRAM Low-Power Enable
XRAM Dirty Bits Enable
XRAM Enable

4-0 XRAM Area Pointer

This field points to the area where XRAM
Video Cache data is stored. In 512 KByte
display memory there are 16 possible areas
each of which is 32 KBytes. In 1 MByte
display memory there are 16 possible areas
each of which is 64 KBytes.

5 DRAM Low-Power Mode Enable

This may be set to reduce DRAM power
consumption automatically in modes that
have adequate bandwidth. Power reduction
isachieved by automatically increasing CAS
cycle time from the normal 3 clocksto 5 or
more clocks when enough bandwidth is
available. Thisbit can be used together with
XRAM Video Cache. Thisbhitisignoredin
textmode (either GR0O6[0]=0 or AR10[0]=0)
when XRAM Video Cache is enabled
(XR5F[7]=1). Thisbhitisalsoignored when
in the 'Mode 13 memory organization
(CR14[6]=1).

0 DRAM Low-Power Modedisabled
1 DRAM Low-Power Modeenabled

6 XRAM Dirty Bits Enable

0 XRAM dirty bitsdisabled
1 XRAM dirty bitsenabled

7 XRAM Enable

0 XRAM disabled
1 XRAMenabled
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BLINK RATE CONTROL REGISTER (XR60)
Read/Writeat |/0O Address3D7h
Index 60h

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

-~ Cursor Blink Rate

~ Char Blink Duty Cycle

Thisregister isused in all modes.

5-0 Cursor Blink Rate

These bits specify the cursor blink period in
terms of number of VSyncs (50% duty
cycle). In text mode, the character blink
period and duty 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
V Syncs on and four V Syncs off):

Programmed Value= (Actual Vaue)/2-1

Note: In graphics mode, the pixel blink
period isfixed at 32 V Syncs per cursor blink
period with 50% duty cycle (16 on and 16
off).

Character Blink Duty Cycle

These bits specify the character blink (also
called 'attribute blink") duty cycle in text
mode.

CharacterBlink
76 Duty Cycle
00 50%
01 25%
10 50% (default on Reset)
11 75%

For setting 00, the character blink period is
egual to the cursor blink period. For all
other settings, the character blink period is
twicethe cursor blink period (character blink
istwice as slow as cursor blink).
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SMARTMAP™ CONTROL REGISTER (XR61)
Read/Writeat |/0O Address3D7h
Index 61h

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

SmartMap™ Enable

SmartMap™ Threshold

SmartMap™ Saturation
Text Enhancement
Text Video Output Polarity

Thisregister isused in flat panel text mode only.

0 SmartMap™Enable

0 Disable SmartMap™, use color
lookup table and wuse interna
RAMDAC palette if enabled (XR06
bit-2 = 1).

1 Enable SmartMap™, bypass both
color lookup table and interna
RAMDAC palette in flat panel text
mode. Although color lookup table is
bypassed, trandation of 4 bits/pixel
data to 6 bits/pixel data is dfill
performed depending on AR10 hit-1
(monochrome / color display) as

follows:
Output AR10bit-1=0 AR10bit-1=1
Out0 InO InO
Outl Inl In1
Out?2 In2 In2
Out3 In3 INO+In1+In2+In3
Out4 In3 In3
Outs In3 In3

Note: This bit does not affect CRT text /
graphics mode or flat panel graphics mode;
i.e.. the color lookup table is always used,
and similarly the internal RAMDAC palette
isused if enabled.

4-1 SmartMap™Threshold

These bits are used only in flat panel text
mode when SmartMap™ is enabled (bit-0 =
1). They define the minimum difference
between the foreground and background
colors. If the difference is less than this
threshold, the colors are separated by adding
and subtracting the shift values (XR62) to
the foreground and background colors.
However, if the foreground and background
color values are the same, then the color
values are not adjusted.

SmartM ap™Saturation

This bit isused only in flat panel text mode
when SmartMap™ is enabled (bit-0 = 1). It
selects the clamping level after the color
addition/subtraction.

0 The color result is clamped to the
maximum and minimum values (OFh
and 00h respectively)

1 The color result is computed modulo
16 (no clamping)

Text Enhancement
Thishitisused only inflat panel text mode.

0 Normal text

1 Text attribute O7h and OFh are
reversed to maximize the brightness of
thenormal DOS prompt

Note: This bit should be set to 0 if XR63[6]
isset to 1. Conversely, if this bit is
set to 1, XR63[6] should be set to 0.

Text Video Output Polarity (TVP)

This bit is effective for flat panel text mode
only.

0 Normal polarity
1 Invertedpolarity

Note: Graphics video output polarity is
controlled by XR63 bit-7 (GVP).
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SMARTMAP™ SHIFT PARAMETER
REGISTER (XR62)

Read/Writeat /O Address3D7h

Index 62h

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

———  Foreground Shift

~ BackgroundShift

This register is used in flat panel text mode when
SmartMap™ isenabled (XR61 bit-0 = 1).

3-0

Foreground Shift

These bits define the number of levels that
the foreground color is shifted when the
foreground and background colors are closer
than the SmartMap™ Threshold (XR61 bits
1-4). If the foreground color is "greater"
than the background color, then this field is
added to the foreground color. If the
foreground color is "smaler" than the
background color, then this field is sub-
tracted from the foreground color.

Background Shift

These bits define the number of levels that
the background color is shifted when the
foreground and background colors are closer
than the SmartMap™ Threshold (XR61 bits
1-4). If the background color is "greater"
than the foreground color, then this field is
added to the background color. If the
background color is "smaller" than the
foreground color, then this field is sub-
tracted from the background color.

SMARTMAP™ COLOR MAPPING CONTROL
REGISTER (XR63)

Read/Writeat |/0O Address3D7h

Index 63h

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

- Color Threshold

— New Text Enhancement

Gr Video Output Polarity

5-0 Color Threshold

These hits are effective for monochrome
(XR51 bit-5 = 1) single/double drive flat
panel with 1 bit/pixel (XR50 bits 4-5 = 11)
without FRC (XR50 bits 0-1 = 11). They
specify the color threshold used to reduce 6-
bit video to 1-bit video color. Color values
equal to or greater than the threshold are
mapped to 1 and color values less than the
threshold are mapped to 0.

New Text Enhancement

If set this bit enables new text enhancement
that does not affect the CRT display. If this
bit is set to 1, the old text enhancement bit
(XR61[6]) must be set to 0. Conversely, if
XR61[6] is 1 then this bit should be set to 0.
Reset defaults this bit to 1.

Graphics Video Output Polarity (GVP)

This bit is effective for CRT and flat panel
graphics mode only.

0 Normal polarity
1 Invertedpolarity

Note:  Text video output polarity is
controlled by XR61 bit-7 (TVP).
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FP ALTERNATE VERTICAL TOTAL
REGISTER (XR64)

Read/Writeat |/0O Address3D7h

Index 64h

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

- FP Alternate V Total

Thisregister isused in all flat panel modes.

7-0 FP Alternate Vertical Total

The contents of this register are 8 low order
bits of a 10-bit value. Bits 9 and 10 are
defined in XR65. The vertical total value
specifies the total number of scan lines per
frame. Similar to CRO6.

Programmed Vaue=Actua Value—2

FP ALTERNATE OVERFLOW
REGISTER (XR65)
Read/Writeat |/0O Address3D7h
Index 65h

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

FPAItV Tota Bit-8
FPV Panel Size Bit-8

FP Alt VSync Start Bit-8
Reserved (R/W)
Reserved (R/W)

FPAItV Tota Bit-9

FP Alt Panel Size Bit-9
FP Alt VSync Start Bit-9

Thisregister isused in all flat panel modes.

0 FP Alternate Vertical Total Bit-8

FP Vertical Panel Size Bit-8

FP Alternate Vertical Sync Start Bit-8
Reserved (R/W)

Reserved (R/W)

FP Alternate Vertical Total Bit-9

FP Vertical Panel Size Bit-9

FP Alternate Vertical Sync Start Bit-9

N o OB~ WN P

Revision 1.1 2/28/96

151

Preliminary 65548



Extension Registers

FP ALTERNATE VERTICAL SYNC START
REGISTER (XR66)

Read/Writeat |/0 Address3D7h

Index 66h

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

~ FP Alternate VSync Start

Thisregister isused in all flat panel modes.

7-0 FP Alternate Vertical Sync Start

The contents of this register are the 8 low
order bits of a 10-bit value. Bits 9 and 10
are defined in XR65. This value definesthe
scan line position at which vertical sync
becomes active. Similar to CR10.

Programmed Vaue=Actual Vaue—1

FP ALTERNATE VERTICAL SYNC END
REGISTER (XR67)

Read/Writeat |/0O Address3D7h

Index 67h

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

—— - FPAIt VSync End

~ Reserved(R/W)

Thisregister isused in all flat panel modes.

3-0 FP Alternate Vertical Sync End

The lower 4 bits of the scan line count that
defines the end of vertical sync. Similar to
CR11. If the vertical sync width desired is
N lines, the programmed valueis:

(contents of XR66 + N) ANDed with OFH
7-4 Reserved (R/W)
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VERTICAL PANEL SIZE REGISTER (XR68)
Read/Writeat 1/0 Address3B7h/3D7h
Index 68h

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

- Vertical Panel Size

Thisregister isused in all flat panel modes.

7-0 Vertical Pane Size

The contents of this register define the
number of scan lines per frame.

Programmed Vaue=Actual Value—1

Panel size bits 8-9 are defined in overflow
register XR65.

PROGRAMMABLEOUTPUTDRIVEREGISTER
(XR6C)

Read/Writeat 1/0 Address3B7h/3D7h

Index 6Ch

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

Reserved(R/W)
CFG8/LV#: Vcc Select
Flat Panel Output Drive
BusInterface Output Drive
Mem Intfc A&B Out Drive
Mem Intfc C Out Drive

l Reserved(R/W)

Thisregister isused to control the output drive of the
bus, video, and memory interface pins.

0 Reserved (R/W)

1 CFG8/LV#- Internal LogicVccSelection
This bit determines pad input threshold. On

the trailing edge of reset, this bit will latch
the state of AA8 pin (CFGS).

0 Vccforinternal logic (IVCC)is3.3V
1 Vccforinterna logic (IVCC)is5V
(Default)

2 Flat Pane Interface Output Drive Select

0 Lowerdrive(Default)
1 Higher drive (Required when
DVCC=3.3V)

3 Bus Interface Output Drive Select

0 Higher drive(Default) (Required
when BVCC=3.3V)
1 Lower drive

4 MemoryinterfaceA& BOutputDriveSelect

This bit affects memory interface groups A
& B control pins:. RASB#, CASBH#,
CASBL#, WEB#, OEB#, MAD[15:0] and
MBDI[15:0].

0 Lowerdrive(Default)
1 Higher drive (Required when
MVCCA/MVCCB=3.3V)

5 Memory Interface C Output Drive Select

This bit affects memory interface group C
control pins. RASC#, CASCH#, CASCL#,
WECH#, OEC#, and MCD15:0.

0 Lowerdrive(Default)
1 Higher drive (Required when
MVCCC=3.3V)

7-6 Reserved (R/IW)
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Extension Registers

POLYNOMIAL FRC CONTROL REGISTER
(XR6E)

Read/Writeat |/0O Address3D7h

Index 6Eh

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

——— - Polynomial 'N' Vaue

- Polynomia 'M' Value

This register is effective in flat panel mode when
polynomial FRC is enabled (see XR50 bits 0-1). It
isused to control the FRC polynomial counters. The
values in the counters determine the offset in rows
and columns of the FRC count. These values are
usually determined by trial and error.

3-0 Polynomial 'N' value
7-4 Polynomial 'M' value
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Extension Registers

FRAMEBUFFERCONTROL REGISTER(XR6F) 2 External Frame Buffer Size Select
:?neaddeX/WGé;;[eat [/OAddress3D7h 0 64Kx16 DRAM
1 256Kx16 DRAM
This change eliminates the Asymmetric
[D7]D6|D5[D4|D3|D2[D1|D0| DRAM optionfrom DRAM C.
FrameBuffer Enable
FrameAccderator Enable 3 External Frame Buffer RAS Precharge
Ext Buffer Size Select 0 3-clock RASprecharge
Ext Buffer RAS Precharge 1 4-clockRASprecharge
- Frame Buffer Refrsh Count 5-4 External Frame Buffer Refresh Count
FrameBuffer Lines/Page 00 1refresh cyclesper scanline
FrameBuffer Method 01 3refresh cyclesper scanline
10 Srefreshcyclesper scanline
Thisregister iseffectiveinflat panel modeonly. 11 7refresh cyclesper scanline
0 Frame Buffer Enable 6 Frame Buffer Lines/Page
PRI 0 1lineper DRAM page
This bit is used to enable frame buffer :
operation (external or embedded). Frame 1 2linesper DRAM page
buffering isrequired for DD panel operation. Thisbitiseffective only if bit 7=1.
For SS panel operation (LCD, Plasma or
EL), frame buffering is not required so this 7 Frame Buffer Method
bit should be set to 0.
I ou. eseto 0 Embedded Frame Buffer. Frame
0 Disableframebuffer (default) buffer data is stored in display
1 Enableframebuffer memory (DRAM A or DRAMsA & B
Since the 65548 has the ability to embed g?lp)e”d'”g on the setting of XR04 bits
frame buffer data in display memory, ena- wen
bling frame buffering does not mean that an 1 Ei(setd%e@xij:ligye? Bflg: g&w?e:%ﬁf'\f/ler gatf
externa DRAM framebuffer chipisrequired y
(see bit-7 of this register to set the frame Note: This bit can be set to 1 only when
buffer method). XRO04[1-0] (Memory Configuration) is set to
either 00 (Display Memory in DRAMS A &
1 Frame Accelerator Enable B) or 01 (Display Memory inDRAM A).
Frame acceleration may be used for panels
withvertical refresh rate specificationsabove
110 Hz to reduce the dot clock rate. For
panels with vertical refresh rate specifica-
tions below 110 Hz, Frame Accel eration will
violate panel specifications and should not
be used.
This bit should be programmed to O when
the Frame Buffer is disabled (bit-O of this
register set to 0) or for non-DD panels. If
this bit is set to 1, bit-0 of this register must
be set to 1 and a DD panel must be used
(XR51[1-0], Panel Type, must be set to 11).
0 Disableframeaccel erator (default)
1 Enableframeaccelerator
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Extension Registers

SETUP/DISABLECONTROLREGISTER(XR70)
Read/Writeat |/0O Address3D7h
Index 70h

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

- Reserved(0)

— 3C3 Register Disable

6-0 Reserved (0)

7

3C3 Register Disable

0 Inloca bus configuration, port 3C3h
works as defined to provide control of
VGA disable.

1 Inlocal bus configuration, writes to
I/0 port 3C3 have no effect.

Note: Writes to 3C3 are only effective in
local bus configurations. In PCI bus
configuration this register has no effect; the
chip comes up disabled except for the PCI
configuration registers and the PCI configu-
ration registerscontrol VGA access.

Reads from port 3C3 has no effect independent of
the programming of this register (3C3 is write-only
registers).

Thisregister iscleared by RESET.
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Extension Registers

EXTERNAL DEVICE 1/0 REGISTER (XR72)
Read/Write at I/O Address3D7h
Index 72h

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

Hsync/V Sync Pin Control
ENAVEE Pin Control
GPIOO0 (ACTI) Data

- GPIOO0 (ACTI) Pin Control

GPIO1(ENABKL) Data

}- GPIO1 (ENABKL) Pin Ctrl

4-3

HSync/VSync Pin Control
This bit is effective for pin 65 when

XR73[1]=0 and for pin 64 when
XR73[3]=0:
0 Pin64=CRT VSync if XR4F[4]=0
Pin 65 =CRT HSync if XR4F[4]=0

Pin 64 = VSync Interval if XR4F[4]=1

Pin65=Comp Sync if XR4F[4]=1
1 Pin64=VSync Interva

Pin 65 = Composite Sync (CSYNC)

ENAVEE Pin Control

0 Pin 61 is used as Enable VEE
(ENAVEE) output

1 Pin 61 is used as Enable Backlight
(ENABKL) output

GPIOO (ACTI) Data

This bit always reads back the state of the
ACTI pin (pin 53). When ACTI is
configured as general purpose output
(XR72[4-3]=11) this bit determines the data
output on ACTI pin.

GPIOO (ACTI) Pin Control

This bit is effective only when the internal
clock synthesizer is enabled and pin 53 is
not used as A26.

00 Pin53is ACTI output

01 Pin 53 is Composite Sync output
(new)

10 Pin53is General Purpose Input O

11 Pin 53 is General Purpose Output O

GPIO1 (ENABKL) Data

This bit always reads back the status of the
ENABKL pin (pin 54). When ENABKL is
configured as general purpose output
(XR72[7-6]=11), this bit determines the data
output on the ENABKL pin.

GPIO1 (ENABKL) Pin Control

This bit is effective only when the internal
clock synthesizer isenabled and pin 54 isnot
used as A27.

00 Pin54 = ENABKL output

01 Pin 54 = Composite Sync output
10 Pin 54 = General Purpose Input 1
11 Pin 54 = General Purpose Output 1

See also XR5C "Activity Timer Control
Register". The activity timer may be used to
activate ENABKL or to evoke Panel Off
mode after aspecified timeinterval.
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Extension Registers

DPMS CONTROL REGISTER (XR73)
Read/Writeat |/0O Address3D7h
Index 73h

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

HSYNC Powerdown Data
HSYNC Select

VSYNC Powerdown Data
VSYNC Select
HSYNC/VSYNC Powrdwn
HSYNC Powrdwn Control
VSY NC Powrdwn Control
Reserved(R/W)

This register is provided to alow the controller to
independently shut down either or both of the
HSYNC and VSYNC outputs. This capability
alowsthe controller to signal aCRT monitor to enter
power-saving states per the VESA DPMS (Display
Power Management Signaling) Standard. The
DPMSstatesare:

H \Y Power M anagement State
Active Active Normal Operation

Inactive Active Standby (Quick Recovery) Opt
Active Inactive Suspend (Max Power Savings)
Inactive Inactive Off (Auto-recoveryisoptional)

0 HSYNC Powerdown Data

If bit-1 of this register = 1 and bit-5 of this
register = O, the state of this bit is output on
HSYNC (pin 65).

1 HSYNC Select

0 CRT HSYNC isoutput on pin 65
1 XR73[0] controls the output on pin 65

2 VSYNC Powerdown Data

If bit-3 of this register = 1 and hit-6 of this
register = O, the state of this bit is output on
VSYNC (pin 64).

3 VSYNC Select

Determines whether bit-2 of this register or
internal CRTC vertical sync information is
output on VSYNC (pin 64).

0 CRTCVSYNC isoutput
1 XR73[2] isoutput

HSYNC and VSYNC Powerdown State

0 HSYNC and VSYNC are tri-stated with
a weak internal pull-down during
Standby and Panel Off modes.

1 HSYNC and VSYNC are driven during
Standby and Panel Off mode. This
requires HSYNC and VSYNC to be
programmed to either DPMS Standby
or DPMS Suspend mode before the
chip is placed into Standby or Panel Off
mode.

HSYNC Powerdown Control

This bit controls the output on pin 65 when
bit-1 of thisregister is set to 1.

0 XR73[0] isoutput on pin 65
1 Internal power sequencing clock is
output on pin 65

VSYNC Powerdown Control

This bit controls the output on pin 64 when
bit-3 of thisregister is set to 1.

0 XR73[2] isoutput on pin 64
1 Internal power sequencing clock is
output on pin 64

Reserved (R/W)
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Extension Registers

CONFIGURATION REGISTER 2 (XR74)
Read/Writeat |/O Address3D7h
Index 7Eh

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

—l Reserved(0)
—— EDO#
PIDO
PID1
PID2
PID3
Reserved(0)

1-0 Reserved (0)

7-2 CFG15-10
(latched from MAD7-2 on reset)

(Note CFG15-12 are reserved by software
for input of panel ID). Internal weak
pullups are activated when reset is active, so
these bits will be latched as 1 where no
external pull-down resistor is present on the
corresponding pin.

XRAMCONTROLREGISTER(XR7C)
Read/Writeat /O Address3D7h
Index 7Fh

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

XRAM Control SR
XRAM Control G/R
XRAM Control C/R
XRAM Control A/R
XRAM Control X/R
XRAM Control Disp Mem

l Reserved(R/W)

0 XRAM Control - SR Writes

0 Donotdirty XRAM bitsfor SR writes
1 Dirty all XRAM bitsfor any SR write

1 XRAM Control - GR Writes

0 Donotdirty XRAM bitsfor GR writes
1 Dirty al XRAM bitsfor any GR write

2 XRAM Control - CR Writes

0 Donot dirty XRAM bitsfor CR writes
1 Dirty all XRAM bitsfor any CRwrite

3 XRAM Control - AR Writes

0 Donot dirty XRAM bitsfor AR writes
1 Dirty all XRAM bitsfor any AR write

4 XRAM Control - XR Writes

0 Donot dirty XRAM bitsfor XR writes
1 Dirty all XRAM bitsfor any XR write

5 XRAM Control - Display Memory

0 XRAM bitsgenerated normally for top
25% of the display memory address
space

1 Keepal XRAM bitsdirty for top 25%
of display memory address space

7-6 Reserved (R/W)
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Extension Registers

DIAGNOSTIC REGISTER (XR7D)
Read/Only at1/O Address3D7h
Index 72h

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

- Reserved(R/W)

— BitBLT Disable

6-0 Reserved (R/W)
7 BIitBLT Disable

0 BitBLTenabled
1 BitBLTdisabled

CGA COLOR SELECT / H PULSE WIDTH
REGISTER (XR7E)

Read/Writeat |/O Address3D7h

Index 7Eh

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

- Horizontal Pulse Width

— H Pulse Width Roundoff

|- Reserved(0)
50 See Register 3D9

7-6 Reserved (0)
or
Horizontal Pulse Width

Pulsewidth for composite sync generation:
Programmed Vaue=Actual Value—1

4-0

5 Horizontal PulseWidth Roundoff Contr ol

Used for composite sync generation to
generate a horizontal equalization pulse
width which is approximately half of the

horizontal sync width. The actual width of
thehorizontal equalizationpulseis:

( (XR7E[4-0] — XR7E[5]) + 2) + 1
7-6 Reserved (0)
DIAGNOSTIC REGISTER (XR7F)

Read/Writeat |/O Address3D7h
Index 7Fh

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

-~ 3-State Control

- Test Function

Test Function Enable
Specia Test Function

0 3-State Control BitO

0 Normal outputs (default on reset)

1 3-state system bus and display output
pins. HSYNC, VSYNC, FLM, LP,
M, SHFCLK, PO-15, LDEV#, and
LRDY#.

1 3-State Control Bit1l

0 Normal outputs (default on reset)

1 3-state memory output pins. RASA#,
RASB#, RASCH#, CASAL#,
CASAH#, CASBL#, CASBH#,
CASCL#, CASCH#, WEA#, WEB#,
WECH#, OEAB#, OEC#, AA0-9, and
CAO0-9.

Test Function

These bits are used for internal testing of the
chip when bit-6 = 1.

6 Test Function Enable

Thisbit enablesbits 5-2 for internal testing.

0 Disabletest function bits(default)
1 Enabletestfunctionbits

7 Special Test Function

This bit is used for internal testing and
should be set to O (default to O on reset) for
normal operation.
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32-Bit Registers

32-Bit Registers

Register Register Extension 110 StateAfter

MnemonicGroup Register Name Access Type Address Reset Page|
DROO BitBLT BitBLT Offset 16/32-bit R/W 83D0-3 - ---XXXX XXXXXXXX ----XXXX XXXXXXXX 162
DRO1 BitBLT BitBLT Pattern ROF 16/32-bit R/W 87D0-3 - ------- S oA XXXXX XXXXXXXX XXXXXXXX 162

DR02 BitBLT BitBLT BG Color 16/32-bit R/W 8BD0-3 XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX 163
DRO3 BitBLT BitBLT FG Color 16/32-bit R/W 8FD0-3 XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX 163

DRO04 BitBLT BitBLT Control 16/32-bit R’'W 93D0-3 -------- - OXXXX XXXXXXXX XXXXXXXX 164
DRO05 BitBLT BitBLT Source 16/32-bit R’'W 97D0-3 - ------- S oA XXXXX XXXXXXXX XXXXXXXX 165
DRO06 BitBLT BitBLT Destination 16/32-bit R/W 9BDO0O-3 - ------- S A XXXXX XXXXXXXX XXXXXXXX 165
DRO7 BitBLT BitBLT Command 16/32-bit R/W 9FD0-3 ----0000 00000000 ----XXXX XXXXXXXX 166
DRO08 Cursor Cursor Control 16/32-bit R'IW A3D0O-3 -------- -------- 00000000 00Qee++00 167

DR09 Cursor Cursor Color 0-1 16/32-bit R/W A7D0-3 XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX 168
DROA Cursor Cursor Color 2-3 16/32-bit R/W ABDO0-3 XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX 168

DROB Cursor Cursor Position 16/32-bit RIW AFDO0-3 X - - - - XXX XXXXXXXX X---=-XXX XXXXXXXX 169
DROC Cursor CursorBaseAddress 16/32-bit R/'W B3D0-3 - ----- - - S - s S XXXX XXXXXX == mmmm - - - 170
Reset Codes:  x = Not changed by RESET (indeterminate on power-up) - = Not implemented (always reads 0)

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

h = Read-only 0/1= Reset to 0 or 1 by falling edge of RESET

r = Chip revision # (starting from 0000)
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32-Bit Registers

BitBLT OFFSET REGISTER (DRO0O)

Writeat 1/0O Address 83D0-83D3h
Read at 1/0O Address 83D0-83D3h
Word or DoubleWord Accessible

(312827 16]1512[11 0

MI?

11-0 Source Offset

Thisvalueisadded to the start address of the
Source BitBLT to calculate the starting

position for the next line.
15-12 Reserved (0)
27-16 Destination Offset

Thisvalueisadded to the start address of the
Destination BitBLT to calculate the starting

position for the next line.

31-28 Reserved (0)

BitBLT PATTERN ROP REGISTER (DRO01)

Writeat 1/0 Address 87D0-87D3h
Read at 1/0 Address 87D0-87D3h
Word or DoubleWord Accessible

2120

- Source Offset

T Reserved(0)

- Destination Offset

“I?g

- Pattern Pointer

- Reserved(0)

T Reserved(0)

200 Pattern Pointer

Address of Pattern Size - aligned 8 Pixel x 8
line pattern. For an 8BPP pattern
(occupying 8 bits/ pixel * 8 pixels/line* 8
lines/ pattern) the pattern must be aligned on
a 64 byte (16 DWord) boundary. For a
16BPP pattern (occupying 16bits/ pixel * 8
pixels / line * 8 lines / pattern) the pattern
must be aligned on a 128byte (32 DWord)
boundary. For monochrome patterns (1 Bit
/ pixel * 8 pixels/line* 8lines/ pattern) the
pattern must be aligned on an 8 hyte (2
DWord) boundary. The lower bits of the
Pattern Pointer are read/write, however the
Drawing Engine forces them to zero for
drawing operations.

31-21 Reserved (0)

Warning: Donotreadthisregister
whileaBitBL T isactive.
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32-Bit Registers

BitBLT BACKGROUND COLOR
REGISTER (DR02)

Writeat 1/0 Address 8BD0-8BD3h
Read at 1/0 Address SBD0-8BD3h
Word or DoubleWord Accessible

131 [15

“I?g

- BackgroundColor

150 Background Color

This register contains the background color
data used during opague mono-color expan-
sions.

All 16 bits must be written regardless of
pixel depth. If the drawing engine is
operating at 8BPP, then the same data
should be duplicated in bits 15:8, and 7:0.

31-16 Duplicate of 15-0

BitBLT FOREGROUND COLOR
REGISTER (DR03)

Writeat I/0O Address 8FDO-8FD3h
Read at I/O Address 8FDO-8FD3h
Word or DoubleWord Accessible

31 [15

“I?g

- Foreground Color

150 Foreground/Solid Color

This register contains the color data used
during solid paint operations. It also isused
as the foreground color during mono-color
expansions.

All 16 bits must be written regardless of
pixel depth. If the drawing engine is
operating at 8BPP, then the same data
should be duplicated in bits 15:8, and 7:0.

31-16 Duplicate of 15-0

Warning: Only bits 15-0 are used. They are
duplicated in bits 31-16 when this
register isreadback bytheCPU.

Warning: Only bits 15-0 are used. They are
duplicated in bits 31-16 when this

register isreadback bytheCPU.
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32-Bit Registers

BitBLT CONTROL REGISTER (DRO0O4)

Writeat 1/0 Address 93D0-93D3h
Read at 1/0O Address 93D0-93D3h
Word or DoubleWord Accessible

12

Pattern Depth

Selects between monochrome and color
pattern data. This alows the pattern register
to operate either as a full pixel depth 8x8
pattern for use by the ROP, or as an 8x8
monochromepattern:

13127 16]15 g7 0 :
[ 0 Patternis Color
L 1 PatternisMonochrome
ROP
I 13  Background
— The 65548 supports both transparent and
INC_X, INC_Y opaque backgrounds for ~monochrome
Source Data patterns and font expansion:
Source Depth 0 BG isOpague (BG Color Reg DRO2)
Pattern Depth 1 BGis Transparent (Unchanged)
Background ] o
BitBLT Src/Dst 15-14 BitBLT Source/Destination
Pattern Seed The 65548 only supports its local display
Solid Pattern memory asthedestination for BitBL T opera-
BitBLT Status tions. The source may be either display
gf?rvg(o) memory or system memory (CPU):
Resenved0) 15 14 BitBLT Source —> Dest
0 O Screen—> Screen (Dest)
(B (1) gystemed—> Screen (Dest)
eserv:
~ ESSI: Operati defined by Mi ft L 1 Resved
er Operation as defined by Microso
Windows. All logical operations of Source, 18-16 Pattern Seed
Pattern, and Destination Dataare supported. Determines the starting row of the 8x8
8 INC Y pattern for the current BitBLT. A patternis
- _ o typically required to be destination aligned.
DeterminesBitBLTY -direction: The 65548 can determine the x-alignment
0 Decrement (BottomtoTop) from the destination address however the y-
1 Increment (Topto Bottom) dignment must be genersted by the
programmer. These three bits determine
9 INC_X which row of the pattern is output on the
DeterminesBitBL T X -direction: first line of the BitBLT. Incrementing and
. decrementing are controlled by bit DRO4[8].
0 Decrement(RighttoLeft) _
1 Increment (LefttoRight) 19 Solid Pattern
1 = Solid Pattern (Brush)
10 Source Déta . 0 = BitmapPattern
Selle‘:t;a”ab_'ezzagrlco'g re?g%gfma 20 BitBLT Status (Read Only)
urceis olor Reg . )
0 BIitBLTEngineldle
0 Sourcedataselectedby DROA[14] 1 BitBLT Active - do not write BitBLT
11  Source Depth regs
Selects between monochrome and color 23-21 Reserved (0)
source data. This allows BitBLTs to either
transfer source data directly to the screen or 27-24 Buffer Status
perform afont expansion (INC_X=1 only): # of DWordsthat can be written to the chip:
0 Sourceis Color 0000 Buffer Full _
1 Sourceis Mono (Font expansion) 0001 1 Spaceavailableinthequeue
1111 15 Spacesavailablein the queue
31-25 Reserved (0)
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CHIPS'

32-Bit Registers

BitBLT SOURCE REGISTER (DRO05)

Writeat 1/0 Address 97D0-97D3h
Read at 1/0O Address 97D0-97D3h
Word or DoubleWord Accessible

[31 2120

‘M—rg

- SourceAddress

- Reserved(0)

200 SourcéAddress
Address of Byte aligned source block.

3121 Reserved(0)

Warning: Donotreadthisregister
whileaBitBL T isactive.

BitBLT DESTINATION REGISTER (DRO06)

Writeat 1/0 Address 9BD0-9BD3h
Read at 1/0 Address 9BD0-9BD3h
Word or DoubleWord Accessible

[31 2120

‘\Wg

- DestinationAddr

- Reserved(0)

200 Destinatioddress
Address of Byte aligned destination block.

31-21 Reserved(0)

Warning: Donotreadthisregister
whileaBitBL T isactive.
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32-Bit Registers

BitBLT COMMAND REGISTER (DRO07)

Writeat I/0O Address 9FDO-9FD3h
Read at I/O Address 9FDO-9FD3h
Word or DoubleWord Accessible

(312827 16]1512[11 0

- Bytesper Line

MI?

T Reserved(0)

- Lines per Block

T Reserved(0)

11-0 BytesPerLine
Number of bytesto betransferred per line

15-12 Reserved(0)

27-16 LinesPer Block
Height in lines of the block to betransferred

31-28 Reserved(0)

Warning: Do not attempt to perform a CPU
read/writeto display memory whilea
BitBL Tisactive.
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32-Bit Registers

CURSOR/POP-URCONTROLREGI STER(DR0S)

Writeat I/OAddressA3D0-A3D3h
Read at 1/0O AddressA3D0-A3D3h
Word or DoubleWord Accessible

7-6 Test

8

Pop-Up Menu Width

0 One bpp. Menu width = 128 pixels.
This also forces a height of 128 lines.

[3116[15]141312[11]10[ o[ 8] 6 5[4 _2[1 0] CCO and CC1 (DRO9) determine
[- menu colors.
1 Two bpp. Menu width = 64 pixels.
— [—Cursor Enable CCO0-3 (DR09 and DROA) determine
— menu colors.
— [~Resrvd (must be 0)
—ULC Select 9 X Zoom (Manual)
| Test 0 No pixel replication. '
~—pop-up Width 1 Replicate pixels in the horizonta
X Z00m direction. No pixel replication takes
Y Zoom place in CRT interlace mode and for
Pop-up AutoZoom 32x32 cursor.
Pop-up Trans Enbl
Reserved(0) 10 Y Zoom (Manual)
Pop-up H Enable 0 No pixel replication.
Pop-up H/W Enbl 1 Replicate pixels in the vertica
TReserved(0) direction. No pixel replication takes
place in CRT mode and for 32x32
1-0 Cursor /Pop-Up Menu Enable Cursor.
This bit enables the hardware cursor. The 11 Pop-up Horizontal Auto Zoom Enable
cursor will be enabled/disabled in the frame
following the current active frame O Auto zoom off _
(synchronized to vertical blank) 1 1f bits 13 and 14 are both zero:
' Horizontal: Double pop-up width in
00 Both Disabled high resolution modes and divide H
01 32x32 Cursor Enable position by 2 in low resolution
10 64x64 Cursor Enable modes. Vertical: keep both size and
11 Pop-Up Menu Enable screen position constant in al modes.
4-2 Reserved (R/W) 12 Pop-up Transparency Enable
Must be programmed to O. 0 Disable Transparency (standard 4-
color pop-up)
5 Upper Left Corner (ULC) Select 1 Enabsgﬂransparency (pop-?p color 2
. : . isu or transparency) for 64x64
The cursor is set relative to either the Upper pop-up mode S‘())nly y()ignored in
Left Corner (ULC) of the active display or 128x128 pop-up)
of the overscan region. When set relative to
the active display (BLANK#) the cursor will
not be visible in the overscan area. When 13 Reserved (0)
relative to Display Enable, the cursor may
appear in the overscan region. All x\y
positioningisrelativeto the selected ULC.
0 ULC is BLANK# (x=0, y=0 corre-
spondsto the top left of the panel)
1 ULC is Display Enable (x=0, y=0
corresponds to the top left of the
image)
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32-Bit Registers

14 Pop-up Horizontal Position Control

0

Horizontal position of pop-up is
automatically divided by 2 in low
resolution modes. This keeps the
pop-up in the same position on the
screen.

Horizontal position of pop-up is not
automatically divided by 2 in low
resolution modes. This setting
requiresthe pop-up horizontal position
to be reprogrammed in low resolution
modes to keep the pop-up in the same
position on the screen (65545-
compatible mode).

15 Pop-up/Hardware Cursor Blink Enable

0
1

Disableblinking of pop-up/ cursor
Enable blinking of pop-up / cursor
(XR60 control blink rate and duty
cycle)

31-16 Reserved (0)

Refer to the Functional Description of this document
for additional information on programming of the
Hardware Cursor feature.
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32-Bit Registers

CURSOR/POP-UPCOL ORO-1IREGISTER(DROQ9)

Writeat I/OAddressA7D0-A7D3h
Read at I/O AddressA7D0-A7D3h
Word or DoubleWord Accessible

[31 27]26 21]20 1615 1110 54 0

| cco-Blue

———— I CCO- Green

- CCO - Red

- CC1- Blue

- CC1- Green

- CCl- Red

Cursor Colors 0 and 1 are 16-bit high color values
consisting of 5 bits of Red, 6 bits of Green, and 5
bits of Blue. Colors 0 and 1 may be accessed either
as two 16-bit registers or as a single 32-bit register.
A writeto thisregister immediately affectsthe cursor
color displayed.

40 CCO - Blue
Cursor Color 0 Blue value

105 CCO- Green
Cursor Color 0 Green value

15-11 CCO - Red
Cursor Color 0 Red value

20-16 CC1 - Blue

Cursor Color 1 Blue value
26-21 CC1- Green

Cursor Color 1 Green value

31-27 CC1 - Red
Cursor Color 1 Red value

CURSOR/POP-UPCOL OR2-3REGI STER(DROA)

Writeat I/O Address ABDO-ABD3h
Read at I/O Address ABDO-ABD3h
Word or DoubleWord Accessible

[31 2726 21]20 1615 1110 54 0

| CC2-Blue

———— I CC2- Green

- CC2- Red

- CC3- Blue

- CC3- Green

- CC3- Red

Cursor Colors 2 and 3 are 16-bit high color values
consisting of 5 bits of Red, 6 bits of Green, and 5
bits of Blue. Colors 2 and 3 may be accessed either
as two 16-hit registers or as a single 32-bit register.
Colors 2 and 3 are only used when the Cursor isin
Pop-Up Mode. A write to this register immediately
affectsthe cursor color displayed.

40 CC2 - Blue
Cursor Color 2 Blue value

105 CC2- Green
Cursor Color 2 Green value

15-11 CC2 - Red
Cursor Color 2 Red value

20-16 CC3 - Blue

Cursor Color 3 Blue value
26-21 CC3- Green

Cursor Color 3 Green value

31-27 CC3 - Red
Cursor Color 3 Red value
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32-Bit Registers

CURSOR/POP-URPOSITIONREGI STER(DROB)

Writeat 1/O Address AFDO-AFD3h
Read at /O Address AFDO-AFD3h
Word or DoubleWord Accessible

[3130 27[26

16115914 11l10 0

- X Offset

=

- Reserved(0)

— X SIGN

- Y Offset

- Reserved(0)

100

14-11
15

— Y SIGN

X Offset

Cursor X-position. The cursor position is
calculated as the signed offset (in pixels)
between the Upper Left Corner (ULC) of the
screen (as defined by BLANK#) and the
Upper Left Corner of the cursor. X Offset
is the magnitude portion of the signed offset
of the cursor position in the horizontal axis.
This magnitude in combination with the X
SIGN bit (15) form the signed offset of the
cursor in the X direction.

The X OFFSET and X SIGN may be
written as a 16-bit quantity with bits 14-11
ignored.

Therange for the ULC of the cursor is:
—2047 <= X-Position <= 2047

Reserved (0)
X Sign

Sign associated with the X OFFSET
magnitude which together form the signed
offset of the cursor in the X direction.

26-16

30-27
31

Y Offset

Cursor Y-position. The cursor position is
calculated as the signed offset (in pixels)
between the Upper Left Corner (ULC) of the
screen (as defined by BLANK#) and the
Upper Left Corner of the cursor. Y Offsetis
the magnitude portion of the signed offset of
the cursor position in the vertical axis. This
magnitude in combination with theY SIGN
bit (31) form the signed offset of the cursor
intheY direction.

TheY OFFSET and Y SIGN may be written
asa l16-hit quantity with bits 30-27 ignored.

Therange for the ULC of the cursor is:
—2047 <=Y-Position <= 2047

Reserved (0)
Y Sign

Sign associated with the Y OFFSET
magnitude which together form the signed
offset of the cursor inthe'Y direction.

In pop-up menu mode negative values are
not supported.
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32-Bit Registers

CURSOR/POP-UP BASE ADDRESS (DROC)

Writeat 1/0 Address B3D0-B3D3h
Read at 1/0 Address B3D0-B3D3h
Word or DoubleWord Accessible

[31 21] 19 109 0|

- Reserved(0)

- BaseAddress

- Reserved(0)

90 Reserved (0)

20-10 Cursor Base Address

Base address for cursor / pop-up data in
display memory. Bit 10 should be
programmed to 0 when the 128x128 pop-up
menu is being displayed.

31-21 Reserved (0)
Refer to the Functional Description section of this

document for additional information on
programming of the Hardware Cursor feature.
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Functional Description

System Interface

Functional Blocks

The 65548 contains 5 major functional blocks
including the standard VGA core (Sequencer,
Attribute controller, Graphics Controller, and CRT
Controller), a BitBLT engine, Hardware Cursor,
Palette DAC, and Clock Synthesizer. There are also
other subsystems such as the bus and memory inter-
faces which are transparent to both the user and
software programmer. While in standard VGA
modes only the VGA core, Palette DAC, and clock
synthesizer areactive.

Bus Interface

Two major buses are directly supported by the
65548: VESA Loca Bus (VL-Bus); and PCI Bus.
Direct interfaces to popular 80486DX, 80486DX2,
80486DX 4, 80486SX, and 80386DX processors are
supported.

VL-Buslnterface

The 65548 operates as a 32-hit target onthe VL-Bus.
It has an optimized direct pin-to-pin connection for
all VL-Bussignalsto eliminate external components.

Up to 28 bits of the 32-bit VL-Bus address may be
decoded on-chip permitting location of the linear
frame buffer anywhere in a 256MByte address
gpace. Optionally, the upper 4 address bits may be
decoded externally to support the full 32-bit, 4GB
VL-Busaddress space. Zero wait state read accesses
are not permitted, however, the 65548 will terminate
aread cyclein the second T2 if the datais available.
Burst cyclesare not supported

Direct Processor I nterface

The 65548 can interface directly to all 32-bit x86-
architecture processors. Its full non-multiplexed 28-
bit address makes it simple to connect to the CPU.
On valid 65548 accesses it will generate LDEV#
which is monitored by the system logic controller.
This interface is essentially the same as the VL-Bus
interface with the exception that both 1x and 2x CPU
clocks are acceptable. When using a 2x clock the
CPU Reset must be connected to the 65548 CRESET
input for phase coherency. The 65548 does not
support pipelined mode in its 386 processor
interface.

PCI Interface

The 65548 aso supports a full 32-bit PCI bus
interface as defined by PCI Interface Specification
Revision 2.0. All features required of a non-bus-
master 'target' device are implemented on-chip with
no external glue logic required. Read/Write cycles
are supported for Memory, /O, and Configuration
address spaces. Burst accesses are not supported.
Interrupt capability isprovided for vertical interrupts.

Refer to the PCI Pin Descriptions and Configuration
Registers sectionsfor further information.
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Functional Description

Display Memory Interface

Memory Architecture

The 65548 supports both 512K and 1MB configura-
tionsfor display memory plus an additional 512K for
an optional external frame buffer. Framebufferingis
required for support of simultaneous display on
CRTs and DD panels, however, the 65548 has the
ability to embed frame buffer data in_display
memory. Since this uses some of the available m-
emory bandwidth, the 65548 aso supports an
additional DRAM for use as an external frame buffer
for improved performance.

The 65548 implements a 32-bit wide data bus for
display memory and 16-bit for the optional external
frame buffer. The memory data buses are named
‘A", 'B', and 'C' in groups of 16 bits. 'A’ holds the
lower 512K of display memory, 'B' normally holds
the upper 512K of display memory in IMB configu-
rations and 'C' is normaly used for the externa
frame buffer (if used). The chip may, however, be
optionally programmed to put the upper half of
display memory in DRAM 'C' instead (i.e., 'C' may
be programmed to hold either display memory or
external frame buffer data). When an external frame
buffer is not required, 'C' may aso be used as an
input port for externa video data (to implement
overlay of live video over VGA output for example)
and to provide additional panel interface data bits
beyond the basic 16 (for TFT panels with 18-bit or
24-bit data interfaces since TFT panels are single
panelsand never require frame buffering).

There are separate groups of RAS, CAS, and WE
pins for each of the three DRAMSs (A, B, and C).
There are only two OE pins and two address buses
however, one for A and B and another for C.
Configuration initialization data is latched from
memory address pins AAQ-8 (the address bus for
DRAMsA and B) at the end of reset. These bits are
readablein XR0O1[0-7] and XR6C[1] respectively.

The 65548 supports all VGA text and graphics
modes (planar, packed pixel, odd/even chain modes,
etc.) but the storage locations of the data (i.e., the
locations and bit positions in the DRAMSs) does not
correspond to the origina VGA which implemented
256K B of display memory as 4 physical 'planes’ of
64KB (using two 64Kx4 DRAMSs to implement each
'‘plane’ with separate address buses for planes 0-1
and 2-3). In other words, no assumptions should be
made regarding the correspondence of the data pins
on the display memory data bus of the 65548 to

traditional VGA 'plane' concepts. For example, text
data is still stored in ‘plane’ O, attribute data in
'‘plane’ 1, and font data in 'plane’ 2, but due to the
extensive use of page-mode cycles and the use of a
single address bus for display memory data, where
those planes are physically located in the DRAMs s
much different.

In addition, the 65548 make extensive use of internal
FIFOs to improve performance. Asaresult the read
/ write activity on the DRAM interface pins at any
point in time corresponds only approximately to
system bus and CRT / panel output activity at that
time.

Memory Chip Requirements

The 65548 is designed to use 256K x 4 or 256K x
16 DRAMSs. Fast-page-mode capability is required.
Either 'CAS-Before-RAS' or 'Self-Refresh’ DRAMs
may be used. Both dua-CAS# (default) and dual-
WEH# types of 256Kx16 DRAMSs are supported. The
BIOS can test the DRAMSs to detect the type of
DRAM used and program the chip accordingly.

The 65548 can generate Page Mode Read, Page
Mode Write, and Page Mode Read-Modify-Write
cycles. CAS-before-RAS Refresh and Self-Refresh
cycles are also supported. The memory interface is
optimized for 40ns page mode cycles but is flexible
and can be tuned for any speed DRAM.

The 65548 supports various DRAM speeds. The
maximum frequency of the 65548 is 75 MHz. The
recommended maximum memory clock frequency
for various DRAM based on commonly available
DRAM specificationsisasfollows:

DRAM Speed Memory Clock Freguency*
60 ns Fast Page 70.000 MHz
70 ns Fast Page 68.000 MHz
60 nsEDO 75.000 MHz
70 nsEDO 68.000 MHz

* DRAM AC timing parameters varies among
different DRAM manufacturers therefore please
check with DRAM specifications and 65548 memory
timing.
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Functional Description

Clock Synthesizer

An integrated clock synthesizer supports all pixel
clock (VCLK) and memory clock (MCLK)
frequencies which may be required by the 65548.
Each of the two clock synthesizer phase lock loops
may be programmed to output frequencies ranging
between 1M Hz and the maximum specified operating
frequency for that clock in increments not exceeding
0.5%. The frequencies are generated by an 18-bit
divisor word. This value contains divisor fields for
the Phase Lock Loop (PLL), Voltage Controlled
Oscillator (VCO) and Pre/Post Divide Control
blocks. The divisor word for both synthesizers is
programmable via Clock Control Registers XR30-
32.

MCLK Operation

Normal operational frequencies for MCLK are
between 50MHz and 75MHz. Refer to the Electrica

Specifications for maximum frequencies at 3.3V and
5V (the maximum frequency at 3.3V will be dlightly
lower). Norma MCLK operationa 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 65548. A typical maich is between industry
standard 60ns access memories and a 75MHz
MCLK. The MCLK output defaults to 40MHz on
reset and isfully programmable. Thisinitial valueis
conservative enough not to violate sow DRAM
parameters but not so slow as to cause a system
timeout on CPU accesses. The MCLK frequency
must always equal or exceed the host clock (CCLK)
frequency.

VCLKRegisterTable

VGA CLKO =25.175MHz

VGA CLK1 = 28.322MHz

21

VCLK Synthesizer

Y

CLK2 = Programmable

XR32:30——

MCLKRegisterTable

A

MCLK = Programmable

2L, + MCLK Synthesizer

CLKSEL1:0

MISC Output Reg[3:2]

( Clock Synthesizer Register Structure '

Reference%»@—» , — | Phase Charge oP [} C,LK
XR32[6:0] 7 o N | | Detector| "] Pump ? > VCO =2t
: Y
: Internal :
i . Loop Filter :
XR31[6:0] ; ! o Mo ;
XR30[3:1] post-VCOdivider select
Phase-L ocked L oop Oscillator

( Clock Synthesizer PLL Block Diagram b
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Functional Description

VCLK Operation

The VCLK output typically ranges between 19MHz
and 65MHz. VCLK has atable of three frequencies
from which to select a frequency. This is required
for VGA compatibility. CLKO and CLK1 are fixed
at the VGA compatible frequencies of 25.175MHz
and 28.322MHz respectively. These values can not
be changed unlike CLK2 which is fully program-
mable. The active frequency is chosen by clock
select bits MSR[3:2].

Programming the Clock Synthesizer

The desired output frequency is defined by an 18-hbit
value programmed in XR30-32. The 65548 has two
programmable clock synthesizers; one for memory
(MCLK) and one for video (VCLK). They are both
programmed by writing the divisor values to XR30-
32. The clock to be programmed is selected by the
Clock Register Program Pointer XR33[5]. The
output frequency of each of the clock synthesizersis
based on the reference frequency (Frer) and the 4
programmedfields:

Field # Bits

PrescaleN (PSN) XR30[0] (+1lor +4)
Mcounter(M')  XR31[7:0] (M'=M -2)
Ncounter (N') XR32[7:0] (N'=N-2)

Post Divisor (P) XR30[3:1] (+2P; 0£ P£5)

B Frer* 4* M
Four= "poN* N* 2P

The frequency of the Voltage Controlled Oscillator
(Fvco) isdetermined by these fields asfollows:

_ _Frer*4* M

Fvco = “PSN*N

where Frer = Reference frequency (between 4 MHz
- 20 MHz; typically 14.31818 MHZz)

Note: If areference frequency other than 14.31818
MHz is used, then the frequencies loaded on
RESET will not be correct.

Programming Constraints

There are five primary programming constraints the
programmer must be aware of

4 MHz £ FrRer£ 20 MHz
150 KHz £ FrRer/(PSN * N) £ 2 MHz
48 MHz < Fvco £ 220 MHz
3EME 127
3ENE 127

The constraints have to do with trade-offs between
optimum speed with lowest noise, VCO stahility,
and factors affecting the loop equation.

The value of Fvco must remain between 48 MHz
and 220 MHz inclusive. Therefore, for output
frequencies below 48 MHz, Fvco must be brought
into range by using the post-V CO Divisor.

To avoid crosstalk between the VCO's, the VCO
frequencies should not be within 0.5% of each other
nor should their harmonics be within 0.5% of the
other's fundamental frequency.

The 65548 clock synthesizers will seek the new
frequency as soon asiit isloaded following awrite to
XR32. Any change in the post-divisor will take
affect immediately. There is a possibility that the
output may glitch during thistransition of post divide
values. Because of this, the programmer may wish
to hold the post-divisor value constant across arange
of frequencies (eg. changing MCLK from the reset
value of 50MHz to 72MHZz). There is also the
consideration of changing from a low fregquency
VCO value with a post-divide +1 (eg. 50MHZz) to a
high frequency +4 (eg. 220MHz). Although the
beginning and ending frequencies are close together,
the intermediate frequencies may cause the 65548 to
fail in some environments. Inthisexampletherewill

be a short-lived time frame during which the output
frequency will be in the neighborhood of 12.5MHz.

The bus interface may not function correctly if the
MCLK frequency falls below a certain value.

Register and memory accesses which are
synchronized to MCLK may be so slow asto violate
bus timing and cause a watchdog timer error.

Programmers should time-out the system (CPU) for

approximately 10ms after writing XR32 before
accessing the VGA again. This will ensure that
accesses do not occur to the VGA while the clocks
areinanindeterminate state.

Note: On reset the MCLK isinitialized to a 60MHz
output with apost divisor = 2 (Frco= 120MHz).

P Post Divisor
000 1
001 2
010 4
011 8
100 16
101 32
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Functional Description

Programming Example

The following is an example of the calculations
whichareperformed:

Derive the proper programming word for a 25.175
MHz output frequency using a 14.31818 MHz refer-
encefrequency:

Since 25.175 MHz < 48 MHz, double it to 50.350
MHz to get Fvco in its valid range. Set the post
dividefield (P) to 001.

Prescaling PSN = 4

The resullt:
Fvco=50.350 = (14.31818 x 4 x M/4 x N)
M/N = 3.51655
Several choicesfor M and N areavailable:
M N Fvco Error
109 31 50.344 -0.00300
102 29 50.360 +0.00500

Choose (M, N) = (109,31) for best accuracy.

Prescaling PSN = 1

The result:
Fvco=50.350 = (14.31818 x 4 x M/1 x N)
M/N = 0.879127

M N
80 91

Error
-0.00050

Fvco
50.349

FrRer/(PSN x N) = 157.3KHz

Therefore M/N = 80/91 with PSN = 1 is even better
than with PSN = 4.

XR30 = 0000010b (02h)
XR31 =80 - 2 = 78 (4Eh)
XR32 =91 - 2 = 89 (59h)

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 65548,
the clocks are physically located in the lower left
corner of the chip surrounded by low frequency
input and output pins. This helps minimize both
internally and externally coupled noise.

The memory clock and video clock power pins on
the 65548 each require smilar RC filtering to isolate
the synthesizers from the VCC plane and from each
other. The filter circuit for each CVCCn / CGNDn
pair is shown below:

+5V
A 10w
———— A CVCCn
| 01uF  47uF | | 0.pF
-~ AN AN
CGNDn

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 65548 thr oughthepads of the
filter components. The trace should NOT be
connected to the filter components by a stub. All
components (particularly the initial 0.1uF capacitor)
should be placed as close as possible to the 65548.

o] [

 E— )

A2

| — Vi

| — V.7
(@== 1 CGNDO
GND 7 xTALI

[ XTALO

cveeo
cvcel

[ RESET#
¥==f ] CGND1
ND

]

F?ID

R2 C6

NOTE: Do
not connect ®'. vee
Vcchere,.———p |:| |:|
Forcethe  Vcc
trace GND
through the
Designator | Value| decoupling GN%_.

C1,C3,C4,C6,C7| 0.1uF cap pad. GND

C2,C5 4TF @-.

R1,R2 10w

Always pass the Vcc trace through the decoupling cap pad. Do not leave a stub as shown here.
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Functional Description

VGA Color Palette DAC

The 65548 integrates a VGA compatible triple 6-bit
lookup table (LUT) and high speed 6/8-bit DACs.
Additionally the internal color palette DAC supports
true-color bypass modes displaying color depths up
to 24bpp (8-8-8). The palette DAC can switch
between true-color data and LUT data on a pixel by
pixel basis. Thus, video overlays may be any
arbitrary shape and can lie on any pixel boundary.
The hardware cursor is also a true-color bitmap
which may overlay both video and graphics on any
pixel boundary.

The internal palette DAC register 1/0 addresses and
functionality are 100% compatible with the VGA
standard. In all bus interfaces the palette DAC
automatically controls accesses to its registers to
avoid data overrun. This is accomplished by

delaying LRDY# for VL-Bus and direct processor
interfaces.

For compatibility with the VL-Bus Specification the
65548 may be disabled from responding to palette
writes (although it will perform them) so that an
adapter card on a slow bus which is shadowing the
palette LUT may see the access. The 65548 always
respondsto palette read accesses so it is still possible
for the shadowing adapter to become out of phase
with the internal modulo-3 RGB pointer. It is
presumed that this will not be a problem with well-
behaved software.

Extended display modes may be selected in the
Paette Control Register (XR06). Two 16bpp
formats are supported: 5-5-5 Targaformat and 5-6-5
XGA format.

HighColorPixelData — p —» Red
HardwareCursor ——» 24 > Triple
ExternaRGBVideo _ » - — > 6/8-bit > Gre:n
(565, 666, or 838) DAC | | Blue
| Triolébi
LUTPixeData & P& 18

( VGA Color Palette DAC Data Flow '
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Functional Description

BitBLT Engine

Bit Block Transfer

The 65548 integrates a Bit Block Transfer (BitBLT)
Engine which is optimized for operation in a
Microsoft Windows environment. The BitBLT
engine supports system-to-screen and screen-to-
screen memory data transfers. It handles
monochrome to color data expansion using either
system or screen data sources. Color depths of 8
and 16bpp are supported in the expansion logic.
Integrated with the screen and system BitBLT data
streams is a 3-operand raster-op (ROP) block. This
ROP black includes an independent 8x8 pixel (mono
or color) pattern. Color depths of 8 and 16bpp are
supported by the pattern array. All possible logical
combinations of Source (system or screen data),
Dedtination (screen data), and Pattern data are
available.

The BitBLT and ROP subsystems have been archi-
tected for compatibility with the standard Microsoft
Windows BitBLT parameter block. The source and

destination screen widths areindependently program-
mable. This permits expansion of a compressed off-
screen bitmap transparent to the softwaredriver. The
BitBLT Control Register (DR04) uses the same
raster-op format as the Microsoft Windows ROP so
no translation is required. All 256 Windows defined
ROPs are available.

All possible overlaps of source and destination data
are handled by controlling the direction of the
BitBLT in the x and y directions. As shown below
there are eight possible directions for a screen-to-
screen BitBLT (no change in position is a subset of
al eight). Software must determine the overlap, if
any, and set the INC X and INC_Y bhits accord-
ingly. Thisis only critical if the source and desti-
nation actually overlap. For most BitBLTs this will
not be the case. In BitBLTs where INC X is a
‘don't care' it should be set to 1 (proceed from left to
right). This will increase the performance in some
cases.

Source

Source

Source

Dest

Dest

Dest

INC_ X =X;INC_Y=0

Source Dest

INC_X =0; INC_Y =X

INC X=X;INC Y =0

Arrows indicate
appropriatedirectionfor
BitBIt progression so
that destinationoverlap
does not corrupt data.

INC X =X;INC_Y =0

Dest Source

INC_X =1; INC_ Y =X

Dest

Dest

Dest

l

l

l

Source

Source

Source

INC_X=X;INCY=1

INC X =X;INCY=1

INC_X=X;INCY=1

( Possible BitBLT Orientations With Overlap '
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Functional Description

Sample Screen-to-Screen Transfer

Below is an example of how a screen-to-screen
BitBLT operation is traditionally performed. The
source and destination blocks both appear on the
visible region of the screen and have the same
dimensions. The BitBLT is to be a straight source
copy with no raster operation. The memory address
space is 2MBytes and display resolution is 1024 x
768. The size of the block to be transferred is 276
horizontal x 82 vertical pixels (114h x 52h). The
coordinates of the upper left corner (ULC) of the
source block is 25h,30h. The ULC coordinates of
the destination block are 157h,153h. Because the
source and destination blocks do not overlap, the
INC X and INC_Y BitBLT direction bits are not
important. We will assume that INC_X = 1,
INC_Y =0, and the BitBLT will proceed one scan
line at atime from the lower left corner of the source
moving to the right and then from the bottom to the
top.

The source and destination offsets are both the same
as the screen width (400h):

BitBLT Offset Register (DR00) = 04000400h

f 400h (1024)

Y

* [25h,30h

114h
52h Source

138h,81h

300h 157h,153h

(768

Destination

26Ah, 1A4h

[

1024 x 768 x 8BPP

The Pattern ROP Register does not need to be
progranmed since there is no pattern involved.
Neither the Foreground Color nor Background Color
Register has to be programmed since this does not
involve a color expansion or rectangle solid color
paint. The BitBLT Control Register contains the
most individual fieldsto be set:

ROP = Source Copy = 0CCh
INC_Y =0 (Bottomto Top)
INC_X = 1 (Left to Right)

Source Data=VariableData=0
Source Depth = Sourceis Color =0
Pattern Depth = Don't Care=0
Background = Don't Care=0

BitBL T = Screen-to-Screen = 00
Pattern Seed = Don't Care = 000

BitBLT Control Register (DR04) = 002CCh
Since the BitBLT will be starting in the lower left

corner (LLC) of the source rectangle, the start
addressfor the source datais calcul ated as:

lFFFFFh/m/ 020538h
Line52h
Off-Screen
7 M emory 020425h
0C0000h
o ——
06926Ah
Dest
054D57h
020538h 00C938h
Source Line3
00C025h T 00C825h
000000h 2EDh T
l 400h
00C538h
Line2
- 00C425h
00C138h
Linel
00C025h

( Screen-to-Screen BitBLT b
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Functional Description

(81h * 400h) + 25h = 020425h
BitBL T Source Register (DR05) = 020425h

Similarly, the LLC of the destination register calcu-
lated as:

(1A4h * 400H) + 157h = 069157h
BitBLT Destination Register (DR06) = 069157h

Tobeginany BitBL T the Command Register must be
written. Thisregister contains key information about
the size of the current BitBLT which must be written
forall BitBL T operations:

Lines per Block = 52h
Bytes per line=114h (Current example 8bpp)

Command Register (DR07) = 00520114h

After the Command Register (XR07) is written the
BitBLT engine performs the requested operation.
The status of the BitBLT operation may be read in
DRO4[20] (read only bit). This is necessary to

determine when the BitBLT is finished so that
another BitBLT may be issued. No reads or writes
of the display memory by the CPU are permitted
whiletheBitBLT engineisactive.

In the present example the BitBL T source and desti-
nation blocks have the same width asthe display. As
can be seen below each scan lineis transferred from
source to destination. Alignment is handled by the
BitBL T enginewithout assistance from software.

Compressed Screen-to-Screen Transfer

Next we consider an example of how a screen-to-
screen BitBLT operation is performed when the
source and destination blocks have different widths
(pitch). This type of BitBLT is commonly used to
store bitmaps efficiently in offscreen memory or
when recovering a saved bitmap from offscreen
memory.

The 65548 display memory consistsof asinglelinear
frame buffer. The number of bytes per scan line and
lines displayed changes with resolution and pixel
depth. For simplification, the concepts of pixels,
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lines, and columns are foreign to the BitBL T engine.
Instead, the 65548 operates on groups of bytes
(rows) which are separated by the width of the
screen.  The 65548 permits separation between the
row lengthsto be different for source and destination
bitmaps. For efficient use of offscreen memory we
may assume that the "width" of the screen is the
same as the width of the data.

Below is an example of how a screen-to-screen
BitBLT operation is performed with the destination
data efficiently compressed into the offscreen area.
The reverse operation is aso valid to recreate the
original block on the visible screen. Once again the
BitBLT is to be a straight source copy with the
source block in the same location as the previous
example. The destination block is to be located
beginning at the first byte of off-screen memory.
Because the source and destination blocks do not
overlaptheINC_X and INC_Y BitBLT direction bits
are not important. We will assumethat INC_X =1,

INC_Y =1 and the BitBLT will proceed one scan
line at atime from the upper left corner of the source

moving to the right and then from the top to the
bottom.

The source offset is the same as the screen width
(400h) and the destination offset is the same as the
source block width (114h):

BitBL T Offset Register (DR00) = 01140400h

The Pattern ROP Register does not need to be
progranmed since there is no pattern involved.
Neither the Foreground Color nor Background Color
Register has to be programmed since there is no
color expansion. The BitBLT Control Register
containsthefollowing bit fields:

ROP = Source Copy = 0CCh
INC_Y =1 (Topto Bottom)
INC_X =1 (Left to Right)

Source Data=VariableData=0
Source Depth = Sourceis Color = 0
Pattern Depth = Don't Care=0
Background = Don't Care=0
BitBLT = Screen --> Screen = 00
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/ —————+ Memor
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Pattern Seed = Don't Care = 000
BitBLT Control Register (DR04) = 003CCh

Since the BitBLT will be beginning in the ULC of
the source rectangle, the start address for the source
dataiscalculated as:

(30h * 400h) + 25h = 0C025h
BitBL T Source Register (DR05) = 0C025h

Similarly, the ULC of the destination register calcu-
lated as (Number of scan lines* Bytes per scan line):

300h * 400h = 0C0000h
BitBLT Destination Register (DR06) = 0C0000h

As in the previous example the Command Register
must be written to begin the BitBLT. This register
contains the size of the current BitBLT which must
bewrittenfor all BitBLT operations:

Lines per Block = 52h
Bytes per line=114h (Current example 8bpp)

Command Register (DR07) = 00520114h

System-to-Screen BitBLTs

When performing a system-to-screen BitBLT the
source rotation information is passed in the BitBLT
Source Address and Source Offset registers. The 2
L Shits of the Source Address register indicate the
alignment. For exampleif the system data resides at
system address 0413456h then the processor pointer

should be set to 0413454h (doubleword aligned) and
the Source address register iswritten with xxxxx2h.

When the end of the scan line isreached (the number
of bytes programmed in the Command Register have
been written) any remaining bytes in the last
doubleword written to the 65548 are discarded. The
2 L Shits of the Source Offset Register are then added
to the 2 LShits of the Source Address Register to
determine the starting byte alignment for the first
doubleword of the next scanline. This process is
continued until all scanlinesare completed. The most
common casewill beadoubleword aligned bitmapin
system memory in which case the 2 Lbits of the
Source Address Register are zero. It isaso common
for bitmaps to be stored with each scanline
doubleword aligned (Source Offset Register =
xxxxx0h). Once the Command Register is written
and the BitBL T operation has begun the 65548 will

wait for data to be sent to its memory address space.

Any writeto avalid 65548 memory address, either in
the VGA space or linear address space if enabled,

will berecognized as BitBL T source data and will be
routed to the correct address by the BitBLT engine.
This enables the programmer to set up a destination
pointer into the video address window (doubleword
aligned) and simply perform a REP MOV SD. Any
unused data in the last word/doubleword write will
be discarded by the BitBL T Engine.

For system-to-screen monochrome (font) expansions
the data is handled on a scanline by scanline basis.
Aswith the system-to-screen BitBL T with ROP, this
type of transfer uses the 2 LShits of the source
address register to determine the beginning byte
index into the first doubleword. On subsequent
scanlines the source offset register is added to the
current scanline byte index to determine the indexing
for the start of the next scan line. Monochrome data
is taken from bit 7 through bit 0, byte O through 3
and expanded left to right in video memory (NOTE:

monochrome source only supports left to right
operation). At the end of the first scanline any
remaining data in the active doubleword is flushed
and the byte pointer for the starting byte in the next
doubleword (for the next scanline) is calculated by
adding 2 L Shits of the source offset to the starting
byte position in the previous scanline. Monochrome
expansion then continues bit 7 through O incre-
menting byte (after byte 3 bit 0 a new doubleword
begins at byte O: bit 7) until the scanlineis compl ete.

Note that the number of bytes programmed into the
Command register references the number of
expanded bytes written; not the number of bytes to
be expanded.
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Har dwar eCur sor

The 65548 supports four types of cursors:

32x32 x2bpp (and/xor)
64 x 64 x2bpp (and/xor)
64 x 64 x2bpp (4-color)
128 x 128 x 1bpp (2-color)

The first two hardware cursor types indicated as
‘and/xor' above follow the MS Windows™
AND/XOR cursor data plane structure which
provides for two colors plus ‘transparent'
(background color) and 'inverted' (background color
inverted). The last two types in the list above are
aso referred to as 'Pop-Ups because they are
typically used to implement pop-up menu
capabilities. Hardware cursor / pop-up datais stored
in display memory, allowing multiple cursor values
to be stored and selected rapidly. The two or four
colors specified by the values in the hardware cursor
data arrays are stored in on-chip registers as high-
color (5-6-5) valuesindependent of the on-chip color
lookup tables (i.e., Attribute Controller and VGA
Color Palette).

The hardware cursor can overlay either graphics or
video data on a pixel by pixel basis. It may be
positioned anywhere within screen resolutions up to
2048x2048 pixels. 64x64 'and/xor' cursors may
also be optionally doubled in sizeto 128 pixels either
horizontally and/or vertically by pixel replication.

Hardware cursor screen position, type, color, and
base address of the cursor data array in display
memory may be controlled via the 32-bit 'DR'
extension registers.

Hardware Cursor Programming

Once the 32-hit extension registers are enabled
(XRO3[1]=1), the cursor registers (DR08-DROC)
may be accessed. DROS8 controls the cursor type and
XIY zoom (H/V pixel replication). It also enablesthe
hardware cursor to appear on the screen. DR09 and
DROA specify up to four 16-bit RGB (5-6-5) cursor
color values. DROB specifies the cursor position on
screen in X-Y coordinates (number of pixels from
the left and top edges of the addressable portion of
the display). DROC specifies the address in display
memory where the cursor dataarray is stored. A 10-
bit base address may be specified alowing cursor
data patterns to be stored in any of 1024 different
locations in the maximum 1MB of display memory.
Each cursor storage area takes up 1024 bytes of
display memory which is exactly large enough to
hold a 64x64x2 cursor pattern.

Cursor DataArray Format and L ayout
Cursor datais stored in display memory as shown:

32x32 2bpp Cursor

Offset LinePlane0 Planel Plane2 Plane3
o00h 0 A7-0 X7-0 A15-8 X15-8
004h 0 A23-16 X23-16 A31-24 X31-24
oo8h 1 A7-0 X7-0 A15-8 X15-8
00Ch 1 A23-16 X23-16 A31-24 X31-24
OFCh 31 A23-16 X23-16 A31-24 X31-24
64x64 2bpp Cursor / Pop-Up
Offset LinePlane0 Planel Plane2 Plane3
o00h 0 A7-0 X7-0 Al15-8 X15-8
004h 0 A23-16 X23-16 A31-24 X31-24
008h 0 A39-32 X39-32 A47-40 XA47-40
00Ch 0 Ab55-48 X55-48 A63-56 X63-56
010h 1 A7-0 X7-0 A15-8 X15-8
014h 1 A23-16 X23-16 A31-24 X31-24
3FCh 63 A55-48 X55-48 AB63-56 X63-56
128x128 1bpp Pop-Up
Offset LinePlane0 Planel Plane2 Plane3
oooh 0 P7-0 P15-8 P23-16 P31-24
004h 0 P39-32 P47-40 P55-48 P63-56
008h 0 P71-64 P79-72 P87-80 P95-88
00Ch 0 P103-96 P111-104 P119-112 P127-120
010h 1 P7-0 P15-8 P23-16 P31-24
014h 1 P39-32 P47-40 P55-48 P63-56

7FCh 127 P103-96 P111-104 P119-112P127-120
A7/X7 is the left-most pixel of the cursor pattern
displayed on the screen for all cursor types. Note
that 32x32 cursors take up 256 bytes each (the upper
3/4 of the 1KB space alocated for each cursor
storage location in display memory is unused).
128x128 cursors (pop-ups) take up 2KB each, so
reguire A10 of the base addressto be set to 0.

Cursor dataarray elements map asfollows:

Ann Xnn And/Xor Type 4-Color Type
0 0 Color 0 Color O
0 1 Color 1 Color 1
1 O Transparent Color 2
1 1 Inverted Color 3

where colors 0 and 1 are defined by DR09 and colors
2 and 3 are defined by DROA. Each pixel in 2-color
(1bpp) cursors (pop-ups) may be either color O or
color 1.
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Display Memory Base Address Formation

The address bits in the cursor base address register
DROC are aligned so they are in the proper position
corresponding to the CPU address required to write
to display memory. However, there are two
methods of addressing display memory, VGA-style
and 'Linear Frame Buffer' style, so the actual CPU
address for loading a cursor data array must be
constructed differently depending on the addressing
method used. If VGA addressing is used, the lower
16-bits of DROC may be used as an offset into the
64KB VGA address space (starting at either
OA0000h or OBOOOOh depending on whether the
VGA is set for text mode or graphics mode). DROC
bits 16-19 would then be used to control the VGA's
paging mechanism to set the 64KB CPU aperture
into display memory to the correct location for
storing the cursor pattern (see XR0B, XR10, and
XR11). If 'linear frame buffer' addressing is used,
the entire IMB of display memory can be accessed
directly and the base value in DROC may be used
directly as a 24-hit offset into a programmable 1IMB
space in system memory (specified in the Linear
Addressing Base register XR08).

V GA Controller Programming

In order to copy the cursor data pattern to the
controller, the VGA controller must be properly
programmed for 32-bit direct access to all 4 planes.
Proper programming for the controller consists of
putting the controller in either ‘text' or 'graphics
mode and then setting the following registers as
indicated:

SR04 =0Eh Sequencer Memory Mode
SR02 =0Fh Sequencer PlaneMask
GRO05 =00h GraphicsController Mode

GRO06 =04h (text mode) Graphics Controller Misc
=05h (gr mode) GraphicsController Misc
XROB=x5h Paging Control

Thissetsup the VGA controller to allow 32-bit direct
access to all 4 planes of all IMB of display memory
in a linear fashion. It also sets the VGA memory
aperture to a64K B space at 0A0000h independent of
initial graphicsor text mode settings.

Copying Cursor Datato Display Memory

Once the base address for the cursor data pattern in
display memory has been determined and the VGA
has been properly programmed, the cursor data
pattern may be copied from system memory to
display memory. The following program sequence
shows an example of one method which may be
used:

es.edi = display memory base addressfor cursor
ds:si = address of AND array in system memory
ds:bx = address of XOR array in system memory

MOV AL, [SI+1]
MOV AH, [BX#1]
SHL EAX, 16
MV AL, [SI]
MV AH, [BX]
STOSD

Setting the Cursor Position, Type, and Base Address

Following storage of the cursor data array in display
memory, the location of the cursor in display
memory is set via the Cursor Base Address register
(DROC) and the X-Y coordinates for positioning the
cursor are written to the Cursor Position Register
(DROB). The cursor type and X/Y zoom (H/V pixel
replication) factors are then set and the cursor
enabled viathe Cursor Control Register (DR08).

To update the cursor position, a 32-bit write (or two
16-bit writes) are performed to the Cursor Position
Register (DROB). This new position will take effect
on the next frame (synchronized to V Sync).

When the cursor changes shape, it should normally
be disabled, reprogrammed as described above, and
then re-enabled. Alternately, a new shape may be
stored in a different location in display memory, the
cursor screen XY location updated (via DROB), then
the new cursor selected as the active cursor (by
reprogramming the base register DROC). Cursor
base register changes are also synchronized to V Sync
to avoid glitching of the cursor on the display.
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Flat Panel Timing

Overview

A number of extension registersin the 65548 control
the panel interface, including the functions of the
interface pins and the timing sequences produced for
compatibility with various types of panels. Some
key registersof interest for panel interfacing are:

XR1C H Panel Size (# of characters—1)
XR68 V Panel Size (# of scan lines—1) bits0-7
(XR65[1]=Vsize hit-8, XR65[6]=hit-9)

XRAF Panel Format 2 (Bits/pixel,M/LPfunction)
XR50 Panel Format 1 (FRC,dither,clkdiv,VAM)
XR51 Display Type (Panel type,clk/LPcontrol)
XR53 Panel Format 3 (FRC opt,pixel packing)
XR54 Panel Interface (FLM/LP Control)

XR5E 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 65548 highly configurable
controllers can interface to virtually all existing
monochrome LCD, EL, and Plasma panels and all
color LCD STN and TFT panels. The pand types
supported are:

Singlepanel-Singledrive (SS) Monochrome
1 pixel/clock, 8 bits/pixel
2 pixels/clock, 8 bitg/pixel
4 pixels/clock, 4 bitg/pixel
8 pixels/clock, 2 bit/pixel
16 pixels/clock, 1 bit/pixel

Dual panel-Doubledrive(DD) M onochrome
8 pixelg/clock, 1 bit/pixel
16 pixels/clock, 1 bit/pixel

Single panel-Single drive (SS) Color TFT
1 pixel/clock, 16 bit/pixel 5-6-5 RGB

1 pixel/clock, 24 bit/pixel 8-8-8 RGB
2 pixels/clock, 12 bit/pixel 4-4-4 RGB

Single panel-Singledrive (SS) Color STN
2 2/3 pixelg/clock, 3 bit/pixel 1-1-1 RGB

5 1/3 pixelg/clock, 3 bit/pixel 1-1-1 RGB

Dual panel-Doubledrive(DD) Color STN
2 2/3 pixels/clock, 3 bit/pixel 1-1-1 RGB

5 1/3 pixels/clock, 3 bit/pixel 1-1-1 RGB

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 Isbs in XR68 and the overflow in
XR65 bits 1 and 6. The maximum panel resolution
supported is 2048 x 1024.

Panel Type
The panel type (PT) isdetermined by XR51 bits 1-0:

00 Singlepanel-Singledrive (SS)
11 Dua panel-Doubledrive(DD)

For DD panels, XR6F bit-0 (Frame Buffer Enable)
and/or bit-1 (Frame Accelerator Enable) must also be
set (either external or embedded may be used).

TFT Panel Data Width
XR50 bit-7 controls output width for TFT panels:

0 16-bitcolor TFT pand interface (565 RGB)
1 24-bitcolor TFT panel interface (888 RGB)
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Display Quality Settings

Frame Rate Contral (FRC)

The 65548 provides 2 and 16 level FRC to generate
multiple gray / color levels. FRC selection is deter-
mined by XR50 bits 1-0:

00 NoFRC
01 16-frame FRC (color or mono STN panels)
10 2-frame FRC (color TFT or mono panels)

Three optionsare provided for FRC control:

FRC option 1 (XR53[2]) (always set to 1)
FRC option 2 (XR53[3]) (always set to 1)
FRC option 3 (XR53[6]) (for 2-frame FRC only):

0 FRCdatachangesevery frame
1 FRCdatachangesevery other frame

A setting of O typicaly results in better display
quality, but panels with an internal 'M' signal
typically recommend this bit be set to 1 for longer
pand life.

XRG6E is aso provided for FRC polynomial control.
The values of the 'm' and 'n' parameters are
typically set by trial and error (recommended settings
are given elsewhere in this manuals for selected
panels as derived by Chipsand Technologies).

Dither

The 65548 a so provides Dither capability to generate
multiple gray / color levels. Dither selection isdeter-
mined by XR50 bits 3-2:

00 No Dither
01 EnableDither for 256-color modesonly
10 EnableDither for all modes

M Signal Timing

Register XR5E (M/ACDCLK Control) isprovidedto
control the timing of the M (sometimes called
ACDCLK) signal. XR5E bit-7 selects between two
typesof timing control

0 Use XRS5E bits 0-6 to determine M signal
timing (bits 0-6 are programmed with the
number of HSY NCs between phase changes
minus 2)

1 M phase changes every frame if the frame
buffer is used, otherwise the phase changes
every other frame

XRA4F bit-6 controls the M pin output. If set, the M
pin will output flat panel BLANK# / Display Enable
(DE) instead of the normal M signal (and XR5E will
be ignored).

Gray / Color Levels

Gray / color levels are selected via XR4F bits 2-0
(somewhat misleading; called 'Bits Per Pixel"):

No FRC
# of msbs Used Gray/ Gray/ Color
to Generate Color Levelswith
Gray/Color Levels Levels  Dithering
001 1 2 5
010 2 4 13
011 3 8 29
100 4 16 61
101 5 32 125
110 6 64 253
111 8 256 n/a
2-Frame FRC
(Calor TFT or Monochrome Panels)
# of msbs Used Gray/ Gray/ Color
to Generate Color Levelswith
Gray/Color Levels Levels  Dithering
010 1 3 9
011 2 5 25
100 3 15 57
101 4 31 121
16-Frame FRC
(Calor or Monochrome STN Panels)
# of msbs Used Gray/ Gray/ Color
to Generate Color Levelswith
Gray/Color Levels Levels Dithering
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 al of these bits, however, are used to
generate output colors / gray scales, depending on
the type of panel used, graphics/ text mode, and the
gray-scaling algorithm chosen (the actual number of
bits used isindicated in the table above). Also note
that settings which achieve higher gray / color levels
may not necessarily produce acceptable display
guality on some (or any) currently available panels.
This document contains recommended settings for
various popular panels that Chips & Technologies
has found to produce acceptable results with those
panels. Customers may modify these settings to
achieveabetter match withtheir requirements.
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Pixels Per Shift Clock

The 65548 can be programmed to output 1, 2, 4, 8,
or 16 pixels per shift clock. This is achieved by
programming the frequency ratio between the dot
clock and the shift clock. The shift clock divide
(CD) is set by XR50 bits 6-4. For monochrome
panels, thevalid settings are:

Pixels Per Pixels Per
Shift Shift Clock Shift Clock
Clock without Frm Acc with Frm Acc
000 Dot clk 1 2
001 Dclk/2 2 4
010 Dclk/4 4 8
011 Dclk/8 8 16
100 Dclk/ 16 16 n/a
Pixels 8-Bit Vadid 16-Bit  Valid
Per Shift Panel Outputs Panel  Outputs
Clock Interface (8-hit) Interface (16-bit)
1 8bpp P8-15 8opp P8-15
2 4dbpp P8-15(8-111st) 8bpp  PO-15
4 2bpp P8-15(8-91st) 4bpp PO-15
8 1bpp P1,35,... (1 1st) 2bpp PO-15
16 n/a n/a lbpp PO-15

The pixel on the lowest numbered output pin is
awaysthefirst 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, P3isthe second, etc. For 16 pixels per clock,
1bpp on a 16-bit interface, PO isthe first pixel, Plis
the second, etc. For 4 pixels per clock, 2bpp on an
8-bit interface, P8-9 is the first pixel, P10-11 is the
second, etc.

24bit  24bit 16bit 8bit  16bit

16bit  16bit

Color Color Color Mono Mono Mono Mono
Pix/clk: 1 2 1 1 2 4 8
CD: 000 001 000 000 001 010 011
PO BOn | B4n | B3n - GOn | G4n | G6n
P1 Bin | B5n | B4n - Gin | Gbn | G7n
P2 B2n | B6n | B5n - G2n |G4n+1|G6n+1
P3 B3n | B7n | B6n - G3n |Gbn+1|{G7n+1
P4 B4n |B4n+1| B7n | GOnt | GOn+1|G4n+2|{ Gén+2
P5 B5n |B5n+1| G2n | Glnt |G1n+1|[G5n+2|G7n+2
P6 B6n |B6n+1| G3n | G2nt |G2n+1|G4n+3| G6n+3
P7 B7n |B7n+1| G4n | G3nt |G3n+1|G5n+3|G7n+3
P8 GOn [ G4n | Gbn | GOn | G4n | Gbn |G6n+4
PO Gln | G5n | G6n | Gln | G5bn | G7n |G7n+4
P10 | G2n | G6n | G7n | G2n | G6n [G6Nn+1|G6N+5
P11 | G3n [ G7n | R3n | G3n | G7n [G7n+1|G7n+5
P12 G4n [G4n+1| R4n | G4n |G4n+1|Géen+2|G6n+6
P13 | G5n [Gbn+1l| R5n | Gbn |Gbn+1|{G7n+2|G7n+6
P14 Gén [Gén+1| Rén | G6n |G6n+1|Géen+3|G6n+7
P15 G7n [G7n+1] R7n | G7n |G7n+1|G7n+3|G7n+7
P16 ROn | R4n - — - - -
P17 Ri1n | R5n - — - - -
P18 R2n | R6n - - - - —
P19 R3n | R7n - - - - -
P20 R4n (R4n+l| - — - - -
P21 R5n [R5n+1| - - - - -
P22 R6n (R6N+1| — - - - -
P23 R7n [R7n+1| - - - - -

T For information only, not recommended for panel connections

The number of bits per pixel is determined as
follows:

lbpp: 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)
ValidColor TFT panel shift clock divide settingsare:

Pixels

per TFT TFT "BO-n" "GO-n" "RO-n"
Shift Output Output Panel Panel  Panel

Clock Width Format Outputs Outputs Outputs

2bpp:
4bpp:
8bpp:

000 1 16 565 P04 P510 P11-15
24 8-88 PO-7 P815 P16-23
001 2 24  4-4-4 PO-3 P811 P16-19

P4-7 P12-15 P20-23

For 2 pixels/shift clock, the first pixel output is on
PO-3, 8-11, and 16-19.

For Color STN, valid shift clock divide settings are:

Pixels Per Clock Pixels Per Clock
without with
FrameAcceleration FrameAcceleration
SSor DD Panels DD PanelsOnl
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
§XR5_3[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 (XR50 bits 6-4
affect both shift clock and data out. XR51[31h(Sh|_ t
Clock Divide or SD) may be set so that only the shift
clock (and not the video data) is further divided by
two beyond the setting of XR50 bits 6-4. This has
the effect of causing a new pixel to be output on
every clock edge (i.e., both rising and falling) in-
stead of just every fallingclock edge (the first pixel
output on every scan linewill be ontherising edge).

Extended 4-Bit Pack for Color STN panels requires
that the SD bit (XR51[3]) be set to 1. In all other
cases in the Color STN table above, either setting
may be used.

Revision 1.1 2/28/96

189

Preliminary 65548



Flat Panel Timing

Color STN Pixel Packing (Pixel Output Order)

For color STN ganels, pixel packing must be
selected viaX R53 bits 5-4:

Packing CD SettingsAllowable
00 3-Bit Pack SS: 000, 001, or 010
DD: 000, 001 (010 w/o FA)
01 4-Bit Pack SS: 000, 001, or 010

DD: 000, 001 (010 w/o FA)
11 Ext'd4-BitPack SS:. 001 (8bit panelsonly)

These settings are valid for color STN panels only
(these bits must be set to 00 for monochrome and
color TFT panels).

Pixel output order for 3-Bit Pack STN-SS panels
withoutframeaccel eration:

CD=000 (1p/clk) CD=001 (2p/clk) CD=010 (4p/clk)

ShfClk Edge Shift Clock Edge _Shift Clock Edge
1st 2nd 3rd 4th  1st 2nd 3rd 4th  1st 2nd 3rd 4th

PO - - -
Pl [RI[R2[R3]... [RI|R3[R5]... [RI[RB[R9]...
P2 |G1|G2|G3|... |G1|G3|G5|... |G1|G5|GY|...
P3 |B1/B2|B3|... |B1|B3|B5|... |B1|B5|B9]...
P4 — — - - - - e
P5 - - - R2[R4[R6] ... [R2[R6[RIO ...
P6 - - - G2|G4|G6| ... |G2|G6lG1] ...
P7 - - - B2|B4|B6| ... |B2|B6|B1] ...
PB - - - - - -
P - - - - - - R3[R7[RL ...
PIO - - - - - - G3|G7(c1] ...
PI1 - - - - - - B3| B7/B11] ...
PI2 - - - - - - - — -
PI3 - - - - - - RA[RB[RLY ...
P4 - - - - - - G4|G8|G1] ...
PI5 - - - - - - B4|B8|B17 ...

4b Pack, CD=001 Ext'd 4b Pack, CD=001

Shift Clock Edge  Shift Clock Edge

lst 2nd 3rd4th  1st 2nd 3rd 4th 5th 6th 7th
PO [RI|B3|G6[... [RT _G1]G6 B6 BLIRIZ]...
Pl |G1[R4|B6|... |BL[R2|R7 G7[G12B12|...
P2 |B1|G4|[R7|... [G2 B2|B7[R8 RI3GI3[...
P3 [R2|B4|G7[... [R3 _G3| G8 B8 [B1JRI14]...
P4 |G2[R5|B7|... |B3[RA|R9 GO [G14Bl4|...
P5 |B2|G5/R8|... [G4 B4| B9[RIORI5GI5...
P6 |R3|B5|/G8[... |R6 G5|G10 B10BI1§RI6|...
P7 |G3[R6|B8|... | B5[R6|RIl G11|G16 B16|...

The pixel sequence for 3-bit Pack repeats with eith
1, 2, or 4 pixels every shift clock edge depending on
the setting of the clock divide (CD) field. The pixel
sequence for 4-bit Pack repeats with 8 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-hit
color STN-SS panels. It is not used for color STN
DD panels or for 16-bit color STN interfaces.

Pixel output order for 4-Bit Pack 8-bit STN DD
panels:

Shift Clock Edge
1st 2nd 3rd 4th

Upper: ___ S
PO R1|G2|B3|...
P1 G1|B2[R4]...
P2 |B1|R3|G4|...
P3 R2|G3[B4|...
Lower: -
P4 R1|G2| B3|

P5 Gl B2|R4]|...
P6 |B1|R3[G4|...
p7 R2|G3|B4]...

The pixel sequence repeats with 8 pixels (4 for each
of the upper and lower panels) every 3 shift clock
edges. Clock divide must be set to 000 with Frame
Accelerationand 001 without FrameAccel eration.

Pixel output order for 16-bit STN panels (4bit Pack):

STN-SS Panels STN-DD Panels
Shift Clock Edge Shift Clock Edge
st 2nd 3rd 4th 1st 2nd 3rd 4th

PO |[R1|G6[B1l Upper: ___ _
PL |Gl PO [RI]|B3|G6[...
P2 |B1] Pl [G1[R4]BS6]|...
P [R2 P2 |Bl|G4[R7]...
P4 |G2 P3 [R2|B4|G7
noB2 P8 |G2[R5|B7
7 |c3 P9 |B2|/G5[R8]...
P B3 P10 [R3|B5|G8]...
ro (Rl P11 |G3[R6|BS]...
P10 |G4 Lower: _
P11 |B4 P4 [RI|B3|G6
P12 [R5] P5 |G1[R4|B6
P13 |G5 P6 |B1|G4[R7[...
P14 [B5| P7 [R2|B4|G7
P15 |R6 P12 |G2[R5|B7]
P13 |B2|G5[R8]...
P14 [R3|B5|G8
P15 |G3[R6|BS]...

For STN-SS panels the pixel sequence repeats with
16 pixels every 3 shift clock edges (5-1/3 pixels per
shift clock edge). Clock divide must be set to 010.

For STN-DD panels the pixel sequence repeats with
16 pixels (8 for each of the upper and lower panels)
every 3 shift clock edges (2-2/3 pixels per shift clock
edge per panel). Clock divide must be set to 001
with Frame Acceleration and 010 without Frame
Acceleration.
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Flat Panel Timing

Output Signal Timing

LP Signal Timing

LP output polarity is controlled by XR54[6]
(O=positive, 1=negative). Setting XR4F bit-7,
however, causes the LP pin to output flat panel
BLANK# / DE instead of the normal LP signal (and
al other LP timing control parameters will be
ignored). Some panels (e.g., Plaama and EL)
require LP to be active during vertical blank time.
XR51[7] may be set to enable this. Otherwise LP
pulses are not generated during vertical blank.

FLM Output Signal Timing

FLM signal output polarity is controlled by XR54[7]
(O=positive, 1=negative).

BLANK#/DE Output 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,
1=negative). XR54[1] selects whether BLANK# /
DE outputs both H and V (0) or just H (2).
XR51[2] selectswhether BLANK#/ DE isgenerated
from CRT Blank or Flat Panel Blank.

SHFCLK Output Signal Timing

XR51[5] (Shift Clock Mask or SM) may be set to
force the shift clock output low outside the display
enableinterval.

Pixel Timing Diagrams

Pixel output timing sequences are shown for the
following panel configurations:

1) SS Monochrome Plasma/EL
Single Panel-Single Drive (Panel Type=00)
Plasma/EL Panel
2 pixelg/shift clock, 4 bits/pixel (CD =001)

2) DD Monochrome LCD

Dual Panel-Double Drive (Panel Type=11)
MonochromeL CD Panel
8 pixelg/shiftclk, 1bit/pixel, CD = 011
(010 with FB)
16 pixelg/shiftclk, 1bit/pixel, CD =100
(011 with FB)

3) SS Color TFT LCD
Single Panel-Single Drive (Panel Type=00)
Color TFT LCD Panel
4/5/6/8hits/color/pixel (12/16/18/24 bitstotal)
1 pixel/shift clock, 16-bit 5-6-5 RGB, CD=000
1 pixel/shift clock, 24-bit 8-8-8 RGB, CD=000
2 pixelg/shift clock, 24-bit 4-4-4 RGB, CD=001

4) SS Color STN LCD
Single Panel-Single Drive (Panel Type=00)
Color STN LCD Panel
1 bit/color/pixel (3 bitstotal) 1-1-1 RGB
1 pixel/shiftclk (3bit), CD=000
2 pixelg/shiftclk (6bit), CD=001
2-2/3 pixels/shift clock (8bit), CD=010
5-1/3 pixelg/shift clock (8bit), CD=010, SD=1
5-1/3 pixelg/shift clock (16bit), CD=010

5) DD _Color STN LCD

Dual Panel-Dual Drive (Panel Type=11)

Color STN LCD Panel

All timings= 1 bit/color/pixel (3 bitstotal) RGB
2-2/3 pixelg/shift clock (8-bit), CD=001

5-1/3 pixelg/shift clock (16-bit), CD=010
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mupg(@ Flat Panel Timing

P \_/ \_/ \_/ N\
BLANK# / \ / \ P / \_
SHFCLK Jute Ut JuuLt Juut. ... .. JUUL_ JTUUL.
— 320 Clks/ H —¥| 4 320 Clks/ H —¥| 320 Clks/ H —¥|
FLM  \ y /
P8-15 (1,1)...(640,1) (1,2)...(640,2) y (1,480)....(640,480)
_ 480 Data Transfer Cycles/ V >
=/~ S I I s Y Y s (Y Y I I (O I (O
(Plasma) Yy ya
SHECLK 7 G I B e
(EL 1) V Va
P8 :X (1,1) X (3.1) X:// :X (637,1) X (639,1) 77 (637,480)X(639,480)
-1 -1 y -1 -1 o -1 -1
P9 (1,2) X (3,1) 7 (637,1) X (639,1) 77 (637, 480)X(639,480)
-2 -2 y -2 -2 y
/4 /4
P10 :X (1,1) X (3.1) X: :X (637,1) X (639,1) X: :X(637480)X(639,480)X:
-4 -4 ) -4 -4 y 4
P11 :X (1,1) X (3.1) X:// :X (637,1) X (639,1) X:// :X(637480)X(639,480)X:
-8 -8 y -8 -8 y -8
P12 :X 2,1 X (4,1) X:// :X (638,1) X (640,1) 7 (638480)X(640,480)
-1 -1 y -1 -1 o -1 -1
P13 :X 1) X (4,1) X:// :X (638,1) X (640,1) 77 (638480)X(640,480)
2 2 ) 2 2 Yy 2 2
P14 :X 1) X 4,1 X:// :X (638,1) X (640,1) X:// :X(638480)X(640,480)X:
-4 -4 -4
7
P15 :X 2,1) X (4.2) X:// :X (638,1) X (640,1) X: :X(638480)X(640480)X:
-8 -8 -8 //

N

T EL panelsusetherising edge of SHFCLK to clock in panel data, so the SHFCLK
output from the 65548 must be inverted prior to driving the panel

(  Paned Timing - Monochrome 16-Gray-Level EL / Plasma 8-Bit Interface '
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mupg(@ Flat Panel Timing

Panel Output Timing - 640x 480 M onochromeDD 8-Bit (1 Bit/Pixel, 8 Pixels/ Shift Clock

P \_/ \_/ /S
BLANK# / \ / \ . / L
SHFCLK JUtt oot JUUL . THUL T

[«— 160 Clks/ H —¥| [« 160 Clks/ H —¥| [¢— 160 Clks/ H —»|
(640 x 480) (640 x 480) (640 x 480)
FLM  \
7
. (1,1)...(640,1) (1,2)...(640,2) (1,240)...(640,240)
PO- (1,241)...(640,241) (1,242)...(640,242) y (1,480)...(640,480)
« 240 Data Transfer Cycles/V »|
(640 x 480)

Panel Output Pixel Or der -640x480
JUTTUUUIIIL UL JULUUUUUU L
(NoFA)DCLK (S!éléczl_gﬁ 8)
Juuuuoyyys U JUuuoooye
(FA)DCLK (SE!:ECZL&)(() 4)

SHFCLK I LI LI I 1T 1T S I I I SR
(UD3) PO X @D X G X X (6D X ®rn X, ///:X(633 240) X (6372200
(Ub2) P1 _X_ D) X (61 X://;X (634,1) X (638.1) X:// /;)((634 240) X (638,240 __
(UDD) P2 X" GD) X (7D X:/;X (635.1) X_(639,1) X:// //;X(635 240) X (639,240)Y__
(UD0) P3 X @1 X (81 X://;X (636,1) X_(640.1) X:// /;x(eae 220) Y (6402200}
(LD3) P4 __X_(1241) X (5241 X://;X (633,241) X (637, 241)X:// //;X(sss 480)X (6374800}
(LD2) P5 __X_(2241) X _(6,241) X://;X (634,241) (638, 241)X:// ///:X(634 480) (6384800
(LD1) P6 __X_(3:241) X_(7.241) )(://;X (635,241) X (639, 241)X:// (635,480 (633,480
(LDO) P7 __X_(4241) X (8.241) X:/;X (636,241) X (640, 241))(:jj ///:X(636 480)X (640480)Y__

FA = FrameAccelerator (Imbedded or External)

( Panel Timing - Monochrome LCD DD 8-Bit Interface '
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Flat Panel Timing

Panel Output Timing-1024x 768 M onochromeDD 16-Bit (1 Bit / Pixel, 16 Pixels/ Shift Clock)

e \_/

BLANK# /

SHFCLK

FLM

PO-15

/S

_______ Judt Juue  Judt Jutt. ... . JUUL JUUL
j[¢— 256 Clks/ H —»] ¢ 256 Clks/ H —»| j¢— 256 Clks/ H —»|
(1024 x 768) (1024 x 768) (1024 x 768)
A 7
(1,1)...(1024,1) (1,2)...(1024,2) (1,384)...(1024,384)
(1,385)...(1024,385) (1,386)...(1024,386) Y (1,768)...(1024,768)
[« 384 Data Transfer Cycles/ V g

Pixel Output Pixel Order - 1024x 768
(NoFA) DCLK  JUUTTUUTUUUUTUU T UUU U Uiivuuiiiuuiiiiut (SHCF§|;K16<016) JUUUUUUUUUvuvuuiutiuL
JUUUUUUvUUUv U U UUL (SHECLKx®) Uy uUuUuUuUuUL

(FA) DCLK ( CD=o1X1)

(1024 x 768)

SHFCLK __I | —
(UD7) PO _X €% X_ (00 /j
(UD6) P1_X (0] X_@on 7
(UD5) P2 _X (€3] X (L1 /;
(UD4) P3_X @0 X_@n
(UD3) P4 _X GO X_@n 7
(UD2) P5_X 6.0 X_@an
(UD1) P6 _X [()) X (15,1) ;
(UD0) P7 _X [(CHD) XN 7
(LD7) P8 _X (1,385) X (9385
(LD6) P9 _X (2,385) % (10,385) ;
(LD5) P10 _X (3385) X138
(LD4) P11 —X (4385) X (12385) 7
(LD3) P12 _X (5,385) X (13,385) ;
(LD2) P13 _X (6,385) X (14385
(LD1) P14 —X (7,385) X_(15385) 7
(LDO) P15 _X (8,385) % (16,385) Z

FA =FrameAccelerator (Embedded or External)

( Panel Timing - Monochrome LCD DD 16-Bit Interface '

|-

7 (1009,384)
7 1010,384
;x (1010,384)
g (1011,384)
73 (1012,384)
V;
;/ (1013,384)
;/_ (1014,384)
//—
7 X (1015,384)
///:x (1016,384)
G
g (1009,768)
7 (1010,768)
7
;/ (1011,768)
;/_ (1012,768)
;/_ (1013,768)
7

1014,768
;x ( )
g (1015,768)
7 (1016, 768)
Y
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\nlr: Flat Pand Timing
pck | | [ | _ [ s R

SHFCLK R
PO X_B0O(O) X Bi(0) X X BO(0) X B2(0) X
P1 A _BO() X Bi(M) X A BO(1) A B2(1) X
P2 X_B0(2 X Bi(2) X X BO(2) X B2(2) X
P3 X_BO@B) X Bi(3) X X B1(0) ) B3(0) X
P4 A _BO(4) X Bi(4) X A B1(1) X B3(1) X
P5 X_GO0(0) X G1(0) X X B1(2) X B3(2) X
P6 A_GOo(M) X G1(1) X A GO(0) A G2(0) X
P7 X GO0(2 X G1(2 X X GO(2) X G2(1) X
P8 X_GO0B) X Gi(3) X X GO(2) ) G2(2) X
P9 A_GO(4) X G1(4) X A G1(0) ) G3(0) X
P10 X_GO(6) X G1(5 X X G1(1) ) G3(1) X
P11 A_RO() X R1(0) X A G1(2) ) G3(2) X
P12 X RO X RI(L) X X RO(0) X R2(0) X
P13 X_RO(2) X Ri(2) X X RO(1) A R2(1) )
P14 A_ROB) X RI(3) X A R1(0) X R3(0) X
P15 X_RO(4) X Ri(4) X X R1(1) X R3(1) X
CD: 000 (1 Pixel / Clock) 001 (2 Pixels/ Clock)
FRC: 10 (2 Frame) 10 (2-Frame)

Bits/ Pixel: 110 (6 bits/pixel) 011 (3 bits/pixel)

Pixel Format: 5-6-5 RGB 2-3-3RGB

DataWidth: 16-Bit t 16-Bit t

T Panelswith 9 or 12-bit datainterfaces would use this setting and only connect to the msbs of each color

( Panel Timing - Color LCD TFT 9/12/16-Bit Interface '
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\nlr: Flat Pand Timing
pck || [ [ | | [ s R

SHFCLK R
PO X_B0O(O) X Bi(0) X X BO(0) A B2(0) )
P1 A_BO(1) X Bi(L) X ) BO(1) A B2(1) )
P2 X B0 X Bi(2 X X BO(2) X B2(2) X
P3 X_BO@B) X Bi(3) X X BO(3) A B2(3) X
P4 A_BO(4) X Bi(4) X X B1(0) A B3(0) )
P5 X_B0(B) X Bi(5) X X B1(1) X B3(1) X
P6 X_BO(6) X Bi(6) X X B1(2) A B3(2) )
P7 X_BO(®) X Bi(®) X X B1(3) A B3(3) )
P8 X_GO00) X G1(0) X X GO(0) A G2(0) )
P9 GO X Gi(1) X X GO(1) X G2(1) X
P10 X_GO02) X G1(2) X X GO(2) A G2(2) )
P11 A_G0R) X G1B) X X GO A G2(3) A
P12 X_GO04) X G1(4) X X G1(0) A G3(0) X
P13 A_GO() X G1(5 X A G1(1) A G3(1) A
P14 X_GO®6) X Gi(6) X X G1(2) X G3(2) X
P15 X_GOo(M X Gi(7) X X G1(3) A G3(3) X
P16 A_RO(O) X RI1(0) X ) RO(0) A R2(0) A
P17 X_RO(L) X Ri(1) X X RO(1) X R2(1) X
P18 XA _RO2) X Ri(2) X ) RO(2) A R2(2) A
P19 A_ROB) X RI@) X X RO(3) A R2(3) X
P20 X_RO(4) X Ri(4) X X R1(0) X R3(0) X
P21 X_RO(B) X Ri(5) X X R1(1) A R3(1) )
P22 X_RO(6) X Ri(6) X X R1(2) A R3(2) )
P23 X_RO(7) X Ri(®) X X R1(3) A R3(3) )
CD: 000 (1 Pixel / Clock) 001 (2 Pixels/ Clock)
FRC: 00 (no FRC) 10 (2-Frame)

Bits/ Pixel: 111(8 bits/pixel) 100/101 (4 or 5 bits/pixel)

Pixel Format: 8-8-8 RGB 4-4-4 RGB

Datawidth: 24-Bit T 24-Bit t

t Panelswith 18-bit datainterfaceswould use this setting and only connect to the msbs of each color

( Panel Timing - Color LCD TFT 18/24-Bit Interface ’
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\l'lll': Flat Panel Timing

IDCLK2 | 1] L] ]
SHFCLKU — " | S

SHFCLKL
(Pin 81) S v |
PO X R1 X Gl X G6 X B6 X_ Bi1 X RI12
PL X B1 X R2 X R7 X G7 X G12 X B12
P2 X G2 X B2 X B7 X R8 X Ri3 X Gi13
P3 X R3 X G3 X G8 X B8 X Bi3 X Ri4
P4 X B3 X R4 X R9 X G9 X Gi4 X Bl14
P5 X G4 X B4 X B9 X R10 X Ri15 X__ Gi5
P6 X R5 X G5 X G0 X B10 X Bi5 X Ri16
P7 X B5 X R6 X R11 X Gl11 X Gi16 X B16
PT: 00 (SS Panel)
CD: 010 (5-1/3 Pixels/ C|OCk) 16 Pixels are
FRC: 01 (16-Frame) transferred
Pixel Packing: 11 (Extended 4-Bit Pack) every 16 dot clocks
Bits/ Pixel: 100 (4 bits/ pixel) (6 shift clock edges)
FrameBuffer/Acceleration: Disabled/Disabled

Panel Timing - Color LCD STN 8-Bit (Extended 4-Bit Pack) Interface
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\l'lll': Flat Panel Timing

IDCLK

ookt o N !
PO X R1 X G6 X Bl X R17 X G22 X B27
PL X G1 X B6 X R12 X G17 X B2 X R28
P2 X Bl X R7 X G122 X B17 X R23 X _G28
P3 X R2 X G7 X B2 X R18 X G23 X B28
P4 X G2 X B7 X R13 X G18 X _ B23 X  R29
P5 X B2 X RS X G133 X B18 X R24 X G29
P6 X R3 X G8 X B3 X RI9 X G24 X B29
P7 X G3 X B8 X R4 X G19 X B2 X R30
P8 X B3 X R9 X cu4 X B19 X R25 X _G30
P9 X R4 X G9 X B4 X R0 X G25 X__ B30
P10 X G4 X B9 X R15 X G20 X _B25 X R31
P11 X B4 X R10 X G5 X B20 X _R26 X G31
P12 X R5 X G10 X Bl5 X R21 X G26 X B3l
P13 X G5 X B10 X R16 X G21 X B26 X R32
P14 X B5 X R11 X Gi6 X B21 X _ R27 X G32
P15 X R6 X Gl1 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)
FrameBuffer/Acceleration: Disabled/Disabled

Panel Pixel Timing - Color LCD STN 16-Bit (4-Bit Pack) Interface
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\l'lll': Flat Panel Timing

pcek ||| L L L0 1 [_I |
i S B 2 I 2N T v [
Po_ X R@LD X GR1 X B(3,1) X RG1H X G661 X
PL_ X 6@l X B@L X R(4.1) Y GG1) X B Y
P2_ X B@l) X R@EBI X G(4,1) X BG1YH X R7D X
P3_X R21) X GBI X B(4,1) Y R61D X G7IDO X
P4 X\ R(1,241) X G(2241) X B(3,241) X R(5,241) X G(6,241) X
Ps X G241 X B(2,241) ) R(4,241) X G(5,241) X B(6,241) X
P6 X B(1.241) X R(3,241) X G(4,241) X _B(5241) X R(7,241) X
P7 _ X R2241) X G(3241) X B(4,241) X R(6,241) X G(7,241) X
PT: 11 (DD Panel)
CD: 000 (2-2/3 Pixels/ Clock)
FRC: 01 (16-Frame)
Bits/ Pixel: 100 (4 bitg/pixel)
Pixel Packing: 01 (4-Bit Pack)
FrameBuffer/Acceleration: Enabled/Enabled

8 Pixels (4 each for the upper and lower panels) aretransferred every 4 Dot Clocks (3 Shift Clock Edges)

Panel Pixel Timing - Color LCD STN-DD 8-Bit (4-BitPack) Interface - With Frame Acceleration
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\l'lll': Flat Panel Timing

DCLK

IDCLK

ok | v | v 3 v | ¥

[

PO X R@1 X G(2,1) X B(3,1) X RG5,1) X G(6,1) X
PL_ X 6D X B(2,1) X R(4,1) X G510 X B(6,1) X
P2 X _B@1) X R(3,1) X G(4,1) X BG5G21) X R(7,1) X
PR X R21) X G(3,1) X B(4,1) X RG61 X G(7,0) X
P4\ R@L24L) X G(2241) X B(B241) X RG24aD) \  G(6241) X
Ps X G(1,241) X B(2,241) X R(4,241) X G(5,241) X B(6.241) X _
P6 X B(1241) X R(B241) X G(4241) X B(5.241) X R7241) X
P7_XRR24) X GB241) X BA241) X R(6,241) X G724 X
PT: 11 (DD Panel)
CD: 001 (2-2/3 Pixels/ Clock)
FRC: 01 (16-Frame)
Bits/ Pixel: 100 (4 bits/pixel)
Pixel Packing: 01 (4-Bit Pack)
FrameBuffer/Acceleration: Enabled/Disabled

8 Pixels (4 each for the upper and lower panels) aretransferred 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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pak LT P e L L

oY S et Y O O
gEce [y v | v

PO X R@LY X B(3,1)
PL_ X 6@l X R(4,1)
P2 _ X B@L1Y X G(4,1)
P X R21 X B(4,1)
P4 _ X\ R@241) \  B(3.24])
Ps _ X G(1.241) X R(4.241)

X G(6,1) X RO X BALL) X
X B(6,1) X Go1 X RA21) X
X R@IL) X BOD X G221 X
X G(7,1) X R0, X B(12,1) X
X G(6,241) X R(O241) X B(11,241) X
X B(6241) X G(9241) X R(12,241) X
P6 X B(L24L) X G(4241) X R(7.241) X B(9241) X G(12,241) X
P7 _ Y RR241) X B(4241) X G(7,241) Y R@I0241)Y B(12,241) X
P8 X G21) X R(5,1) X B(7,1) X G101 X R231) X

)

X

X

)

X

X

X

PO X B X G(5,0) R(8.1) X B@oL) X GE3n X
P10 _ X RGBL X B(5,1) G(8,1) X rRaL1 X BA31) X
PI1 _ X GBL X R(6,1) B(8,1) X Gy X RA4AD X
P12 _ X G224T) \ R(5240) B(7,241) X G(10241) X\ R(13241) X
P13 ~ X B(2241) G(5.241) R(B241) X B(10241)X G(13,241) X
P14 ~— Y\ RG24 \  B(5.241) G(8241) Y R(A1241)X B(13241) X
P15 X G(3241) X R(6,241) B(8241) X G1i241)X R(14241) X

PT: 11 (DD Panel)
CD: 001 (5-1/3 Pixels/ Clock)
FRC: 01 (16-Frame)
Pixel Packing: 01 (4-Bit Pack)
Bits/ Pixel: 100 (4 bits/ pixel)
FrameBuffer/Acceleration Enabled/Enabled

16 Pixels (8 each for the upper and lower panels) aretransferred every 8 Dot Clocks (3 Shift Clock Edges)

Panel Pixel Timing - Color LCD STN-DD 16-Bit (4-Bit Pack) Interface - With Frame Acceleration
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peek L L L
ok [ L L] L L

ez [ L1 1 1T

(peLK iy v | v | v
Po X R(1,1) X B(3,1) X G6,1)
PL X G(L1) X R(4,1) X B
P2 X B(11) X G(4,1) X R@1
Pz X R(2,1) X B(4,1) X G721
P4 X R(1,241) ) B(3,241) X G(6,241)
Ps X G(1,241) X R(4,241) X B(6,240)
P X B(1,241) X G(4,241) X R(7,241)
P7 X R(2,241) X B(4,241) N G(7,24])
P8 X G(2,1) X R(5.1) X B))
P9 X B(2.1) X G5 X R@BI)

P10 X R(3.1) X B(5.1) X GBI
P11 X G(E.D) X R(6,1) X BGBD
P2 X G(2,241) X R(5,241) X B(7,241)
P13 X B(2,241) X G(5,241) X__ R(8241)
P14 X R(3,241) X B(5,241) X G(8,241)
P15 X G(3,241) X 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)
FrameBuffer/Acceleration: Enabled/Disabled

16 Pixels (8 each for the upper and lower panels) aretransferred every 16 Dot Clocks (3 Shift Clock Edges)

Panel Pixel Timing - Color LCD STN-DD 16-Bit (4-Bit Pack) Interface - Without Frame Acceleration
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Programming

Programming and Parameters

GENERAL PROGRAMMING HINTS

The values presented in this section make certain
assumptions about the operating environment. The
flat panel clock (‘dot clock’) is assumed to be
generated by the internal clock synthesizer. The
values programmed into the SmartMap™ control
registers (XR61 and XR62) give a threshold of 3
with foreground and background shift of 3 but
SmartMap™ is turned off. To enable it, set XR61
bit-0 = 1. The 65548 provides 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 vaue includes both panels.
Therefore, the horizontal values are double those
expected.

Due to pipelining of the horizontal counters, certain
sync or blank values may result in no display.
Generally, the horizontal blank start must equal the
display end and the blank end must equa the
horizontal total. The horizontal sync start and end
values have a wide range of acceptable values. The

65548 also has the versdtility to program an LP
delay to aid in interfacing to panels with a wide
variety of timing requirements.

In order to program the 65548 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 - FLM front porch - FLM width.

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 usualy a tria
and error process.

These parameters are recommended by Chips and
Technolaogies, Inc. for the 65548. 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 65548 for other flat panel displays.
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EXTENSION REGISTER VALUES

The 65548 controller can be programmed for a wide variety of flat panels, compensation techniques and
backwards compatibility. The following pages provide the following 65548 Extension Register Value tables:

Extension
Tabl Registers  Display Type Description Panels

#
#

e
1  Minimum Parametersfor Initial Boot (Analog CRT VGA Mode)
2  Additional Parametersfor Emulation Modes

#3  Additional  640x480 Monochrome LCD-DD (Panel Mode Only)............... Epson EG-9005F-L S

Citizen G6481L-FF

Sharp LM64P30

Sanyo LCM-6494-24NTK
Hitachi LM G5364XUFC

#4  Additional  640x480 Monochrome LCD-DD (Simultaneous Mode Display)

#5  Additional  640x480 Color TFT LCD (Panel Mode Only) .........ccccccvrueuennee. Hitachi TX26D02V C2AA

Sharp LQ9D011
Toshiba LTM-09C015-1

#6  Additional  640x480 Color TFT LCD (Simultaneous Mode Display)

#7  Additional  640x480 Color STN-SSLCD - 4-Bit Pack .........ccccccveieriinnnee. Sanyo LM-CK53-22NEZ
(Panel Mode & Simultaneous Mode Display) Sanyo LCM5327-24NAK
Sanyo LCM5330
#8  Additional  640x480 Color STN-SS LCD - Extended 4-Bit Pack ............... Sharp LM64C031
#9  Additional  640x480 Color STN-DD LCD - 16-Bit Interface............cc....... Sharp LM64C08P
(Panel & Simultaneous Mode Display) Sanyo LCM5331-22NTK

Hitachi LMG9721XUFC
Toshiba TL X-8062S-C3X
Optrex DMF-50351NC-FW

#10 Additional  640x480 16 Internal Gray Scale Plasma.........c.ccocevenirienicnnenns Matsushita S804
#11 Additional  640x480 16 Internal Gray Scale EL ...........ccoovviiiiniiiicene Sharp LJ64ZU50

Table#1 specifies the minimum Extension Register values required for the 65548 to boot to VGA mode on
an analog CRT monitor.

Table#2 specifies the additional Extension Register values required for emulation of EGA, CGA, and
MDA backwards compatibility modes. The registersin Table #2 should be used in conjunction
with the registers specified in Table #1. For registerslisted in both tables, use the valuesin Table
#2 (shown in bold text).

Tables#3-11 specify the additional Extension Register values required to support various panels. The registers
in Tables #3-11 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 #3-11
(shown in bold text).
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Table #1 - Parameters for Initial Boot
Initial Boot-Up Extension Register Valuesfor VGA Display on an Analog CRT Monitor

Register Value (in Hex) Register Comments
XR02 01 CPU Interface Control 1
XR04 Al Memory Control 1 Note 1
XR05 00 Memory Control 2
XR06 00 Palette Control
XR08 00 Linear Addressing Base
XROB 00 CPU Paging
XROC 00 Start Address Top
XROD 00 Auxiliary Offset
XROE 80 Text Mode Control
XROF 10 Software Flags 0 Note 2
XR10 00 Single/Low Map
XR11 00 High Map
XR14 00 Emulation Mode
XR15 00 Write Protect
XR16 00 Vertical Overflow
XR17 00 Horizontal Overflow
XR1E 00 Alternate 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
XR30 03 Clock Divide Control (Initialize Memory Clock)
XR31 6B Clock M-Divisor (Initialize Memory Clock)
XR32 3C Clock N-Divisor (Initialize Memory Clock)
XR33 20 Clock Contral (Initialize Memory Clock)
XR30 03 Clock Divide Control (Initialize Clock 2)
XR31 4E Clock M-Divisor (Initialize Clock 2)
XR32 59 Clock N-Divisor (Initialize Clock 2)
XR33 00 Clock Contral (Initialize Clock 2)
XR44 10 Software Flags 2 Note 2
XR45 00 Software Flags 3 Note 2
XR51 63 Display Type
XR52 40 Power Down Control
XR53 00 Panel Format 3
XR54 32 Panel Interface
XR5F 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 External Device l/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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Table #2 - Parameters for
Extension Register Vaues for CRT-Only, Panel-Only, & Simultaneous CRT / Panel Display

Programming

Register Value (in Hex) Register

Emulation Mode
Write Protect

Emulation Mode
Write Protect

Alternate Horizontal Display Enable End
Alternate Horizontal Retrace Start
Alternate Horizontal Retrace End

Emulation M odes

Alternate Horizontal Total

Alternate Horizontal Blanking Start
Alternate Horizontal Blanking End

Alternate Offset

XR14 00
XR15 18
Register Value (in Hex) Register
XR14 01
XR15 oD
XR18 27
XR19 2B
XR1A AO
XR1B 2D
XR1C 28
XR1D 10
XR1E 14
XR7E 30

Register Value(in Hex)

XR14 52
XR15 oD
XR7E OF
Register Value (in Hex)
XROD 02
XR14 52
XR15 oD
XR18 59
XR19 60
XR1A 8F
XR1B 6E
XR1C 5C
XR1D 31
XR1E 16
XR7E OF

CGA Color Select

Register

Emulation Mode
Write Protect
CGA Color Select

Register

Auxiliary Offset
Emulation Mode
Write Protect

Alternate Horizontal Display Enable End
Alternate Horizontal Retrace Start
Alternate Horizontal Retrace End

Alternate Horizontal Totd

Alternate Horizontal Blanking Start
Alternate Horizontal Blanking End

Alter nate Offset
CGA Color Select

Comments

EGA Emulation
EGA Emulation

Comments

CGA Emulation
CGA Emulation
CGA Emulation
CGA Emulation
CGA Emulation
CGA Emulation
CGA Emulation
CGA Emulation
CGA Emulation
CGA Emulation

Comments

MDA Emulation
MDA Emulation
MDA Emulation

Comments

Emulation
Emulation
Emulation
Emulation
Emulation
Emulation
Emulation
Emulation
Emulation
Emulation
Emulation

Note: 1) Bold text indicates registers with values different from those shown in Table #1
2) Non-bold text indicates additional registers (not included in Table #1)
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Table #3 - Parameters for 640x480 Monochrome LCD-DD Panels (Panel Mode Only)
Extension Register Values for Epson EG9005F-LS

Register Value (in Hex)

XRO06
XR19
XR1A
XR1B
XR1C
XR2C
XR2D
XR2E
XR2F
XR4F
XRS50
XR51
XR52
XR53
XR54
XR55
XR56
XR57
XR58
XR59
XR5A
XR5B
XRS5D
XR5E
XRo64
XR65
XR66
XR67
XR68
XR6C
XR6E
XR6F

Citizen G6481L-FF

Sharp LM64P80

Sanyo LCM-6494-24NTK
Hitachi LM G5364XUFC

Register Comments
Palette Control Disable Internal DAC

Alternate Horizontal Sync Start
Alternate Horizontal Sync End
Alternate Horizontal Total
Horizontal Panel Size

FLM Delay

LP Delay (CMPR enabled)
LP Delay (CMPR disabled)
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
Alternate Vertical Sync End
Vertical Panel Size
Programmable Output Drive

Polynomial FRC Control Register Optimize for best display quality

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)

Extension Register Values for Epson EG9005F-LS
Citizen G6481L-FF
Sharp LM64P80
Sanyo LCM-6494-24NTK
Hitachi LM G5364XUFC

Register Value(in Hex) Register Comments
XR19 55 Alternate Horizontal Sync Start
XR1A 00 Alternate Horizontal Sync End
XR1B 5F Alternate Horizontal Total
XR1C 4F Horizontal Panel Size
XR2C 21 FLM Delay
XR2D 50 LP Delay (CMPR enabled)
XR2E 50 LP Delay (CMPR disabled)
XR2F 00 LP Width
XR4F 44 Panel Format 2
XR50 25 Panel Format 1
XR51 67 Display Type
XR52 41 Power Down Control
XR53 0oC Panel Format 3
XR54 3A Panel Interface
XR55 E5 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
XR5E 80 M (ACDCLK) Control
XR64 0B Alternate Vertical Total
XR65 26 Alternate Overflow
XR66 EA Alternate Vertical Sync Start
XR67 0oC Alternate Vertical Sync End
XR68 DF Vertical Panel Size
XR6C 02 Programmable Output Drive
XR6E 26 Polynomial FRC Control Register Optimize For LCD
XR6F 1B Frame Buffer Control

Note: 1) Bold text indicates registers with values different from those shown in Table #1
2) Non-bold text indicates additional registers (not included in Table #1)
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Table #5 - Parameters for 640x480 Color TFT Panels (Panel Mode Only)

Extension Register Valuesfor Hitachi TX26D02V C2AA
Sharp LQ9DO011 (set to accommodate the DE signal)
Toshiba LTM-09C015-1

Register Value(in Hex) Register Comments
XRO06 C2 Palette Control Color Reduction
XR19 56 Alternate Horizontal Sync Start
XR1A 13 Alternate Horizontal Sync End
XR1B 5F Alternate Horizontal Total
XR1C 4F Horizontal Panel Size
XR2C 04 FLM Delay
XR2D aF LP Delay (CMPR enabled)

XR2E aF LP Delay (CMPR disabled)
XR2F OF LP Width

XR4F 44 Panel Format 1

XR50 02 Panel Format 2

XR51 C4 Display Type

XR52 41 Power Down Control
XR53 0oC Panel Format 3

XR54 FA Panel I nterface Set to F9 for Toshiba color panels
XR55 E5 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

XR5E 80 M(ACDCLK) Control

XR64 01 Alternate Vertical Total
XR65 26 Alternate Overflow

XR66 DF Alternate Vertical Sync Start
XR67 0oC 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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Table #6 - Parameters for 640x480 Color TFT Panels (Simultaneous Mode Display)

Extension Register Vauesfor Hitachi TX26D02VC2AA
Sharp LQ9DO011 (set to accommodate the DE signal)
Toshiba LTM-09C015-1

Register Value(in Hex) Register Comments
XR06 Co Palette Control Color Reduction
XR19 55 Alternate Horizontal Sync Start
XR1A 00 Alternate Horizontal Sync End
XR1B 5F Alternate Horizontal Total
XR1C aF Horizontal Panel Size
XR2C 00 FLM Delay
XR2D 4F LP Delay (CMPR enabled)

XR2E 4F LP Delay (CMPR disabled)
XR2F OF LP Width

XRAF 44 Panel Format 2

XR50 02 Panel Format 1

XR51 (0%) Display Type

XR52 41 Power Down Control
XR53 0oC Panel Format 3

XR54 FA Panel | nterface Set to F9 for Toshiba color panels
XR55 E5 Horizontal Compensation
XR56 00 Horizontal Centering

XR57 1B Vertica Compensation
XR58 00 Vertical Centering

XR59 84 Vertical Line Insertion
XR5A 00 Vertical Line Replication
XR5B 8F Power Sequencing Delay
XR5D 10 FP Diagnostic

XR5E 80 M (ACDCLK) Control
XR64 0oC Alternate Vertical Total
XR65 26 Alternate Overflow

XR66 EA Alternate Vertical Sync Start
XR67 0oC 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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Table #7 - Parameters for 640x480 Color STN-SS Panels with 16-Bit Interface 4-Bit Pack (Panel &
Simultaneous Mode Display)

Extension Register Vauesfor Sanyo LM-CK53-22NEZ
Sanyo LCM5327-24NAK

Sanyo LCM5330

Register Value(in Hex) Register Comments
XR06 C2 Palette Control CO for Simultaneous Display
XR19 56 Alternate Horizontal Sync Start 55 for Simultaneous Display
XR1A 19 Alternate Horizontal Sync End 00 for Simultaneous Display
XR1B 59 Alternate Horizontal Total 5F for Simultaneous Display
XR1C aF Horizontal Panel Size
XR2C 04 FLM Delay 22 for Simultaneous Display
XR2D 5C LPDelay (CMPR enabled) 62 for Simultaneous Display
XR2E 5C LPDelay (CMPR disabled) 62 for Simultaneous Display
XR2F 5C LP Width 60 for Simultaneous Display
XRAF 44 Panel Format 1
XR50 25 Panel Format 2
XR51 Cc4 Display Type
XR52 41 Power Down Control
XR53 1C Panel Format 3
XR54 3A Panel I nterface
XR55 E5 Horizontal Compensation
XR56 00 Horizontal Centering
XR57 1B Vertica Compensation
XR58 00 Vertical Centering
XR59 84 Vertical Line Insertion
XR5A 00 Vertical Line Replication
XR5B 8F Power Sequencing Delay
XR50 10 Panel Format 1
XR5E 80 M (ACDCLK) Control
XR64 E4 Alternate Vertical Total OB for Simultaneous Display
XR65 07 Alternate Overflow 26 for Simultaneous Display
XR66 E1l Alternate Vertical Sync Start EA for Simultaneous Display
XR67 02 Alternate Vertical Sync End OC for Simultaneous Display
XR68 DF Vertical Panel Size
XR6C 02 Programmable Output Drive
XR6E 61 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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Table #8 - Parameters for 640x480 Color STN-SS Panels with 8-Bit Interface (Extended 4-Bit Pack)
Extension Register Vauesfor Sharp LM64C031

Register Value(in Hex) Register Comments
XRO06 C2 Palette Control CO simultaneous mode
XR19 56 Alternate Horizontal Sync Start 55 simultaneous mode
XR1A 00 Alternate Horizontal Sync End
XR1B 59 Alternate Horizontal Total 5F simultaneous mode
XR1C 4F Horizontal Panel Size
XR2C 02 FLM Delay 2B simultaneous mode
XR2D 50 LPDelay (CMPR enabled)
XR2E 50 LPDelay (CMPR disabled)
XR2F 00 LP Width
XR4F 44 Panel Format 2
XR50 15 Panel Format 1
XR51 6C Display Type
XR52 41 Power Down Control
XR53 3C Panel Format 3
XR54 3A Panel I nterface
XR55 E5 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
XR5E 80 M (ACDCLK) Control
XR64 E8 Alternate Vertical Total 15 simultaneous mode
XR65 07 Alternate Overflow 26 simultaneous mode
XR66 E1l Alternate 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 36 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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Table#9 - Parametersfor 640x480 Color STN-DD Panelswith 16-Bit I nterface with Frame Acceler ation
(Panel & Simultaneous M ode Display)

Extension Register Valuesfor Sharp LM64CO8P
Sanyo LCM5331-22NTK
Hitachi LMG9721XUFC
Toshiba TL X-8062S-C3X
Optrex DMF-50351INC-FW

Register Value(in Hex) Register Comments
XRO06 Cc2 Palette Control
XR19 57 Alternate Horizontal Sync Start
XR1A 19 Alternate Horizontal Sync End
XR1B 59 Alternate Horizontal Total
XR1C 4F Horizontal Panel Size
XR2C 15 FLM Delay 22 for no frame acceleration
XR2D 50 LPDelay (CMPR enabled) 9E for no frame acceleration
XR2E 50 LP Delay (CMPR disabled)
XR2F 00 LP Width
XRA4F 04 Panel Format 1
XR50 25 Panel Format 2 35 for no frame acceleration
XR51 67 Display Type
XR52 41 Power Down Control
XR53 1C Panel Format 3
XR54 3A Panel I nterface
XR55 E5 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
XR5E 80 M (ACDCLK) Control
XR64 0B Alternate Vertical Total
XR65 07 Alternate Overflow
XR66 EA Alternate Vertical Sync Start
XR67 0oC 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 9F for externa frame buffer with frame

acceleration. 99 for external frame buffer
without frame acceleration.

Note: 1) Bold text indicates registers with values different from those shown in Table #1
2) Non-bold text indicates additional registers (not included in Table #1)
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Table #10 - Parameters for 640x480 Plasma Panels with 16 Internal Gray Levels
Extension Register Vauesfor Matsushita S804

Register Value(in Hex) Register Comments
XR19 60 Alternate Horizontal Sync Start
XR1A 00 Alternate Horizontal Sync End
XR1B 60 Alternate Horizontal Total
XR1C 4F Horizontal Panel Size
XR2C 04 FLM Delay
XR2D 62 LP Delay (CMPR enabled)
XR2E 6D LP Delay (CMPR disabled)
XR2F 08 LP Width
XRA4F 04 Panel Format 1
XR50 17 Panel Format 2
XR51 C4 Display Type
XR52 41 Power Down Control
XR53 0oC Panel Format 3
XR54 39 Panel I nterface
XR55 E5 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
XR5E 80 M (ACDCLK) Control
XR64 0D Alternate Vertical Total
XR65 26 Alternate Overflow
XR66 E8 Alternate Vertical Sync Start
XR67 O0A Alternate Vertical Sync End
XR68 DF Vertical Panel Size
XR6C 02 Programmable Output Drive
XR6E 0D 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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Table #11 - Parameters for 640x480 EL Panels with 16 Internal Gray Levels
Extension Register Vauesfor Sharp LJ64ZU50

Register Value(in Hex) Register Comments
XR19 52 Alternate Horizontal Sync Start
XR1A 15 Alternate Horizontal Sync End
XR1B 54 Alternate Horizontal Total
XR1C 4F Horizontal Panel Size
XR2C 0oC FLM Delay
XR2D aF LP Delay (CMPR enabled)
XR2E 4E LP Delay (CMPR disabled)
XR2F 81 LP Width
XRA4F 04 Panel Format 1
XR50 17 Panel Format 2
XR51 44 Display Type
XR52 41 Power Down Control
XR53 0oC Panel Format 3
XR54 F9 Panel I nterface
XR55 E5 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
XR5E 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 Output Drive
XR6E aD 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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Application Schematic Examples

Application Schematic Examples

This section includes three groups of schematics
showing various 65548 interface examples:

1) BuslInterface

 PCI Bus (with BIOS ROM)
* VL-Bus
* VL-BusBIOSROM

2) Display Memory I nterface
» 256Kx16 DRAMs(65545-Compatible)

The above diagrams include VAFC & PC-
Video Portinterfaceexamples.

3) CRT/Pand Interface

* CHIPS DK Board Panel Connectors
* CRT Display withDDC & DPM S support

Implementation of a complete graphics subsystem
requires selection of a bus interface, selection of a
memory type, and selection of apanel interface (i.e.,
one circuit from each group above). For redl
systems, other issues may need to be decided such
as the size of the VL-Bus address space, power
management, 3.3V or 5V logic levels (one or the
other or selectableto either) for each interface, BIOS
ROM support, video port support, etc.

The 6554x family pinout supports direct decode of
26 bits of system address (28 hits if the GPIO pins
are not used) on the VL-Bus (PCI allowsthe full 32
address hits to be decoded since addresses are multi-
plexed with data). For VL-Bus, this allowsthe chip
to decode its linear frame buffer within a 64MB (or
256MB) address range. If the system requires a
larger overall memory space, additional upper
address bits may be decoded externally and the result
input on the highest 6554x address pin.

The bus interface requires a decision on whether a
BIOS ROM is required (if the graphics subsystem
BIOS code is to always be included in the system
BIOS ROM, a separate ROM circuit to hold a
graphics subsystem BIOS is not required). The
BIOS ROM circuits shown support both 32Kx8 and
64Kx8 ROM devices (CHIPS provides both 32KB
and 40KB versions of its BIOS depending on
options supported). TheVL-BusBIOSROM circuit
also providesfor flash ROM support if required.

For compatibility with future members of the 655xx
family, the memory interface examples show
interface connections for 256Kx16. 256K x4
DRAMs are aso supported; the exact circuit is not
shown here, but uses the same interface connection
methods illustrated in the 256K x16 interface circuit
shown.

Examplesare a so included showing how to interface
to either CHIPS PC-Video or VAFC (VESA
Advanced Feature Connector). These examples are
included with the display memory interface circuits
since the video port shares pins with the optional
‘frame buffer' DRAM (called DRAM 'C). The
frame buffer DRAM is optional and is used to
provide additional bandwidth for improving perfor-
mance when using STN-DD panels in simultaneous
display mode. A single design can be implemented
which alows either the frame buffer DRAM or the
video port to be used with the same PCB layout. If
DRAM 'C' is assembled onto the board, the video
port may not be used; if the DRAM is not stuffed,
the video port may be used. This is a reasonable
trade-off since the frame buffer is used with STN-
DD panels and video overlay is not generally used
with these panels due to visual persistence of the
panel LCD material. Video port overlay capability
generally makes more sense with TFT panels where
theframe buffer DRAM provides no advantage.

The display interface example shows a typical
interface to a CRT using the standard VGA
connector enhanced to include support for Video
Electronics Standards  Association (VESA)
standards. The standards supported include DPMS
(Display Power Management Signaling) and DDC
(Display DataChannel).

The pand interface circuit included here shows
connections to the CHIPS Development Kit (DK)
board. The 50-pin connector shown was defined by
CHIPS many years ago to simplify interfacing to a
wide variety of panels. Panel interface examples
shown in CHIPS flat panel graphics controller
documentation use this connector as a baseline
interface standard. Real system designs are usually
customized for the specific panelsto be used in those
systems.

Revision 1.1 2/28/96

217

Preliminary 65548



Application Schematic Examples

REQ# RST# 207,
n/c PCI-B18 ( PCI-A15) Q RESET#
nc —CNT# BEIAL7 14.31818 MHz 203 IXTALI
REQ64# =551 Reserved PCI Bus
n/c PCI-A60 FRAME# 224 TEDANED
n/c-ACKE4 b B60 PAR 3 ADS ERAMER
DSEL 119 M/1O# PAR
INTA# STOP# 279 WIR# WJDSEL]
n/c INTB# PCI-A06 TRDY# 4 LCLK (2XCLK) "STOP#"
n/c INTCH PCI-B0O7 PCI-A36_ ) DEVSELZ 25C LRDY# "TRDY#"
n/c INTD# PCI-AQ7 PCI-B37 ) IRDY# 23C LDEV# "DEVSEL#'
n/c PCI-B08 PCI-B35 » 54C RRTN# (CRST) "IRDY#"
Useas ACTI & ENABKL 53 | A27 (EBKLYGPIOL/DDCCLK)
- PRONT1# SERR# —35{A26 (ACTI)(GPIOO/DDCDAT)
/e e e pCl-p403 PERR 2915 PERR#"
VC R eeprved - 28 1 A3 "Reserved”
¢ ~Reserved (16 )- <LK 20L1A22 "CLK"
e wE R e
e Reserved PCI-B39)-LOCK## e LIC [198 1)1 "ROMAL7"
n/c - SBO# n'c <197 | A18 65548 "ROMA 16"
To VO e _1_1% Al7 Bus  "ROMAI14"
C_|195 | " "
65548 e =194 718 Interface .ROMATS:
IVee We 1931094 uayr  "ROMALZ"
Pins e 192y Defalt o oMAg!
n'c 191 Names
nc 190 | Al2  ndicate "ROMAT"
nc 1891 All v Bus "ROMAY9"
nc 1881 Al10 o 1x/2x "ROMAG"
n/C 187 A9 486 CPU "ROMA].:L"
nc 1861 A8 Direct ::ROMA5""
nc 1851 A7  Loca Bus "ROMAlE)
nc 183 A6 ROMA4
a5 TAS "ROMAZ"
e 182 ag "ROMA2"
n‘c 180
+3.3V ne 179 (A3 ROMAL
+3.3V PCI-A21 C/BE3# 10 A2 "ROMAQ"
+3.3V PCI-B25 PCI-B26 C/BE2H 21C BE3# "C/IBE3#"
337 6. PCI-A27 PCI-B33 )= EET# &9 BE2# "CIBE2#"
+3.3V PCI-B31 PCI-B44 ) C/BEOH 43C BE1# "C/BE1#"
+3.3V PCI-A33 PCI-A52 AD3L 1C BEO# "C/BEO#"
+3.3V PCI-B36 PCI-B20 ) AD30 > D31 "AD31"
+3.3V PCI-A39 PCI-A20) AD29 3 D30 "AD30"
+3.3V PCI-B41 PCI-B21 AD28 4 D29 "AD29"
+3.3V PCI-B43 PCI-A22 ) AD27 5 D28 "AD28"
+3.3V PCI-A45 PCI-B23 ) AD26 6 D27 "AD27"
+3.3V PCI-A53 PCI-A23 ADZ5 7 D26 "AD26"
- PCI-B54 PCI-BZ44 AD24 8 D25 "AD25"
A (READ)  FEaR22<7AD23 13|D24 D
—12V "pei-B01) (PCI-A28)-AD22 14 1p22 "AD22"
PCI-B29 -4 D2l ~ : B "AD21"
Note: Configure the bus "AD20"
interface for PCI by "AD19"
connecting configuration bit- "AD18"
0 (LB# on pin 145) to ::ADl?::
ground viaa4.7KWresistor. ﬁgig
Configure for external clock "AD14"
referenceby connecting "AD13"
Note: configuration bit-5 (OS# on "AD12"
Additional bus pin 150)_to ground vi_aa A Dll::
drive capability 4.7!< rwsto_r. If the internal 2830 Circuit Example
may be enabled logic VCC is 3.3V, the "AD8" | PCJ Buslnterf%ce
by programming input thresholds should be "AD7"
XR6C hit-3 = 0. programmedaccordingly by "AD6"
connecting configuration bit- "ADS"
8 (LV# on pin 153) to ,,ﬁggﬂ
ground viaa4.7K resistor. ) "AD2"
=101 "AD1"
DO "ADQ"
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To Systems Logic _SYSRESET# (— gz~ RESET# 207 fo=—z
486 S-Series  486DX/SX 14.31818 MHz 203 A |
196pin POFP Cx4865/S2 N/C 204} Reserved PCl Bus
CPU-145 )—(CPU-S17 )-ADS# ( VL-A45)-ADS# 2204 ADSH TFRAME#
CPU-111 )—(CPU-N16_y-MIO# CVL-Baa - MINO#H 31y mno# "PAR"
CPU-120 39— CPU-N17 ) W/R# {VL-Ba5 )y WRH LA WiR# "|DSEL"
CPU-123 9<CPU-C3 y-CPUCLK V-6 - ECLK 21| CLK (2XCLK) "STOP#"
CPU-133 <CPU-F16)-RDY# CVLALSY LRDY# %gc LRDY# "TRDY#"
To Locd Bus Control Logic VL-A49 Q LDEV# "DEVSEL#"
) v -Bag - ROYRTN# 234 pRTn# (CRST) "IRDY#'
(CPU-9 ) «(CPU-72 )2l Of ENABKL VL-B24y-h2l 241 A27 (EBKLYGPIO/DDCCLK)
Lo AL CVL-A23Y A2 231 A26 (ACTI)(GPIOO/DDCDAT)
AZ5 VBB YA 30 1 A25 "SERRH"
A24 L VL-B25 Aok 29 . .
VL-A25 A24 PERR#
e CVL-B263-A2 28 1 n23 "Reserved"
A22 )'m‘( A22 201 55 "CLK"
A21 L VL-AZ6 )-A51 200 . .
VL-B27 A21 ROMOE#
e CVL-A283-A2 199 20 "Reserved"
A19 )'m‘( A19 198 |'r%9 "ROMA1L7"
A18 v ) 197 65548 . .
VL-A29 NT: ROMA16
CPU-183 9—CPU-03 A4l CVLB30 AL 196 117 "ROMA14"
CPU-181 < CPU-00 y-A16 {VL-A0)-A16 195 116 | BYS  .ROMATS"
{7 A15 e Al5 194 Interface . .
CPU-180 —CPU-R7 ) VL-B31 A15 ROMA13
CPU-178 3« CPU-S5_-hi4 VLA A14 133 1a14 "ROMA12"
CPU-176 I CPU-010)-A13 {VL-B33 ) AL3 192 jy3 Dt pomAg!
{ > Al2 o< A12 191 Names " .
CPU-174 3—<CPU-S7 ) VL-A32 AL2 g ROMA7
A1l L VL-AS2 )A7T 190 ndicate )
VL-B34 All i o "ROMAQ
A10 )'m‘( A10 189 "o u "ROMAG"
A9 oo== AD9 188 or Ix/2x "
VL-B35 A9 asomy  "ROMALL
A8 . VL-B35 208 187 _ . ]
A7 . VL-A34 ) Ao7 186 |A8 Direct ~ "ROMAS
CPU-159 )—CPU-013 VL-B36 A7  Loca Bus "ROMAIO"
A6 L VL-B36 706 185 . C
CPU-158 ) CPU-S15 ) VL-A36 A6 ROMAZ
< A5 L VL-AS6 )-A05 183 . .
CPU-154 ¢ CPU-0O12 VL-B37 A5 ROMA3
2 A4 L VL-B37 ) Aox 182 . )
CPU-152 ) CPU-S16 VL-A37 A4 ROMA2
A3 L VL-AST 703 180 . )
CPU-150 —CPU-R15) VL-B39 A3 ROMA1
< A2 e A02 179 " .
CPU-146 )y CPU-O14 VL-B40 A2 ROMAO
CPU-113 <(CPU-F17 J-BE3# CVL-Aaay BE3# 104 BE3# "C/BE3#"
CPU-115 )< CPU-Ji5 )-BE2# CVL-AL Y BE2 219 e "C/BE2#"
CPU-116 < CPU-J16 3-BEL CVL-AaLy-BEL 329 BE1# "C/BE1#"
CPU-117 < CPU-K 15y BE% {VL-A30 ) BEO# 434 BEo "C/BEOH"
CPU-74 3<{cPu-Ba y-23L CVL-A20 D31 1p31 "AD31"
CPU-T1 CPuU-Co D30 {VL-B19 )30 2 1p30 "AD30"
CPU-60 < CPU-AS D29 CVL-A1g)-DR29 3 1529 "AD29"
CPU-67 JCPU-Cg y-D28 {VL-Big ) D28 4 1b28 "AD28"
CPU-65 CPU-Ce D27 CVL-A18y-R27 > 1p27 "AD27"
CPU63 y<CPU-C7 )-D26 CVL-B173-R26 6 b2 "AD26"
CPU-61 _>—<CPU-B6 D222 CVL-ALE YR 7 D25 - : ~
CPU59 CPU-AG < D24 >'—-<VL-816 D24 8 D24 Note: Configure for external
CPU-55 CPU-A4 ng ) VL-A15( ng ii D23 clockreferencebyconnecting
R 3 (P Bs3D2L CVEALaS D2l 15552 o) oot vian
CPU-48 )—(CPU-AL yD20 VB3 Y220 16 1p20 i o :
- {5 - D19 YD H19 17 4.7K resistor. If theinternal
CPU-47 _3—<CPU-B1 VL-A13 D19 . :
CPU-26 CPU-C2 < D18 >'—'<VL-812 D18 18 D18 logic VCC is 3.3V, the
D17 A D17 19 i hresholds should be
CPU-45 CPU-D3 VL-A1l D17 Input thresno
CPU-24 3<{CPU-B ) D10 *) VL-Bll'<( D18 20-1D16 programmedaccordingly by
8%2& 8%533 D D14 $ xll:-é?g( D14 34 Bﬁ connecting cpnfiguration bit-
CPU-39 3<CPU-D2 D13 { VA8 R 35 1p13 8 (LV3# on pin 153) to
CPU-38 opU-G3 9212 CVL-Bog 212 36 510 (ground viaa4.7K resistor. )
CPU-37 y<CPU-CL DLl {VL-A0yRLL 31 p11 "AD1L"
CPU-35 3<CPU-E3 3110 {visoryRL0 38 1p10 "AD10"
CPU-32 y<(CPU-D1 D09 {VL-A06 209 40 1pg "ADO"
CPU-3L y<(CPUF2 D08 {VL-B05 D08 41 1pg "ADg"
CPU-20 3<{CPU-L3 2% CVL-AS YR 44 157 "AD7" (" Circuit Example
- —=2—<"D06 =A< D06 45 N P
CPU-27 J—CPU-L2 300 (VL-B04)-352 72-1D6 "AD6"| VL-Bus | nterface
RS e T pog D04 4715 “AD#
CPU-23 CPuH2 D% CVL-AGZY D% 48 153 "AD3"
CPU-20 3—<CPU-N1 3202 CVL-Bo23-R02 49 12 "AD2"
CPU-18 3<CPU-NZ ) o CVL-AOLY oot 20101 "AD1"
(CPU-17 y<CPU-PL ) CVL-BOLY DO "ADO"
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A19 7T4ACTO00

SA-A12 AlS

-Al3

A17
ISAATA
§ |SA-A155§ Al6

|
ISA

0CO000h ISA Adtress Decoce  74ACT32| /4ACT32

4

7T4ACT32

Small BIOS (32KB) 0,

ow % Large BIOS
Small BIOS (32KB) S OW  jash (64KB)
oW 6AKx8
ﬁi Lage BIOS (64KB) A 3 ﬁii 8_582421 SMEMR# ~1sa 515
A3 Ba13wep3L SMEMW# 15 B11
All A2 |1
Al11lVpp, +5V or +12V
A10 23 a0 32 ey
A9 26 €316 19
A9 Gnd——_ ENART
A8 27 — 1
A8 DIR
A7 57 pyl2l 11 9
A6 6 20 12 8
A6 D6
A5 7 19 13 7
A5 D5 L->
Al 8/as pald8___14 6
A3 9 17 15> [5
A3 D3
A2 10/x5 pol5___16/g 4[4
Al 1l pilid 17 3
AO 12/x5 poli3 18| 245[2

( Circuit Example - VL-Bus BIOS Interface b
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Application Schematic Examples

Note: Additional drive

Reserved

o n/c VAFC-1
or s y /C “GENCLK VAFC-14
programming XR6C bit-4 nc
= 1. Additional drive for ng VAECS
DRAM C may be enabled nlc VAFC-21
by programming X R6C nic xﬁ Eggé
bit-5 = 1. BLANK# BLANK# AFe ) (VAFG.30
— HSYNC ~rreqry QVAFC-33 VAFC
VSYNC = /AFG 15y CVAFC-36 Video Input
PCLK VAEC-39 Connector
DK PCB VELK §VAFC-15§ VAFC-AT
{VAFC-13) (VAFC-4?
c Pend VRDY == (VAFC-43
onnector GRDY VAFC-44
EVIDEO¥ Eﬁﬁgf‘s VAFC-25
VR7 P15 VAFC-46
" Not VR6 P14 VAFC-47
DRAM "C" Not Instaled VRS PI3 VAFC-48
16 / 18-Bit PC-Video V AFC-49 VAFC-40
/' VR4 P12 S
or 16-hit VAFC VR3 P11 VAFC-50 VAFC-79
) VAFC-51 VAFC-78
16/ 18 / 24-Bit TFT Pands /' VR2 | VAFEC-52 VAFEC-38
26-bit VL-Bus address range /VG? P10 VAFC-53
with 18-bit PC-Video VG6 P9 VAFC-54 (VAFC-76)
(up to 28-bit w/16-bit video) /G5 P8 VAFC-55 VAFC75
VG4 P7 VAFC-56 VAFC-35
Assuming default output dive ; xgg Eg ¥ﬁgggg
settings, series damping resist a
ShoUl A be 330 et VB7 P4 VAFC-65
: VB T 53 VAFC-68 VAFC-32
VBS 5o VAFC-71 VAFC-3]
VB4 By VAFC-74
VAFC-77
FISYNC} 65 §¥E§ PO VAFC-80
VSYNC | =
/
(VR5-2VG7-2,VB7-2MCD15-0 ) ¢ . i :
(BLANK#,P23.16) CAg Ol Ra? | \L/Jviet? go'rmgg’ ekl %‘fg;nmoe
(VRDY) RASCED 103 “W—QRAS 256K Optiond in simultaneous dsplay mode
(VR?7) (CASCH) CASCH# |5 a—dcu ner _ _
(VR6) (WECL#) CASCL# [5104 AL X16 DRAM (PC-Video/VAFC port not avail-
(PCLK)  (WECH#) WECH|, %8(2) a—dwe PRAM able & pand interface limited to
(VCLK) OECHpE ¢ AMA—QOE 16-hit when DRAM "C" is used)
65548 MBD15- D150 orovicks en ectition
ASZO . rovi an 1on
(RASABI#) RASB#5123  aan b RAS Optiond 512KB for the
125 GRAS 56k "B
(CASB#) CASBH#n2e2  aamr L qCU embected frame buffer
(WEBL#) CASBL#|5126  aan 1 A _X16 DRAM & display memory
(WEAB1#) (WEBH#) WEB#124  aan | J\WgDPRAM '
(AA9) -Q OE
(ROMD7-0,CFG15-10,
ICTENA#TSENA#) MAD15-0 ® D150
(CFG8-0) AA8-0 @t AS:0 i
(PR G evve o e e
(CASA#) CASAH#[HIS9 1 aan dco 296K or the
(WEAL#) CASAL#[p160 _§ an dcr X6 DRAM embedoed frame buffer
g\évggg#f;) (WEAH#) SNEAE’EZP% Dy qwePRAM & display memory.
0221 A dOE
) Bank O
CFGO0-8 (4.7K pulldown resi Stors) sl

CFG10-15 (4.7K pulldown resistors)
ROMD7-0 (to PCI BIOS ROM)

— |

( Circuit Example - 256K x16 " 2-CAS' Display Memory Interface with VAFC Video Port '

t Typical resistor value. Actual value for a specific PCB layout should be determined by experimentation for optimal signal damping.
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Application Schematic Examples

Note: Additional drive n/c —Reserved
capability may be enabled n/c %
for DRAMSA & B by Ve —ENe
programming X R6C hit-4 ”50
= 1. Additional drive for v VAFC-18
DRAM C may be enabled n/c VAFC-21
by programming XR6C n/c xﬁ Eggé
bit-5 = 1. BLANK# BLANK# AFE5 ) (VAFG-30
— HSYNC A==y (VAFC-33 VAFC
VSYNC VAFGC-10 xﬁgggg Video Input
DK PCB Tk §VAFC-15§ VAFC-4L Connector
{VAFC-13) (VAFC-42
c F’m(; VRDY == (VAFC-43
onnector GRDY i VAFC-44
EVIDEO# VAFC-45
VR? P15 VAFC-46
— VAFC-47
DRAM "C" Not Installed xgg = VAFC-48
16 / 18-Bit PC-Video /VR4 Pl VAFC-49
or 16-bit VAFC VR3 P11 VAFC-50 VAFC-79
16/ 18/ 24-Bit TFT Pand's /VR2 VAFC-5L VAFC-78
_ - VAFC-52 VAFC-38
26-bit VL-Bus address range VG7 P10 VAFC-53
with 18-bit PC-Video /VG6 P9 VAFC-54
(up to 28-hit w/16-bit video) /' VG5 P8 VAFC-55
VG4 P7 VAFC-56 VAFC-35
Assuming default output drive /' VG3 P6 VAFC-59
settings, series damping resistors VG2 P5 ¥ﬁ:§82§
VBS 5o VAFC-71
VBl e VAFC-74
VAFC-77
ASYNCI.65 L/ VB3 PO VAEG-80
VSYNC|64 ;&. =
(VR5-2,VGT7-2,VB7-2MCD15-0 . : ;
(BN P15 CAG O R Ut for Imprning poromance
(VRDY) RASCH# |5 1UL AM—JRAS Optiond P
(VR7) (CASCH) CASCH# 5,103 ma—d o 298K ner in sm_ultmeous display mode _
(VR6) (WECL#) CASCL# [5104 MrA—gcL L X16 DRAM (PC-Video/VAFC port not avail-
(PCLK)  (WECH#) WECH#[5102 mr—dwePRAM ale & pand interface limited to
(VCLK) OEC#p100 ¢  ardOE 16-bit when DRAM "C" is used)
65548 MBD15- BIED
RASAB1#) RASB#|5123  App | A8
( (CASBH#) CASBH#PLE | RAS 256K Optiond ;’E‘Qﬁ;”tf“"”d
(WEBL#) CASBL#[5126  Aan § Ay X16 B
(WEAB1#) (WEBH#) WEB#124  aan | diy DRAM DRAM embedded frame buffer
(AA9) -JOE & display memory.
(ROMD7-0,CFG15-10,
(| gl;l'cl;ié\lg#,TSENA#) MA E&g—g ® D150
- - T‘ @ A8:0
(RASABO#) RASA# 02201 AAn gqRAS wpn
(CASA#) CASAH#[0159 ¥ an JdCcAs 256K A Provides the base
(WEAL#) CASAL#(5180 1 ann qwH  X18 DRAM 512KB for the
(WEABO#) (WEAH#H)  WEA#[O72-—f—w» qWwL embectd frame buffer
(OEABO#) OEAB#p122 I Apn doE & dsplay memory.
Bank O
CFGO0-8 (4.7K pulldown resi Stors) sl

CFG10-15 (4.7K pulldown resistors)
ROMD7-0 (to PCI BIOS ROM)

— |

( Circuit Example - 256Kx16 "2-WE#" Display Memory Interface with VAFC Video Port '

t Typical resistor value. Actual value for a specific PCB layout should be determined by experimentation for optimal signal damping.
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Application Schematic Examples

CircuitExample

256K x16
Display Memory I nter
with PC-Video Video

T Typical resistor value.
The actual valuefor a
specific PCB layout
should be determined by
experimentation for
optimal signal damping.

DRAM "C" Not Instdled
16 / 18-Bit PC-Video
or 16-bit VAFC
16/ 18/ 24-Bit TFT Pands
26-bit VL-Bus address range
with 18-bit PC-Video
(up to 28-bit w/16-bit video)

Assuming default output dive

settings, series damping resistors

should dl be 33ohmt except:

face
Port

HSYNC

DK PCB
Pand
Connector

VSYNC

KEY

PCLK

n/c

Reserv

PCV_48
ed &pevVo50

VR7 pcve

VR6 ~pev_g
VRS _VR5 -V
VR4 VR4

VRL
n/c PCV-11
VRO ~pevois

VG7

n/c

PCV_12
Vo ViR §PCV-1d
PCV—-16

PC-Video
Connector

PCV-25

Note: Additional drive
capability may be enabled
for DRAMsSA & B by

programming XR6C bit-4

VB7 VB7
VB6 VB6 S-FCV=30)

VB5 _VB5. -eev=32
VB4 vBAX-PCV=34

PCV-36
VB3 VB3

=1. Additional drivefor
DRAM C may be enabled
by programming XR6C

VB2 VB2 »-bo¥=9 bit-5=1.
HSYNC).65/ ncYBl ~pev_35
VSYNC/| 64 ne-YBO pcv37) (Pcv—39
(VR5-2,VG7-2,VB7-2MCD15-0 & D15.0 Used for improving performance
(BLANK#P23-16) CAB-0) s A8.0 with oolc;r I:I))D \gTEIpanels
(VRDY) RASCH [ 101 AMM—ARAS Optiond . P
(VR?) (CASCH#) CASCH# 5103 A U 256K ner in simultaneous dsplay mode
(VR®6) (WECL#) CASCL# 0104 MA—dCL x16 DRAM (PC-Video/VAFC port not avail-
(PCLK)  (WECH#) WECH o%o—w—o we PRAM ale & pand interface limited to
(VCLK) OECHOp-X — A\ QOE 16-bit when DRAM "C" is used)
65548 MBD15
- D15:0

(RASAB1#) RASB#(5123  aap ] —o%s) Optiond ggﬁgfoﬂf tore

(CASB#) CASBH#[p125  app R A~ 256K "B

(WEBL#) CASBL#|n126 == x16 embedoed frame buffer

O W[ 9C pram| DPRAM
(WEAB1#) (WEBH#) WEB#p124 v 1 AWE & dsplay memory.
(AA9) -Q OE

(ROMD7-0,CFG15-10,
ICTENA#TSENA#) MAD15-0 ® D150
(CFG8-0) AA8E-0| g @=={ A8:0 _
(RASABO#) RASA#|O16 | dRrAS " Provides the base

(CASA) CASAH# OIS0 qcu 28K | ppam  512KBfor the

(WEAL#) CASAL# e 9CL hrAM embedded frame buffer
(WEABO#) (WEAH#) WEA#pp1/ | dwEe
(OEABO#) OEAB#p125 | doE & dsplay memory.

Bank O
CFGO0-8 (4.7K pulldown resi Stors) 545 | 548
CFG10-15 (4.7K pulldown resistors) :
ROMD?7-0 (to PCI BIOS ROM)

Revision 1.1 2/28/96 223 Preliminary 65548



Application Schematic Examples

Note CFG12-15 (on MAD12-15) are reserved for pand 1D

(see memory interface schematics for connection details)

Optiond EMI Filter

(see be ow)

CHIPS' Deve opment Kit
50-Pin Connector

97 (Shared with DRAM address C) ) (
(P23) Cht [96_(Shared with DRAM atress C) (R6) g P2 rdi
_ (P21) Cas |25 (Sharedwith DRAM adtess C) (R5) P21 e
Additiond (70} ©\5193 (Shared with DRAM atfess C) (R3) g ST S
panel output (P18) CA2 92 (Sharedwith DRAM addess C) (R2) P18 )-%
drive may be (P17) CAL 91 (Sharedwith DRAM addess C) (R1) ﬁ( P17 )-m
enabledby  (p16) GaQ| 90 (Sharedwith DRAM arfess C) (RQ) g P16 -Dane
programming P15 |88 (LDO) (LG3) (R4.G7) P15 >'_Pane
XR6C bit-2 = 1 P14 87 (LD1) (LR3) (R3, G6) ﬁ( P14 }m
Fial86 (LD2) _ (LB2) (R2.GY) g P13 orale
15 |85 (LD3) (LG2) (RL, G4) P12 e
T (LD4)  (UG3) (R0.G3) & P11 {-band
Pl (LD5) _ (UR3) (Gb.G) g PI0_ orai
po |82 (LDS) (UB2) (G4, G1) P9 e
65548  msl8L (D7) (UG (G3.GO) X b8 -oane
b7 [Z9_(LD0, UDO) (LR2. LR2) (G2, B7) g Pz -oane
pg|Z8__(LD1UDD) (LBL 1B1) (GL, B6) P6 e
FlaPanel 22176 (1D, UD?) (LGL LGL) (GO.B5) &< P5 -oane
VGAController |75 (LD3,UD3) (LR, LR1) (B4, BA) g P4 -oane
p3 [74__(UDO, UD4) (UR2, UR2) (B3, B3) P3 e
P> [73_(UD1_UD5) (UBL UBL) (B2.B2) &= F» ¢-Eane
72 (UD2. UD6) (UGL. UGI) (BL B1) g P1 -pane
F5 [71—(UD3.UD7) (URLUR1) (B0, BO) PO -bane Pand-17
MonoDD STN-DD  TFT i =
70 Ay SHFCLK _,
SHFECLK 167 LM e
(DE)(BLANK#)  LP|68 (BLANK# (DE) &_Lp e
69 Tq (BLANK#) (DE) =M e
(DE) (BLANK#) M € { Pand
T—O o' E DE {_Pane
_o ==
—%o ENABKL (pro5) ¢
61 o P VEESAFE ~pa3
(ENABKL)ENAVEE |51 and Power 12VSAFE 52092 nlc
ENAVDD Control Circuitry VDDSAFE p5 o
{_Panel-1
+5V
Don't stuff pullup on 1A
DDC Clock if onl % ——CVGA9)
(GPIOO/DDC2CLK) e y > IKW oV VGA-9
(CSYNC) (A27) ENABKL | 54 o 0 DDC1 is implemented (DDC Clock) 1D3
O /o _(EPMI Clock) 1D2
53 = (DDC Data) D1
(CSYNC) (A26) _ ACTI[—¢—0 ©
(GPIOL/DDCDAT) To System Power Control Circuitry E n/c (FPMI Return) 1DO
(if used for activity indcator) AVCC
g o — S
B |27 e . () B_VGA3
59 -fu nc Rtn
AVCC NP VGA-10
o ET 2
ESEI-I[—) 56 22uF| 0.1) 0.047] SeeNote | 4 o ° oo gg{g VGA6
270 W S7Anaog Ground B_di% 150, 2% - ! BRm \\//((33::\;
- v
(CSYNC) HSYNC gi m \"/'gmg VGA-13
(DDCICLK) VSYNC — - VGA-14
STNDBY #0178 Fr_om _Sys_tem Power Control Circuitry ;;%.47%,: CRT Andog Video
(Tiehigh if not used) 4 L

EMI _Eilter:

15-Pin Connector

= FB
To TP

= From _m% CircuitExample . ; - -
@ . Disol . Note: The on-chip RGB DAC uses 'analog' ground
= Chip  47pF L SPW[ CRT/Panel Display| nterface) as areference; al internal digital logic uses
; 'digital ground' as a reference. Connections

Output_Protect
Pgw?; rotection  avcc Rset= 5.4* Rload Rload=RL * 75 are shown separately for informational
- From 1N4148 To RL+75 purposes only. Chips and Technologies,
@’ ~~ Chip 1N4148 Display For RL=75 Rset=202W Incorporated recommends a solid ground
For RL=150: Rset=270W plane for connection of all grounds.
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Note:

Note:

Note:

Application Schematic Examples

1A
+5V VGA-9 *-o
(DDC Clk) _1D3 STNDBY DVCCH-4-——9—
ID2 N J01 %10
(DDC Daa ID1 FC  ponpll3 u
1DO OSCIN  CMPS 10 'I-K 220uF AANM 75 ) Cpmposite
VoYNG {VCAIZ) HSYNC LUMA L+ 2200F | aa 75 Video Out
VSYNC ¢/ HSYNC Sl Zr :
— CRMA Hf 220uF | AAATS A
R e 6 | AD722 L e
S }& g (RS NR_I'ECC;éi Avee 101 I+ 1(|): =
- —_—~ ~u <
B YCAS L B Encoder AGND| 2 S-Video
%?% 75 SOIC-16 (Y/C Video)
out
RRIN ~VGAG Yyo—eoe
e GRIn VGAT
B Rin -7 )4
K> VGA-8
Sync Rtn
VGA-10
O VG ‘

CRT Andog Video
15-Pin Connector

Circuit Example
RGB-to-NTSC Encoder

The above circuit is set up for NTSC output which is compatible with North American TV standards. For PAL output
compatible with European TV standards, AD722 pin-1 (‘'NTSC'") should be grounded and the crystal frequency should be
4.433620 MHz.

The above circuit is shown as an external stand-alone circuit that would work with any VGA connector conforming to the
VESA™ DDC ('Display Data Channel' for Monitor Plug-n-Play) standard (which adds +5V on pin-9 of the VGA connector),
assuming proper VGA programming (i.e., 525 line interlaced mode compatible with NTSC timing). If the above circuit is
incorporated directly on the motherboard with the 65548 Graphics Accelerator, an appropriate signa (such as the 65548
STNDBY# signal) may be input on AD722 pin 5 instead of the pullup shown (to alow power down of the AD722) and the
14.31818 MHz reference clock to the 65548 can be input on AD722 pin 3 instead of the crystal connection shown above (in this
case, the AD722 '4FSC' pin should be pulled up instead of being connected to ground to select the higher frequency).

The above diagram shows one example circuit that works with the 65548 using a specific encoder chip available from Analog
Devices. The 65548 can also support many other RGB-NTSC encoder chips from other manufacturers. Many of these chips
require Composite sync (CSYNC) instead of separate H and V sync. The 65548 can be programmed to output CSYNC on its
HSYNC pin (see XR1D-1E, XR27, XR4F bit-4, and XR72 for information on various programming options for NTSC / PAL
output support).
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Panel Interface Examples

Panel Interface Examples

This section includes schematic exampl es showing how to connect the 65548 to variousflat panel displays.
Plasma/EL Panels

Panel
Panel Panel Panel  Panel PanelData  Gray
Mfr Part Number Resolution Technology Drive Interface _ Transfer Levels Page
1) Matsushita S804 640x480 Plasma  SS 8-bit 2PixelgClk 16 229
2) Sharp LJ64ZU50 640x480 EL SS 8-bit 2PixelgClk 16 230
Monochrome L CD Panels
Panel
Panel Panel  Panel Panel PanelData  Gray
Mfr Part Number Resolution Technology Drive Interface _ Transfer Levels Page
3) Epson EG-9005F-LS 640x480 LCD DD  8-hit 8 Pixelg/Clk 2 231
4) Citizen G6481L-FF 640x480 LCD DD  8-hit 8 Pixels/Clk 2 232
5) Sharp LM64P80 640x480 LCD DD  8-hit 8 Pixels/Clk 2 233
6) Sanyo LCM-6494-24ANTK 640x480 LCD DD  8-hit 8 Pixels/Clk 2 234
7) Hitachi LMG5364XUFC 640x480 LCD DD  8-hit 8 Pixelg/Clk 2 235
8) Sanyo LCM-5491-24NAK  1024x768 LCD DD 16-bit 16Pixels/Clk 2 236
9) Epson ECM-A9071 1024x768 LCD DD 16-bit 16Pixels/Clk 2 237
Active Color Panels
Panel Panel  Panel Panel PanelData  Panel
Mfr Part Number Resolution Technology Drive Interface  Transfer  Colors Page
10) Hitachi TM26D50V C2AA 640x480 TFTLCD SS 9-hit 1Pixe/Clk 512 238
11) Sharp LQ9D011 640x480 TFTLCD SS 9-hit 1Pixe/Clk 512 239
12) Toshiba LTM-09C015-1 640x480 TFTLCD SS 9-hit 1Pixel/Clk 512 240
13) Sharp LQ10D311 640x480 TFTLCD SS  18-hit 1Pixel/Clk 256K 241
14) Sharp LQ10DX01 1024x768 TFTLCD SS  18-hit 2Pixels/Clk 512 242
Passive Color Panels
Panel Panel  Panel Panel PanelData  Panel
Mfr Part Number Resolution Technology Drive Interface  Transfer ~ Colors Page
15) Sanyo LM-CK53-22NEZ 640x480 STNLCD SS 16-hit 5-1/3PixelgClk 8 243
16) Sanyo LCM5327-24NAK 640x480 STNLCD SS  16-bit 5-1/3Pixels/Clk 8 244
17) Sharp LM64C031 640x480 STNLCD SS 8-bit 2-2/3Pixels/Clk 8 245
18) Kyocera KCL6448 640x480 STNLCD DD  8-hit 2-2/3Pixels/Clk 8 246
19) Hitachi LMG9720XUFC 640x480 STNLCD DD  8-hit 2-2/3Pixels/Clk 8 247
20) Sharp LM64CO08P 640x480 STNLCD DD 16-hit 5-1/3PixeldClk 8 248
21) Sanyo LCM5331-22NTK 640x480 STNLCD DD 16-bit 51/3Pixels/Clk 8 249
22) Hitachi LMG9721XUFC 640x480 STNLCD DD 16-bit 51/3Pixels/Clk 8 250
23) Toshiba  TLX-8062S-C3X 640x480 STNLCD DD 16-hit 51/3PixeldClk 8 251
24) Optrex DMF-5035INC-FW  640x480 STNLCD DD 16-bit 5-1/3Pixels/Clk 8 252
Glossary:
SS = Single Panel Single Scan
DD =Dual Panel Dua Scan . .
TFT =Thin Film Transistor (‘Active Matrix")
STN = Super Twist Nematic ('Passive Matrix’)
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Panel Interface Examples

DEVELOPMENT KIT (DK) PRINTED CIRCUIT BOARD CONNECTOR SUMMARY

DK 65548 Mono | Mono | Mono Color Color Color Color Color Color Color
65548 | 65548 50-Pin SS DD DD TFT TFT TFTHiRes STN STN STNDD | STNDD
Pin# | Pin Name Connector 8bit | 8bit | 16-bit |9/12/16-bit = 18/24-bit | 18/24-bit 8-bit 16-bit 8-bit 16-bit
Pixels Transferred Per Shift Clock: 8 8 16 1 1 2 2-2/3 5-1/3 2-2/3 5-1/3
71 PO 15 - UD3 uD7 BO BO B0O R1.. R1.. UR1... URL1...
72 P1 16 - uD2 UD6 B1 B1 BO1 B1. Gl.. UG1.. UG1..
73 P2 18 - UD1 UD5 B2 B2 B02 G2.. B1. UB1. UB1.
74 P3 19 - uDO uUD4 B3 B3 B03 R3.. R2.. UR2.. UR2.
75 P4 21 - LD3 UD3 B4 B4 B10 B3. G2.. LR1.. LR1.
76 P5 22 - LD2 uD2 GO B5 B11l G4.. B2. LG1.. LG1..
78 P6 24 - LD1 UD1 Gl B6 B12 R5.. R3.. LB1.. LB1.
79 P7 25 - LDO uDO G2 B7 B13 B5... G3.. LR2 LR2.
8l P8 27 PO - LD7 G3 GO GO0 SHFCLKU B3. - UG2..
82 P9 28 P1 - LD6 G4 Gl GO01 - R4.. - uB2.
83 P10 30 P2 - LD5 G5 G2 G02 - GA4... - URS..
84 P11 31 P3 - LD4 RO G3 GO03 - B4... - UGS..
85 P12 33 P4 - LD3 R1 G4 G10 - R5.. - LG2.
86 P13 34 P5 - LD2 R2 G5 Gl1 - G5.. - LB2.
87 P14 36 P6 - LD1 R3 G6 G12 - B5. - LR3..
88 P15 37 p7 - LDO R4 G7 G13 - R6 - LG3
20 P16 39 - - - - RO R0OO - - - -
91 P17 40 - - - - R1 RO1 - - - -
92 P18 42 - - - - R2 R02 - - - -
93 P19 43 - - - - R3 RO3 - - - -
94 P20 45 - - - - R4 R10 - - - -
95 P21 46 - - - - R5 R11 - - — -
96 P22 48 - - - - R6 R12 - - - -
97 P23 49 - - - - R7 R13 - - - -
54/61 | ENABKL 5 ENABKLENABKLENABKL ENABKL | ENABKL | ENABKL | ENABKL ENABKL| ENABKL | ENABKL
70 SHFCLK 13 SHFCLK SHFCLK/SHFCLK SHFCLK | SHFCLK | SHFCLK | SHFCLKL SHFCLK SHFCLK | SHFCLK
69 M 7 M M M M M M M M M M
68 LP 10 LP LP LP LP LP LP LP LP LP LP
67 FLM 11 FLM FLM FLM FLM FLM FLM FLM FLM FLM FLM
68/69 DE 8 DE DE DE DE DE DE DE DE DE DE
— | VDDSAFE 1 - - - - - - - - — -
—  +12VSAFE 2 - - - - - - - - - -
- VEESAFE 3 - - - - - - - - - -
- GND 6,9,12,14, - - - - - - - - — -
17,20,23,26,
29,32,35,38,
41,44,47,50
J3
[+5V] VDDSAFE| 1 | 2 |+12VSAFE
VEESAFE| 3 | 4 |Reserved
ENABKL| 5 | 6 |GND
M| 7 | 8 |DE
- - GND| 9 |10|LP
(12\”;? 45) FLM[ 11|12 |GND
(412 70 +45v) SHFCLK TSI oND
GND| 17|18 |P2
T P3| 19| 20 |GND
P4 21|22 |P5
DevelopmentBoard _— > gg gg E?\ID
50-Pin Panel Connector P8l 27 281P9
GND| 29| 30 |P10
P11| 31| 32 |GND
P12| 33| 34 |P13
GND| 35| 36 | P14
P15| 37| 38 |GND
P16| 39| 40 |P17
GND| 41|42 |P18
P19| 43| 44 |GND
P20| 45| 46 |P21
GND| 47 | 48 |P22
P23[ 49| 50 |GND
Revision 1.1 2/28/96 228 Preliminary 65548
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DK 6554x
PCB
Connector Matsushita S804
n/c Pand
n/c Connector
34 DISPTMG
n/c GND
o 25 GND
gHNFDC'-K 23__) CLOCK#
24 GND
é,'ilD (HS) 30 HSYNC
29 GND
E%\IMD (vVS) 32 ) VSYNC
28 GND
PNL23 e
n/c
n/c
n/c
n/c
n/c
n/c
9 n/c
PNL15
T AL oATA D
B34 mﬂg DATA-E2
B3 ENLLL BDATAY
J3-30 DATA-O1
PNLO
1328 DATA-O2
127 )-FNLS DATA-O3
£ n/c
n/c
BN n/c
—hos 3 PN R
PNL2
ﬂ;C n/c NC
(_J316 ) n/c
nic
GND
% GND
22~ GND
GND
GND
GND
GND
GND
GND ® GND
GND
GND
GND
GND
GND
GND ? GND
o GND
(1 )-VDDSAFE (+5v) . il +5v
Rz ) HI2VSARE

C.E} VEESAFE (+12 to +45)

ProgrammindRecommendationRequir ements

Parameter Register  [Value Comment
Panel Width XR1C 4Fh ((640/8) -1
Panel Height XR65/68 |1DFh 480-1
Panel Type XR51[1-0] 00

Clock Divide (CD) XR50[6-4] 001

Shiftclk Div (SD) XR51[3] 0
Gray/Color Levels XRAF[2-0] | 100

TFT DataWidth XR50[7] 0 na
STN Pixel Packing XR53[5-4] 00 [n/a
Frame Accel Ena XR6F[1] 0 |Disabled
Output Signal Timing

Shift Clock Mask (SM) | XR51[5] 0

LP Delay Disable XR2F[6 0

LPDelay (CMPRena) |XR2F/2D 062h
LPDday (CMPRdisa) XR2F/2E | 06Dh

LP Pulse Width XR2F[3-0]  8h

LP Polarity XR54[6] 0

LP Blank XRA4H 0

LP Active during V XR5]] 1

FLM Delay Disable XR2F 0

FLM Délay XR2C 04h

FLM Polarity XR54[7] 0
Blank#/DE Polarity XR54[0] 1
Blank#/DE H-Only XR54[1 0
Blank#/DE CRT/FP XR51[2 1

Alt Hsync Start (CR04) XR19 60h
AltHsync End (CRO5) 'XR1A 00h

AltH Tota (CRO0) |XR1B 60h

AltV Tota (CR06) |XR65/64 |20Dh

Alt Vsync Start (CR10) XR65/66 |1E8h
AltVsyncEnd (CR11) XR67[3-0]  OAh

Alt Hsync Polarity XR55[6] 1

Alt Vsync Polarity XR55[7] 1

Display Quality Recommendations

FRC XR50[1-0] 00 NoFRC
FRC Option 1 XR53[2 1 [Settol
FRC Option 2 XR53[3] 1 |Settol
FRC Option 3 XR53[6] 0

FRC Polynomia XR6E[7-0] n/a
Dither XR50[3-2] 01

M Phase Change XR5E[7] n/a

M Phase Change Count | XR5E[6-0] n/a
Compensation Typical Settings

H Compensation XR55[0] 1

V' Compensation XR57[0] 1

Fast Centering Disable | XR57[7] 0

H AutoCentering XR55[1] 0

V AutoCentering XR57[1] 1

H Centering XR56 00h

V Centering XR59/58 | 000h

H Text Compression XR55[2 1

H AutoDoubling XR55[5 1

V Text Stretching XR57[2 1

V Text Stretch Mode XR57[4-3] | 11

V Stretching XR57[5] 0

V Stretching Mode XR57[6] 0

V Line Insertion Height | XR59[3-0] | OFh

V H/W Line Replication| XR59[7] 0

V Line Repl Height XR5A[3-0] 0O

(65548 Interface - Matsushita S804 (640x480 16-Gray Level Plasma Panel) ’
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Panel | nterface Examples

DK 6554x
PCB
Connector Sharp LJ64ZU50
n/c Pand
nlc Connector
’ € A8 ) H.D.
n/c
€ B8 ) GND
g“':DCLK A7 D CKD
P B7 GND
n/c
A9 V.D.
B9 GND
n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c
D13
D12
D11
D10
D03
D02
D01
D00
n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c NC
I B10 GND
® Al10 GND
VDDSAFE (+5V) °
C_B1 ) B12 VL
VL
:33-2 +12VSAFE

@ VEESAFE (+12 to +45)

’ B13 ) VD
VD

ProgrammindRecommendationRequir ements

Parameter Register  [Value Comment
Panel Width XR1C 4Fh ((640/8) -1
Panel Height XR65/68 1DFh/480-1
Panel Type XR51[1-0] 00

Clock Divide (CD) XR50[6-4] 001

Shiftclk Div (SD) XR51[3] 0
Gray/Color Levels XRAF[2-0] | 100

TFT DataWidth XR50[7] 0 na
STN Pixel Packing XR53[5-4] 00 [n/a
Frame Accel Ena XR6F[1] 0 |Disabled
Output Signal Timing

Shift Clock Mask (SM) | XR51[5] 0

LP Delay Disable XR2F[6 0

LPDelay (CMPRena) [ XR2F/2D |04Fh
LPDelay (CMPRdisa) |XR2F/2E 04Eh

LP Pulse Width XR2F[3-0] 01h

LP Polarity XR54[6] 1

LP Blank XRA4H 0

LP Active during V XR5]] 1

FLM Delay Disable XR2F 1

FLM Délay XR2C 0Ch

FLM Polarity XR54[7] 1
Blank#/DE Polarity XR54[0] 1
Blank#/DE H-Only XR54[1 0
Blank#/DE CRT/FP XR51[2 1

Alt Hsync Start (CR04) XR19 52h
AltHsync End (CRO5) 'XR1A 15h

AltH Tota (CRO0) |XR1B 54h

AltV Tota (CR06) XR65/64 |1FOh

Alt Vsync Start (CR10) XR65/66 |1E5h
AltVsyncEnd (CR11) XR67[3-0] | OEh

Alt Hsync Polarity XR55[6] 1

Alt Vsync Polarity XR55[7] 1

Display Quality Recommendations

FRC XR50[1-0] 00 NoFRC
FRC Option 1 XR53[2 1 [Settol
FRC Option 2 XR53[3] 1 |Settol
FRC Option 3 XR53[6] 0

FRC Polynomia XR6E[7-0] n/a
Dither XR50[3-2] 01

M Phase Change XR5E[7] n/a

M Phase Change Count | XR5E[6-0] n/a
Compensation Typical Settings

H Compensation XR55[0] 1

V' Compensation XR57[0] 1

Fast Centering Disable | XR57[7] 0

H AutoCentering XR55[1] 0

V AutoCentering XR57[1] 0

H Centering XR56 00h

V Centering XR59/58 | 000h

H Text Compression XR55[2 1

H AutoDoubling XR55[5 1

V Text Stretching XR57[2 0

V Text Stretch Mode XR57[4-3] | 11

V Stretching XR57[5] 0

V Stretching Mode XR57[6] 0

V Line Insertion Height | XR59[3-0] | OFh

V H/W Line Replication| XR59[7] 0

V Line Repl Height XR5A[3-0] 0O

( 65548 Interface - Sharp LJ64ZU50 (640x480 16-Gray Level EL Panel) ’
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DK 6554x ProgrammindRecommendationRequir ements
PCB Parameter Register  |Value Comment
Connector Panel Width XR1C 4Fh [(640/8) -1

Panel Height XR65/68 | 1DFh 480—1
Epson E,(;%OOSF"-S Panel Type XRE1[1-0]
BLANK#/DE Connector Clock Divide (CD) XR50[6-4]
M (ACDCLK) Shiftclk Div (SD) XR51[3]
GND (5 DFR Gray/Color Levels ~ XR4F[2-0]
TFT Data Width XR50[7]
SHECLK STN Pixel Packing XR53[5-4]
GND (9 DxscL Frame Accel Ena XR6F[1]
I(_EPND (HS) 4 4 LP Output Signal Timing
LM S YSCL Shift Clock Mask (SM) | XR51[5
GND 8 DIN LP Delay Disable XR2F[6
LPDelay (CMPRena)  XR2F/2D
PNL23 LPDelay (CMPRdisa) | XR2F/2E
LP Pulse Width XR2F[3-0]
LP Polarity XR54[6]
LPBlank XRAF
LP Active during V XR5]]
FLM Delay Disable XR2F
FLM Delay XR2C
FLM Polarity XR54[7]

Blank#/DE Polarity | XR54[0]

Blank#/DE H-Only XR54[1

Blank#/DE CRT/FP XR51[2

Alt Hsync Start (CR04) | XR19

AltHsync End (CRO5) 'XR1A

AltHTotal (CRO0) | XRIB

AltV Total  (CRO6) | XR65/64

Alt Vsync Start (CR10) |XR65/66

AltVsyncEnd (CR1I) |XR67[3-0]

Alt Hsync Polarity XR55[6]

LDO Alt Vsync Polarity XR55[7]
LD1 Display Quality Recommendations
LD2 FRC XR50[1-0]
LD3 FRC Option 1 XR53[2
uDo0 FRC Option 2 XR53[3
UD1 FRC Option 3 XR53[6
ub2 FRC Polynomial XR6E[7-0]
ub3 Dither XR50[3-2]
M Phase Change XR5E[7]

M Phase Change Count | XR5E[6-0]

Compensation Typical Settings

H Compensation XR55[0]
nic NC V Compensation XR57[0]
n/c (6 ) NC Fast Centering Disable | XR57[7]

H AutoCentering XR55[1]

V AutoCentering XR57[1]

H Centering XR56

V Centering XR59/58

Cz VSs H Text Compression | XR55[2
° 1 VDD H AutoDoubling XR55[5
El V Text Stretching XR57[2
. EO V Text Streich Mode | XR57[4-3]
V Stretching XR57[5]
V Stretching Mode XR57[6]
19V VLCD V Line Insertion Height ' XR59[3-0]
@ V H/W Line Replication| XR59[7]

V Line Repl Height XR5A[3-0]

( 65548 Interface - Epson EG-9005F-LS (640x480 Monochrome LCD DD Panel) '
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DK 6554x Pr ogrammindrecommendationRequir ements
PCB Parameter Register  |Value Comment
Connector Panel Width XR1C 4Fh [(640/8) -1

Citizen G6481L-FF Panel Height XR65/68 1DFh 480-1
Pand Panel Type XR51[1-0]
BLANK#/DE Connector g]OkaIEiI\Dlide(éCDI)D) isg[gf’]
M (ACDCLK iftclk Div
GN(D ) (9 DDF Gray/Color Levels ~ XR4F[2-0]
TFT Data Width XR50[7]
SHECLK STN Pixel Packing XR53[5-4]
GND (7 Dcp Frame Accel Ena XR6F[1]
I(_EPND (HS) € 8 ) LOAD Output Signal Timing
FLM B Shift Clock Mask (SM) | XR51[5]
GND (_10 ) FRAME |LPDelay Disable XR2F[6
LPDelay (CMPRena) |XR2F/2D
PNL23 LPDeay (CMPRdisa) XR2F/2E
LP Pulse Width XR2F[3-0]
LP Polarity XR54[6]
LP Blank XRA4H
LP Active during V XR5]]
FLM Delay Disable XR2H
FLM Delay XR2C
FLM Polarity XR54[7]

Blank#/DE Polarity | XR54[0]

Blank#/DE H-Only XR54[1

Blank#/DE CRT/FP XR51[2

Alt Hsync Start (CR04) | XR19

AltHsync End (CRO5) 'XR1A

AltHTotal (CRO0) | XRIB

AltV Total  (CRO6) | XR65/64

Alt Vsync Start (CR10) |XR65/66

AltVsyncEnd (CR1I) |XR67[3-0]

Alt Hsync Polarity XR55[6]

LDO Alt Vsync Polarity XR55[7]
LD1 Display Quality Recommendations
LD2 FRC XR50[1-0]
LD3 FRC Option 1 XR53[2
ubo FRC Option 2 XR53[3
uD1 FRC Option 3 XR53[6
ub2 FRC Polynomia XR6E[7-0]
ub3 Dither XR50[3-2]
M Phase Change XR5E[7]

M Phase Change Count | XR5E[6-0]

Compensation Typical Settings

nc— 6 ) NC H Compensation XR55[0]
n/c NC V' Compensation XR57[0]
e NC Fast Centering Dissble XR57[7]
H AutoCentering XR55[1]
V AutoCentering XR57[1]
H Centering XR56
V Centering XR59/58
{ 3 ) VSS
H Text Compression XR55[2
o 5 DISPOFF# H AUtODOUb”;’]]g XR55[5
V Text Stretching XR57[2
CE V Stretching XR57[5]
V Stretching Mode XR57[6]
CB3 D VEESAFE (+12 to +45) +28V@ VO \% Lllne Insertion IHelght XR59 ?7>]-0]
V H/W Line Replication| XR59
VAA XRBA[3-0]

V Line Repl Height

(65548 Interface - Citizen G6481L-FF (640x480 Monochrome LCD DD Panel) '
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Panel | nterface Examples

DK 6554x
PCB
Connector

n/c
n/c
n/c
n/c

Shap LM64P80

PNL 23

n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c

n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c

C(I)Dr?gdor
o a— CzZDom
o Tos

DLO

DL1

DL2

DL3

DUO

DUl

DU2

DU3

{ 6 ) VSS
@ VDDSAFE (+5V) 5 VDD
(—E7 ) H12VSAFE DISP
CE VEESAFE (12 to +45) -18V @ VEE

ProgrammindRecommendationRequir ements

Parameter Register  [Value Comment

Panel Width XR1C 4Fh ((640/8) -1

Panel Height XR65/68 1DFh/480-1

Panel Type XR51[1-0] | 11 DD

Clock Divide (CD) XR50[6-4] | 010 |Dclk/4

Shiftclk Div (SD) XR51[3]

Gray/Color Levels XRAF[2-0] | 100 |16Level (61wi/dith)
TFT DataWidth XR50[7] n/a

STN Pixel Packing

Frame Accel Ena

0
XR53[5-4] 0 na
XR6F[1] | 1

Output Signal Timing

Shift Clock Mask (SM) | XR51[5

LP Delay Disable XR2F[6 0 |Enabled
LPDelay (CMPRena) |XR2F/2D 050h

LPDelay (CMPRdisa) |XR2F/2E 050h

LP Pulse Width XR2F[3-0]  Oh

LP Polarity XR54[6]

LP Blank XRA4H 0

LP Active during V XR5]]

FLM Delay Disable XR2F 0 |Enabled

FLM Delay XR2C 04h |4 lines

FLM Polarity XR54[7]

Blank#/DE Polarity XR54[0]

Blank#/DE H-Only XR4[1

Blank#/DE CRT/FP XR51[2

Alt Hsync Start (CR04) XR19 57h

AltHsync End (CRO5) 'XR1A 19h

AltH Tota (CRO0) |XR1B 5%h

AltV Tota (CR06) (XR65/64 |1E4h

Alt Vsync Start (CR10) XR65/66 |1ECh

AltVsyncEnd (CR11) XR67[3-0] 1

Alt Hsync Polarity XR55[6] 1 Negative

Alt Vsync Polarity XR55[7] 1 Negative
Display Quality Recommendations

FRC XR50[1-0] | 01 |16-FrameFRC
FRC Option 1 XR53[2 1 [Settol

FRC Option 2 XR53[3] 1 |Settol

FRC Option 3 XR53[6] 0 na

FRC Polynomia XR6E[7-0]  26h

Dither XR50[3-2] | 01 [256-color modes
M Phase Change XR5E[7] 1 | Every other frame

M Phase Change Count

XR5E[6-0] 00h n/a

Compensation Typical Settings

H Compensation XR55[0] 1 Enabled

V' Compensation XR57[0] 1 |Enabled

Fast Centering Disable | XR57[7] 0 |Enabled

H AutoCentering XR55[1] 0 |Disabled

V AutoCentering XR57[1] 1 |Enabled

H Centering XR56 00h | No left border
V Centering XR59/58 | 000h |No top border
H Text Compression XR55[2 1 |Enabled

H AutoDoubling XR55[5 1 Enabled

V Text Stretching XR57[2 0 |Disabled

V Text Stretch Mode XR57[4-3] | 11 DS+TF,TF,DS
V Stretching XR57[5] 0 |Disabled

V Stretching Mode XR57[6] 0 |na

V Line Insertion Height XR59[3-0] | OFh [16—-1

V H/W Line Replication| XR59[7] 0 |Disabled

V Line Repl Height XR5A[3-0]] 0 [n/a

( 65548 Interface - Sharp LM64P80 (640x480 Monochrome LCD DD Panel) ’
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mupg@) Panel Interface Examples

DK 6554x ProgrammingrecommendationReguir ements
PCB Parameter Register  [Value Comment
ENABKL nic Sanyo LCM-6494-24NTK Panel Height XR65/68 |[1DFh|[480-1
e Pand Panel Type XR51[1-0]

BLANK#DE __ /¢ Connector EL%CK.E',;”? éCDI)D) isgg[gf]

M (ACDCLK Iftclk Div

GN(D ) (CN2-18D) M Gray/Color Levels — XR4F[2-0]

TFT Data Width XR50[7]

SHFCLK STN Pixel Packing XR53[5-4]

GND (CNL5 ) cCL2 Frame Accel Ena XR6F[1]

LP—HS) (CCNI3 ) CL1 Output Signal Timing

LM VS Shift Clock Mask (SM) | XR51[5]

GND {_CN1-1 ) FLM LP Delay Disable XR2F[6

LPDday (CMPRena) |XR2F/2D

PNL23 LPDelay (CMPR disa) XR2F/2E

n/c LP Pulse Width XR2F[3-0]
n/c LP Polarity XR54[6]
n/c LP Blank XRA4H
n/c LP Active duringV XR5]]
n/c FLM Delay Disable XR2H
n/c FLM Delay XR2C
n/c FLM Polarity XR54[7]
n/c Blank#DE Polarity  XR54[0]
Blank#/DE H-Only XR4[1
n/c Blank#/DE CRT/FP XR51[2
ﬂfg Alt Hsync Start (CR04) XR19
nc Alt Hsync End (CR05) |XR1A
e AltHTotd  (CRO0)  XR1B
o AltV Totd  (CROB) | XR65/64
n/c Alt Vsync Start (CR10) |XR65/66
e AltVsync End (CRIL) XR67[3-0]
Alt Hsync Polarity XR55[6]
LDO Alt Vsync Polarity XR55[7]
LD1 Display Quality Recommendations
LD2 FRC XR50[1-0]
LD3 FRC Option 1 XR53[2
uDo0 FRC Option 2 XR53[3
uD1 FRC Option 3 XR53[6
ub2 FRC Polynomial XR6E[7-0]
ub3 Dither XR50[3-2]
M Phase Change XR5E[7]
n/c NC M Phase Change Count | XR5E[6-0]
n/c NC Compensation Typical Settings
H Compensation XR55[0]
n/c VO V' Compensation XR57[0]
Fast Centering Disable |XR57[7]
4 CN2-20 ) VSS H AutoCentering XR55[1]
CN2-19 ) VSS V AutoCentering XR57[1]
VSS H Centering XR56
I VSS V Centering XR59/58
° VSS _

VDDSAFE (+5V) H AutoDoubimg  XRESlS
@ xBB V Text Stretching XR57[2
C B2 +12VSAFE . DISPOEF# |V Text Stretcch Mode | XR57[4-3]

o3V \Y Stretchlng XR57[5]

CE VEESAFE (+12 to +45) o ( CN2-23) VEE V Stretching Mode XR57[6]
VEE V Line Insertion Height XR59[3-0]

V H/W Line Replication| XR59[7]
V Line Repl Height XR5A[3-0]

( 65548 Interface - Sanyo LCM-6494-24NTK (640x480 Monochrome LCD DD Panel) ’
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Panel | nterface Examples

DK 6554x ProgrammindgrecommendationRequir ements
PCB Parameter Register  |Value Comment
Connector Panel Width XR1C 4Fh [(640/8) -1

Panel Height XR65/68 1DFh/480-1
Panel Type XR51[1-0]
Clock Divide (CD) XR50[6-4]
Hitachi LM G5364XUFC Shiftclk Div (SD) XR51[3]
Pand Gray/Color Levels XRAF[2-0]
Connector TFT Data Width XR50| 7]
SHECLK STN Pixel Packing XR53[5-4]
GND (3 Dcp Frame Accel Ena XR6F[1]
I(_EPND (HS) € 2 ) LOAD Output Signal Timing
ELM VS Shift Clock Mask (SM) | XR51[5]
GND { 1 ) FRAME |LPDeay Disable XR2F[6
LPDday (CMPRena) |XR2F/2D
PNL23 LPDeay (CMPRdisa) XR2F/2E
LP Pulse Width XR2F[3-0]
LP Polarity XR54[6]
LP Blank XR4F
LP Active during V XR5]]
FLM Delay Disable XR2F
FLM Delay XR2C
FLM Polarity XR54[7]

Blank#/DE Polarity | XR54[0]

Blank#/DE H-Only XR54[1

Blank#/DE CRT/FP XR51[2

Alt Hsync Start (CR04) | XR19

AltHsync End (CRO5) 'XR1A

AltHTotal (CRO0) | XRIB

AltV Total  (CRO6) | XR65/64

Alt Vsync Start (CR10) |XR65/66

AltVsyncEnd (CR1I) |XR67[3-0]

Alt Hsync Polarity XR55[6]

LDO Alt Vsync Polarity XR55[7]
LD1 Display Quality Recommendations
LD2 FRC XR50[1-0]
LD3 FRC Option 1 XR53[2
uDo0 FRC Option 2 XR53[3
UD1 FRC Option 3 XR53[6
ub2 FRC Polynomial XR6E[7-0]
ub3 Dither XR50[3-2]
M Phase Change XR5E[7]

M Phase Change Count | XR5E[6-0]

Compensation Typical Settings

H Compensation XR55[0]
V Compensation XR57[0]
Fast Centering Disable | XR57[7]
H AutoCentering XR55[1]
V AutoCentering XR57[1]
H Centering XR56
V Centering XR59/58
CE VSs H Text Compression | XR55[2
° 5 VDD H AutoDoubling XR55[5
V Text Stretching XR57[2
- +12VSAFE nlc DISPOFF# V Text Stretch Mode XR57[4-3]
( ) V Stretching XR57[5]
- VEESAFE (£12 to £45 —23V V Stretching Mode XR57[6]
CE @ VEE V Line Insertion Height XR59[3-0]
V H/W Line Replication| XR59[7]

V Line Repl Height XR5A[3-0]

(65548 Interface - Hitachi LMG5364XUFC (640x480 Monochrome LCD DD Panel) '
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Panel | nterface Examples

DK 6554x
PCB
Connector

ENABKL

Sanyo LCM-5491-24NAK

n/c
n/'c Panel
EAL&%}B%?E) nic Connector
GND (2 Owm
g“':DCLK (6 DcL2
IC_BPND (HS) 4 Dol
L (vS) C 1 _DFM
PNL23 n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c
PNL15 (LDO0)
PNL14 (LD1) II:B?
PNL13 (LD2) LD2
PNL12 (LD3) LD3
PNL11 (LD4) LD4
PNL10 (LD5) LD5
PNL9 (LD6) LD6
PNL8 (LD7) LD7
PNL7  (UDQ)
PNL6 (UD1) o9
PNL5 (UD2) uD2
PNL4  (UDS3) uD3
PNL3  (UD4) uUD4
PNL2 (UD5) uD5
PNL1 (UD6) uUD6
PNLO  (UD7) uD7
GND
GND
GND
GND
GND
GND
GND
GND
g 26 ) VSS1
GND 27 VSS1
GND I 5 VSS2
® 8 VSS2
C:B—l VDDSAFE (+5V) :25 VDD
:J?)-Z +12VSAFE
+36V
C:}JS—S VEESAFE (12 to +45) - 28 VEE
(__ 29 )VEE

ProgrammindRecommendationRequir ements

Parameter Register  [Value Comment
Panel Width XR1C 7Fh [(1024/8) -1
Panel Height XR65/68 2FFh|768-1
Panel Type XR51[1-0]
Clock Divide (CD) XR50[6-4]
Shiftclk Div (SD) XR51[3]
Gray/Color Levels XRAF[2-0]
TFT DataWidth XR50[7]
STN Pixel Packing XR53[5-4]
Frame Accel Ena XR6F[1]
Output Signal Timing

Shift Clock Mask (SM) | XR51[5
LP Delay Disable XR2F[6
LPDelay (CMPRena) |XR2F/2D
LPDelay (CMPR disa) XR2F/2E
LP Pulse Width XR2F[3-0]
LP Polarity XR54[6]
LP Blank XRA4H

LP Active during V XR5]]
FLM Delay Disable XR2F
FLM Délay XR2C
FLM Polarity XR54[7]
Blank#/DE Polarity XR54[0]
Blank#/DE H-Only XR4[1
Blank#/DE CRT/FP XR51[2
Alt Hsync Start (CR04) XR19
AltHsync End (CRO5) 'XR1A
AltH Tota (CRO0) |XR1B
AltV Tota (CR06) |XR65/64
Alt Vsync Start (CR10) |XR65/66
AltVsync End (CR11) XR67[3-0]

Alt Hsync Polarity

XR55[6]

Alt Vsync Polarity

XR55(7]

Display Quality Recommendations

FRC XR50[1-0]
FRC Option 1 XR53[2
FRC Option 2 XR53[3
FRC Option 3 XR53[6
FRC Polynomia XR6E[7-0]
Dither XR50[3-2]
M Phase Change XR5E[7]

M Phase Change Count

XR5E[6-0]

Compensation Typical Settings

H Compensation

XR55[0]

V Compensation

XR57[0]

Fast Centering Disable

XR57[7]

H AutoCentering XR55[1]
V AutoCentering XR57[1]
H Centering XR56

V Centering XR59/58
H Text Compression XR55[2
H AutoDoubling XR55[5

V Text Stretching XR57[2
V Text Stretch Mode XR57[4-3]
V Stretching XR57[5]
V Stretching Mode XR57[6]
V Line Insertion Height | XR59[3-0]
V H/W Line Replication| XR59[7]

V Line Repl Height

XR5A[3-0]

( 65548 Interface - Sanyo LCM-5491-24NAK (1024x768 LCD DD Panel) ’
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Panel | nterface Examples

DK 6554x
PCB
Connector

ENABKL n/c

BLANK#/DE
Epson ECM-A9071

Pand
Connector
A8 XSCL
Al10 VSS
A6 LP
A5 VSS
A7 DIN

PNL15 (LDO)
PNL14 (LD1)

LDO

PNL13 (LD2) tgé
PNL12 (LD3) LD3
PNL11 (LD4) LD4
PNL10 (LD5) LD5
PNL9 _(LD6) LD6
PNL8 (LD7) LD7
PNL7 _ (UDO)
PNL6 _ (UD1) 882
PNL5 _(UD2) uD2
PNL4__ (UD3) uD3
PNL3 _ (UD4) uD4
PNL2 _ (UD5) uD5
PNL1 _(UD6) UD6
PNLO _(UD7) uD7
GND
GND
GND
GND
GND
GND
GND
GND
gmg BL_ ) VSS
GND B6 ) VSS
GND Bl ) VSS
B16 ) VSS
(B1 ) VDDSAFE (+5V) * A3 ) VDD
+12VSAFE A4 VoD
PISP
+Vi
(A2 ) VDDH

T Voltage not specifiedin pand data shest; contact pand manufacturer
for more information.

ProgrammindRecommendationRequir ements

Parameter Register  [Value Comment
Panel Width XR1C 7Fh [(1024/8) -1
Panel Height XR65/68 2FFh|768-1
Panel Type XR51[1-0]
Clock Divide (CD) XR50[6-4]
Shiftclk Div (SD) XR51[3]
Gray/Color Levels XRAF[2-0]
TFT DataWidth XR50[7]
STN Pixel Packing XR53[5-4]
Frame Accel Ena XR6F[1]
Output Signal Timing

Shift Clock Mask (SM) | XR51[5
LP Delay Disable XR2F[6
LPDelay (CMPRena) |XR2F/2D
LPDelay (CMPR disa) XR2F/2E
LP Pulse Width XR2F[3-0]
LP Polarity XR54[6]
LP Blank XRA4H

LP Active during V XR5]]
FLM Delay Disable XR2F
FLM Délay XR2C
FLM Polarity XR54[7]
Blank#/DE Polarity XR54[0]
Blank#/DE H-Only XR4[1
Blank#/DE CRT/FP XR51[2
Alt Hsync Start (CR04) XR19
AltHsync End (CRO5) 'XR1A
AltH Tota (CRO0) |XR1B
AltV Tota (CR06) |XR65/64
Alt Vsync Start (CR10) |XR65/66
AltVsync End (CR11) XR67[3-0]

Alt Hsync Polarity

XR55[6]

Alt Vsync Polarity

XR55(7]

Display Quality Recommendations

FRC XR50[1-0]
FRC Option 1 XR53[2
FRC Option 2 XR53[3
FRC Option 3 XR53[6
FRC Polynomia XR6E[7-0]
Dither XR50[3-2]
M Phase Change XR5E[7]

M Phase Change Count

XR5E[6-0]

Compensation Typical Settings

H Compensation

XR55[0]

V Compensation

XR57[0]

Fast Centering Disable

XR57[7]

H AutoCentering XR55[1]
V AutoCentering XR57[1]
H Centering XR56

V Centering XR59/58
H Text Compression XR55[2
H AutoDoubling XR55[5

V Text Stretching XR57[2
V Text Stretch Mode XR57[4-3]
V Stretching XR57[5]
V Stretching Mode XR57[6]
V Line Insertion Height | XR59[3-0]
V H/W Line Replication| XR59[7]

V Line Repl Height

XR5A[3-0]

( 65548 Interface - Epson A9071 (1024x768 LCD DD Panel) ’
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Panel | nterface Examples

DK 6554x
PCB
Connector Hitachi TM26D50VC2AA
nc Pand
nlc Connector
’ € 15 ) DTMG
n/c
€ 16 ) GND
g“':DCLK 51 DCLK
LP {HS) 20 ) GND
GND 19 HSYNC
FLM (VS) 25 GND
GND 17 VSYNC
18 GND
PNL23 ne
n/c
n/c
n/c
n/c
n/c
n/c
n/c
2 R3
3 R2
4 R1
5 RO
n/c
6 G3
7 G2
8 Gl
€ 9 ) GO
n/c
n/c
10 B3
11 B2
12 Bl
13 BO
n/c
n/c VR1
n/c VR2
n/c VR3
L 2 29 DOTE
14 HREV
I 1 GND
® § 22 ; GND

Bz ) H2VSARE

n/c

’ 23 )VDD
24 )VDD

BLC

8
VEE
(B3 - VEESAFE (+12t0 £45) 24V @VEE

ProgrammindRecommendationRequir ements

Parameter Register  [Value Comment
Panel Width XR1C 4Fh ((640/8) -1
Panel Height XR65/68 |1DFh 480-1
Panel Type XR51[1-0] 00

Clock Divide (CD) XR50[6-4] 000

Shiftclk Div (SD) XR51[3] 0
Gray/Color Levels XRAF[2-0] | 100

TFT DataWidth XR50[7] 0 na
STN Pixel Packing XR53[5-4] 00 [n/a
Frame Accel Ena XR6F[1] 0 |Disabled
Output Signal Timing

Shift Clock Mask (SM) | XR51[5] 0

LP Delay Disable XR2F[6 0

LPDelay (CMPRena) [ XR2F/2D |04Fh
LPDelay (CMPRdisa) XR2F/2E |04Fh

LP Pulse Width XR2F[3-0] | OFh

LP Polarity XR54[6] 1

LP Blank XRA4H 0

LP Active during V XR5]] 1

FLM Delay Disable XR2F 0

FLM Delay XR2C 04h

FLM Polarity XR54[7] 1
Blank#/DE Polarity XR54[0] 1
Blank#/DE H-Only XR4[1 1
Blank#/DE CRT/FP XR51[2 1

Alt Hsync Start (CR04) XR19 56h
AltHsync End (CRO5) 'XR1A 13h

AltH Tota (CRO0) |XR1B 5Fh

AltV Tota (CR06) |XR65/64 201h

Alt Vsync Start (CR10) [XR65/66 |1DFh
AltVsyncEnd (CR11) (XR67[3-0] 5h

Alt Hsync Polarity XR55[6] 1

Alt Vsync Polarity XR55[7] 1

Display Quality Recommendations

FRC XR50[1-0] 10

FRC Option 1 XR53[2 1 [Settol
FRC Option 2 XR53[3] 1 |Settol
FRC Option 3 XR53[6] 0

FRC Polynomia XR6E[7-0] n/a
Dither XR50[3-2] 01

M Phase Change XR5E[7] n/a
M Phase Change Count | XR5E[6-0] n/a
Compensation Typical Settings

H Compensation XR55[0] 1

V' Compensation XR57[0] 1

Fast Centering Disable | XR57[7] 0

H AutoCentering XR55[1] 0

V AutoCentering XR57[1] 0

H Centering XR56 00h

V Centering XR59/58 | 000h

H Text Compression XR55[2 1

H AutoDoubling XR55[5 1

V Text Stretching XR57[2 1

V Text Stretch Mode XR57[4-3] | 11

V Stretching XR57[5] 0

V Stretching Mode XR57[6] 0

V Line Insertion Height | XR59[3-0] | OFh

V H/W Line Replication| XR59[7] 0

V Line Repl Height XR5A[3-0] 0O

( 65548 Interface - Hitachi TM26D50VC2AA (640x480 512-Color TFT LCD Panel) ’
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CHIPS:

Panel | nterface Examples

DK 6554x
PCB
Connector Sharp LQ9D011
nc Pand
nlc Connector
’ { CN2-5 ) ENAB
n/c
{ _CN1-8 ) GND
SHFCLK
LP (HS) HSYNC
GND GND
GND
CN1-12) GND
PNL23 ne
n/c
n/c
n/c
n/c
n/c
n/c
n/c
CN1-7 R2
CN16 ) R1
CN15 ) RO
n/c
n/c
CN1-11 ) G2
CN1-10) G1
CN1-9 GO
n/c
n/c
n/c
CN1-15 ) B2
CN1-14 ) Bl
CN1-13 ) BO
n/c
n/c
n/c CN2-6 ) TST
I CN2-3 ) GND
® CN2-4 ) GND
:333—1 VDDSAFE (+5V) ° CNZ-1) Vee
(—E7 ) H12VSAFE =CN2'2 vee

@ VEESAFE (+12 to +45) n/c

ProgrammindRecommendationRequir ements

Parameter Register  [Value Comment
Panel Width XR1C 4Fh ((640/8) -1
Panel Height XR65/68 1DFh/480-1
Panel Type XR51[1-0] 00

Clock Divide (CD) XR50[6-4] 000

Shiftclk Div (SD) XR51[3] 0

Gray/Color Levels XRAF[2-0] | 100

TFT DataWidth XR50[7] 0 na

STN Pixel Packing XR53[5-4] 00 [n/a
Frame Accel Ena XR6F[1] 0 |Disabled
Output Signal Timing

Shift Clock Mask (SM) | XR51[5] 0

LP Delay Disable XR2F[6 0

LPDelay (CMPRena) [ XR2F/2D |04Fh

LPDelay (CMPRdisa) XR2F/2E |04Fh

LP Pulse Width XR2F[3-0] | OFh

LP Polarity XR54[6] 1

LP Blank XRA4H 0

LP Active during V XR5]] 1

FLM Delay Disable XR2F 0

FLM Délay XR2C 04h

FLM Polarity XR54[7] 1
Blank#/DE Polarity XR54[0] 1

Blank#/DE H-Only XR4[1 1

Blank#/DE CRT/FP XR51[2 1

Alt Hsync Start (CR04) XR19 56h
AltHsync End (CRO5) 'XR1A 13h

AltH Tota (CRO0) |XR1B 5Fh

AltV Tota (CR06) |XR65/64 201h

Alt Vsync Start (CR10)

XR65/66 |1DFh

AltVsyncEnd (CR11) |XR67[3-0] | 5h
Alt Hsync Polarity XR55[6] 1
Alt Vsync Polarity XR55[7] 1

Display Quality Recommendations

FRC XR50[1-0] 10

FRC Option 1 XR53[2 1 [Settol
FRC Option 2 XR53[3] 1 |Settol
FRC Option 3 XR53[6] 0

FRC Polynomia XR6E[7-0] n/a
Dither XR50[3-2] 01

M Phase Change XR5E[7] n/a

M Phase Change Count | XR5E[6-0] n/a

Compensation Typical Settings

H Compensation XR55[0] 1
V' Compensation XR57[0] 1
Fast Centering Disable | XR57[7] 0
H AutoCentering XR55[1] 0
V AutoCentering XR57[1] 0
H Centering XR56 00h
V Centering XR59/58 | 000h
H Text Compression XR55[2 1
H AutoDoubling XR55[5 1
V Text Stretching XR57[2 1
V Text Stretch Mode XR57[4-3] | 11
V Stretching XR57[5] 0
V Stretching Mode XR57[6] 0
V Line Insertion Height | XR59[3-0] | OFh
V H/W Line Replication| XR59[7] 0
V Line Repl Height XR5A[3-0] 0O

(65548 Interface - Sharp LQ9D011 (640x480 512-Color TFT LCD Panel) ’

Revision 1.1 2/28/96
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Panel | nterface Examples

DK 6554x
PCB )
Connector Toshiba LTM-09C015-1
n'c Connector
p { CN2-7 ) ENAB
n/c
{ _CN1-8 ) GND
CN1-1 NCLK
§ CN1-2 ;GND
n/c
{ CN1-6 ) GND
n/c
{ _CN1-12 ) GND
n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c
CN1-7 R2
CN1-5 R1
CN1-3 RO
n/c
n/c
CN1-13 ) G2
CN1-11 ) G1
CN1-9 GO
n/c
n/c
n/c
CN2-5 ) B2
CN2-3 )B1
CN2-1 )BO
n/c
n/c

n/c CN1-15) NC

CN2-8 ) GND
CN2-6 ) GND

{_CN1-14 ) GND

CN1-10 ) GND
CN1-4 ) GND

[ 4

CN2-4 ) GND
CN2-2 ) GND

Bz ) HVSARE

4 CN2-9 ) VDD
CN2-10) VDD

n/c

@ VEESAFE (+12 to +45) n/c

ProgrammindRecommendationRequir ements

Parameter Register  [Value Comment
Panel Width XR1C 4Fh ((640/8) -1
Panel Height XR65/68 1DFh/480-1
Panel Type XR51[1-0] 00

Clock Divide (CD) XR50[6-4] 000

Shiftclk Div (SD) XR51[3] 0

Gray/Color Levels XRAF[2-0] | 100

TFT DataWidth XR50[7] 0 na

STN Pixel Packing XR53[5-4] 00 [n/a
Frame Accel Ena XR6F[1] 0 |Disabled
Output Signal Timing

Shift Clock Mask (SM) | XR51[5] 0

LP Delay Disable XR2F[6 0

LPDelay (CMPRena) [ XR2F/2D |04Fh

LPDelay (CMPRdisa) XR2F/2E |04Fh

LP Pulse Width XR2F[3-0] | OFh

LP Polarity XR54[6] 1

LP Blank XRA4H 0

LP Active during V XR5]] 1

FLM Delay Disable XR2F 0

FLM Délay XR2C 04h

FLM Polarity XR54[7] 1

Blank#/DE Polarity XR54[0] 1

Blank#/DE H-Only XR54[1 0 |Reqd for this panel
Blank#/DE CRT/FP XR51[2 1

Alt Hsync Start (CR04) XR19 56h

AltHsync End (CRO5) 'XR1A 13h

AltH Tota (CRO0) |XR1B 5Fh

AltV Tota (CR06) |XR65/64 201h

Alt Vsync Start (CR10)

XR65/66 |1DFh

AltVsyncEnd (CR11) |XR67[3-0] | 5h
Alt Hsync Polarity XR55[6] 1
Alt Vsync Polarity XR55[7] 1

Display Quality Recommendations

FRC XR50[1-0] 10

FRC Option 1 XR53[2 1 [Settol
FRC Option 2 XR53[3] 1 |Settol
FRC Option 3 XR53[6] 0

FRC Polynomia XR6E[7-0] n/a
Dither XR50[3-2] 01

M Phase Change XR5E[7] n/a

M Phase Change Count | XR5E[6-0] n/a

Compensation Typical Settings

H Compensation XR55[0] 1
V' Compensation XR57[0] 1
Fast Centering Disable | XR57[7] 0
H AutoCentering XR55[1] 0
V AutoCentering XR57[1] 0
H Centering XR56 00h
V Centering XR59/58 | 000h
H Text Compression XR55[2 1
H AutoDoubling XR55[5 1
V Text Stretching XR57[2 1
V Text Stretch Mode XR57[4-3] | 11
V Stretching XR57[5] 0
V Stretching Mode XR57[6] 0
V Line Insertion Height | XR59[3-0] | OFh
V H/W Line Replication| XR59[7] 0
V Line Repl Height XR5A[3-0] 0O

( 65548 Interface - Toshiba LTM-09C015-1 (640x480 512-Color TFT LCD Panel) '

Revision 1.1 2/28/96
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Panel | nterface Examples

DK 6554x
PCB
Connector Shap LQ10D311
n/c Penel
n'c Connector
p {_CN2-5 ) ENAB
n/c
{_CN2-4 ) GND
SHFCLK CK
GND
GND
LP (HS) HSYNC
GND
GND
FLM (VS) VSYNC
GND
GND
PNL23
PNL22 52
PNL21 R3
PNL20 R2
PNL19 R1
PNL18 RO
PNL17 n/c
n/c
n/c
n/c
n/c
n/c
CN3-8 GND
I CN3-4 GND
°® CN2-3 GND
4 CN2-1 )VCC
CN2-2 )VCC

Bz ) HVSARE

@ VEESAFE (+12 to +45) n/c

ProgrammindRecommendationRequir ements

Parameter Register  [Value Comment
Panel Width XR1C 4Fh ((640/8) -1
Panel Height XR65/68 1DFh/480-1
Panel Type XR51[1-0]
Clock Divide (CD) XR50[6-4]
Shiftclk Div (SD) XR51[3]
Gray/Color Levels XRAF[2-0]
TFT DataWidth XR50[7]
STN Pixel Packing XR53[5-4]
Frame Accel Ena XR6F[1]
Output Signal Timing

Shift Clock Mask (SM) | XR51[5
LP Delay Disable XR2F[6
LPDelay (CMPRena) |XR2F/2D
LPDelay (CMPR disa) XR2F/2E
LP Pulse Width XR2F[3-0]
LP Polarity XR54[6]
LP Blank XRA4H

LP Active during V XR5]]
FLM Delay Disable XR2F
FLM Délay XR2C
FLM Polarity XR54[7]
Blank#/DE Polarity XR54[0]
Blank#/DE H-Only XR4[1
Blank#/DE CRT/FP XR51[2
Alt Hsync Start (CR04) XR19
AltHsync End (CRO5) 'XR1A
AltH Tota (CRO0) |XR1B
AltV Tota (CR06) |XR65/64
Alt Vsync Start (CR10) |XR65/66
AltVsync End (CR11) XR67[3-0]

Alt Hsync Polarity

XR55[6]

Alt Vsync Polarity

XR55(7]

Display Quality Recommendations

FRC XR50[1-0]
FRC Option 1 XR53[2
FRC Option 2 XR53[3
FRC Option 3 XR53[6
FRC Polynomia XR6E[7-0]
Dither XR50[3-2]
M Phase Change XR5E[7]

M Phase Change Count

XR5E[6-0]

Compensation Typical Settings

H Compensation

XR55[0]

V Compensation

XR57[0]

Fast Centering Disable

XR57[7]

H AutoCentering XR55[1]
V AutoCentering XR57[1]
H Centering XR56

V Centering XR59/58
H Text Compression XR55[2
H AutoDoubling XR55[5

V Text Stretching XR57[2
V Text Stretch Mode XR57[4-3]
V Stretching XR57[5]
V Stretching Mode XR57[6]
V Line Insertion Height | XR59[3-0]
V H/W Line Replication| XR59[7]

V Line Repl Height

XR5A[3-0]

( 65548 Interface - Sharp LQ10D311 (640x480 256K-Color TFT LCD Panel) ’

Revision 1.1 2/28/96
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Panel | nterface Examples

DK 6554x
PCB
Connector
n/c
n/c
mg Sharp LQ10DX01
/o Pand
SHEOLK Connector
GND gﬁD
LP (HS) HSYNC
GND GND
FLM (VS) VSYNC
GND GND
PNL 23 (even pixd red msh) CN1-7 R12
PNL22 , CN1-6 ) Ri1l
PNL21  (even pixe redlsb) CN1-5 ) R10
PNL20 o
(odd pixel red msb) CN1-4 RO2
(odd pixd redsb) SN 12 28(1)

n/c

(even pixd green msb) ~=~7 72 G12
. CN1-13 ) Gl11
(even pixd gren Ish) ~EN1-127) G10

n/C(oci:i pixe green msb)

CN1-11 ) G02

r]/C(ochl pixd green Ish) g” i:éo 88(1)
(even pixel blue msb) CN1-21) B12
(even pixd bluelsb) 8“ ﬁg Eicl)
n/C(oci:i pixel blue msb) CN1-18 ) BO2
(odd pixd bluelsh) g“ f % 58(1)

n/c

n/c CN2-8 ) TEST2
n/c CN2-7 )TEST1

CN1-1 ) GND
CN1-8 ) GND
CN1-15 ) GND

CN2-13 ) VCC

[ 4

+5V

Bz - HASARE e

@ VEESAFE (+12 to +45) n/c

Use separate +12V source, not +12VSAFE

( CN2-10 ) VDD
(sequenced), for pand VDD (pand VDD+12V D, CN2-11 ) VDD
must be active before pand VCC) & CN2-12 ) VDD

ProgrammindRecommendationRequir ements

Parameter Register  [Value Comment
Panel Width XR1C 7Fh [(1024/8) -1
Panel Height XR65/68 2FFh|768-1

Panel Type XR51[1-0]

Clock Divide (CD) XR50[6-4]

Shiftclk Div (SD) XR51[3]

Gray/Color Levels XRAF[2-0]

TFT DataWidth XR50[7]

STN Pixel Packing XR53[5-4]

Frame Accel Ena XR6F[1]

Output Signal Timing

Shift Clock Mask (SM) | XR51[5

LP Delay Disable XR2F[6
LPDeay (CMPRena) | XR2F/2D
LPDelay (CMPR disa) XR2F/2E
LP Pulse Width XR2F[3-0]
LP Polarity XR54[6]
LP Blank XR4F

LP Active during V XR5]]

FLM Delay Disable XR2H

FLM Délay XR2C

FLM Polarity XR54[7]

Blank#/DE Polarity | XR54[0]

Blank#/DE H-Only XR54[1

Blank#/DE CRT/FP XR51[2

Alt Hsync Start (CR04) | XR19

AltHsync End (CRO5) 'XR1A

AltHTotal (CRO0) | XRIB

AltV Total  (CRO6) | XR65/64

Alt Vsync Start (CR10) |XR65/66

AltVsyncEnd (CR1I) |XR67[3-0]

Alt Hsync Polarity XR55[6]

Alt Vsync Polarity XR55[7]

Display Quality Recommendations

FRC XR50[1-0]
FRC Option 1 XR53[2
FRC Option 2 XR53[3
FRC Option 3 XR53[6
FRC Polynomia XR6E[7-0]
Dither XR50[3-2]
M Phase Change XR5E[7]

M Phase Change Count | XR5E[6-0]

Compensation Typical Settings

H Compensation XR55[0]

V Compensation XR57[0]

Fast Centering Disable | XR57[7]

H AutoCentering XR55[1]
V AutoCentering XR57[1]
H Centering XR56

V Centering XR59/58
H Text Compression XR55[2
H AutoDoubling XR55[5

V Text Stretching XR57[2
V Text Stretch Mode XR57[4-3]
V Stretching XR57[5]
V Stretching Mode XR57[6]
V Line Insertion Height | XR59[3-0]
V H/W Line Replication| XR59[7]

V Line Repl Height XR5A[3-0]

( 65548 Interface - Sharp LQ10DXO01 (1024x768 512-Color TFT LCD Panel) ’
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Panel | nterface Examples

DK 6554x
PCB
Connector

BLANK#/DE
M (ACDCLK)

Sanyo
LM-CK53-22NEZ
(LCM 5330)
Pand
Connector

GND

€ 29 ) M

SHFECLK

GND

€ 25 ) CL2

LP (HS)

GND

€ 27 ) CL1

FLM (VS)

GND

{__ 30 DFLM

PNL 23

LDO

ubO

LD1

uDl1

LD2

uD2

)
)
..)
")
)
)
)
)

LD3

ub3

LD4

ub4

LD5

ubD5

LD6

ubD6

2 W S 7 W S )

LD7

ub7

we—___1 DNC

® 26 VSS

24 VSS

[ 4

6 GND
5 GND

’ 7 VDD
DISP

7 Do

+38V
’ 4 VEE
VEE

ProgrammindRecommendationRequir ements

Parameter Register  [Value Comment
Panel Width XR1C 4Fh ((640/8) -1
Panel Height XR65/68 1DFh/480-1
Panel Type XR51[1-0]
Clock Divide (CD) XR50[6-4]
Shiftclk Div (SD) XR51[3]
Gray/Color Levels XRAF[2-0]
TFT DataWidth XR50[7]
STN Pixel Packing XR53[5-4]
Frame Accel Ena XR6F[1]
Output Signal Timing

Shift Clock Mask (SM) | XR51[5
LP Delay Disable XR2F[6
LPDelay (CMPRena) |XR2F/2D
LPDelay (CMPR disa) XR2F/2E
LP Pulse Width XR2F[3-0]
LP Polarity XR54[6]
LP Blank XRA4H

LP Active during V XR5]]
FLM Delay Disable XR2F
FLM Délay XR2C
FLM Polarity XR54[7]
Blank#/DE Polarity XR54[0]
Blank#/DE H-Only XR4[1
Blank#/DE CRT/FP XR51[2
Alt Hsync Start (CR04) XR19
AltHsync End (CRO5) 'XR1A
AltH Tota (CRO0) |XR1B
AltV Tota (CR06) |XR65/64
Alt Vsync Start (CR10) |XR65/66
AltVsync End (CR11) XR67[3-0]

Alt Hsync Polarity XR55[6]

Alt Vsync Polarity XR55[7]

Display Quality Recommendations

FRC XR50[1-0]
FRC Option 1 XR53[2
FRC Option 2 XR53[3
FRC Option 3 XR53[6
FRC Polynomia XR6E[7-0]
Dither XR50[3-2]
M Phase Change XR5E[7]

M Phase Change Count | XR5E[6-0]

Compensation Typical Settings

H Compensation XR55[0]

V Compensation XR57[0]

Fast Centering Disable | XR57[7]

H AutoCentering XR55[1]
V AutoCentering XR57[1]
H Centering XR56

V Centering XR59/58
H Text Compression XR55[2
H AutoDoubling XR55[5

V Text Stretching XR57[2
V Text Stretch Mode XR57[4-3]
V Stretching XR57[5]
V Stretching Mode XR57[6]
V Line Insertion Height | XR59[3-0]
V H/W Line Replication| XR59[7]

V Line Repl Height

XR5A[3-0]

( 65548 Interface - Sanyo LM-CK53-22NEZ (LCM 5330) (640x480 Color STN LCD Panel) '

Revision 1.1 2/28/96
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CHIPS:

Panel | nterface Examples

DK 6554x
PCB
Connector

ENABKL

ProgrammindRecommendationRequir ements

Parameter Register  [Value Comment
Panel Width XR1C 4Fh ((640/8) -1
Panel Height XR65/68 1DFh/480-1
Panel Type XR51[1-0]
Clock Divide (CD) XR50[6-4]
Shiftclk Div (SD) XR51[3]
Gray/Color Levels XRAF[2-0]
TFT DataWidth XR50[7]
STN Pixel Packing XR53[5-4]
Frame Accel Ena XR6F[1]
Output Signal Timing

Shift Clock Mask (SM) | XR51[5
LP Delay Disable XR2F[6
LPDelay (CMPRena) |XR2F/2D
LPDelay (CMPR disa) XR2F/2E
LP Pulse Width XR2F[3-0]
LP Polarity XR54[6]
LP Blank XRA4H

LP Active during V XR5]]
FLM Delay Disable XR2F
FLM Delay XR2C
FLM Polarity XR54[7]
Blank#/DE Polarity XR54[0]
Blank#/DE H-Only XR4[1
Blank#/DE CRT/FP XR51[2
Alt Hsync Start (CR04) XR19
AltHsync End (CRO5) 'XR1A
AltH Tota (CRO0) |XR1B
AltV Tota (CR06) |XR65/64
Alt Vsync Start (CR10) |XR65/66
AltVsync End (CR11) XR67[3-0]
Alt Hsync Polarity XR55[6]
Alt Vsync Polarity XR55[7]

Display Quality Recommendations

FRC XR50[1-0]
FRC Option 1 XR53[2
FRC Option 2 XR53[3
FRC Option 3 XR53[6
FRC Polynomia XR6E[7-0]
Dither XR50[3-2]
M Phase Change XR5E[7]

M Phase Change Count

XR5E[6-0]

Compensation Typical Settings

H Compensation

XR55[0]

V Compensation

XR57[0]

Fast Centering Disable

XR57[7]

n/c Sanyo LCM-5327-24NAK
n/c Pand
EAL&%}B%?E) nic Connector
GND (2 WM™
SHFECLK
GND (6 HcL2
LP (HS)
GND (4 Hcu
FLM (VS)
GND (1 DFM
PNL23 n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c
PNL15 (R6...)
PNL14 _ (B5..) 20
PNL13 (G5...) LD1
PNL12 (R5...) uD1
PNL11 (B4...) LD2
PNL10 (G4...) uD2
PNL9 (R4...) LD3
PNL8 (B3...) UD3
PNL7 (G3...)
PNL6 _ (R3..) L2%
PNL5 (B2...) LD5
PNL4 (G2...) uD5
PNL3 (R2...) LD6
PNL2 (B1...) UD6
PNL1 (G1...) LD7
PNLO (R1...) UD7
GND
GND
GND
GND
GND
GND
GND
GND
gmg 26 ) vssi
GND 27 VSS1
GND I 5 VSS2
® 8 VSS2
:)B-l VDDSAFE (+5V) - 25 VDD
=5 +12VSAFE e (3 ) DISPOFF

+36V

CE VEESAFE (12 to +45)

28

VEE
VEE

H AutoCentering XR55[1]
V AutoCentering XR57[1]
H Centering XR56

V Centering XR59/58
H Text Compression XR55[2
H AutoDoubling XR55[5

V Text Stretching XR57[2
V Text Stretch Mode XR57[4-3]
V Stretching XR57[5]
V Stretching Mode XR57[6]
V Line Insertion Height | XR59[3-0]
V H/W Line Replication| XR59[7]

V Line Repl Height

XR5A[3-0]

(65548 Interface - Sanyo LCM5327-24NAK (640x480 Color STN LCD Panel) '

Revision 1.1

2/28/96
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Panel | nterface Examples

DK6554x
PCB
Connector
NABKL e
4 n/c
8 n/c
n/c Sharp LM64C031
136 Cpmgd
onnector
ISk g s m— 3D XCKL
LP (HS)
ﬁéo GND 2 Dup
FLM VS)
B LGND (1 D
o e
nic
2l e
—da 3 PNLIS e
n/c
n/c
nic
77 PNL15 e
36 n/c
n/c
n/c
n/c
n/c
n/c
{4 ) XCKU
(B5...)
(R5...)
(G4...)
(B3...)
(R3...)
(G2..)
(Bl...)
(R1...)
n/c NC
18 VSS
¢ 9 VSS
. 7 VSS
(1 ) YDDSAFE(SY) C 6 VDD
+12VSAFE ¢
(33 )-VEESAFE (+:12t0£45) +32V —5— e

ProgrammindRecommendationRequir ements

Parameter Register  [Value Comment
Panel Width XR1C 4Fh ((640/8) -1
Panel Height XR65/68 1DFh/480-1
Panel Type XR51[1-0]
Clock Divide (CD) XR50[6-4]
Shiftclk Div (SD) XR51[3]
Gray/Color Levels XRAF[2-0]
TFT DataWidth XR50[7]
STN Pixel Packing XR53[5-4]
Frame Accel Ena XR6F[1]
Output Signal Timing

Shift Clock Mask (SM) | XR51[5
LP Delay Disable XR2F[6
LPDelay (CMPRena) |XR2F/2D
LPDelay (CMPR disa) XR2F/2E
LP Pulse Width XR2F[3-0]
LP Polarity XR54[6]
LP Blank XRA4H

LP Active during V XR5]]
FLM Delay Disable XR2F
FLM Delay XR2C
FLM Polarity XR54[7]
Blank#/DE Polarity XR54[0]
Blank#/DE H-Only XR4[1
Blank#/DE CRT/FP XR51[2
Alt Hsync Start (CR04) XR19
AltHsync End (CRO5) 'XR1A
AltH Tota (CRO0) |XR1B
AltV Tota (CR06) |XR65/64
Alt Vsync Start (CR10) |XR65/66
AltVsync End (CR11) XR67[3-0]
Alt Hsync Polarity XR55[6]
Alt Vsync Polarity XR55[7]

Display Quality Recommendations

FRC XR50[1-0]
FRC Option 1 XR53[2
FRC Option 2 XR53[3
FRC Option 3 XR53[6
FRC Polynomia XR6E[7-0]
Dither XR50[3-2]
M Phase Change XR5E[7]

M Phase Change Count

XR5E[6-0]

Compensation Typical Settings

H Compensation

XR55[0]

V Compensation

XR57[0]

Fast Centering Disable

XR57[7]

H AutoCentering XR55[1]
V AutoCentering XR57[1]
H Centering XR56

V Centering XR59/58
H Text Compression XR55[2
H AutoDoubling XR55[5

V Text Stretching XR57[2
V Text Stretch Mode XR57[4-3]
V Stretching XR57[5]
V Stretching Mode XR57[6]
V Line Insertion Height | XR59[3-0]
V H/W Line Replication| XR59[7]

V Line Repl Height

XR5A[3-0]

( 65548 Interface - Sharp LM64C031 (640x480 Color STN LCD Panel) ’

Revision 1.1 2/28/96

245

Preliminary 65548




CHIPS:

Panel | nterface Examples

DK 6554x
PCB
Connector
ENABKL n/c Kyocera KCL 6448
n/c Pand
BLANK#/DE nlc Connector
M (ACDCLK) ° 10 DE
GND
DF
LP {HS) . 302D
GND
LM (VS) 28 ) LOAD
ChL FRM
PNL23 ne
n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c
)) 5 ) LDO
") 4 LD1
"') 3 LD2
") 2 LD3
"') 31 HDO
"') 32 HD1
") 33 HD2
= 34 HD3
{ 18 ) GND
:333_1 VDDSAFE (+5V) ° 57 VDD
(9 )VDD
(B2 ) +12VSAFE n/c : DISP#
DISP#

@ VEESAFE (+12 to +45) n/c

ProgrammindRecommendationRequir ements

Parameter Register  [Value Comment
Panel Width XR1C 4Fh ((640/8) -1
Panel Height XR65/68 1DFh/480-1
Panel Type XR51[1-0]
Clock Divide (CD) XR50[6-4]
Shiftclk Div (SD) XR51[3]
Gray/Color Levels XRAF[2-0]
TFT DataWidth XR50[7]
STN Pixel Packing XR53[5-4]
Frame Accel Ena XR6F[1]
Output Signal Timing

Shift Clock Mask (SM) | XR51[5
LP Delay Disable XR2F[6
LPDelay (CMPRena) |XR2F/2D
LPDelay (CMPR disa) XR2F/2E
LP Pulse Width XR2F[3-0]
LP Polarity XR54[6]
LP Blank XRA4H

LP Active during V XR5]]
FLM Delay Disable XR2F
FLM Delay XR2C
FLM Polarity XR54[7]
Blank#/DE Polarity XR54[0]
Blank#/DE H-Only XR4[1
Blank#/DE CRT/FP XR51[2
Alt Hsync Start (CR04) XR19
AltHsync End (CRO5) 'XR1A
AltH Tota (CRO0) |XR1B
AltV Tota (CR06) |XR65/64
Alt Vsync Start (CR10) |XR65/66
AltVsync End (CR11) XR67[3-0]
Alt Hsync Polarity XR55[6]
Alt Vsync Polarity XR55[7]

Display Quality Recommendations

FRC XR50[1-0]
FRC Option 1 XR53[2
FRC Option 2 XR53[3
FRC Option 3 XR53[6
FRC Polynomia XR6E[7-0]
Dither XR50[3-2]
M Phase Change XR5E[7]

M Phase Change Count

XR5E[6-0]

Compensation Typical Settings

H Compensation

XR55[0]

V Compensation

XR57[0]

Fast Centering Disable

XR57[7]

H AutoCentering XR55[1]
V AutoCentering XR57[1]
H Centering XR56

V Centering XR59/58
H Text Compression XR55[2
H AutoDoubling XR55[5

V Text Stretching XR57[2
V Text Stretch Mode XR57[4-3]
V Stretching XR57[5]
V Stretching Mode XR57[6]
V Line Insertion Height | XR59[3-0]
V H/W Line Replication| XR59[7]

V Line Repl Height

XR5A[3-0]

65548 Interface - Kyocera KCL6448 (640x480 Color STN-DD LCD Panel)
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Panel | nterface Examples

DK 6554x ProgrammingrecommendationRequir ements
PCB Parameter Register  |Value Comment
Connector Panel Width XR1C 4Fh [(640/8) -1

Panel Height XR65/68 |1DFh 480-1
Panel Type XR51[1-0]
Clock Divide (CD) XR50[6-4]
Hitachi LMG9720XUFC Shiftclk Div (SD) XR51[3]
Pand Gray/Color Levels XRAF[2-0]
Connector TFT Data Width XR50| 7]
SHECLK STN Pixel Packing XR53[5-4]
GND (3 Hcr Frame Accel Ena XR6F[1]
I(‘;PND (HS) € 2 ) CL1 Output Signal Timing
ELM N9 Shift Clock Mask (SM) | XR51[5]
GND € 1 ) FLM LP Delay Disable XR2F[6
LPDday (CMPRena) |XR2F/2D
PNL23 LPDelay (CMPR disa) XR2F/2E
LP Pulse Width XR2F[3-0]
LP Polarity XR54[6]
LP Blank XR4F
LP Active during V XR5]]
FLM Delay Disable XR2F
FLM Delay XR2C
FLM Polarity XR54[7]

Blank#/DE Polarity | XR54[0]

Blank#/DE H-Only XR54[1

Blank#/DE CRT/FP XR51[2

Alt Hsync Start (CR04) | XR19

AltHsync End (CRO5) 'XR1A

AltHTotal (CRO0) | XRIB

AltV Total  (CRO6) | XR65/64

Alt Vsync Start (CR10) |XR65/66

AltVsyncEnd (CR1I) |XR67[3-0]

Alt Hsync Polarity XR55[6]

LDO Alt Vsync Polarity XR55[7]
LD1 Display Quality Recommendations
LD2 FRC XR50[1-0]
LD3 FRC Option 1 XR53[2
uDo0 FRC Option 2 XR53[3
UD1 FRC Option 3 XR53[6
ub2 FRC Polynomial XR6E[7-0]
ub3 Dither XR50[3-2]
M Phase Change XR5E[7]

M Phase Change Count | XR5E[6-0]

Compensation Typical Settings

H Compensation XR55[0]
V Compensation XR57[0]
Fast Centering Disable | XR57[7]
H AutoCentering XR55[1]
V AutoCentering XR57[1]
H Centering XR56
V Centering XR59/58
CE VSs H Text Compression | XR55[2
° 5 VDD H AutoDoubling XR55[5
DISPOFF# V Text Stretching XR57[2
- +12VSAFE nlc V Text Stretch Mode XR57[4-3]
VEESAFE (+12to+45) +27V xStStret%hingM d isg 2}
- +12to+ retching Mode
CE @ VEE V Line Insertion Height XR59[3-0]
V H/W Line Replication| XR59[7]

V Line Repl Height XR5A[3-0]

(65548 Interface - Hitachi LMG9720XUFC (640x480 Color STN-DD LCD Panel) '
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Panel | nterface Examples

DK6554x
PCB
Connector
n/c
n/c
n/c
/e Sharp LM64C08P
Pand
Connector
g“':DCLK ( _CNI3) XCK
LP—HS) C CNI2) LP
L (vS) (_CNL1) YD
PNL23 n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c
PNL15 (LG3...)
PNL14 (LR3...) II:B?
PNL13 (LB2...) LD2
PNL12 (LG2...) LD3
PNL11 (UG3...) UDO
PNL10 (UR3...) uD1
PNL9 (UB2...) uD2
PNL8 (UG2...) uD3
PNL7 (LR2...)
PNL6 _ (LBL.) D-2
PNL5 (LG1...) DL6
PNL4 (LR1...) DL7
PNL3 (UR2...) DU4
PNL2 (UB1..)) DU5S
PNL1 (UG1...) DU6
PNLO (UR1...) DU7
GND
GND
GND
GND
GND
GND
GND
e ¢ VSS
GND VSS
GND VSS
GND I VSS
° VSS
HOVEAFE e C_CN1-4) DISP
CE VEESAFE (12 to +45) +25V CN1-7)) VEE

ProgrammindRecommendationRequir ements

Parameter Register  [Value Comment
Panel Width XR1C 4Fh ((640/8) -1
Panel Height XR65/68 1DFh/480-1
Panel Type XR51[1-0]
Clock Divide (CD) XR50[6-4]
Shiftclk Div (SD) XR51[3]
Gray/Color Levels XRAF[2-0]
TFT DataWidth XR50[7]
STN Pixel Packing XR53[5-4]
Frame Accel Ena XR6F[1]
Output Signal Timing

Shift Clock Mask (SM) | XR51[5
LP Delay Disable XR2F[6
LPDelay (CMPRena) |XR2F/2D
LPDelay (CMPR disa) XR2F/2E
LP Pulse Width XR2F[3-0]
LP Polarity XR54[6]
LP Blank XRA4H

LP Active during V XR5]]
FLM Delay Disable XR2F
FLM Delay XR2C
FLM Polarity XR54[7]
Blank#/DE Polarity XR54[0]
Blank#/DE H-Only XR4[1
Blank#/DE CRT/FP XR51[2
Alt Hsync Start (CR04) XR19
AltHsync End (CRO5) 'XR1A
AltH Tota (CRO0) |XR1B
AltV Tota (CR06) |XR65/64
Alt Vsync Start (CR10) |XR65/66
AltVsync End (CR11) XR67[3-0]
Alt Hsync Polarity XR55[6]
Alt Vsync Polarity XR55[7]

Display Quality Recommendations

FRC XR50[1-0]

FRC Option 1 XR53[2

FRC Option 2 XR53[3]

FRC Option 3 XR53[6]

FRC Polynomia XR6E[7-0] OBAh ** Important **
Dither XR50[3-2]

M Phase Change XR5E[7]

M Phase Change Count

XR5E[6-0]

Compensation Typical Settings

H Compensation

XR55[0]

V Compensation

XR57[0]

Fast Centering Disable

XR57[7]

H AutoCentering XR55[1]
V AutoCentering XR57[1]
H Centering XR56

V Centering XR59/58
H Text Compression XR55[2
H AutoDoubling XR55[5

V Text Stretching XR57[2
V Text Stretch Mode XR57[4-3]
V Stretching XR57[5]
V Stretching Mode XR57[6]
V Line Insertion Height | XR59[3-0]
V H/W Line Replication| XR59[7]

V Line Repl Height

XR5A[3-0]

( 65548 Interface - Sharp LM64CO8P (640x480 Color STN-DD LCD Panel) ’
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Panel | nterface Examples

DK 6554x
PCB Sanyo LCM-5331-22NTK
Connector Pand
ENABKL nic Single Dual
c Connector Connector
BLANK#DE /¢ (Pand Spec) (Prototypes)
7 e (29 > CNi2)M™
14
10 LP (HS)
GND
11 FLM (VS)
7 GND
9 n/c
3 n/c
6 n/c
5 n/c
3 n/c
2 n/c
0 n/c
n/c
{ 15 - CN2-16) LDO
14 < CN2-17) LD1
8 13 CN2-18 ) LD2
{ 12 - CN2-19) LD3
23 < CN1-8 ) UDO
\ 22 CN1-9 ) UD1
;A%M% ub2
14 20 CN1-11) UD3
{ 11 - CN2-20) LD4
10 ) CN2-21) LD5
9 CN2-22 ) LD6
8 - CN2-23) LD7
19 < CN1-12) UD4
£ 18 CN1-13) UD5
;L%M% uD6
€ 16 CN1-15) UD7
e —C_T_ONC

00000006000

DISPOFF#
C 6 CN2-26.) VSS
>—%:$'\ 5 CN2—25'§ VSS
@ VDDSAFE (+5V) ( 7 Y CN2-24) VDD
VEESAFE +30V
C B3 ' 2’ 3 g:g CN2-27 g VEE
(£12 to +45) 4 CN2-28) VEE
2

Bz AR

— »Y~_CN2-29) VO

ProgrammindRecommendationRequir ements

Parameter Register  [Value Comment
Panel Width XR1C 4Fh [(640/8) -1
Panel Height XR65/68 1DFh/480-1
Panel Type XR51[1-0]
Clock Divide (CD) XR50[6-4]
Shiftclk Div (SD) XR51[3]
Gray/Color Levels XRAF[2-0]
TFT Data Width XR50[7]
STN Pixel Packing XR53[5-4]
Frame Accel Ena XR6F[1]
Output Signal Timing

Shift Clock Mask (SM) | XR51[5
LP Delay Disable XR2F[6
LPDelay (CMPRena) |XR2F/2D
LPDelay (CMPR disa) XR2F/2E
LP Pulse Width XR2F[3-0]
LP Polarity XR54[6]
LP Blank XRA4H

LP Active during V XR5]]
FLM Delay Disable XR2H
FLM Délay XR2C
FLM Polarity XR54[7]
Blank#/DE Polarity XR54[0]
Blank#/DE H-Only XR4[1
Blank#/DE CRT/FP XR51[2
Alt Hsync Start (CR04) | XR19
AltHsync End (CRO5) 'XR1A
AltH Total (CR00) |[XR1B
AltV Tota (CR06) |XR65/64
Alt Vsync Start (CR10) |XR65/66
AltVsync End (CR11) |XR67[3-0]
Alt Hsync Polarity XR55[6]
Alt Vsync Polarity XR55[7]
Display Quality Recommendations
FRC XR50[1-0]
FRC Option 1 XR53[2
FRC Option 2 XR53[3
FRC Option 3 XR53[6
FRC Polynomia XR6E[7-0]
Dither XR50[3-2]
M Phase Change XR5E[7]

M Phase Change Count | XR5E[6-0]

Compensation Typical Settings

H Compensation XR55[0]

V Compensation XR57[0]

Fast Centering Disable | XR57[7]

H AutoCentering XR55[1]
V AutoCentering XR57[1]
H Centering XR56

V Centering XR59/58
H Text Compression XR55[2
H AutoDoubling XR55[5

V Text Stretching XR57[2
V Text Stretch Mode XR57[4-3]
V Stretching XR57[5]
V Stretching Mode XR57[6]
V Line Insertion Height | XR59[3-0]
V H/W Line Replication| XR59[7]
V Line Repl Height XR5A[3-0]

( 65548 Interface - Sanyo LCM-5331-22NTK (640x480 Color STN-DD LCD Panel) '
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CHIPS:

Panel | nterface Examples

ProgrammindRecommendationRequir ements

DK 6554x
PCB
Connector
n/c
n/c
n/c L
n/c Hitachi LM G9721XUFC
Pand
Connector
LK ( CNI3 ) CL2
LP—HS) (CNIZ D cCL1
o E— C CNI-Z D FLM
PNL23 ne
n/c
n/c
n/c
n/c
n/c
n/c
n/c
LD4
LD5
LD6
LD7
ubD4
UD5
UD6
ub7
LDO
LD1
LD2
LD3
ubDO
uD1
ubD2
ubD3
CN2-10 ) VSS
I CN2-5 ) VSS
® CN1-6 ) VSS
VDDSAFE (+5V) °
C_B1 ) CN1-5 VDD
DISPO

CBz - HASAE e

C:B—S VEESAFE (+12to+45) +Vft C:CNl—? VEE

T Voltage not specifiedin pand data shedt; contact pand manufacty

for more information.

Parameter Register  [Value Comment
Panel Width XR1C 4Fh ((640/8) -1
Panel Height XR65/68 1DFh/480-1
Panel Type XR51[1-0]
Clock Divide (CD) XR50[6-4]
Shiftclk Div (SD) XR51[3]
Gray/Color Levels XRAF[2-0]
TFT DataWidth XR50[7]
STN Pixel Packing XR53[5-4]
Frame Accel Ena XR6F[1]
Output Signal Timing

Shift Clock Mask (SM) | XR51[5
LP Delay Disable XR2F[6
LPDelay (CMPRena) |XR2F/2D
LPDelay (CMPR disa) XR2F/2E
LP Pulse Width XR2F[3-0]
LP Polarity XR54[6]
LP Blank XRA4H

LP Active during V XR5]]
FLM Delay Disable XR2F
FLM Delay XR2C
FLM Polarity XR54[7]
Blank#/DE Polarity XR54[0]
Blank#/DE H-Only XR4[1
Blank#/DE CRT/FP XR51[2
Alt Hsync Start (CR04) XR19
AltHsync End (CRO5) 'XR1A
AltH Tota (CRO0) |XR1B
AltV Tota (CR06) |XR65/64
Alt Vsync Start (CR10) |XR65/66
AltVsync End (CR11) XR67[3-0]
Alt Hsync Polarity XR55[6]
Alt Vsync Polarity XR55[7]

Display Quality Recommendations

FRC XR50[1-0]
FRC Option 1 XR53[2
FRC Option 2 XR53[3
FRC Option 3 XR53[6
FRC Polynomia XR6E[7-0]
Dither XR50[3-2]
M Phase Change XR5E[7]

M Phase Change Count | XR5E[6-0]

Compensation Typical Settings

H Compensation XR55[0]

V Compensation XR57[0]

Fast Centering Disable | XR57[7]

H AutoCentering XR55[1]
V AutoCentering XR57[1]
H Centering XR56

V Centering XR59/58
H Text Compression XR55[2
H AutoDoubling XR55[5

V Text Stretching XR57[2
V Text Stretch Mode XR57[4-3]
V Stretching XR57[5]
V Stretching Mode XR57[6]
V Line Insertion Height | XR59[3-0]
V H/W Line Replication| XR59[7]

V Line Repl Height

XR5A[3-0]

( 65548 Interface - Hitachi LMG9721XUFC (640x480 Color STN-DD LCD Panel) '
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CHIPS:

Panel | nterface Examples

DK 6554x
PCB
Connector

n/c
n/c
n/c .
nic Toshiba TLX-8062S-C3X
Pand
SHFCLK Connector
GND { CN1-3 ) sCpP
LP—HS) (CNIZ D LP
o E— ( CNI-Z D FP
PNL23 ne
n/c
n/c
n/c
n/c
n/c
n/c
n/c
LDO
LD1
LD2
LD3
ubDO
uD1
uD2
ubD3
LD4
LD5
LD6
LD7
ubD4
UD5
UD6
ub7
CN2-10 ) GND
I CN2-1 GND
® CN1-6 ) GND

@ VDDSAFE (+5V)

CBz - HASAE e

< CN15 )VDD
CN1-4 DISP

CE VEESAFE (+12 to +45) +24.5V CN1-7 VEE

ProgrammindRecommendationRequir ements

Parameter Register  [Value Comment
Panel Width XR1C 4Fh ((640/8) -1
Panel Height XR65/68 1DFh/480-1
Panel Type XR51[1-0]
Clock Divide (CD) XR50[6-4]
Shiftclk Div (SD) XR51[3]
Gray/Color Levels XRAF[2-0]
TFT DataWidth XR50[7]
STN Pixel Packing XR53[5-4]
Frame Accel Ena XR6F[1]
Output Signal Timing

Shift Clock Mask (SM) | XR51[5
LP Delay Disable XR2F[6
LPDelay (CMPRena) |XR2F/2D
LPDelay (CMPR disa) XR2F/2E
LP Pulse Width XR2F[3-0]
LP Polarity XR54[6]
LP Blank XRA4H

LP Active during V XR5]]
FLM Delay Disable XR2F
FLM Delay XR2C
FLM Polarity XR54[7]
Blank#/DE Polarity XR54[0]
Blank#/DE H-Only XR4[1
Blank#/DE CRT/FP XR51[2
Alt Hsync Start (CR04) XR19
AltHsync End (CRO5) 'XR1A
AltH Tota (CRO0) |XR1B
AltV Tota (CR06) |XR65/64
Alt Vsync Start (CR10) |XR65/66
AltVsync End (CR11) XR67[3-0]
Alt Hsync Polarity XR55[6]
Alt Vsync Polarity XR55[7]

Display Quality Recommendations

FRC XR50[1-0]
FRC Option 1 XR53[2
FRC Option 2 XR53[3
FRC Option 3 XR53[6
FRC Polynomia XR6E[7-0]
Dither XR50[3-2]
M Phase Change XR5E[7]

M Phase Change Count | XR5E[6-0]

Compensation Typical Settings

H Compensation XR55[0]

V Compensation XR57[0]

Fast Centering Disable | XR57[7]

H AutoCentering XR55[1]
V AutoCentering XR57[1]
H Centering XR56

V Centering XR59/58
H Text Compression XR55[2
H AutoDoubling XR55[5

V Text Stretching XR57[2
V Text Stretch Mode XR57[4-3]
V Stretching XR57[5]
V Stretching Mode XR57[6]
V Line Insertion Height | XR59[3-0]
V H/W Line Replication| XR59[7]

V Line Repl Height

XR5A[3-0]

( 65548 Interface - Toshiba TLX-8062S-C3X (640x480 Color STN-DD LCD Panel) '
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Panel | nterface Examples

DK 6554x
PCB
Connector

@ VDDSAFE (+5V)

CBz - HASAE e

n/c
n/c
e Optrex DMF-50351NC-FW
Pand
SHFCLK Connector
GND CN1-3 CP
LP—HS) CNIZ ) LP
Vs CNI-1 ) FLM
PNL23 n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c
DLO
DL1
DL2
DL3
DUO
DU1
DU2
DU3
DL4
DL5
DL6
DL7
DU4
DU5S
DU6
DU7
CN2- VSS
I CN2- VSS
° CN1-6 ) VSS
L 4 CN1-5 VCC

CN1-4 DISPOFF#

C:B—S VEESAFE (+12to+45) +Vft C:CNl—? VEE

T Voltage not specifiedin pand data shedt; contact pand manufacturer

for more information.

ProgrammindRecommendationRequir ements

Parameter Register  [Value Comment
Panel Width XR1C 4Fh ((640/8) -1
Panel Height XR65/68 1DFh/480-1
Panel Type XR51[1-0]
Clock Divide (CD) XR50[6-4]
Shiftclk Div (SD) XR51[3]
Gray/Color Levels XRAF[2-0]
TFT DataWidth XR50[7]
STN Pixel Packing XR53[5-4]
Frame Accel Ena XR6F[1]
Output Signal Timing

Shift Clock Mask (SM) | XR51[5
LP Delay Disable XR2F[6
LPDelay (CMPRena) |XR2F/2D
LPDelay (CMPR disa) XR2F/2E
LP Pulse Width XR2F[3-0]
LP Polarity XR54[6]
LP Blank XRA4H

LP Active during V XR5]]
FLM Delay Disable XR2F
FLM Delay XR2C
FLM Polarity XR54[7]
Blank#/DE Polarity XR54[0]
Blank#/DE H-Only XR4[1
Blank#/DE CRT/FP XR51[2
Alt Hsync Start (CR04) XR19
AltHsync End (CRO5) 'XR1A
AltH Tota (CRO0) |XR1B
AltV Tota (CR06) |XR65/64
Alt Vsync Start (CR10) |XR65/66
AltVsync End (CR11) XR67[3-0]
Alt Hsync Polarity XR55[6]
Alt Vsync Polarity XR55[7]

Display Quality Recommendations

FRC XR50[1-0]
FRC Option 1 XR53[2
FRC Option 2 XR53[3
FRC Option 3 XR53[6
FRC Polynomia XR6E[7-0]
Dither XR50[3-2]
M Phase Change XR5E[7]

M Phase Change Count | XR5E[6-0]

Compensation Typical Settings

H Compensation XR55[0]

V Compensation XR57[0]

Fast Centering Disable | XR57[7]

H AutoCentering XR55[1]
V AutoCentering XR57[1]
H Centering XR56

V Centering XR59/58
H Text Compression XR55[2
H AutoDoubling XR55[5

V Text Stretching XR57[2
V Text Stretch Mode XR57[4-3]
V Stretching XR57[5]
V Stretching Mode XR57[6]
V Line Insertion Height | XR59[3-0]
V H/W Line Replication| XR59[7]

V Line Repl Height

XR5A[3-0]

( 65548 Interface - Optrex DMF-5035INC-FW (640x480 Color STN-DD LCD Pandl) '

Revision 1.1 2/28/96

252

Preliminary 65548




\"'r: Electrical Specifications

Electrical Specifications

65548 ABSOLUTE MAXIMUM CONDITIONS

Symbol Parameter Min __ Typ M ax Units
P,  Power Dissipation - - 18 W
Vee  Supply Voltage -05 - 7.0 Vv
Vv, InputV oltage -05 - Vect0.5 \%
Vo  OutputVoltage -05 - Vect0.5 \%
Terg  StorageTemperature —40 - 125 °C

Note: Permanent device damage may occur if Absolute Maximum Ratingsare exceeded.
Functional operation should be restricted to the conditions described under Normal Operating Conditions.

65548 NORMAL OPERATING CONDITIONS

Symbol Parameter Min Typ M ax Units
Vee  Supply Voltage(forSVoperation) 4.5 5 55 \%
Vee  Supply Voltage(for 3.3Voperation) 31 3.3 3.6 \%

T, AmbientTemperature 0 - 70 °C

65548 DAC CHARACTERISTICS (Under Normal Operating Conditions Unless Noted Otherwise)

Symbol Parameter Notes Min Typ Max = Units

Vo OutputVoltage lo£ 10 mA 15 - - \

lo  Output Current Vo£1V @375WLoad 21 - - mA
Full Scale Error - - +5 %
DACtoDACCaorrelation - 1.27 - %
DACLinearity +2 - - LSB
Full Scale Settling Time - — 28 nS
Rise Time 10% to 90% - - 6 ns
Glitch Energy - — 200 | pVsec
Comparator Sensitivity - 50 - mv

Note: Unless otherwise specified, specifications above apply to both 5V & 3.3V operation & memory clock is assumed to be 75MHz.
Electrical specifications contained herein are preliminary and subject to change without notice.
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Electrical Specifications

(Under Normal Operating Conditions Unless Noted Otherwise)

Symbol Parameter Notes Min | Typ Max @ Units
lccgs | Power Supply Current  0° C, 5.5V, MCLK=75 MHz, DAC on tt - TBD TBD mA
lccos  Power Supply Current  0° C, 5.5V, MCLK=75 MHz, DAC off 11 - TBD TBD mA
lcces  Power Supply Current  0° C, 3.3V, MCLK=75MHz, DAC on t1 - TBD TBD = mA
lccos  Power Supply Current  0° C, 3.3V, MCLK=75 MHz, DAC off 1t - TBD TBD mA
lccsp | Power Supply Current  0° C, 3.3V, Standby, SelfRefresh DRAMs? - TBD TBD PA
lccss | Power Supply Current  0° C, 3.3V, Standby, SlowRfsh 32KHZ in - TBD TBD MA
lccsr  Power Supply Current  0° C, 3.3V, Standby, SlowRfsh XTALLI in - TBD TBD MA

l,, | InputLeakageCurrent -100 - +100 UA
loz  OutputLeakageCurrent High Impedance -100 - +100 UA
V,. InputLow Voltage All input pins -05 - 0.8 \Y,
Vg InputHighVoltage All input pins 20 - Vect05 )V
Vigr  Input Switch Point Allinputsexcept RESET#& STNDBY # - 14 - \
Viys  Input Hysteresis RESET# and STNDBY# - %015 - Vv
VoLs  OutputLowVoltage Under max load per table below (5V) - - 0.5 V
Vs  OutputLowVoltage Under max load per table below (3.3V) - - 0.5 V
Vous OutputHighVoltage — Under max load per table below (5V) 24 - - Vv
Vous OutputHighVoltage — Under max load per table below (3.3V) 0.7xVcc - - Vv

65548 DC DRIVE CHARACTERISTICS

(Under Normal Operating Conditions Unless Noted Otherwise)

Symbol  Parameter OutpuPins DCTestConditions Min Units
oo  OutputLowDrive H/VSYNC, LDEV#, LRDY#, ROMCSH# Vour VoL, seenoteftt 12 mA
FLM, LP, M, P0-15, SHFCLK, D0-31 VourVoL seenotettt 8 mA

ENAVEE, ENAVDD, ENABKL,ACTI VourVoL, seenotettt 8 mA

RASA#, CASAH/L#, WEA#, PAR, BLANK# V=V seenoteftt 4 mA

RASB#, CASBH/L#, WEB#, OEAB#, AAG-9 V=V seenotettt 4 mA

RASC#, CASCH/L#, WECH, OEC#, CAO-8 VourVoL, seenotettt 4 mA

All other outputs VourVoL, seenoteftf 2 mA

loy  OutputHighDrive H/VSYNC, LDEV#, LRDY#, ROMCS# VourVoy, seenotett 12 mA
FLM, LP, M, P0-15, SHFCLK, D0-31 VourVoy seenotettt 8 mA

ENAVEE,ENAVDD, ENABKL,ACTI VourVou, seenotettt 8  mA

RASA#, CASAH/L#, WEA#, PAR, BLANK# Vo=V, seenotettt 4 mA

RASB#, CASBH/L#, WEB#, OEAB#, AAG-9 V7=V seenotettt 4 mA

RASC#, CASCH/L#, WECH#, OEC#, CAO-8 VoutrVon, seenoteftt 4 mA

All other outputs VourVou, Seenotettt 2 mA

Note: TMeasured with all chip inputs driven to inactive level s and outputs not connected (or connected to typical external |oads).
Note: 11640x480x8bpp, TFT panel (for power data for other configurations, contact Chips and Technologiesin San Jose, California)
Note: TTTIOL & IOH drive listed above indicates 5V low drive (Vcc=4.5V) and 3.3V high drive (Vcc=3V), as programmed via XR6C bits 2-5.

Note:

Electrical specifications contained herein are preliminary and subject to change without notice.

Unless otherwise specified, specifications above apply to both 5V & 3.3V operation & memory clock is assumed to be 75MHz.
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65548 OUTPUT DRIVE CAPACITY

Electrical Specifications

Note: Pleaserefer to Pin List section for the drive capacity and maximum output load of individual pins.
See pages 27-31.

65548 AC TIMING CHARACTERISTICS - REFERENCE CLOCK

Symbol Parameter Notes Min Typ Max | Units
Tregp  ReferenceFrequency (200 ppm) — 1431818 - MHz
Tree  ReferenceClock Period VFpee - 6984128 - nS

Ty /Trer ReferenceClock Duty Cycle 25 - B %
TREF
THI

Reference Clock Input

( Reference Clock Timing b

Note: Unless otherwise specified, specifications above apply to both 5V & 3.3V operation & memory clock is assumed to be 75MHz.
Electrical specifications contained herein are preliminary and subject to change without notice.
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\nlra Electrical Specifications

65548 AC TIMING CHARACTERISTICS - CLOCK GENERATOR

Symbol| Parameter Notes Min Typ M ax Units
Tc. VCLK Period(5V) 80 MHz 125 - - ns
T VCLK Period(3.3V) 80 MHz 125 - - ns
Ty MCLK Period (5V) 75 MHz 13.33 - - ns
Ty, MCLK Period(3.3V)  75MHz 13.33 - - nS

Tc g
r —
VCLK _7’—)#—#
-« ™~
MCLK f

( Clock Timing '

Note: Unless otherwise specified, specifications above apply to both 5V & 3.3V operation & memory clock is assumed to be 75MHz.
Electrical specifications contained herein are preliminary and subject to change without notice.
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Symbol Parameer Notes Min Max | Unitg
Tpr ResetActiveTimefromPower Stable  SeeNote 1 5 - mS
Tors ResetActive Timefrom Ext. Osc. Stable See Note 2 - - -
Tres ResetActiveTimewith Power Stable | See Note 3 2 - mS
Tsrr  ResetActive Timefrom Standby See Note 4 2 - mS
Trsr ResetRiseTime Reset fal timeisnon-critical - 20 nS
Trso ResetActivetoOutput Float Delay - 40 nS
Tegy ConfigurationSetup Time See Note 5 20 — nsS
Teyp  ConfigurationHold Time 5 - nS

Note 1: This parameter includes time for internal voltage stabilization of all sections of the chip, startup and stabilization of the
internal clock synthesizer, and setting of al internal logic to a known state.

Note2: The external oscillator input is required. LCLK in Local Bus and CLK in PCI Bus modes should have the normal operating
frequency during reset. The 65548 should see a minimum of 10 clocks before the inactive edge of Reset#.

Note 3: This parameter includes time for the internal clock synthesizer to reset to its default frequency and time to set all internal logic
to aknown state. It assumes power is stable and the internal clock synthesizer is already operating at some stable frequency.

Note4: STNDBY# pin must be high when RESET occurs to properly reset the chip. On the other hand, RESET# can be pulled low
during Standby mode without affecting Standby mode.

Note5: Setup time to latch the state of the configuration bits reliably into XR01, XR6C, and XR74 is specified by this parameter.
Changes in some configuration bits may take longer to stabilize inside the chip (such asinternal clock synthesizer-related bits
4 and 5). It is therefore recommended that configuration bit setup time be TRES (2mS) to insure that the chip is in a
completely stable state when Reset goes inactive.

ResetwithChipOperating

I nitialPower -UpReset andPower Stable
/i
1/}
\Y
cC TIPR
—» «—TORS
LCLK,CLK,
14.318 MHz L ( Stzble
STNDBY# / /
RESET# y ' \ 40
TRSR > TRSR —p |&—
Tcsu | TcHD Tcsu | TcHD
Configuration i * I )E )k
Inputs CFG0-15 /s
)
TRSO

Bus Output Pins

( Reset Timing b

Note: Unless otherwise specified, specifications above apply to both 5V & 3.3V operation & memory clock is assumed to be 75MHz.
Electrical specifications contained herein are preliminary and subject to change without notice.
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65548 AC TIMING CHARACTERISTICS - LOCAL BUS CLOCK (40MHz)

Electrical Specifications

Symbol Parameter Notes Min Max Units
T, cp Loca BusClock Period(40MHz)t 0.1% stability at 2.0V / 0.8V 25 25 nS
T, cy Loca BusClock High Time 8 - nS
T, o Loca BusClock Low Time 8 - nS
T cr Loca BusClock Rise Time - 2 nS
T, cg Loca BusClock Fall Time - 2 nS

—  Local BusClock Slew Rate 1 4 VI/nS
Ters ' CPU Reset Setup Timeto Local BusClock  For 2x Clock Sync 2 — nsS
Tery | CPU Reset Hold Timefrom Local BusClock  For 2x Clock Sync 5 - nS

Note: 1 VL-Bustiming is compatible with VL-Bus Specification 2.0. 50 MHz VL-Bus operation assumes BVCC and IV CC both at

5V. VL-Bus operation at 3.3V is limited to 40 MHz (refer to the VL-Bus 2.0 specification for 33 MHz timing details).

Note: Thetypical input capacitance on LCLK is 10pF.

LCLK

( Local Bus Clock Timing '

Note: Unless otherwise specified, specifications above apply to both 5V & 3.3V operation & memory clock is assumed to be 75MHz.

Electrical specifications contained herein are preliminary and subject to change without notice.
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m“ﬁg@ Electrical Specifications

65548 AC TIMING CHARACTERISTICS - LOCAL BUS INPUT SETUP & HOLD (40 MHz)

Symbol Parameter Notes Min Max  Units
Taps Setup Time - A2-31,BEn# M/IO#,W/R# 6 - nS
Tpss SetupTime- ADSH 6 - nS
Tows Setup Time- DO-31 (Write) 6 — nS
Trrs  Setup Time- RDYRTN# 5 - nS
Tapy Hold Time - A2-31,BEn# M/IO#,W/R# 2 — nS
Tagy HoldTime- ADSH 2 - nS
Towy HoldTime- D0-31 (Write) 2 - nS
Tegy Hold Time- RDYRTN# 2 - nS

H.TQ--»Eq.----.T_D_VyH _____ p:
D31-0 (Write) X 5 X
5<_T'38§,;<_ oo JRRH . ..

RDYRTN# X l X

' TASSyiq .. TASH____ )

ADSH# X : ) 4

e TADS g . TaDH >

BEn#, A31-2

M/IO#, WIR# X 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 75MHz.
Electrical specifications contained herein are preliminary and subject to change without notice.
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65548 AC TIMING CHARACTERISTICS - LOCAL BUS OUTPUT VALID (40 MHz)

Symbol Parameter Notes Min @ Max Units
Tpay BusClock to Output Valid - DO-31 (Read) 3 14 nS
Trpy BusClocktoOutput Vaid-LRDY# 3 13 nS

LCLK _/W\_

ToAV igmip, 5 Hax ™" >

D31-0 (Read) ValidN X X ValidN+1
TROV e hif o Figk ™77 g

LRDY# ValidN X X ValidN+1

( Local Bus Output Valid Timing '

65548 AC TIMING CHARACTERISTICS - LOCAL BUS FLOAT DELAY (40 MHz)

Symbol| Parameter Notes Min = Max @ Units
Tpap Float Delay - DO-31 (Read) - 18 nS
Trpp FloatDelay-LRDY# Drivenhighbeforefloating - 15 nS

ek _ /N £ /T
: . > TDAF

S e T —— 5
LRDY# N 2

( Local Bus Output Float Delay Timing b

Note: Unless otherwise specified, specifications above apply to both 5V & 3.3V operation & memory clock is assumed to be 75MHz.
Electrical specifications contained herein are preliminary and subject to change without notice.
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65548 AC TIMING CHARACTERISTICS - VL BUS LDEV# (40 MHz)

Symbol| Parameter Notes Min  Typ | Max Units
T, py AddresstoL DEV#change 3 - 20 nS
BEn#, AD31-2, :
M/IO#, W/R# valid

TLov —» TLov —»
LDEV# \

( VL-Bus LDEV# Timing '

65548 AC TEST CONDITIONS

Symbol Notes 3.3VoltSignaling 5VoltSignaling Units
Vee  Supply Voltage 31 55 \%
Viest AllACparameters 04Vc 15 \
V|_  Inputlow voltage (10% of Vcc) 0.1V (Min) - \%
Viy Input highvoltage (90% of Vcc) - 0.9V (Max) \Y
Tr  Maximuminputrisetime(3/5.5V) 3 3 nS
Tg Maximuminputfall time(3/5.5V) 2 2 nsS

Tester Inputs VTEST 74 VTEST
/ \
7 VTEST VTEST N
« >

Vee Vcc
VIH \# : TF / — Vi
Tester Outputs VIL. .\ ‘
0
— > <«
TR

( AC Test Timing .

Note: Unless otherwise specified, specifications above apply to both 5V & 3.3V operation & memory clock is assumed to be 75MHz.
Electrical specifications contained herein are preliminary and subject to change without notice.
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65548 AC TIMING CHARACTERISTICS - PCI BUS FRAME (33 MHz)

Symbol| Parameter Notes Min Max | Units
Trrs FRAME# Setup to CLK 7 - nS
Tems C/BEH[3:0] (BusCMD) Setupto CLK 7 - nsS
Temy C/BE#[31:0] (BusCMD) Hold from CLK 2 - nsS
Tges C/BE#[3.0] (ByteEnable) Setupto CLK 7 - nsS
Tgey C/BEH[3.0] (Byte Enable) Hold from CLK 2 - nS
Taps ADI[3L:0] (Address) Setupto CLK 7 — nS
Tapy ADI[31:0] (Address) Hold from CLK 2 - nS
Tpas ADI[31L:0] (Data) Setupto CLK 7 - nsS
Tpan AD[31:0] (Data) Holdfrom CLK 2 - nsS
Tpap AD[31:0] (Data) ValidfromCLK - 11 nS
Tz TRDY#High Z to High from CLK - 11 nS
Tty TRDY#ActivefromCLK - 11 nS
Try TRDY#InactivefromCLK 2 11 nS
Ttz TRDY#HighbeforeHighZ 1 1 CLK
Tpz. DEVSEL#ActivefromCLK - 11 nS
TpLn DEVSEL#Inactivefrom CLK 2 11 nS
Tpuz DEVSEL#HighbeforeHighZ 1 1  CLK
Tisc IRDY# Setup to CLK 7 — nS
Tihc IRDY#Hold from CLK 2 - nS

Note: Unless otherwise specified, specifications above apply to both 5V & 3.3V operation & memory clock is assumed to be 75MHz.
Electrical specifications contained herein are preliminary and subject to change without notice.
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CLK _F\JQ\JQ\JQ\_ //_71_\_71_\_{\_
TFRS
Hi-zZ /—T\__Bus_Hiz
FRAME# — IIII Turnal\JrZundI
Tcems| Tem JLEER
D g TBES " <« > :
C/BE#{3:0] M(:omman Byte Enables " | Byte Enables Turr?:rzun: =
[/4
TpAD
TADS TADH N IDAH
_ Hi-Z Read /; Bus Hi-Z
ReadAD[31:0] _<AdcreSS Turnaround \.ReadData Turnaround
TADS| TADH TDAS | TDAH |
: Hi-Z =\ i T Dy - Bus Hi-Z
WriteAD[31:0] -2—CAdaress) WriteData @rltE*D&a}Turfﬁiuﬁ £
TTzH TTHL TTLH| TTHZ
« > , > >
Hi-Z Bus /i Hi-Z
TRDY# Turnaround
Tisc Tng‘
IL R
Hi-Z B - k \Li-Z
I RDY# : Turnalljr?)und( ZI \‘ I
TozL TbLH TDHZ
<> P
Hi-Z Bus Hi-Z
DEVSEL# Turnaround /,'

( PCI Bus Frame Timing '

Note: The above diagram shows atypical PCI buscycle. PCI bus read cycles require a bus turn-around cycle between address output
and data input on AD31:0. PCI bus write cycles do not require this bus turnaround cycle so the write data is available from the
bus master immediately after address output (in clock cycle 2 instead of clock cycle 3).

Note: Only consecutive active byte enables [BE(3:0)] are supported for both memory and 1/0 accesses.

Note: Unless otherwise specified, specifications above apply to both 5V & 3.3V operation & memory clock is assumed to be 75MHz.
Electrical specifications contained herein are preliminary and subject to change without notice.
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65548 AC TIMING CHARACTERISTICS - PCI BUS STOP (33 MHz)

Symbol Parameter Notes Min M ax Units
Tozy STOP# High Z to High from CLK — 11 nS
Tqy STOP#Activefrom CLK - 11 nS
Tg y STOP#Inactivefrom CLK - 11 nS
Tqyz STOP# High before High Z 1 1 CLK
/
‘ TSHL TsLH TsHz
«— T »
High Z /s
STOP# _‘3;/{ 4 . ya L
/4
l PCI Bus Stop Timing '
65548 AC TIMING CHARACTERISTICS - PCI BIOS ROM
Symbol| Parameter Notes Min M ax Units
Troe ROMOE#ActivefromCLK - 40 nS

Note: PCl BIOS ROM timing is derived from the PCI bus clock. Timing sequences are fixed assuming the use of widely-available,
low-cost, typical industry-standard EPROMs. Timing specifications and performance of BIOS ROM memory accesses are
non-critical since PClI BIOS ROM data is always shadowed into high-speed system memory prior to execution of BIOS code.

~
@)
—
e

N

X
o
8
EJ T .
2
S5

:

AD X Rowim Add{
ROMOE : TROEHL II
ROMA { Byte0Add X Byte1Add X Byte2 Add X Byte 3 Address ! >
TRDY# E i

l PCI BIOS ROM Timing '

Note: Unless otherwise specified, specifications above apply to both 5V & 3.3V operation & memory clock is assumed to be 75MHz.
Electrical specifications contained herein are preliminary and subject to change without notice.
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\"'r: Electrical Specifications
65548 AC TIMING CHARACTERISTICS - DRAM READ/WRITE
Symbol Parameter Notes Min Max___ Units
Tre Read/WriteCycleTime Trep=3: Trp=3 (Reset) 11Tm-2 - nS
Trep=3: Trp=4 (Normal) 12Tm -2 - nS
Trep=4 Trp=3 12Tm -2 - nS
Trep=4 Tre=4 13Tm-2 - nS
Tras RASH Pulse Width XRO5[3]=0 (Tgcp=3 Clks) (Default) = 8Tm-2 - nS
XRO5[3]=1 (Tgcp=4 Clks) 9Tm-2 - nS
Tep RASH# Precharge XR04[4]=0 (T =3 Clks) 3Tm-3 - nS
XR04[4]=1 (Tgp=4 Clks) (Default) 4Tm-3 - nsS
Tcrp CASHto RASH Precharge XR04[4]=1 (T =4 Clks) (Default) 4Tm-5 - nS
XR04[4]=0 (Tp=3 Clks) 3Tm-5 - nS
Tesy CASHHold from RASH XRO5[3]=0 (Tgp=3 Clks) (Default) = 5Tm -2 - nS
XRO5[3]=1 (Tgcp=4 Clks),(4Clk CAS) 6Tm-2 - nS
Trep RASHto CASHDelay XRO5[3]=0 (Tp=3 Clks) (Default) 3Tm-5 - nS
XRO5[3]=1 (Tgcp=4 Clks) 4Tm-5 - nS
Trey RASHHold from CASH 2Tm-5 - nS
Tep CASH Precharge Tm-2 - nS
Teas CASHPulse Width 2Tm -5 - nS
Tpasr Row Address Setup to RASH Tm-8 - nS
Tase Column Address Setup to CASH 2Tm-9 - nS
Tray Row Address Hold from RASH Tm-2 - nS
Tean | Column Address Hold from CASH Tm-2 - nS
Teac DataAccessTimefrom CASH XRO05[2-1]=0 (3Clk CAS) Std - 2Tm-5 nS
XRO05[2-1]=0 (3Clk CAS) EDO - 25Tm-5 nS
XRO05[2-1]=1 (4Clk CAS) Std - 3Tm-5 nS
XR05[2-1]=1 (4Clk CAS) EDO - 35Tm-5 nS
Trac DataAccessTimefrom RASH XR05[2-1]=0 (T r-p=3 Clks) Std - 5Tm-2 nS
XR05[2-1]=0 (T-p=3 Clks) EDO - 55Tm-2 nS
XR05[2-1]=1 (Tp=3 Clks) Std - 6Tm-2 nS
XR05[2-1]=1 (Tgp=3 Clks) EDO - 6.5Tm-2 nS
XR05[2-1]=0 (Tgcp=4 Clks) Std - 6Tm-2 nS
XR05[2-1]=0 (Tgcp=4 Clks) EDO - 65Tm—-2 nS
XR05[2-1]=1 (Tgcp=4 Clks) Std - 7Tm-2  nS
XR05[2-1]=1 (Tgp=4 Clks) EDO - 75Tm-2 nS
Tps WriteDataSetupto CASH XRO5[3]=0 (Tp=3 Clks) (Default) Tm-9 - nsS
XRO5[3]=1 (Tp=4 Clks) 2Tm-9 - nS
Tpy WriteDataHold from CASH# Tm-2 - nS
Tpe CASCycleTime 3Tm-1 - nS
Tws WE# Setup to CASH XRO5[3]=0 (Tgp=3 Clks) (Default) Tm-5 - nsS
XRO5[3]=1 (Tgcp=4 Clks) 2Tm-5 - nS
Twp WE#Hold from CASH 2Tm-5 - nS

Note: The minimum T pp g is 8 clocks for a2 CAS page mode cycle. Without page mode it is 5 clocks.
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v

< TrC

«— TRP —>

: <« —» TASRe—
Address >£ Row Col umn)k )?(:ol umn )k Row

Tasc

WE#

<«—TcAC—» TcAaCci«—»
<+«——JRAC———>

Data HighZ Road High Z E HighZ
( DRAM Page Mode Read Cycle Timing '

v

< TrRC >
< TrRAS 14— TRP —»

a X

TTCRP* <+ TRCD—pe————Tpc—— ¢ TRSH H‘

<«—Tcas—> <— TcAs—>
cast [ A
TcsH 4‘ <« Tcp

TASR || TRAH TASC|| TcaH

TcAH TASR

<> <«—p TASC &> «—"—»
Address * Row H’Column )E’Column)k )E Row
Tws TwH
WE# \t l
I I
ToH ToH

TDSH»| «——"» Tobs «—»
Data )E\:VriteDaté{ *WriteDa@k

( DRAM Page Mode Write Cycle Timing '

Note: The above diagrams represent typical page mode cycles. 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 75MHz.
Electrical specifications contained herein are preliminary and subject to change without notice.
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65548 AC TIMING CHARACTERISTICS - DRAM READ/MODIFY /WRITE
Symbol Parameter Notes Min M ax Unitg
Trrvw RASH Pulse Width XRO05[3]=0 (Tgcp=3 Clks) (Default)  16Tm -5 - nS
XRO5[3]=1 (Trp=4 Clks) 17Tm-5 - nS
Termw CASH Pulse Width 6Tm-5 - nS
Tawp Col Addressto WE# Delay XRO5[3]=0 (Tp=3 Clks) (Default) =~ 6Tm-—8 - nsS
XRO5[3]=1 (Tp=4 Clks) 7Tm-8 - nS
Tewp RASHto WE#Delay XRO5[3]=0 (Tgp=3 Clks) (Default) = 7Tm-5 - nS
XRO5[3]=1 (Tgcp=4 Clks) 8Tm-5 - nS
Tepwp CASHPrechargeto WE# Delay 5Tm-5 - nS
Togz Output Turnoff Delay from OE# - ™m nS
Topw OE#WriteDataDelay Tm+3 - nS
Toer OE#ReadDataDelay XR05[7]=0 (Std DRAMYS) — 2Tm-5 nS
XR05[7]=1(EDODRAM?S) — 3Tm-5 | nS
XRO05[1]=1 (4 Clk CAS) — 3Tm-5 | nS
< TRRMW >
RASH \ J‘
Tcrp TRCD TCcrRMW <T_CP> TCcrRMW ‘
CASH __/ \ 7\ /
TASR| TRAH TAsc| TcaH Tasc| TcaH
4—P<—p Wd—b P> —Pp
Address X Row )b(CoI umnX X ColumnX X  Row
« TRWD ™ TAWD > < TcPwD >
= \__/ \__/
Tcac—»|  [«— Tcac—»|  j«—
OE# j;_ *_
TOER—>| <— TOER—>| [«—
Toew, —» Toew —»
Toez| —» TE}E Ton Toez| —» TE;_)E Ton
alld hilld
Data { Read){ Write }—— Read){ Write )

( DRAM Page Mode Read Modify Write Cycle Timing '

Note: The above diagrams represent typical page mode cycles. 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 75MHz.
Electrical specifications contained herein are preliminary and subject to change without notice.
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65548 AC TIMING CHARACTERISTICS - CBR REFRESH

Symbol Parameter Notes Min Typ Max _ Units
Tcur RASHto CASHDelay 5Tm-5 - - nS
Tesk CASHIORASHDelay Normal Operation Tm-2 - - nS

Standby Mode 2Tm-5 - - ns
Tras RASHPulse Width 5Tm-5 - - nS
TrAS
<“—>r
Tcsr | |TcHR
v — U
CASBefore-RAS (CBR) DRAM Refresh Cycle Timing

65548 AC TIMING CHARACTERISTICS - SELF REFRESH

Symbol| Parameter Notes Min Typ Max | Units
Trass RASH Pulse Width for Self-Refresh 100 - - uS
Trp RASH Precharge XR04[4]=0 (T =3 Clks) 3Tm-3 - nsS

XRO04[4]=1 (Trp=4 Clks) (Default) 4Tm -3 - ns
Trps RASH Precharge for Self-Refresh 10Tm - - nS
Trpce RASHto CASHDelay 3Tm-5 - - nS
Tese CASHtoORASHDelay Normal Operation Tm-2 - - nS
Standby Mode 2Tm-5 - - ns
Teys CASHHold Time 0 - - nS
Tepy CASH Precharge Tm-5 - - nS
| TRP | ‘ < TRASS | TRPS |
RASH B /
TRPC Tcsr ?t 4 TCHS
TcPN
cast __f I
Dout High 2
Address

'Self-Refresh DRAM' Refresh Cycle Timing

Note: Upon exiting self-r efresh mode, the 65548 will per for m acompleteset of CBR refr esh cyclesbeforeresumingnormal DRAM
activity. Thedurationof thebur strefr eshwill equal thepanel power sequencingdelay, programmedin XR5B bits7-4.
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65548 AC TIMING CHARACTERISTICS - VIDEO INPUT PORT TIMING

Symbol Parameter Notes Min Max | Units
Tpys Video Port Input Data Setup to PCLK out PC-Video Mode 12 — nS
Tpyy Video Port Input DataHold from PCLK out PC-Video Mode 0 - nS
Tyys VideoPortInput DataSetuptoVCLK in VAFC Mode 10 - nS
Tpyy Video Port Input DataHold from VCLK in VAFC Mode 2 — nS
Tyek  VCLK Input Frequency VAFC 1.0 Specification - 375 MHz
Tyen VCLK Input Clock High Time VAFC 1.0 Specification 10 — nS
Ty VCLK Input Clock Low Time VAFC 1.0 Specification 10 - nS

(PC-VideoMode) PCLK Out
(VAFCMode) VCLK In '

Tpvs + TPvH
Tvvs . TVVH
VideoPortDataln  Pixe 'n' )E Pixel 'n+1’ )L Pixel 'n+2' )
(VAFCOnly) GRDY Out
VRDY In

(VAFCOnly) EVID#In

( Video Input Port Timing '

65548 AC TIMING CHARACTERISTICS - CRT OUTPUT TIMING

Symbol Parameter Notes Min Max Units
Tsyn HSYNC, VSYNC delay from VCLK in - 50 nS
Tsyn HSYNC, VSYNC delay from VCLK in(3.3V) - 80 nS
Tgp VCLK into SHFCLK delay - 30 nS
Tgp VCLKinto SHFCLK delay (3.3V) - 50 nS

VCLK in /- \ /

TsyN
HSYNC, VSYNC out

<T—SD>
SHFCLK out
( CRT Output Timing '

Note: Unless otherwise specified, specifications above apply to both 5V & 3.3V operation & memory clock is assumed to be 75MHz.
Electrical specifications contained herein are preliminary and subject to change without notice.
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65548 AC TIMING CHARACTERISTICS - PANEL OUTPUT TIMING

Symbol| Parameter Notes Min M ax Units

Tge SHFCLK cycletime Datalatched on SHFCLK fall 25 - nS

Datalatched on SHFCLK rise 15 - nS
Tgpr | Panel datasetup to SHFCLK fall 1/2 Tsc-5 - nS
Tupe Panel datahold to SHFCLK fall 1/2 Tsc-3 - nS
Tgpr | Panel data setup to SHFCLK rise Tsc-10 - nS
Thpr Panel datahold to SHFCLK rise 0 - nS
Tgcp  Panel control setup to SHFCLK fall 12 Tsc-5 - nS
Thcrp  Panel control hold to SHFCLK fall 1/2 Tsc-3 - nS
Tgcr  Panel control setup to SHFCLK rise Tsc-10 - nS
Thcer Panel control hold to SHFCLK rise -3 - nS

Note: AC Timing is valid when: DVCC=5V, XR6C[2]=X, max output loading=50pF or when: DVCC=3.3V, XR6C[2]=1, max
output |oading=25pF.

PL230] | )( X
&ii THDF:E i
i EETSDR EME
DE,LP,FLM; X X
R S
i i; TscrR i THCR i

( Panel Output Timing '
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Mechanical Specifications
Plastic Quad Flat Pack (PQFP)

Lead Length
0.50 +0.20
(0.020 +0.008)

%\
Lead Pitch

f |~
050 (0.0197) 1T

Lead Wi dth( LI 4
020 +0.10 S ©
(0.008 +0.004) __ [IT ]
== L
ARAAR AR RARR AAARAARRARRARR AARRARRAAARARRRARRARRAARRR .
208-Pin PQFP £c o
Plastic Quad Flat Pack =< o DIMENSIONS:
: =5 2 o mm (in)
CHIPS Part No. and Revision | & F65548 R =" °
VendorMask| dentifier XXXXXXX % ) g
Date Code and Country of Assembly YYWV CCCCCC % ‘g ;8:
Lot Code (Optional) LLLLLLL %
== == Clearance
= O =2 = 025 (0.010)
ELEERREEELREERREEELREERLEEELREEREEERLREEREEERLRELL S M'f"m“m
. Body Size 280 01 (1102 20004 sering ;Iane :g?ht(o.leo)
Footprint  30.6 +0.4 (1.205 +0.016) Maximum
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