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FLAT PANEL DISPLAY CONTROLLERS FOR PC APPLICATION

The popularity and demand for flat panel displays
replacing CRTs grows annually. With the increasing
popularity of these display devices, there is an ever
increasing challenge to have the flat displays maintain
the same advanced performance characteristics as
the CRT with little to no concession. The fact remains,
however, that the flat panel display is widely different
from the CRT. In addition, all of the flat display tech-
nologies, LCD, EL and Plasma, differ greatly from
each other. Since all of the displays have different
operational and cost differences, there is no obvious
display for all applications. Astate-of-the-art controller
mustbe able to run all of the displays, maximizing their
particular strengths while minimizing their weak-
nesses. This has been the ultimate challenge for the
leading chip manufacturers.

The key in maximizing the operation of the various
displays is the understanding of the differences be-
tween the CRT and the various flat display technolo-
gies. A CRT has a large active area that can display
differentresolutions,given it's timing parameters. The
CRT gun can place pixels and rows of data anywhere
it is directed by the control signals. In this way, low
resolution displays are placed on high resolution CRTs
and the "blank" areas of the displays can be "filled" or
compensated. The flat display is different because
they all have a fixed matrix of rows and columns of
pixels. This means that lower resolution video cannot
give the panel the necessary signals to drive the
display. Apart from the physical differences between
the CRT and flat displays, another major obstacle is
the "translation” of color CRT information to mono-
chrome displays. Color to grayscale representation
must be transparent to the software and the video
controller, while at the same time, be accurate for the
viewer. Thatis to say that the color representation in
black and white must have the same tone quality and
intensity so the video information is not compromised.
Finally each flat technology exhibits different perform-
ance variances that prevent the display from appear-
ing identically like a CRT. Response timing, contrast,
and phosphors properties require unique handling to
either minimize a performance liability or as a method
of enhancing a displays characteristics.

Inthe 1986 time frame, the chip industry tackled the
driving of the flat display with the early introduction of
the CGA compatible laptop computers. Due to poor
operational characteristics, LCD displays had only
limited demand prior to that point. Given comparable
resolutions, the timing requirements for EL and
Plasma technologies were only slightly different than
the CRT. As the demand for LCD CGA controllers
grew, early chip manufacturers succeeded in lowering
the component count of the CGA function and were
able to add the required control lines to operate the
LCD display. It had to have a unique controller that
could drive the display while being totally transparent
to the host PC. From this beginning, new families of
controller chips for the PC compatible, was born.
Later, controllers grew to meet the requirements of the
EGA specification. In this case, the LCD models from
Japan were all 640 x 400. The EGA specification was
640 x 350, so the first tack of the new controllers had
to compensate for this resolution/timing difference.
The flat display EGA controller was designed to map
out the 350 lines of data onto the 400 line display by
double writing every seventh line. This filled the 400
display with 400 lines of data but the PC worked with
the standard 350 of data from its standpoint.

Resently, the demands on video controllers have
increased. VGA is now the ubiquitous video standard.
Because of this, itis all butimpossible to buy a mono-
chrome LCD in any other resolution but 640 x 480.
The other technologies; TFT color LCD, passive duty-
drive LCD color displays, EL and Plasma need to be
driven in the VGA environment. To keep up with these
new display technologies while not "playing favorites”
by not supporting one display type, the modern chip
manufacturers have to introduce entirely new families
of display controllers. These new controllers have the
latest architecture that allows them to keep up with
panels that have not yet been released.

The trends in display controllers dictate that the
display controller must be able to operate all of the
current displays and be demanded by the market to
drive soon-to-be-released models and technologies.
Secondly, the manufacturers must respond to the con-
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stant pressure from the market to be competitively
priced while increasing performance. Other concerns
for today’s controllers manufacturers are the migration
to 3.3 V operation, supporting higher resolutions with
the XGA-compatible specification, simultaneously op-
erating a CRT with a flat display, supporting very large
color palettes and the ability to be bus compatible for
the newest trends in PC architecture. All the while, the
performance and compatibility of the hardwareand the
software cannot be jeopardized.

To these ends, the modern chip manufacturer is
introducing families of controllers rather than just one
device. Each family has a core design thatis code and
register compatible with all the other members. This
core design was developed to have all of the design
features that are required in today’'s market, while
maintaining a competitive price. For scaled back,
limited operation applications a chip is offered with
reduced specifications, primarily targeted towards
black and white LCD operation in a notebook opera-
tion. This device typically offers less function butat a
reduced price. In some cases, a subset of this device
is offered in extremely low power/chip count operation

for limited LCD only VGA function. This is the humber
one market demand by the notebook industry. On the
other extreme, there is a superset of the basic device
that maximizes colors, speed and upward compatibil-
ity with the next generation of video standards. These
devices will cost more than the base device but will out
perform them as well.

The purpose of this application note is to outline the
display controllers currently released to the market by
the top video controller manufacturers. Each manu-
facturer, presented in alphabetical order, has prepared
by themselves, a one page overview of their leading
devices. Following this section is a matrix of specifi-
cations. This will allow the engineer to better evaluate
each device from the manufacturer as well as compar-
ing them to other manufacturers in an "apple to apple”
comparison. This document has been reviewed by its
participants for fairness and accuracy. As any speci-
fication document, various parameters may change
over time. Though every effort was takento be correct
and thorough, Sharp Electronics cannot guarantee the
accuracy of the information presented.
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CHIPS AND TECHNOLOGIES
CHIPS 65520/530 MONOCHROME/COLOR FLAT PANEL/CRT CONTROLLER

OVERVIEW

The 65520 or pin-compatible 65530 supports up to
1280 x 1024 16 grayscales or 800 x 600 64 grayscales
on Sharp’s monochrome LCD and EL panels. The
65520 increases the color palette of Sharp’s 512-color
TFT LCDs to 24,389 colors. The pin-compatible
65530 supports Sharp’s single or dual-drive color STN
LCDs with a 226,981 color palette and 512-color TFT
LCDs with a 185,193 color palette. The 65520 or
65530 provides a variety of fully programmable op-
tions to enhance display quality, such as:

e Gray scaling algorithm to reduce flicker on fast-re-
sponse,"mouse quick" LCDs

e Vertical compensation techniques to completely fill
the panel with lower resolution software via line
replication, blank line insertion or TallFonts™

e SMARTMAPT™ color to grayscale conversion to op-
timize the foreground/background contrast in text
modes

e The 65520 or 65530 provides simultaneous CRT
display with single or dual-drive LCDs (3 MHz or
faster).

The 65520 or 65530 requires only three external
components - CHIPS’' 82C404 programmable clock
synthesizer and two memories - for a complete VGA
sub-system on the motherboard. Memory options in-
clude two or four 256K x 4 DRAMSs or 256K x 4 VRAMs
ortwo 512K x 8 DRAMs. VRAMSs provide significantly
higher performance and lower power consumption
than DRAMSs for video memory.

The 65520 and 65530 provide high performance for
Graphics User Interface (GUI) application software.
The controllers employ a FIFO and write buffer archi-
tecture providing zero wait-state operation with the ISA
bus. The 65520 supports the 386SL’s "PI" local bus,
and the 65530 supports the 386SL’'s "PI" and
386DX/SX’s local CPU buses.

The 65520 and 65530 are both optimized for mini-
mum power consumption. The 65530 provides
"mixed" 3.3 V and 5.0 V operation, so that the VGA,
video memory and bus interface operate 3.3 V and the
panel interface operates at 5.0 V. The 65520 operates
at either 5.0 V or 3.3 V. Both the 65520 and 65530
supports self-refresh 256K x 4 DRAMs and 512K x 8
DRAMs during suspend/resume power down.

Table 1.
CHIPS 65520/530 Monochrome/Color Flat Panel/CRT Controller

FEATURES

BENEFITS

Drives Monochrome & Color LCD, EL & FPlasma Panels
1024 % 768 16 Colors/B800 » 600 256 Colors On CRTs
Simultaneous LCDICRT Display

Frogrammable Gray Scaling/Color Generation Algorithm
Four (4) Chip VGA Sub-System

Supports Various Yideo Memory Configuration

Local Bus Support, Write Buffer/FIFO; 0-Wait State Pin
33V orb0V Operation

Full¥GA and Backwards Compatibility

Flexible Panel Support

Super YGAResolution Support
Facilitates Making Presentations
Supports "Mouse Quick" LCDs
Minimum Chip CountBoard Space
Range of Price/Performance Cptions
High Graphics Performance

Extends Battery-Base Operation
Runs All Application Software
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CHIPS AND TECHNOLOGIES
CHIPS 82C9001A PC VIDEO WINDOWING CONTROLLER

OVERVIEW

CHIPS PC Video controller provides real-time video
data acquisition, scan rate conversion and display
windowing control for displaying live video with VGA
graphics on flat panel displays and CRT monitors. PC
Video supports the industry-standard video formats
(NTSC, PAL, SECAM, S-VHS & RGB). The size of the
video window is controlled by PC Video's input crop-
ping and scaling features. The position of the video

window is controlled by independent X-Y coordinates
and by color keying. PC Video’s ability to save and
restore acquired data to/from system disk or memory
enables a PC Video sub-system to serve as a low-cost
frame grabber. PC Video and the 82C457 provide a
cost-effective method fordisplaying video from a tape,
CD-ROM, camera of digital tuner in a VGA graphics
window on a CRT monitor and Sharp’s color TFT LCD.

Table 2.

CHIPS 82C9001A PC Video Windowing Cont roller
FEATURES BENEFITS
Merges Yideo Input With YGA Graphics Provides Cost-Effective Multi-Media Solution
‘ery Cost Effective Reduces End-User Price From > $2,000 to < $500
Still Frame Capture & Display Serves As Frame Grabber
Pragrammable Window Size & Position Provides End-Users With Full Control
Direct Interface With CHIPS 82C457 Supports Simultaneous Display on LCDs & CRTs

CHIPS AND TECHNOLOGIES
CHIPS 82C457 Full-Color VGA Flat Panel/CRT Controller

OVERVIEW

The 82C457 along with CHIPS’ 82C9001A Video
Windowing Controller displays a live video image with
VGA graphics simultaneously on a CRT monitor and
Sharp’s color TFT LCD. The 82C457 increases the

color palette of Sharp’s 512-color TFT LCDs to 24,389
colors. The 82C457’s programmable vertical compen-
sation techniques stretch lower resolution software to
completely fill 640 x 480 resolution LCDs.

Table 3.
CHIPS 82C457 Full-color VGA Flat P anel/CRT Controller

FEATURES

Direct Interface To PC Video CHIPSet
24,389 Color On TFT LCDs

800 x 800 x 18 Colors On CRT Monitars
Full VA and Backwards Compatibility
Five (&) Chip VGA Sub-System

BENEFITS

Full Maotion Video Capability on LCD/CRTs
Direct Interface To Sharp's Color TFT LCDs
Super YGA Resolution Support

Runs All Application Software

Low Chip Count/Board Space
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CHIPS AND TECHNOLOGIES
CHIPS F8680 SINGLE CHIP PC

OVERVIEW

The F8680 integrates into a single chip all of the
functionality required to implement a PC compatible
computer except memory. The chip integrates a high-
performance 8086 compatible CPU, CGA Graphics
Controller, PC Systems Logic, 16C450-Compatible
UART, and Power Management into a single 160
PQFP.

The CGA controller supports 640 x 400, 640 x 200
and smaller resolution single drive LCDs. The control-
ler features programmable Frame Rate Control and
"Visual Map". Visual map provides excellent visual
contrast on any LCD Panel. All 256 possible fore-
ground/background contrast combinations are pro-
grammable. Only one 32K x 8 120 ns SRAM is
required for the video memory.

Table 4.
CHIPS F8680 Single Chip PC

FEATURES

16 Programmable grayscales using Visual Map

Pragrammable Frame Rate Control
Sleep/Suspend Mode Support
small Panel Support

High Integration

BENEFITS

Excellent Visual Contrast
Reduced Flicker
Increased Battery Life

Non-Standard LCD Display
Feduced Power and Board Size

CHIPS AND TECHNOLOGIES
CHIPS 82C426 CGA LCD/CRT CONTROLLER

The 82C426 provides eight flicker-free grayscales
or colors on LCD panels with up to 640 x 400 resolu-
tions on CRT monitors. The 82C426’s SMARTMAP™
feature improves the contrast of text on monochrome

LCDs. The 82C426 employs a single 32K x 8 SRAM
for video memory, enabling a highly integrated CGA
sub-system.

Table 5.
CHIPS 82C426 CGA LC D/CRT Controller

FEATURES
lUp 1o 640 x 400 Resolution LCDs

Up to 8 grayscales or Colors
SMARTMAP™

88 or8x 16 Fonl

SLEEP Mode

BENEFITS

Direct Interface To Small, Low-Cost LCDs
Flicker-Free Display Quality

Improvides Contrast of Text on LCDs
YGA Quality Text In CGA Sub-System
Extends Battery Life
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CIRRUS LOGIC
CL-GD6410 LCD VGA CONTROLLER
FOR NOTEBOOK COMPUTERS

OVERVIEW

The CL-GD6410 is a single-chip VGA controller
optimized for use in notebook computers, where re-
duced form factor and low power consumption are
critical design objectives. With the CL-GD6410, a
complete motherboard VGA controller requires only
four or five ICs, and can fit within four square inches
(excluding power sources and connectors). A true
two-DRAM video memory (256K x 4), on chip RAM-
DAC, direct-connect ISA (PC AT) bus interface, and
direct-connect LCD interface all help to minimize the
form factor.

By using Cirrus Logic's Frame Accelerator tech-
nique, the CL-GD6410 is able to provide a high vertical
refresh rate for dual-scan LCD panels while operating
at approximately one-half the clock speed of other
LCD controller solutions; this provides a significant
reduction in full-active power consumption and ex-
tends battery life. In addition, standby and suspend
modes are supported in the hardware of the CL-
GD6410 to enable multiple levels of system power
management.

The CL-GD6410 provides 64 shades of gray on
monochrome LCD panels. Duty-cycle modulation,
combined with dynamic pattern-management algo-
rithms, provide 640 x 480-resolution grayscales with
no apparent flicker. Pixel-doubling and stripping tech-
niques provide increased grayscale in the VGA high-
color Mode 13. In all cases, theCirrus Logic gray scale
provides consistent linear-step functions, making
smooth transitions from black, through the grayscale,
to white. With a direct connection to 512-color TFT
LCD panels, the CL-GD6410 provides a single-con-
troller solution formon ochrome and TFT color portable
computers. The CL-GD6410 also provides a direct
interface to the CL-GD6340, Cirrus Logic’'s color LCD
interface controller, for STN color LCD panels.

The CL-GD6410 supports SimulSCAN™, a tech-
nigue introduced by Cirrus Logic for achieving simul-
taneous CRT and LCD operation. SimulSCAN™
supports both single and dual-scan LCDs, and both
fixed and multifrequency analog CRTs. Monochrome
LCDs may be operated in reverse video (pagewhite)
simultaneously with normal CRT operation.

FEATURES

Single-chip VGA controller
IBM-VGA-hardware-compatible

Simultaneous CRT and LCD (SimulSCAN™)
operation

Two 265K x 4 DRAM video memory for small
form factor

Integral RAMDAC

Integral LCD panel interface

— Control and data buffering

— Power sequencing logic

Direct connection to ISA (PC AT) bus
Frame-Accelerator for low active power
Standby and suspend modes to save power
Expanded operational range: 5V +0%
64-shade grayscale on monochrome STN LCD
— NTSC sum-to-gray color mapping

— Multiple sum-to-gray weighting options

Direct connection to 512-color TFT LCD panels

— Single-controller design for STN monochrome

and TFT color LCD’s

Graphics and text expansion of VGAmodes on LCD

800 x 600 x 16 color on analog CRT
8- or 16-bit CPU interface

Packaged in 160-pin (EIAJ-standard) QFP package

— Pin-out optimized for efficient board layout
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CIRRUS LOGIC
CL-GD6412 LCD VGA CONTROLLER
FOR MIXED-VOLTAGE NOTEBOOK COMPUTERS

OVERVIEW

The CL-GD6412 is a single-chip VGA controller
optimized for use in systems with a mix of 3.3 V and
5.0 V components, where quick implementation of a
notebook computer with reduced power consumption
is the critical design objective. In a design using the
CL-GD6412, the internal logic can use a 3.3 V power
supply for reduced power consumption. The video
memory, host bus interface, panel interface, and clock
interface may each be implemented at either 3.3 V or
5V. The voltages of these interfaces may be mixed in
virtually any combination.

Multiple levels of system-power management are
supported in the hardware of the CL-GD6412.
Standby mode can be driven by software, or an inter-
nal counter. Suspend mode can be driven by software
or hardware by means of a suspend pin. The hard-
ware suspend pin allows a nearly complete shutdown
of the device, with no bus decoding for very low power
consumption. The CL-GD6412 is based on the proven
CL-GD6410 architecture, one of the industry’s most
popular LCD VGA controllers. Basic design and pro-
gramming models are unchanged. This allows for the
highest confidence in quick development schedules.

Withthe CL-GD6412,a complete motherboard VGA
controller requires only four or five ICs, and three
external pull-up/pull-down configuration resistors. It
can be designed in less than four square inches (ex-
cluding power sources and connectors). Atwo-DRAM
video memory interface (256K x 4), on-chip RAMDAC,
direct-connect ISA (PC AT) bus interface, and direct-
connect LCD interface, all help to minimize the form-
factor.

The CL-GD6412 has enhanced algorithms for dy-
namic pattern-management within the Frame Rate
Duty Cycle, providing a grayscale with minimum ap-
parent flicker, even on 4 MHz or quick response
'mouse-quick) panels. In all cases, the Cirrus Logic
grayscale provides smooth transitions from black,
through the grayscale, to white, for maximum display
guality of realistic images.

The CL-GD6412 supports SimulSCAN™, a tech-
nigue introduced by Cirrus Logic for achieving simul-
taneous CRT and LCD operation. Reverse video is
controlled separately forthe LCD display data path, so
that page-white LCD operation may occur simultane-
ously with normal CRT operation.

FEATURES
e Single-chip VGA controller

e Mixed voltage: 3.3 V or 5.0 V on any major interface

— Supports JEDEC Number 8 low voltage CMOS
standard 3.3V 0.3V

— Mix 3.3 V or 5.0 V system components with no
external-level converters

e IBM VGA hardware-compatible

e Two 265K x 4 DRAM video memory for small
form-factor

* Integrates RAMDAC
e Integrates LCD panel interface
— Control and data buffering
— Power sequencing logic
= Direct connection to ISA (PC AT) bus
e Frame-Accelerator for low-active power
e 64 shade grayscale on monochrome STN LCD
— NTSC sum-to-gray color mapping
— Multiple sum to gray weighting options

e Enhanced flicker-reduction algorithms for 4 MHz
and quick response LCDs

e Directconnection to 512-color TFT (Thin Film Tran-
sistor) LCD

— Single-controller design for STN momochrome
and TFT color LCDs

e Graphics expansion and compression maps CRT
modes to fixed-resolution LCD

e Packaged in 160-pin (EIAJ-standard) QFP package
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CIRRUS LOGIC
CL-GD6420 LCD VGA CONTROLLER
FOR HIGH-RESOLUTION NOTEBOOK COMPUTERS

OVERVIEW

The CL-GD6420 is a single-chip VGA controller
optimized for use in high-end notebook computers,
where high resolution CRT capabilities and high pre-
formance are critical design objectives. The CL-
GD6420 is based on the proven architecture of the
CL-GD6410. The CL-GD6420 adds a scaleable video
memory capability, supporting up to eight 265K x 4
DRAMSs.

By using the Cirrus Logic Frame-Accelerator tech-
nique, the CL-GD6420 is able to provide a high vertical
refresh rate for dual-scan LCD panels while operating
at approximately one-half the clock speed of non-ac-
celerated LCD controller solutions. This provides a
significant reduction in full-active power consumption,
extending the battery life of notebook computers.
Standby and Suspend Modes are supported in the
hardware of the CL-GD6420, to enable mutiple levels
of system power management. Standby mode can be
initiated by software, by a programmable on-chip
timer, or a separate standby pin.

The CL-GD6420 provides 64 shades of gray mono-
chrome LCD panels. Duty cycle modulation, com-
bined with improved dynamic pattern management
algorithms, provide 16 shades of gray with minimum
perceivable flicker, even on 4 MHz and fast response
(mouse-quick) LCD panels. Grayscale enhancement
provides 64 apparent shades of gray on the LCD for
640 x 480 x 265 color extended mode operation.
Pixel-doubling and stippling techniques provide in-
creased grayscale in the VGA Mode 13H.

With a direct connection to 512-color TFT LCD
panels, the CL-GD6420 provides a single-controller
solution for 64 grayscale monochrome and 256-simul-
taneous-color portable computers. Extended color
mode support allows 640 x 480 resolution with 256
colors TFT LCD panels. For color STN LCD panels,
the CL-GD6420 provides a direct interface to the CL-
GD6340 color LCD interface controller. The CL-
GD6420 supports Simul[SCAN™ operation, a
technique introduced by Cirrus Logic for achieving
simultaneous CRT and LCD operation. SimulSCAN™
supports both single and dual-scan LCDs, and both
fixed multifrequency analog CRTs. Monochrome
LCDs may be operated in reverse video (page-white)
simultaneously with normal CRT operation.

FEATURES

Single-chip IBM VGA hardware-compatable
controller

e Up to 1 MByte (2, 4, or 8) 256K x 4 DRAM Video
Memory

e Extended resolution up to 1024 x 768 with 265
colors on CRT

e Simultaneous display on LCD panel and CRT
e Integral RAMDAC
e Integral LCD panel interface
— Control and data buffering
— Power sequencing logic
e Direct connection to ISA (PC AT) bus
e Standby and Suspend Modes to save power
— Internal standby counter or hardware standby pin
e Expanded operational range: 5V +10%
e 64-shade grayscale on monochrome STN LCD
— NTSC sum-to-gray color mapping
— Multiple sum-to-gray weighting options

e Enhanced flicker-reduction algorithms for 4 MHz
and quick response LCDs

e Direct connection to 512-color TFT LCD panels
e Graphics and text expansion on LCD
e Packaged in 160-pin (EIAJ standard) QFP package
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CIRRUS LOGIC
CL-GD6340 COLOR LCD INTERFACE CONTROLLER

OVERVIEW

The CL-GD6340 is a flat-panel interface chip for use
with the CL-GD64xx family of LCD VGA graphics chips
to provide full-color displays on color LCD panels. By
using multiple techniques for color shading, the CL-
GD6340 is able to increase the number of colors an
LCD can display. This interface controller can also
produce up to 64 shades of gray on monochrome LCD
panels. The CL-GD6340 supports active matrix pan-
els with up to 1, 2, 3, or 5 bits per pixel (8, 512, 4K, or
32K-color panel capability). It supports color passive
(STN) LCD with single and dual-scan architectures.

The CL-GD6340 handles subtle graduations of
shade and hue, expanding an LCD panel’s total color
(or grayscale) capability, and providing a display qual-
ity that compares with CRTs. With a complete Cirrus
Logic color LCD VGA solution, even eight-color panels
can support all VGA modes (including mode 13), dis-
playing 256 simultaneous from a palette of thousands.

The CL-GD6340 features a highly-programmable
panel interface, with timing and power-sequencing
logic. The CL-GD6340 can provide SimulSCAN™ op-
eration, driving analog CRT and digital LCD in parallel.
SimulSCAN™ supports both single and dual-scan
LCDs, and both fixed and multifrequency analog
CRTs. Monochrome LCDs may be operated in re-
verse video (page-white) simultaneously with normal
CRT operation.

FEATURES
e On-chip support for active-matrix LCD panels

— 8,512, 4K, or 32K-color panels

— Monochrome panels with or without grayscaling
capability

e On-chip support for passive-matrix LCD panels
— Dual scan
— Single-chip

e On-chip buffers and logic to support monochrome-
and color-passive LCD panels (single- and dual-
panel displays)

e Provides full-color VGA on color panels

— 256 simultaneously displayed colors in VGA
mode 13

— 16 simultaneously displayed colors in VGA
mode 12

— Selected from palette of thousands of colors

e Supports all VGA modes on monochrome
LCD panels

— 64 shade grayscale on passive monochrome
panels

— 16 shade grayscale on active-matrix panels with-
out grayscaling capability

e Simultaneous displays on analog CRT and LCD

e Easy interface with Cirrus Logic VGA
controller chips

e On-chip RAMDAC and RAMDAC extension
registers

e 32 MHz operation

e Packaged in EIAJ-standard 100-pin plastic
Quad Flat Pack (QFP) package

LCD Application Note

Page 9



Liquid Crystal Displays

SHARP

Flat P anel Display Controllers for PCs

o1boj [euopippe ou yum sfeued S3A ON ON 10100 AinQ NLS O¥2/1
NLS 20109 saALp ARoelp 42006 '8oinep soejislul N1S G5006 0} 89BJalUI Y920/92006 S3A S3A S3A 10100 AIng NLS 08¥/}
paiinbei aiboj jeucwppe ou ‘siaued |4 106 SeALp Agosiq S3A S3A S3A 14140109
S3A S3A S3A 13 sjeds Aerp
S3A S3A S3A 13 SWOIYIoUOK
S3A $3A S3A GOTMWENLSLOVZ/L |  uoddng Aeidsiq jeued el
paoeyieluI-uoU 89/ X ¥20) N952/952 95291 N95e/0L 89/ 8wl $201
LT T W952/962 952/952 009 Sewn 008
08¥ X 0¥9 0} dn s8pow ul Jojog enij 1q 9} sWoddns 12006 preerdy et 0952952 958/952 08 sewn 019
08 X 0F9 0} dn Sepow Ul sojo9 aruj uq 9| suoddns $2006 Py i) M952/952 N9G2/9G2 | ONB(ed J0j0D/8I0|00 SNOBUBYNWIS 00¥ sewy 09 feidsiq 1HO
fog
916o) 8109 yum uonounfuco uj pebieuew Bujousnbes Jemod jeued ON ON ON -U09 8ouanbag 1amod |eued
peuewrew Aiowsy
uondwnsuoo Jemod sdure-oiojw 0g :epow ,des|s deaq), Sialo AM S3A S3A S3A umo( pesemod YOA -Agpuers
S3A S3A S3A 8AROE YDA -0 [ued SApOY UMO(] Jomod
iajiys [9A3) pajesBelu] ‘(%01+) A0’ 01 (%04-) ASE S3A S3A ON safiejop poxiy
S3A S3A S3A 00AEE
S3A S3A S3A O0AS sabeyop Ajddng Jemod
sjqewwesbosd
a1e sejouanbayy yoop ‘uojeledo AQ'G PUB AE'E Yloq Joj paubisep s %00io Uking S3A ON ON iojesaua %00/ ul-ying
uogesedo AQ'G PUe AE'E 4o} paubisep QYQWYH UFIING $2006 S3A S3A S3A OVQNVY u-iing
ddoudgoz| dioudibl| d40udvbl abeyoed
ZHN S8 ZHN 05 ZHW 05 Kedsiqied | Aousnbay YTOW winwocey
ZHN S8 ZHN 05 ZHN 0§ 14D peanba) WYHQ whwiuiy
Jayng [euoippe om Aejdsip snosueynwis poddns Uea g0 94X952-} ¥X952-2 ¥X952-2 eaepelu|
ligee lasel g9l ejep Asowep WniXep
JOVdISV4 | 3OVdiSV4| IFOVdLISv4 ainjoeyyoy Alowsiy Kiows Aeidsig
ON ON ON sng |0d el
$3A S3A ON sng |d 1598
S3A S3A S3A [ouueyQ 0siN
S3A S3A S3A sng ysi
S3A S3A S3A Kiowa fenyiA
tadep efoko 0} e|qewwesBoud - $2006 ‘81940 Z - ¥920/92006 S3A S3A S3A Jejing alum
S3A S3A S3A SjelS M 067
$3A ON ON Kiowsy ¥a-2¢
S3A S3A S3A Kiowspy ug-94
S3A S3A S3A on g9l
snqeoofyq zeendl | QILVHOILNI ON ON sng 2007 8oepelu| 1SO0H
SININWOD 2906 V92206 92906 s3HNivad

lenbiq useisom
‘9 d|qelL

LCD Application Note

Page 10



Flat P anel Display Controllers for PCs

SHARP

Liquid Crystal Displays

AoN/Bny degseune | aunpuorep 8|qe|leAy/1ox/eN 0} eses|jay
Weyuasselg P isissy aur] SW S3A ON ON Meiq aun
9 ¥9 10 ZE X ZE ‘218 Josino sjqewweibolg S3A ON ON 1081 elempIeH
eouewioyed paaoidw Joj epow [exid pexoedm ygug S3A ON ON Vg UO1B18]800Y MOPUIA,
S3A S3A $3A JuswiaoueyU3 IX0] SHUM
"senbjuyos} eulj YN eAlRedwod sa Ayenb Aejdsip ON ON ON uolpasu| aur] yuelg
Jousdns sepirosd wywobie uoneadnp suy Aejsuidold “senbiuyos) S3A S3A S3A POl e, sjuo4 leL
uojsuBdx® [BIGA BIBMYOS DU BIBEMPIEY Ljog Hoddns S8oiABp Y S3A S3A S3A PO X8l Buiyoang eouiep
S3A S3A S3A Buusjue) [ejuozuoH
ON ON ON Buuejue) [eoiep
S3A S3A S3A Auo usain
S3A S3A S3A fenb3
YOA 'PIS Ul $9/91 188q 108feS "sajeaskelb jo “Boid (Iny sepimald S3A S3A S3A Wy Buiddew ejqewweiBo.y
S3A S3A S3A OSIN suofionpay s[easAelo) o} J0jo)
S3A S3A S3A wwobly uoneleusy) JojoD/aieoshelsy | - seinjesd Justwaoueyu3 Aeidsig
“Aeydsip snoeueynws Jof Jeyng swey sjesedss & slnbel S3A S3A S3A 10{0) 141 pue 1HO
10U 80P 2006 841 "8pow Ae(dsip snosuelnWS Ul Jou Ueym Alowew S3A ON ON s0100 ANQ O¥2/L PUB 1HO
08pIA SE pasn 10 4o pelemod eq Aew Aejdsip snosuelnwys Jo} Jeyng S3A S3A S3A 10100 AinQ 08¥/L pue 1HO
surey) [euondo ey ssBew pake|dsip jo uojsuedxe [BoeA U88.OS iny S3A S3A S3A 13 pue [HO
Joy yoddns |Inj s Aeydsip snoeueynuwis Loddns $2006 3 Y920/92006 S3aA S3A S3A Q07 0UOW pue 1HO Keidsiq snosueynwig
Ajuo 8pow YOS 08 X 019 Ul parioddns 10100 enuj 3952/95¢ WLZMRSE W95 . VDA feidng
10102 eng 4q 9| shoddns $2006 peerdy ] 581/952 WSBIAGZ |  eeled 40/0D/SI000 SNOBUEYNWIS €1 9PO YOA 08% X 049 10100 141
Auo epow YOAS 08 sewl 0pg ul papoddns 0jod oL 952/95¢ 952/952 0952/95¢ . VDA Jadng
1002 eru) 1q 9} suoddns $2006 N9SENIYI 3952952 N9SC/95Z | eHoled J0joQysiojd snosueynwIg 1 9PO YOA 08¥ X 079 000 AINQ N1IS
¥ YN YN . 89L X 20}
¥ 9 el . 08V X 0¥9
swiayed Buusyyp (ex1d 19S 1oulsip 49 8z1An seeosAeIb epeysenil M 9 0 9 sapeyg Aeio jo # 00% X 09 sjaued WOIYIOUOW
S3A S3A S3A 1a-94
S3A S3A S3A wa-zh
S3A S3A S3A 136
S3A S3A S3A 198 aoepialuj oued
SININWOD $2006 V92006 92006 CEENILEE]

reybig weisem
*(pauo9) g ajqel

Page 11

LCD Application Note



Liquid Crystal Displays

SHARP

Flat P anel Display Controllers for PCs

0221047909 S3A ON ON ON 10j02 AINQ N1S Ova/b
10} diyo uojuedwos Jojoo S1 0¥E9QD S3A ON ON ON 10100 AinQ NLS 08¥/)
S3A S3A S3A S3A 14150100
$3A S3A S3A S3A 13 ejeog Aein
S3A S3A S3A S3A 73 swoiyoouow
S3A S3A S3A $3A 027 WE NLSL 0¥/ yoddng Aejdsi joued 1ei4
MOSZOL| 952952 1094 e en . 891 X ¥20}
N95%/968 | M9G2sZ lo ) 395291 395294 . 009 X 008
N9G39GC | M9SGNGZ 1091 952/91 %9521 . 08 X 0¥9 :
952958 952952 %952/95¢ N9SZ/AST | BHEJed 40j0D/SI0[00 SnoBUBYNWIS 00% X 049 feidsig 140
S3A S3A S3A S3A [oquo sousnbeg Jemad jaued
peurejurew Alowew
S3A S3A S3A $3A umo(] paiemod YOA - Agpuelg
S3A S3A S3A S3A SALOR YDA - 4O g SOPOJ UMO(] JeMod
S3A ON S3A ON sabejoA XN
S3A ON S3A ON OOAEE
S3A S3A S3A S3A OQAS sabigjjop Addng Jamod
ON ON ON ON 10je18USE) %00[D UI-Ying
S3A S3A S3A S3A OVAWVY ul-ying
(rvi3)ddo09t | (rvi3)d4009L | (VIR 4000t | {rvi3) WD 091 ebexoed
ZHN 26
ZHN b ZHN OF ZHA b¥ AKeydsiq teid
ZHN Y ¥ X952 (@) #X952 (2) ¥ X952 (2) 140 fouenbey YIOW wnwixe
¥xxesz @) painbes WyHQ WL
3LAEW L JLABN | SALAL NI5C S31AE %952 8oepBlU} Blep AloWe WNWIXE
Wvda Wvda Wvda WvHa ainjoslyoly Aiowey Kiowsp Aeidsig
ON ON ON ON sng 9d I8
S3A Tvd WMWSIA Tvd WMWS3A | Tvd YM/STA sng Id 15986
S3A ON ON ON [ouuRYD CIN
S3A S3A S3A S3A sng vs|
S3A S3A S3A S3A Klowsiy [enpip
S3A S3A S3A S3A 18jng WM
S3A S3A S3A S3A 8JBIS JEM 0167
S3A ON ON ON Aowsi ua-ze
S3A S3A ON S3A Kiowsi ug-91
S3A $3A S3A S3A oNua-9l
TVd Y /S04 Tvd WAWSIA Tvd YWSIA WA UWSIA|  Tvd YIM/S3A sng [eo07 80BBIU| 1S0H
sjuswwio) o¥£909 07909 Z1v9ad 0L¥ead S3HNLVIS

91607 snup
‘Ld|qel

LCD Application Note

Page 12



Flat P anel Display Controllers for PCs

SHARP

Liquid Crystal Displays

269 eidwes | moN ejdwes | g6/ edwes |  uomonpold 8|qelieAy/iexie of eseeia
puno.fijoeq pue puncibe.o) 1se} seoueyu3 S3A S3A S3A S3A Mel( ur]
punolfiyoeq 158} Jo 1Se1UCO SoUBLU S3A S3A $3A S3A 1081nQ esemprey
"puno1Beio} 158} 40 1SIUCD $00URYU S3A S3A S3A S3A T T | UO/JBIS300Y MOPUIM
puno.ByoeqpunoiBaio) jsa} seziwixen S3A S3A S3A $3A Juswaoueyu3 Ixal UM
S3A S3A S3A S3A uoiuasu) eur] yuelg
S3A S3A S3A S3A 8POW IXaL sjuo4 |feL
$3A S3A S3A S3A PO 8L Buiyolens reoniep
S3A S3A S3A S3A Buusiue) [eozuoy
S3A S3A S3A S3A Buusiuad [eouap
S3A S3A S3A S3A Ao usein
S3A S3A S3A S3A fenb3
SNOLLJO £8| SNOILJO8| SNOLLJO9| SNOLLdO9 Wvd Buiddew sjqewureifoid
S3A S3A S3A S3A OSIN suofionpay sjeosiein) o} Jojo)
S3A S3A S3A S3A wyoBiy uohelauer) 10j00/e(eIsABID | seinjesd Juswadueyus Aeidsig
S3A S3A S3A S3A 10100 11 pue 14D
$3A ON ON ON 10109 AnQ 0FZ/1 PUB |HO
$3A ON ON ON 10[60 AnQ 08Y/4 pue 1HO
$3A $3A S3A S3A T3 pue (4O
S3A S3A S3A S3A Q071 0UO pue [HD Keydsiq snosujnusg
581962 581/952 eRl el . YOA Jadng
581952 %984/952 M$84/95C NGBI/BGZ |  SNefed 40j0DysI0jod SnosueiNWIS €1 8POI YDA 08Y X 0%9 10103 141
NPT ON ON ON . YOA ledng
922952 ON ON ON|  eWefed J0j0Q/si0[00 SNOBUEBYNWIS €1 8POW YOA 08¥ X 0¥9 10j00 Ang NIS
91091 ¥9109} 9 9l . 89/ X $20)
91091 ¥3109} 9109} 9 . 08¥ X 079
3091 ¥alogi ¥9109} 09} sapeys Aein) jo # 00% X 079 sjoued SWOIYIOUOW
S3A ON ON ON a9l
S3A ON ON ON ezl
S3A S3A S3A S3A U6
S3A $3A S3A S3A i o] 8oepBlu| joued
SIN3IWWOD 0v£909 02909 ZIv9ao 017309 s3unLyad
91601 snu1H
*(pauod) £ s|qeL

Page 13

LCD Application Note



Liquid Crystal Displays

SHARP

Flat P anel Display Controllers for PCs

aoBYISIU) 108N ON $3A 10100 AInQ N1S 0¥/t
8oepielul Peiq ON S3A 10100 AIng NLS 08¥/1
sogpelul peaq S3A S3A 141 00D
soepelUl penq S3A S3A 73 ejeog Aeip
sogpislul peiQ S3A S3A 73 WOIYIOUOW
(paiinbe, seynq surey ou) soepeiul esQ S3A S3A Q07T ME NLSL OF2/h Yoddng Ae/dsi(] jeued 1eld
peoeialul g paoeysIUI-UON Shioddns 0£g59 395291 9529} . 89L X 4201
%952/95¢ 95258 . 009 X 008
3952/95¢ 0952858 . 08¥ X 019
%952/95¢ M9G2/95Z |  SWsied 10/0D/RI0j00 SnosUEBHNWIS 00% X 0v9 Keydsig 1HO
S3A S3A Jo5uo aousnbeg Jemod [Bued
paurejurews Aiowsw
S3A S3A umoQ paiemod YOA - Agpuels
S3A S3A BAIOR YOA - JO joued SBPO UMO(] 1aMod
S3A S3A sabelop XN
S3A S3A O0AEE
S3A S3A O0AS sabeyop Aiddng Jemod
Jeziseiufs Yo0[o FO¥OZ8 [eIBe esn ON ON 10Je1BUBY YO0I0 UKYING
S3A S3A OVAWVY ul-ling
(rv13) a0 084 d40 091 ebeyoeg
ZHN 9§ ZHIN S9 Keydsi( jei4
ZHN 95 ZHN 99 140 fousnbey y1OW wnuixey
¥ X952 (2) ¥x %962 (2) pauinbel WyHQ wnwiuy
SALAGN | SALAGA | soeyiB)u| ejep Alowep wnwixep
Aunqixey isoojemod/eouewtioped WYHAWVHQ WYYANYHO aineyyary Aowseiy Kiowsy Aeydsig
ON ON ng 10d I8l
oBpielUl Peiq S3A S3A sng Id 1S98€
soepislUl el S3A S3A [BUURYD CXIN
LT SIA|  Tvdum/s3A sngvsi
806ds SS8IpPE JEBUI SEPIACI] ON ON Kowsep [eniiA
soueuoped sasealou| S3A S3A isyng slm
euBuLoped saseelou| S3A $3A 8jelS Wem 0.67
ON S3A Kiowsy ya-ze
80BYIUI Rl S3A S3A Kiowsp ug-91
soepelul j0alQq S3A S3A ONuG-9l
SV [ewapxe sainbai 02559 ‘08P - 0559 S3A S3A sng [eoo’] soepelU| 150H
SININNOD 02599 SdIHO 0£559 SdIHO s3dNLY3d

ABojouyoa] pue sdiyn

‘g 8|qeL

LCD Application Note

Page 14



Flat P anel Display Controllers for PCs

SHARP

Liquid Crystal Displays

(@6 woud) [ (16/14 woid)
MON MoN 8|QelIeAY/ia) ey 0L eseajay
ON ON mei(] eun
ON ON 108InD) elempleH
ON ON uug UOI}B18|800Y MOPUIM
Buddew sfeaskesb o} oj0d ejqewiweibold S3A S3A 1uBlLBOUBYUT IXBL JOj0D
ajuM Wwip pue syym 1ybuq sdemsg S3A S3A JuBLLIBOUBYUT IXBL SUYM
sjqewweiboid S3A S3A uofesu| eur yueig
o Jofire| speo S3A S3A 8POW L 8o jeL
uogeayjdel suj sjqewwRIbald S3A S3A 8pOW X6 Buiyojeng reoep
aiqewwesboid p ogewony S3A S3A Buuswe [euozuoy
ejqewureibesd g ogewolny S3A S3A Buuejue) [eoisp
S3A S3A Auo usein
S3A S3A fenb3
S3A S3A OSIN SUOfoNpaYy efedsAeln) 0} 00D
$8JB1 ySale) Moj Je Jexoly seonpay | sjqewweibold | eigewwreiboid wyuoBiy uoleIeuen) 10j00/e(EISASID |  sainjes Juswadueyus Aejdsig
1euQ S3A S3A 10100 141 pue 14D
ON ON 10100 AinQ 0¥2/4 PUE 1HO
loeug ON S3A 10109 AinQ 08P/} pue 14O
e S3A S3aA 73 pue 149
1aynq awey WYHA b X b9 su 00} sainbey S3A S3A {077 ouo pue 14D Ae|dsig snosueynuis
uoRnjosal 08k X 049 1Y WPE/952 NG81/962 . VOA Jedng
uofnjosel 002 X 0ZE I W25 NGBHSE |  6HS[ed J0j0D/SI0j00 SNoBUEHNWIS €} 8PON YDA 08Y X 0¥9 10100 141
uoaNjosal 08y X 079 1Y ON N9T2/95T . YOA Jedng
uognjosel 00Z X 02€ IV ON N932/952 |  8Hefed J0|0D/SI0j0 SNOBUBHNUIS €1 3PON YDA 08% X 0¥9 10100 AnQ N1S
9 9l . 89L X ¥20}
SUORN|0SaJ 002 X 0ZE PUB 00F X 079 1Y 2] 9 . 08¥ X 079
Suon|osel 00Z X OZE PUE 00F X 0¥9 IV ¢ e sapeys Aeis jo # 00F X 0¥9 S|BUBd BUIOIYOOUOH
Yole 26 [ewexe sesnbey S3A S3A ¥l
80BYSI 1D04Q) S3A S3A we-zh
soRpBII o] S3A S3A 196
8OBYBIUI P8I S3A S3A ¥ 8oepiB|U] [BUBd
SIN3NNOD | 02559 SdIHO | 0ESS9 SIHD s3dnlvad

ABojouyoa] pue sdiyn
‘(p.Ju02) g 8jqer

Page 15

LCD Application Note



Liquid Crystal Displays

SHARP

Flat Panel Controllers for...

SPECIFICATIONS ARE SUBJECT TO CHANGE WITHOUT NOTICE.
Suggested applications (if any) are for standard use; See Important Restrictions for limitations on special applications. See Limited
Warranty for SHARP'’s product warranty. The Limited Warranty is in lieu, and exclusive of, all other warranties, express or implied.

ALL EXPRESS AND IMPLIED WARRANTIES, INCLUDING THE WARRANTIES OF MERCHANTABILITY, FITNESS FOR USE AND
FITNESS FOR A PARTICULAR PURPOSE, ARE SPECIFICALLY EXCLUDED. In no event will SHARP be liable, or in any way responsible,
for any incidental or consequential economic or property damage.

SHARP

NORTH AMERICA

EUROPE

JAPAN

SHARP Microelectronics of the Americas
5700 NW Pacific Rim Blvd.

Camas, WA 98607, U.S.A.

Phone: (1) 360-834-2500

Fax: (1) 360-834-8903

Fast Info: (1) 800-833-9437
www.sharpsma.com

TAIWAN

SHARP Microelectronics Europe

Division of Sharp Electronics (Europe) GmbH

Sonninstrasse 3

20097 Hamburg, Germany
Phone: (49) 40-2376-2286
Fax: (49) 40-2376-2232
www.sharpsme.com

SINGAPORE

SHARP Corporation

Electronic Components & Devices
22-22 Nagaike-cho, Abeno-Ku
Osaka 545-8522, Japan

Phone: (81) 6-6621-1221

Fax: (81) 6117-725300/6117-725301
www.sharp-world.com

KOREA

SHARP Electronic Components
(Taiwan) Corporation

8F-A, No. 16, Sec. 4, Nanking E. Rd.
Taipei, Taiwan, Republic of China
Phone: (886) 2-2577-7341

Fax: (886) 2-2577-7326/2-2577-7328

CHINA

SHARP Electronics (Singapore) PTE., Ltd.

438A, Alexandra Road, #05-01/02
Alexandra Technopark,
Singapore 119967

Phone: (65) 271-3566

Fax: (65) 271-3855

HONG KONG

SHARP Microelectronics of China
(Shanghai) Co., Ltd.

28 Xin Jin Qiao Road King Tower 16F
Pudong Shanghai, 201206 P.R. China
Phone: (86) 21-5854-7710/21-5834-6056
Fax: (86) 21-5854-4340/21-5834-6057
Head Office:

No. 360, Bashen Road,

Xin Development Bldg. 22

Waigaogiao Free Trade Zone Shanghai
200131 P.R. China

Email: smc@china.global.sharp.co.jp

©1993 by SHARP Corporation

SHARP-ROXY (Hong Kong) Ltd.
3rd Business Division,

17/F, Admiralty Centre, Tower 1
18 Harcourt Road, Hong Kong
Phone: (852) 28229311

Fax: (852) 28660779
www.sharp.com.hk

Shenzhen Representative Office:
Room 13B1, Tower C,

Electronics Science & Technology Building

Shen Nan Zhong Road
Shenzhen, P.R. China
Phone: (86) 755-3273731
Fax: (86) 755-3273735

SHARP Electronic Components
(Korea) Corporation

RM 501 Geosung B/D, 541
Dohwa-dong, Mapo-ku

Seoul 121-701, Korea

Phone: (82) 2-711-5813 ~ 8
Fax: (82) 2-711-5819

Reference Code SMT92025



