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@ MOTOROLA

Display Products

Device Data

Motorola offers a broad range of semiconductor communications products for
a wide variety of applications. The Motorola Display Products Device Data
Book contains specifications on these parts as well as information on Evalu-
ation Kits, a selection of Application Notes and Technical Literature, a Glossary
of related terms, Handling and Design Guidelines, and Reliability and Quality
information. A Technical Selection Guide is also included to help you select
the appropriate part for your application.

New Motorola display products devices are being introduced continually. For
the latest releases, additional technical information, and pricing, please contact
your nearest Motorola Semiconductor Sales Office or authorized distributor. A
complete listing of sales offices and authorized distributors is included at the
back of this book.

Motorola reserves the right to make changes without further notice to any products herein. Motorola makes
no warranty, representation or guarantee regarding the suitability of its products for any particular purpose,
nor does Motorola assume any liability arising out of the application or use of any product or circuit, and
specifically disclaims any and all liability, including without limitation consequential or incidental damages.
“Typical” parameters can and do vary in different applications. All operating parameters, including “Typicals”
must be validated for each customer application by customer’s technical experts. Motorola does not convey
any license under its patent rights nor the rights of others. Motorola products are not designed, intended, or
authorized for use as components in systems intended for surgical implant into the body, or other applications
intended to support or sustain life, or for any other application in which the failure of the Motorola product
could create a situation where personal injury or death may occur. Should Buyer purchase or use Motorola
products for any such unintended or unauthorized application, Buyer shall indemnify and hold Motorola and
its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages,
and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury
or death associated with such unintended or unauthorized use, even if such claim alleges that Motorola was
negligent regarding the design or manufacture of the part. Motorola and @ are registered trademarks of
Motorola, Inc. Motorola, Inc. is an Equal Opportunity/Affirmative Action Employer.

©Motorola, Inc. 1997
“All Rights Reserved” Printed in Hong Kong.



DATA CLASSIFICATION

Product Preview

This heading on a data sheet indicates that the device is in the formative stages or under
development at the time of print of this data book. Please check with Motorola for current
status. The disclaimer at the bottom of the first page reads: “This document contains infor-
mation on a product under development. Motorola reserves the right to change or discon-
tinue this product without notice.”

Advance Information

This heading on a data sheet indicates that the device is in sampling, preproduction, or first
production stages at the time of printing of this data book. Please check with Motorola for
updated information. The disclaimer at the bottom of the first page reads: “This document
contains information on a new product. Specifications and information herein are subject to
change without notice.”

Fully Released

A fully released data sheet contains neither a classification heading nor a disclaimer at the
bottom of the first page. This document contains information on a product in full production.
Guaranteed limits will not be changed without written notice to your local Motorola Semi-
conductor Sales Office. ) )

Technical Summary

The Technical Summary is an abridged version of the complete device data sheet that con-
tains the key technical information required to determine the correct device for a specific
application. Complete device data sheets for these more complex devices are available
from your Motorola Semiconductor Sales Office or authorized distributor.

All brand names and product names appearing in this document are fegistered
trademarks of their respective holders.



3 Ways To Receive
Motorola Semiconductor Technical Information

Literature Distribution Centers

Printed literature can be obtained from the Literature Distribution Centers upon request. For those items
that incur a cost, the U.S. Literature Distribution Center will accept Master Card and Visa.

How to reach us:
USA/EUROPE: Motorola Literature Distribution; P.O. Box 5405; Denver, Colorado 80217
Phone: 1-800-441-2447 or 303-675-2140

JAPAN: Nippon Motorola Ltd.; Tatsumi-SPD-JLDC, Toshikatsu Otsuki,
6F Seibu-Butsuryu-Center, 3-14-2 Tatsumi Koto-Ku, Tokyo 135, Japan
Phone: 03-3521-8315

HONG KONG: Motorola Semiconductors H.K. Ltd.; 8B Tai Ping Industrial Park, 51 Ting
Kok Road, Tai Po, N.T., Hong Kong
Phone: 852-26629298

Mfax™ — Touch-Tone Fax

Mfax offers access to over 30,000 Motorola documents for faxing to customers worldwide. With menus and
voice instruction, customers can request the documents needed, using their own touch-tone telephones
from any location, 7 days a week and 24 hours a day. A number of features are offered within the Mfax
system — including product data sheets, application notes, engineering bulletins, article reprints, selector
guides, Literature Order Forms, Technical Training Information, and HOT DOCS (4-digit code identifiers for
currently referenced promotional or advertising material).

A fax of complete, easy-to-use instructions can be obtained with a first-time phone call into the system,
entering your FAX number and then pressing 1.

How to reach us:
Mfax: RMFAX0@email.sps.mot.com
TOUCH-TONE: 602-244-6609 — US & Canada ONLY: 800-774-1848
or via the Internet at http://www.mot-sps.com/home/fax_rgst.html

Motorola SPS World Marketing Internet Server

Motorola SPS’s Electronic Data Delivery organization has set up a World Wide Web Server to deliver Motorola
SPS's technical data to the global Internet community. Technical data such as the complete Master Selection
Guide along with the OEM North American price book are available on the Internet server with full search
capabilities. Other data on the server includes abstracts of data books, application notes, selector guides,
and textbooks. All have easy text search capability. Ordering literature from the Literature Distribution Center
is available on-line. Other features of Motorola SPS’s Internet server include the availability of a searchable
press release database, technical training information with on-line registration capabilities, complete on-line
access to the Mfax system for ordering faxes, an on-line technical support form to send technical questions .
and receive answers through e-mail, information on product groups, full search capabilities of device models,
a listing of the domestic and international sales offices, and direct links to other Motorola world wide web
servers. For more information on Motorola SPS’s Internet server you can request BR1307/D from Mfax or
LDC.

How to reach us:
After accessing the Internet, use the following URL:
http://www.mot.com/SPS
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LCD Driver Product Summary

Segmented LCD Driver for Low MUX Application

Application Display Size
Part Number Description System Examples Examples Package
MC14LC5003 4 MUX, Total 128 Segments, Serial In Low MUX, Fax Machines, Pager, | 32x4 QFP,
General MCU Digital Meter, Bare Die

MC14LC5004 4 MUX, Total 128 Segments, lIC Home Appliances

DragonKat Series LCD Driver Kits with MC68HCO5L10/L11

Application Display Size
Part Number Description System Examples Examples Package
MC141511A DragonKat 1+ Slave Driver, 32/41 MUX, DragonKat 1+ Databank, Pager, 128 x 32/41, -TAB,
128 Segments MC68HCO5L10 Organizer, Games 256 x 32/41 Bare Die
MC141512 DragonKat 2 Backplane Driver, 146 MUX, DragonKat 2 Translator, Dictionary, | 160 x 80, TAB
80 Backplanes - MC68HCO5L11 Pen-Based Organizer, | 320 x 146,
- Low-Cost PDA 320 x 160
MC141514 DragonKat 2 Segment Driver, 146 MUX,
160 Segments
MC141515 DragonKat 2 Backplane Driver, 146 MUX,
160 Backplanes
MC141519 DragonKat 2 Segment Driver, 80 MUX,
160 Segments
MC141516 64 MUX LCD Backplane Driver, DragonKat 2 Pager, Games, 80 x 64, TQFP,
64 Backplane Qutputs MC68HCO5L11, Dictionary 160 x 64, Bare Die
- other MCU with 240 x 64
MC141518 64 MUX LCD Segment Driver, sPl
80 Segment Qutputs
TFT LCD Driver Accepts RGB Signal Inputs
o i . i . . Application - Display Size |
~ Part Number ~ |~ - Description - System Examples Examples Package
MC141522 TFT-LCD Gate (Row) Driver, Active LCD Portable TV, Projector | 480 x 240, TAB
120 Row Outputs 720 x 480

MC141524 TFT-LCD Source (Column) Driver,
120 Column Qutputs

MC14153X Series LCD Driver with Commons, Segments, Annunciators “All-in-One” Chip

‘ . Application. | Display Size | = -

Part Number ) ‘ Description System Examples . . |  Examples Package

MC141531 17 Com, 120 Seg, 3 Annunciators General MCU, Mobile Communication | 120 x 17 TAB, Bare

- 6800, 68K (Paral- | Devices, Pager, Cellu- Die, Gold

MC141532 33 Com, 120 Seg, 4 Annunciators lel Interface) lar, PHS 120 x 33 Bump Die
MC141533 33 Com, 120 Seg, 4 Annun, 120 x 33

Split Common Outputs
MC141535 17 Com, 161 Seg, 4 Annunciators 161 x 17
MC141537 16 Com, 120 Seg, 3 Annunciators 120x 16
MC141539 32 Com, 120 Seg, 4 Annunciators 120 x 32
MOTOROLA : Selection Guide
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300 MUX LCD Driver without Display DRAM

- ‘Application’ isplay Size

 Part Number

:  Deseripon . System © . Examples’ ~ Examples | Package
MC141562 LCD Common Driver, 100 Common Outputs | DragonBali™ PDA, Palm-Top, 320 x 200, TAB, Gold
- MC68328, Gen- Sub-Notebook 320 x 240, Bump Die
MC141563 LCD Segment Driver, 80 Segment Outputs | o1 MCU with 640 x 200
LCD Controller

MC14180X Series LCD Driver for Cellular Phone/PHS Applications

Cemiey S @i - Application:” - | Display Size | . -
- Part Number. . ‘Desecription. .o L0 System o Examplesm;' | 7 Examples ' | Package
MC141800A 65 Common, 128 Segment Outputs General MCU, Cellular Phone, PHS 128 x 65, TAB, Gold
6800, 68K (IIC, Large Display Pager 128 x 64 Plus | Bump Die
SPI, Parallel Inter- One Row for
face) Icons
Selection Guide MOTOROLA
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LCD Driver Technical Selection Guide

MC14LC5003
Features MC14LC5004 | MC141511A MC141512 MC141514 MC141515 MC141519
Type Passive Passive Passive Passive Passive Passive
Backplane/Common/Row 4 - 80 - 160 -
Segment/Column 32 128 - 160 - 160
MUX Ratio/Duty 1/4 1/32 or 1/41 1/32-1/146 | 1/32~1/146 | 1/32-1/146 | 1/32~1/80
Operating Voltage for Internal Circuit | 3or5 3ors 3orb 5 5 3ords
Voo (V)
Voltage for LCD Drive Circuit VLCD (V) | 5 12 25 25 25 16
Typical Current Consumption
IDD Display 30 pA 25 pA 1pA 50 pA 2 pA 30 pA
Standby 30 uA 15 nA 0.5 pA 1pA 1pA 1pA
ILCD Display 40 pA 20 pA 3pA 10 pA 6 uA 12 uA
RAM Size 32x4 656 x 8 - 146 x 160 - 80 x 160
Package QFP, Die TAB, Die TAB, Die TAB, Die TAB TAB
Target CPU General MC68HCO5L10 | MC68BHCO5L11 [ MC68HCO5L11 | MCE8HCOSL11 | MCB8HCO5L11
Special Features Serial Inter-
face orlIC Bus
T Features MC141516 | MC141518 | MC141522 | MC141524 | MC141562 | MC141563
Type Passive Passive Active (TFT) Active (TFT) Passive Passive
Backplane/Common/Row 64 - 120 -~ 100 -
Segment/Column - 80 - 120 - 80
MUX Ratio/Duty 1/32 - 1/64 1/32 - 1/64 N/A N/A 1/100 - 1/300 | 1/100 - 1/300
Operating Voltage for Internal Circuit | 3or5 3or5 5 5 3ors 3or5
Vpp (V)
Voltage for LCD Drive Circuit VLCD (V) | 13 13 45 15 28 28
Typical Current Consumption
IDD Display 5 pA 20 nA 100 pA 10 mA 40 pA 250 pA
Standby 2uA 5pA N/A N/A 300 nA 1.5 pA
ILCD Display 8 uA 30 HA N/A N/A 30 pA 30 pA
RAM Size - 64 x 80 - - - -
Package TQFP, Die TQFP, Die TAB TAB TAB, Die TAB, Die
Target CPU MC68HCOSL11 | MC68HCO5L11 | — - - -
Specia! Features 4-Biv/8-Bit 4-Bi/8-Bit
Interface Interface

MOTOROLA

Selection Guide
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e e ; ~4] MC141532 v : . .
& - Features = - “MC141531 | 'MC141535. | 'MC141533 MC141537 | MC141539 MC141800A
Type Passive Passive Passive Passive Passive Passive
Backplane/Common/Row 17 17 33 16 32 65
Segment/Column 120 161 120 120 120 128
MUX Ratio/Duty 116, 1117 mn7 116, 1117, 116 1/16 or 1/32 Direct to 1/65
1/32, 1/33
Operating Voltage for Internal Circuit 24-35 24-35 24-35 24-35 24-35 2.4-35
Voo (V)
Voltage for LCD Drive Circuit VLCD (V) | 10.5 10.5 10.5 10.5 10.5 16.5
Typical Current Consumption
IDD Display 75 uA 70 pA 80 A 70 pA 76 pA TBD
Standby 300 nA 300 nA 300 nA 300 nA 300 nA TBD
ILCD Display 6 uA 6 pA 6 uA 6 pA 6 uA TBD
RAM Size 17 x 120 17 x 161 33x 120 16x 120 32x 120 65 x 128
Package TAB, Gold TAB, Gold TAB, Gold TAB, Bare Die | TAB TAB, Gold
Bump Die Bump Die Bump Die Bump Die
Target CPU General General General General General General
Special Features 3 Annuncia- 4 Annuncia- 4 Annuncia- 3 Annuncia- 4 Annuncia- IIC, SPI, Par-
tors, On-Chip | tors, On-Chip | tors, On-Chip | tors, On-Chip | tors, On-Chip | allelInterface,
DC-DC, DC-DC, DC-DC, DC-DC, DC-DC, On-Chip
Temp. Com- Temp. Com- | Temp. Com- Temp. Com- Temp. Com- DC-DC,
pensation, pensation, pensation, pensation, - pensation, Temp. Com-
Contrast Contrast Contrast Contrast Contrast pensation,
Control, Control, Control, Control Control Contrast
Low-Power Horizontal Low-Power Control,
Icon Scrolling, Icon Low-Power
Low-Power lcon
Icon
Selection Guide MOTOROLA
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MC14153X Series Comparison Table

Features MC141531 MC141532 MC141533 MC141535 MC141537 MC141539
Max. Display Size 120 x 17 120 x 33 120 x 33 161 x17 120 x 16 120 x 32
Supply Vpp 2.4-35V
Standby Mode Current Less than 500 nA
On-Chip DC-DC Converter 2x/3x
Bias Voltage Generator On-Chip
Static lcon 3 4 4 | 4 3 | 4
Low-Power Icon Mode Yes No
MUX Ratio 116, 117 1/16, 1117, 1/32, 1/33 ’ 117 116 | 1/16, 1/32
Graphic Display Data RAM Yes
Vertical Scrolling Yes
Row/Column Remap Yes
Master Clear RAM Yes
Internal Contrast Control 16 Levels
External Contrast Control Yes
Temperature Compensation Yes
Other Features - - SplitCommon Horizontal - -
Output Scrolling
Package 70 mm TAB, Gold Bump Die 35 mm TAB, 35 mm TAB
Bare Die
MOTOROLA Selection Guide
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Monitor On-Screen Device Technical Selection Guide

: Es Series : ;
EMOSD - ‘ D2 /GMOSD " .

o . - Enhance - |7 Advance - --| - - 'Graphic
 Featuwes _Metatsat | MClaisame | MCH4ISder | - MC141SaS
Display Area 10R x 24C 15R x 30C 15R x 30C 15R x 30C
Color 8 8 8 8
Intensity High High/Low High/Low High/Low
Windows 3 4 4 4
No. of Characters 128 256 128 256
ROM 120 248 128 288
Mask ROM Yes Yes Yes Yes
Character RAM 8 8 0 0
Font Matrix 10x 16 10x 16 12x18 12x18
Resolution EGA VGA SVGA SVGA
Max. Dot Clock 52.8 MHz 76.8 MHz 92.2 MHz 92.2 MHz
Max. Frequency 110 kHz 120 kHz 120 kHz 120 kHz
ROM-DAC lntegratibn 0 12 12 12
16 DIP, 0 ROM DAC MC141541P MC141549P MC141547P2 MC141545P2
24 DIP, 8 ROM DAC N/A MC141548P MC141546P2 MC141542P2
28 SOIC, 12 ROM DAC N/A Custom Custom Custom
Special Display Features Double Height, Double | EMOSD Plus: Double Height, Double | AMOSD2 Plus:

Width, Shadowing, 4 Windows, Windows | Width, Shadowing, 16 Multicolor Font,
Bordering, 3 Windows | Shadow, Blinking, Bordering, 4 Windows, | Color Background,
Fade-In/Fade-Out, Spacing Control, Windows Shadow,
Automatic Height, Windows Intensity Blinking, Fade-In/
Icon Intensity, Fade-Out, Icon Inten-
Windows Intensity sity, Display Clear
Data Sheet MC141541/D MC141548/D MC141546/D MC141542/D
Evaluation Kit MC141541EVK MC141548EVK MC141546EVK MC141542EVK
Selection Guide MOTOROLA
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Part Number Ordering Information

TAB Package

MC141 XXX ATX

R
] L.

N
w

Die
5 ——I L— 6
1
Other Packages
|— 7
1
ftem ) " - Definition .| Representation Sequence | Notes
1 Four-digit numeral One particular display IC 1500 — 1599
1800 — 1899
5000 — 5009
2 One alpha character Derivative of a particular IC, | Alphabetical Only forderivatives; no such character
corresponding to the numer- | order for original design
al defined in Item 1
3 The letter “T” followed by a one-digit Device in TAB package TT1,T2... No TO exists
numeral
4 The letter “R” Reel size With or without With “R” — 405 mm reel diameter;
“R" Without “R” — 330 mm reel diameter
5 The letter “C” or the letter “W" Device in die form “C"or "W “C" — Die shipped in chip carrier;
“W” — Die shipped in wafer form
6 The letter “Z2” Device sold in gold bump With or without“Z" | With “Z" — Gold bump die;
die/bare die form Without“Z” — Bare die
7 One or two alpha character(s) Package form ‘P, “DW”, “FU", “P" — Plastic Dual In-Line Package;
or “FJ” “DW” — Small Outline Gull-Wing
Package;
“FU” — Quad Flat Package;
“FJ” — Thin Quad Flat Package
MOTOROLA Selection Guide
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RELIABILITY AND QUALITY ASSURANCE

Prepared by: KY Cheng/Fei Wong
Motorola Semiconductor Hong Kong Ltd

1. Quality Mission

1.1 Quality Policy
“It is the policy of the Motorola Semiconductor Products Sector to produce products and
provide services exactly according to CUSTOMER expectations, specifications and deliv-
ery schedule. Our system is based on prevention using statistical process control. The stan-
dard is a Six Sigma level of error-free performance. These results come from the
participative efforts of each employee in conjunction with supportive participation from all
levels of management.”

1.2 Reliability and Quality Monitor Philosophy
In order to guarantee that the high standards of reliability and quality required by Motorola
are met, an ongoing Reliability Audit Program has been established.

Individual product and package monitors are generally developed by identifying a process
driver device (in most cases the same device used to qualify a process / product / package
family). Once the process driver device is identified, the appropriate stress test programs
are put in place to adequately monitor the ongoing process average of the specific family.
This process average measurement is made by understanding the reliability and quality
results of individual samples from production material. These samples are pulled at the
outgoing QA gate portion of the production flow, then randomly sourced into specified
reliability tests. These tests include Early Fail Studies, Dynamic Long Term Lifetest
(which includes Read and Record Parametric Characterization Samples), Temperature
Humidity Bias (THB), Highly Accelerated Stress Test (HAST), and Temperature Cycle, as
well as preconditioning stress testing on plastic surface mount packaging technology.

Monitor testing is completed on an ongoing cycle. Test results are subsequently made
available quarterly. This report details all test results received for the entire year, outlining
the reliability data associated with all process / package family types.

With all of this data, an effective ongoing monitoring method is established which is capa-
ble of identifying reliability trends associated with all process / product / package families.

2. Supreme Quality and Reliability

2.1 Quality is defined as:
* Reduction of variability around a target so that conformance to customer requirements
and expectations can be achieved in a cost-effective way.
* The probability that a device (equipment, parts) will have performance characteristics
within specified limits.
« Fitness for use.

MOTOROLA Reliability and Quality Assurance
2-3



2.2 Reliability is defined as:
* Quality in time and environment (temperature, voltage, etc.).
» The probability that a semiconductor device, which initially has satisfactory perfor-
mance, will continue to perform its intended function for a given time under actual usage
environments.

2.3 Monitorable Reliability and Quality Assurance Program
Itis a program to generate on-going data for both reliability and quality for the various
product families. Both reliability and quality monitors are performed on the different
major categories of semiconductor products. These monitors are designed to test the prod-
uct’s design and material as well as to identify and eliminate potential failure mechanisms
to ensure reliable device performance in a “real world” application. Thus, the primary pur-
pose of the program is to identify trends from the data generated, so that if need be, correc-
tive action(s) can be taken toward improved performance. In addition, this reliability and
quality data can be utilized by our customers for failure rate predictions.

2.4 Superior Design for Reliability and Quality
Motorola has always stressed reliability and quality considerations in designing any new
product. Superior designs with conservative design rules will mean a trouble-free product
in the field.

The following rules and guidelines are applied by the various groups to achieve the
required reliability and quality goals:

* Testability is a key consideration in new designs.

* Minimum levels of input protection (ESD) are required.

* Minimum levels of latch up protection are required. ‘

» Stress relief design rules have been incorporated in all new large die designs to reduce the
effects of package-induced stress.

* All design work is based on simulation across the processing window.

* On future designs the number of bootstrap nodes greater than Vpp, will be reduced to a
minimum to reduce the high E field effect across the new thinner gate oxides.

*» Guidelines have been enacted to reduce the effects of hot carrier injection.

*» Guidelines have been enacted for maximum current density allowed in metal lines, con-
tacts, and vials to eliminate electromigration concerns.

3. Invincible Quality Assurance System

3.1 Quality Assurance Function at the Development Stage
Excellent quality and reliability of a semiconductor device is determined at the fundamen-
tal design stage. In order to assure product quality, design review and reliability tests are
performed on prototypes to eliminate design and pilot run problems. While attaining the
desired quality and reliability, the process also provides design and process information
for future improvement. (See Figure 1.)

Reliability and Quality Assurance MOTOROLA
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Figure 1. Development Stage Flow Chart

3.2 Quality Assurance in Mass Production
To achieve Motorola’s quality objectives, the assurance of product quality is shared among
various departments, including the quality department, the manufacturing department, and
the test operation department. Each department plays a unique and important role during
production, as shown in Figure 2. Key elements including control of material purchasing,
manufacturing process, final product control, and an on-going reliability monitoring pro-
gram are described in this section.

MOTOROLA - Reliability and Quality Assurance
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Process Quality Control Method

AN ] LotSampling, %
e 1 Confirmation of sigma
ya Tooling, -« ll: .| Confimation of sigma ™
environment, il - X level i
Manufacturing worker control »{ SPCCharts
oo : Confirmation of sigma
Final Test In-ine i 3] level
qualty control ool DefectPareto
100% % & .% § Confirmation of sigma
100% Inspection & s P
Inspection / Eloctrical charac, [ "] level
“o sl %] Defect Pareto
Products I e
Feedback of ] . ( Lot Sampling,
Information Visual Sample inspection & <] Confirmation of sigma
Mechanical Electrical charac. level
-] LotSampling,
RAP Reliability Test ] Confirmation of sigma
level
Elec Test Packing
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Figure 2. Mass Production Quality Flow Chart

3.2.1. Control of Material Purchasing
In order to maintain and improve the product quality and reliability, the control of mate-
rials and parts for manufacturing purpose is essential. The key activities include not
only incoming inspection, but also the ensuring of supplier quality systems maintained
at levels capable of meeting Motorola’s prime objectives of Total Customer Satisfaction
and Six Sigma quality. The incoming inspection and sampling method is performed
based on Motorola’s specifications and drawings.

Reliability and Quality Assurance ’ » MOTOROLA
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The other activities of quality assurance are as follows:
1. Qualification and guidance of supplier.

2. Supplier quality system audit.

3. Physical and chemical analysis and test.

4. Technical co-operation with supplier.

Typical checkpoints of materials are shown in the following table.

Material Properties Critical Items
Wafer Appearance Damage and contamination, gold bump
TAB Tape Appearance Contamination, scratch, bend, twist
Dimension All critical dimensions
Plating Layer Solderability
Encapsulant Composition Characteristics of plastic material
Electrical Characteristics
Thermal Characteristics
Viscosity

3.2.2. Control of the Manufacturing Process
The control of the manufacturing process plays a very important role in quality assur-
ance of the semiconductor devices. This includes the control of in-process and final
products, manufacturing equipment and facilities, measuring and inspection equipment,
as well as the manufacturing environment. The process control plan in manufacturing is
shown in Figure 3. In short, the elements in the manufacturing process control include:

* Prevention and detection of quality problems.

* Continuous improvement in quality.

» Maintenance and improvement of yield.

* Education and on-site training of technical assistants (operators).
* Communication and review of quality information.

+ Condition control on equipment and operator.

MOTOROLA - Reliability and Quality Assurance
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OPERATION CHARACTERISTIC AFFECTED ANALYSIS METHOD
v Recieve Wafer
Film & Wafer Mount Assy Defects
Wafer Saw Assy Defects N-P Chart
Wafer Visual Defects
Saw Monitor Resistivity,
Bacteria Count
Kerf Width XBar-R
Inner Lead Bond Assy Process,
Inner Lead Bonding Visual Defects  N-P Chart
Lead Bond Monitor Lead Pull XBarS
QA Gate Visual Wafer/Bonding Visual Defects
Encapsulant
Encapsulation Assy Process,
Encapsulant Visual Defect N-P Chart
Marking Assy Process,
Marking Visual Defects N-P Chart
Encapsulant Cure Assy Process,
Marking/Encapsulant Visual Defects
QA Gate Visual Visual Defects, Visual 25X
Marking Permanency Alpha 2100/2110 Test
Package Mark Check Visual Defects
Room Temp Test Electrical Test Function Test
F QA Gate Inline Electrical Test Function Test
| (Test Temp: RM) QProgram
': Yield Check Electrical Test Test Yield
L
100% Visual Visual Defects Visual 25X
T Inspection
E
_? QA Gate Visual Visual Defects Visual 25X
Vaccum Pack & Label
QA Gate Visual
Ship to Warehouse

Figure 3. Process Control for TAB Package
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3.2.3. Control of In-Process and Final Product
With the aim of “Do It Right the First Time” and achieving Six Sigma quality, the semi-
final and final product are tightly controlled throughout the manufacturing process.
Checkpoints are set up in each manufacturing step, and 100% inspection and screening
are executed according to the checkpoints. Product should not be proceeded to the next
step if potential failure is found. The potential failure should be removed by the
approach of analysis by root cause. An on-going reliability monitoring program is used
to monitor the reliability of devices.

3.2.4. Control of Equipment and Facilities

The equipment and facilities developed for semiconductor manufacturing are high per-
formance devices, and they are important in maintaining and improving the process
capability. At Motorola, automation equipment is applied in most areas to keep the pro-
cess variation in the lowest level. All the equipment is maintained on a preventive basis.
A periodical preventive maintenance (PM) is carried out for individual equipment. At
the PM, the checkpoints listed are checked one by one to avoid any omission. In order to
ensure that the manufacturing equipment is under control, statistical process control
(SPC) charts are applied. For the measurement and inspection equipment, a periodical
calibration scheme is executed to ensure the accuracy, repeatability, and reproducibility.

3.2.5. Control of the Manufacturing Environment
The manufacturing environment (i.e., temperature, humidity and dust) also greatly
affects the product quality; therefore, it is controlled as strictly as the other two factors.
A periodical process audit is applied to ensure that the environment is in good condition.
The prevention of Electrostatic Discharge (ESD) is also a key element in the environ-
ment control. Equipment ESD status, clothes, packaging materials, and all the critical
points in the manufacturing process are given close attention for ESD protection.

3.2.6. Control of Final Product v
After the device has been judged 100% good in test, sampling inspection for electrical
characteristics and visual mechanical inspection is carried out by the reliability and qual-
ity assurance department. The purpose is to confirm that the product is meeting the cus-
tomer’s expectation, as well as to unmask the potential problems hidden in the
manufacturing process. The sampling plan is based on the objective of meeting Six
Sigma quality and beyond.

3.2.7. On-Going Reliability Monitoring Program
A reliability audit program (RAP) is executed on the final product to ensure the reliabil-
ity of the device. Stress tests such as Burn In (B/I), Pressure Temperature and Humidity
(PTH), Temperature Cycle (T/C), etc., are done periodically.

MOTOROLA Reliability and Quality Assurance
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4. Innovative Reliability Design
4.1 Reliability Measure

Reliability is the probability that a semiconductor device will perform its specified func-
tion in a given environment for a specified period. In other words, reliability is quality over
time and environmental conditions. The most frequently used reliability measure for semi-
conductor devices is the failure rate (A). The failure rate is obtained by dividing the num-
ber of failures observed by the product of the number of devices on test and the interval in
hours, usually expressed as percent per thousand hours or failures per billion device hours
(FITS). This is called a point estimate because it is obtained from observations on a por-
tion (sample) of the population of devices.

4.2 Reliability Model
To project from the sample to the population in general, one must establish confidence
intervals. The application of confidence intervals is a statement of how “confident” one is
that the sample failure rate approximates that for the population. To obtain failure rates at
different confidence levels, it is necessary to make use of specific probability distributions.
The chi-square ()2) distribution that relates observed and expected frequencies of an event
is frequently used to establish confidence intervals. The relationship between failure rate
and the chi-square distribution is as follows:

p= X2 (0, df)
2t

where:
A = failure rate
%2 = chi-square function
o = (100 - confidence level) / 100
d.f. = degrees of freedom = 2r + 2
r = number of failures
t = device hours

The failure rate of semiconductor devices is inherently low. As a result, the industry uses a
technique called accelerated testing to assess the reliability of semiconductors. During
accelerated tests, elevated stresses are used to produce, in a short period, the same failure
mechanisms as would be observed under normal use conditions. The objective of this test-
ing is to identify these failure mechanisms and eliminate them as a cause of failure during
the useful life of the product.

Temperature, relative humidity, and voltage are the most frequently used stresses during
accelerated testing. Their relationship to failure rates has been shown to follow an Eyring
type of equation of the form:

Reliability and Quality Assurance MOTOROLA
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A = A exp(¢/kT) » exp(B/RH) * exp(CE)

where A, B, C, ¢, and k are constants, more specifically B, C, and ¢ are numbers
representing the apparent energy at which various failure mechanisms occur. These are
called activation energies. T is the temperature, RH is the relative humidity, and E is the
electric field.

The most familiar form of this equation deals with the first exponential term which shows
an Arrhenius type relationship of the failure rate versus the junction temperature of semi-
conductors. The junction temperature is related to the ambient temperature through the
thermal resistance and power dissipation. Thus, we can test devices near their maximum
junction temperatures, analyze the failures to assure that they are the types that are accel-
erated by temperature and then by applying known acceleration factors, estimate the fail-
ure rates for lower junction temperatures.

Arrhenius type of equation:

¢
A=A CXP LT
where:
A = failure rate
A = constant
e=2.72

¢ = activation energy, eV
k = Boltzman’s constant, 8.62 X 1073 eV/°’K
T = temperature in degrees Kelvin (T;°C + 273.15)

Temperature acceleration factors for a particular failure mechanism can be expressed as the
ratio of the failure rates at two different levels of stress:
Fa = exp(¢/k) * 1L
Tr Tt
where:
Fa = acceleration factor
¢ = activation energy
k = Boltzman’s constant, 8.62 X 1073 e/V/°’K
Tr = junction temperature, °K at the rated ambient temperature
Tt = junction temperature, °K at the life test ambient temperature

4.3 Reliability Tests
The following summary briefly describes the various reliability tests included in the
Motorola reliability monitor program.

Dynamic Early Fail Study

This stress is performed to accelerate infant mortality failure mechanisms, which are
defects that occur within the first year of normal device operation. Typical stress is a tem-
perature of 125°C, nominal voltage (6 V), and a duration of 24 or 48 hours. All devices used

MOTOROLA Reliability and Quality Assurance
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in this test are sampled directly after the standard production final test flow with no prior
burn-in or other prescreening, unless called out in the normal production flow.

Dynamic Long Term Lifetest

Dynamic Long Term Lifetest is performed to accelerate failure mechanisms and access
parametric shifts, which are voltage and thermally activated. This is done through the
application of extreme temperatures and the use of biased operating conditions. Typical
stress temperature is 125°C with the bias applied being equal to or greater than the data
sheet nominal value. Testing is performed with dynamic signals applied to the devices for
a test duration of 1008 hours.

Temperature Cycle

This test accelerates the effects of thermal expansion mismatch among the different
components within a specific die and packaging system. This test is typically performed to
minimum and maximum temperatures of — 65°C to + 150°C for a duration of 500 or 1000
cycles. During temperature cycle testing, devices are inserted into a cycling system and
held at cold dwell temperature for at least ten minutes. Following this cold dwell, the
devices are heated to the hot dwell where they remain for another ten minutes. The system
employs a circulating air environment to assure rapid stabilization at the specified temper-
ature.

Temperature Humidity Bias (THB)

This is an environmental test performed at a temperature of 85°C and a relative humidity
of 85%. The test is designed to measure the moisture resistance of plastic encapsulated
circuits. A nominal static bias is applied to the device to create the electrolytic cells neces-
sary to accelerate corrosion of the metallization. Typical stress duration is 1008 hours.

Highly Accelerated Stress Test (HAST)

This test is performed to accelerate the effects of moisture penetration with the dominant

effect being corrosion. This test detects similar failure mechanisms as THB but at a greatly
accelerated rate. Conditions employed during this test are a temperature of 130°C, humidity
of 85%, 33.5 psia, and a nominal static bias voltage. Typical stress duration is 72 hours.

SMT Preconditioning Stress

The purpose of this test is to simulate the shipping, storage, and solder attach steps involved
in mounting and reworking a surface mount device. The preconditioning flow begins with

ten temperature cycles (— 65/150°C) and is followed by a moisture soak. The soak may in-
volve simulating a worst case “no Dry Pack” condition in an 85°C/85% RH environment,

a worst case Dry Pack condition of 85°C/60% RH, or a typical manufacturing environment
condition of 30°C/60% RH. The duration of the moisture condition will vary depending on
the moisture level tested. Moisture exposure is followed by multiple passes of vapor phase
reflow (215°C) for 120 seconds per pass.

Autoclave

Autoclave is an environmental test that measures devices resistance to moisture penetration
and the resultant effects of galvanic corrosion. Conditions employed during the test include
121°C, 100% relative humidity, and 15 psig. Corrosion of the die is the expected failure

Reliability and Quality Assurance MOTOROLA
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mechanism. Autoclave is a highly accelerated and destructive test. Typical test duration is
240 hours.

Data Retention

Data retention testing or high temperature storage is performed to measure the stability of
the programmed EPROM and EEPROM devices during storage at elevated temperatures

with no electrical stress applied. The devices are exposed to an ambient of 150°C. An ac-
celeration of charge loss from the storage cell is the expected result. All groups are typically
tested to 1008 hours.

EEPROM Write/Erase Cycling

The Write/Erase endurance test measures EEPROM cell operation over an expected life
time. All cells are alternately cycled for a minimum of 10,000 cycles between an erased
state “1” and a write state “0” at the device high temperature specification of 85°C (some
samples are cycled at higher temperatures).

4.4 Reliability Data
The following summary gives a brief description of the various reliability tests included in
qualifying and reliability monitoring of LCD drivers.

Operating Life Test, Ea = 0.7eV

Device Package Test Condition Sample Size | Failure

MC141511 | 1281d QFP 125°C, Bias, 1008hrs 45 0

MC141512 | 911d TAB 125°C, Bias, 1008hrs 45 0

MC141514 | 1861d TAB 125°C, Bias, 1008hrs 45 0
Temperature Cycle

Device Package Test Condition Sample Size | Failure

MC141511 | 1281d QFP/ -65°C to +150°C, 100 cyc 80 0

1591d TAB

MC141512 | 911d TAB -65°C to +150°C, 100 cyc 80 0

MC141514 | 186ld TAB -65°C to +150°C, 100 cyc 80 0
Temperature Humidity Bias

Device Package Test Condition Sample Size | Failure

MC141512 | 911d TAB 85°C/85%RH, 1008hrs 45 0

MCI141514 | 186l1d TAB 85°C/85%RH, 1008hrs 45 0

MOTOROLA Reliability and Quality Assurance

2-13



Pressure Temperature Humidity (PTH, Autoclave)

5.

Device Package Test Condition Sample Size | Failure
MC141511 | 1591d TAB 121°C, 100%RH, 30 PSIA 45 0
MC141512 | 911d TAB 121°C, 100%RH, 30 PSIA 45 : 0
MC141514 | 1861d TAB 121°C, 100%RH, 30 PSIA 45 0

Responsible Field Service

5.1 Mission

Provide “On the Spot” quality professionals to work with our customers to describe our
quality initiatives, agsist in the resolution of quality problems, and to be proactive in seek-
ing ways to provide total customer satisfaction. Provide technical assistance to our field
and headquarters people in developing methods to obtain Six Sigma quality in everything
we do. Facilitate cycle time improvements in all processes and procedures in world mar-
keting.

5.2 Responsibilities to the Customer

» Call on all customer departments/organizations in the assigned region to provide resolu-
tion of any quality problems discovered or perceived.

» Work with the customer to understand their quality requirements and vendor rating sys-
tems and then establish Motorola procedures in our sales and factory organizations to
serve our customers’ needs and improve our ratings.

* Act as a quality consultant in the field to facilitate the training and implementation of
administrative quality systems and programs.

5.3 Measurement

* Overall quality rating improvement with customers.

« Implementation of quality systems that measure and track continuous improvements in
quality and reliability of our products and services.

* Reduction in customer returns for administrative quality reasons.

* Support the factory in efforts to provide Total Customer Satisfaction.

* World marketing attention to the “Speed Imperative.”

5.4 Field Service Flow

Figure 4 demonstrates Motorola’s field service process. As part of the Total Customer Sat-
isfaction (TCS) team, the quality department serves as a medium between sales/field qual-
ity and the TCS team for all technical and quality issue support. He or she also acts as a
leading function to resolve all quality problems upon customer complaint. Customers can
also go through marketers for any inquiry which will be replied to by an active member of
the TCS team.

Reliability and Quality Assurance MOTOROLA
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Figure 4. Field Service Process Flow Chart
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MOTOROLA
SEMICONDUCTOR APPLICATION NOTE

TAB PACKAGE FOR LCD DRIVER
By O.L. Chau
Motorola Semiconductors Hong Kong Ltd.

Today most products use liquid crystal displays (LCD) for the user interface. The advantage of LCD lies in its small volumetric
profile which offers tremendous space saving over cathode ray tube (CRT) display. It has become an increasingly important
substitute for CRTs. The proliferation of notebook computers and other portable electronic products have also accelerated
the use of LCDs at an incredible rate. As the LCD resolution and capacity increase, more LCD drivers are needed. However,
the increase in LCD driving requirement should not offset the advantage of LCD, i.e. slim profile. Therefore, a good choice of
LCD driver package should feature high pin count, small form size and cost effectiveness. For such an application, Tape
Automated Bonding (TAB) package has been successfully developed as the most preferred package for LCD driver applica-

tion.

INTRODUCTION TO TAB PACKAGING

A typical TAB package is shown in Fig. 1. The layout is spe-
cially designed to meet the application for LCD driver. One
side of the package are the output leads for LCD panel termi-
nal connection. These are fine pitch leads to match LCD
panel terminal pitch, typical pitch is between 0.07mm to
0.35mm. The opposite side are the input leads for soldering
connection to the PCB. The input leads pitch are usually
made wide enough for easy alignment, typical pitch is be-
tween 0.5mm to 1.2mm. The overall package thickness is
around 0.8mm.

A/——POLYIMIDE TAPE
10o0o0poo0000¢

> - - — /TESTPAD
llllliillIIHIIIHIIIHIIIHIIII

[———OuTPUT LEAD

LOCATING HOLE

ENCAPSULATED DIE

INPUT LEAD
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TOP VIEW PROCKET HOLE
—
SIDE VIEW

Figure 1. TAB package for LCD driver
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Figure 2. TAB packaging process flow

Fig. 2 shows the TAB packaging process. Instead of using
wire bond technology for the inner lead bonding, TAB uses
gold bumps to form the connection. Gold bumps are depos-
ited on the bonding pads after wafer fabrication. Several
types of bump shape are possible. See Fig. 3.

TAB Package for LCD Driver
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Figure 3. Gold bump shapes

Formation of high reliability gold bumps requires a well con-
trolled series of processes. Motorola uses a proprfetary gold
bump process to precisely control the bump dimensions so
that the straight wall bumps as shown in Fig. 4 can be
achieved. With straight wall bumps, bond pads can be placed
at closer pitch and the die size can be further reduced.

Figure 4. Motorola straight wall bump
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Figure 5. Construction of 3-layer tape

The inexpensive 3-layer tape construction is the usual choice
for LCD driver TAB. The 3-layer tape structure consists of a
conductive copper foil which is laminated to a polyimide based
film using an adhesive. See Fig. 5. With photo-imaging and
etching processes, a conductive pattern on the tape is defined
to form the interconnection circuitry. The pattern can be de-
signed to match the terminal connection on LCD panel and
PCB. Fig. 6 shows the outline of a TAB tape specially de-
signed for LCD driver application.

jooooooooot

INNER LEAD
DEVICE OPENING

J000000000c

Figure 6. Pattern of a TAB tape

The most common method to connect the tape leads to the
gold bumps is by means of a gang bonder. The gang bonder
bonds all the leads onto the bumps simultaneously using a
thermal compression bonding which provides a strong and re-
liable mechanical joint. See Fig. 7. Alternatively, the single
point bonder can also be used to bond the lead one at a time
using thermosonic or laser-based bonding. However, for vol-
ume production, the gang bonding is still the most efficient
bonding method. After the inner lead bonding, a thin layer of
encapsulant is dispensed onto the top surface to provide a
protective coating for the chip. The encapsulant is then par-
tially cured in the encapsulator to facilitate handling and mark-
ing. At completion of a reel of tape, the reel is transferred to
an oven for final cure of the encapsulant. Fig. 8 shows the in-
ner lead gang bonding and encapsulation process for the TAB
package.

Figure 7. Gang bonded inner leads

MOTOROLA
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PACKAGING REQUIREMENT OF LCD DRIVER

\ /" INNER LEAD As the display density increases, more driver chips per LCD
_/I module are needed and more I/O connections have to be

_T made. Figure 9 shows a typical requirement for the 10" LCD
AU BuMP panels. Itindicates that use of low pin count chip is impracti-

. cal. The challenges of building a LCD module are (i) how to

THERMAL COMPRESSION accommodate a large number of high pin count chip in a lim-

& ited mounting area, and (ii) how to connect the large number

of terminals on LCD to PCB reliably.

E The following are common methods used in the industry to

connect the LCD panel to the PCB. See Fig. 10.

(1) Elastomeric connector
Conductive elements are sandwiched between either spongy
| or solid silicone rubber which is at least 3.5mm thick. By
making the pitch sufficiently small, conducting terminals on
each surface can be connected through redundant con-
% CURE tacts. Silicone rubber is stable and resistant to harsh envi-
ronmental conditions. However, a permanent clamp frame is
required to apply contact pressure, and variation across the
KE ﬁ; length of the rubber has a negative effect on the electrical
integrity. Long term contact refiability is also subject to stress
" relaxation of the silicone rubber in the connection. Connec-
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\

Figure 8. Inner lead bonding and encapsulation tion pitch is usually limited to above 0.4mm.
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Figure 9. LCD driver requirement
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Figure 10. LCD panel terminals connection methods

QFP package is a popular option for the driver chips. The
conventional SMT process is a simple process with good
cost performance. Use of QFP means that batch reflow
soldering with other components is possible. However, for
high performance LCD panels, the lead count of the LCD
driver is typically around 200. That will require use of a
208 leads QFP package with 0.5mm outer lead pitch. The
208 leads QFP is now a giant 28x28mm package which is
almost impossible to be accommodated inside the limited
space of a compact product. If outer lead pitch is reduced
to below 0.5mm in order to shrink package size, problems
with screen printing and solder reflow will require alterna-
tive methods of solder application and reflow technique.

Chip on Board (COB) is another popular option for the
driver chips. In COB, the bare chip is directly mounted
onto the PCB. The signal connection is done via wire
bonding. A glob-top coating is generally used for protec-
tion of the wire bonded chip. This method used to provide
a low cost solution for low lead count devices. However,
for high lead count LCD drivers, COB consumes a large
fanout area in order to facilitate wire bonding. Unfortu-
nately, a compact product has a very limited PCB area
which is to be shared by many other components. In addi-

(2) HEAT SEAL CONNECTOR

HXC
NN RN NN
o
P
(4) CHIP ON GLASS
CHIP UNDERFILL

LCD PANEL

\— SOLDER OR GOLD BUMP

tion, the bonding pad pitch of a high lead count device is usu-
ally made as close as possible to save chip cost. With finer
pad pitch, more wires and longer wire length, COB would
now suffer a higher assembly yield loss.

(2) Heat seal connector (HSC)

HSC is commonly used in small LCD panel for electronic cal-
culators and organizers. It consists of conductive pastes and
dielectric thermoset adhesives. The driver chips are mounted
to PCB in the same way as the elastomeric connector, i.e.
QFP package or COB. HSC is reliable, dimensionally accu-
rate and versatile. However, it is relatively expensive at small
pitch even though the pitch can get down to 0.2mm from the
latest development. In addition, it will be too messy when
applied to a medium or large size LCD panel which requires
many drivers and connections.

(3) TAB

In TAB package, the driver chip is packaged into a tape film
which provides a high degree of flexibility like a flexible
printed circuit (FPC). The tape film can be used as the con-
nector between the LCD panel and the PCB. Anisotropic
Conductive Film (ACF) is commercially available for this
application. This direct connection method simplifies the

MOTOROLA
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manufacturing process and the end product design. Today
most of the large LCD panels in the market use TAB package
to serve the dual role of driver and connector. TAB package
may also be used in conjunction with HSC for a more flexible
connection layout.

(4) Chip on glass (COG) v

In COG, the chip is directly mounted onto the LCD panel using
a flip chip mounting process. COG offers the smallest form
factor which is not possible with packaged chip. Many industry
observers predict that COG technology is the trend for LCD
driver. However, the trade-off is in terms of cost, yield and reli-
ability issues. It is difficult to do full functional testing and
burn-in at the component level. The known good die (KGD) is
therefore a well known issue for direct chip mounting process.
At present moment, application of COG is limited to medium
size panel and matured LCD driver product.

ADVANTAGES OF TAB PACKAGE

Out of the different connection methods, TAB package has
appeared to be the best choice for LCD driver. This fact can
be evidented from its wide application in most LCD products.
The advantages of using TAB package can be summarized as
follows:

(1) Slim body profile

The TAB package has a light weight and a thin body profile.
These match with the most important characteristics for porta-
ble products.

(2) Die size reduction

The main reason to get over this limitation is the cost of silicon.
Chip size is very much decided by the lead count, and chip
size is proportional to cost. As wire bonding cannot handle
pad pitch smaller than 3.0 mil, more and more chips become
“pad limited”. Use of TAB technology allows closer bonding
pad pitch, thus help to reduce chip cost. The following is a
comparison of minimum pad pitch requirement between vari-
ous inner lead bonding technologies.

Innerlead Bonding ‘Minimum Pad Pitch
TAB 2.0-3.0mil
Wire Bonding (Al wire) 3.0 - 3.5 mil
Wire Bonding (Au wire) 3.5-4.0 mil

(3) Flexible connection

TAB package is structured as a thin film and is very flexible. It
can be used to form the direct connection between PCB and
LCD panel with ACF or HSC. The TAB package virtually does
not occupy any space on the PCB. It can be even folded side-
way or at the back of the LCD panel to further facilitate space
reduction in the product.

(4) Less PCB space consumption

It saves the valuable PCB space and cost since the LCD driver
is now an integral part of the PCB/LCD connector.

(5) Simplified manufacturing process

TAB package simplifies the manufacturing process because it
combines the mounting of LCD driver and PCB/LCD connec-
tion into a single process. Unlike other packages, there is less
lead skew or bent lead problem for TAB package. It greatly
resolves the handling difficulty for high lead count packages
and allows for an automated manufacturing process.

ATTACHMENT OF TAB PACKAGE

There are a number of ways to attach the TAB package. For
LCD driver, direct attachment using ACF is very popular. ACF
is a high density connecting material serving three purposes at
the same time - bonding, conduction and insulation. It is an
epoxy based material filled with many tiny conductive particles.
The separation between these patrticles is far enough that they
are electrically isolated from each other. Fig. 11 shows the
end view of a TAB package, the ACF and a L.CD panel ready to
be bonded. Heat and pressure are then applied to the parts.
Pressure squeezes the excess adhesive out of the conductive
path area, leaving deformed conductive particles in close con-
tact with the conductive terminals. The thermoset epoxy hard-
ens under temperature to put the conductive particles in a
mechanical bonded state. Conductive particles not in the con-
ductive path do not get compressed and will remain isolated.
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Figure 11. Outer lead bonding using ACF

The applicatidn of ACF is simple. Fig. 12 shows the basic
steps. After tacking the ACF to LCD panel, the separator on
the ACF is removed. Conductive terminals on TAB package
and LCD panel are then aligned with vision system. Final
sealing is made after more heat and pressure are applied. A
number of ACFs are commonly available in the market. Typical
minimum connection pitch is 0.15mm to 0.20mm. ACFs with

TAB Package for LCD Driver
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finer connection pitch 0.07mm to 0.10mm are also available
from specific suppliers. ACF for COG application at
0.05mm pitch is under development.

Fig. 13 shows the alternative process when HSC is used to
bond TAB packages to LCD panel.

For the input leads of the TAB package, the hot bar solder-
ing technique can be applied. The heating tool mechani-
cally presses all the leads down into contact with the PCB
connection traces which are usually coated with solder. The
solder can be screen printed and reflowed during the prece-
dent SMT process for the other components on the PCB.
So flux is needed for soldering with the reflowed solder.
Heat is applied to exceed the melting point of the solder.
Upon melting the solder, heating is cut off and the solder
cools to form the joint. The tool is then lifted and removed
from the joint. Sometimes a cooling air jet can be used for
faster cooling. As the heating tool is required to follow a pre-
programmed heating and cooling sequence, a pulse-heating
thermode is preferred for this application.

(1) CLEANLCD
ELECTRODE TERMINALS

(2) TACK ACF

(3) PEEL OFF ACF COVER

(4) ALIGN TAB PACKAGE
OUTPUT LEADS TO LCD
TERMINALS, APPLY
PERMANENT BONDING

ACF

Figure 12. Outer lead bonding using ACF

(1) CLEANLCD
ELECTRODE TERMINALS

(2) ALIGNHSCTOLCD
TERMINALS, APPLY
BONDING

(3) ALIGN TAB PACKAGE
OUTPUT LEADS TO HSC,
APPLY BONDING

Figure 13. Outer lead bonding using HSC

CUSTOM TAB TAPE DESIGN

TAB tapes are supplied in; 35mm, 48mm or 70mm
width. They are further classified into STANDARD,
WIDE or SUPER format according to size and location
of the sprocket holes. The interior area bound by the
sprocket holes is the effective user-definable pattern
area. The typical dimensions of a 356mm WIDE TAB
product is shown in Figure 14. Motorola TAB prod-
ucts use WIDE format which provide an optimum com-.
bination of tape handling support and effective pattern
area. See Fig. 15.

e e e

—']L'_IEIDDDDDEIDf—J'

TG | 1
34975 = {///// 555_?53\"5'

ALL DIMENSION IN mm

Figure 14. 35mm WIDE format tape

MOTOROLA
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TAPEFORMAT | MAX. A MAX. B MAX. SPROCKET PITCH
TAPE EFFECTIVE WIDTH | TAPE EFFECTIVE LENGTH

35mm WIDE 25.0mm 60.0mm 13

48mm WIDE 38.0mm 66.5mm 15

70mm WIDE 59.0mm 66.5mm 15

Joooooooqoﬂ

A

0000

Figure 15. Tape format

For the end user of the TAB product, the considerations
in the tape design can be summarized as follows:

(1) Outer lead dimensions :
These include the lead pitch, lead width, connection
length for both output and input sides. Dummy leads can
be added to provide extra protection to the connection.

(2) Polyimide tape opening

Parallel slots can be added to the output side to facili-
tate folding of the tape after connection to the LCD
panel. That is to be determined by the outer lead con-
nection method being used and the components layout
requirement in the end product. See Fig. 16.-

(3) Alignment marks

Fiducial marks and alignment holes can be added to
facilitate alignment of the TAB leads to the LCD panel
terminals or the PCB land patterns. See Fig. 17.

(4) Polyimide up or polyimide down design

The chip can be inner lead bonded to either side of the
tape leads. The choice can resolve stringent compo-
nents layout requirement in a compact product.

To drive a large size LCD panel, multiple drivers are
needed. Use of slim TAB package can help to eliminate
folding of many TAB packages and potential alignment
and reliability problem. The length of the slim TAB
package is typically between 8.5mm to 12.0mm
depending on the lead count. With this short length,
slim TAB packages can be mounted along the perimeter

Il'ﬂlll
ﬂ

\

J00000000a4f

PARALLEL

SLOTS
FOR
FOLDING

| SLOTFOR
SOLDERING

2000000000

c

-

Figure 16. Polyimide tape opening
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OUTPUT LEAD
L~ FIDUCIAL MARK

| INPUT LEAD
™ ALIGNMENT
HOLE

ﬁljDDDC]DDDDDE'

Figure 17. Allgnment marks
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0’0000

Conventional TAB (folding)

Figure 18. Slim TAB against conventional TAB

Slim TAB

LCD PANEL

USE OF SLIM TAB MINIMIZES MODULE SIZE
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SLIM TAB

Figure 19. Slim TAB and its application

STANDARD LCD DRIVER TAB
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of the LCD panel without a significant increase in
the overall panel size. See Fig. 18 & 19.

TAB HANDLING AND STORAGE CONDITIONS

(1) Delivery

Motorola TAB products are packed in reel. There are two
types of reel. The 330mm reel can carry about 20m of
tape and the 405mm reel can carry 40m tape. Quantity of
TAB product in a reel thus varies according to sprocket
pitch of a TAB site. An additional 3m of leading tape and
3m of trailing tape are added to each end of the 20m/40m
tape for convenience of handling and protection. Emboss
separator tape is used when the TAB tape is wound inside
the reel.

Each reel is sealed in a moisture resistant ESD protective
bag with desiccant and nitrogen to prevent contamination,
corrosion and protection from ESD. Each bag is then
packed in a protective box for additional protection. See
Fig. 21.

(2) Reject handling .
All TAB products will undergo 100% functional test. Inner
part of reject site is punched out from the tape. Multiple
reject sites are spliced off and reconnected with Kapton
adhesive tape.

(3) Mechanical and electrical handling

CORE DIA. =25.8mm
KEYWAY = 5mm

.
__>\X|<—

SECTION A-A

| FORMAT {_35mm | _48nm 1 _70mm ]
X (+/-0.5) | 37mm | _50mm | 72mm |
LY | 330mm | _405mm |
LTAPE LENGTH | 20m ] 40m 1

MATERIAL: HIGH IMPACT POLYSTYRENE (HIPS)
SURFACE RESISTIVITY: 1X 10° OHM MIN
1X 10° OHM MAX

Figure 20. Tape Reel

TAB Package for LCD Driver
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/ DRYPACKBAG
—

TAPE REEL
4

va >

\— ESD FOAM SHEET

CARTON BOX

CARDBOARD DISSICANT

Figure 21. TAB product packing

Prevention of bent lead, contamination, and other forms of
mechanical and electrical damage must be observed
whenever TAB product is handled. Use of clean room and
ESD approved gloves or finger cots are recommended. To
prevent ESD damage to the product, proper electrical
grounding procedures should be followed.

The outer leads on the TAB product are usually very thin
copper foil, so excessive stress should be avoided during
mounting of the TAB product. In addition, contamination
should be avoided to prevent shorting of the leads.
Although the TAB product is structured as a thin film,
excessive bending of the film should be avoided to prevent
cracking of the solder resist and the encapsulant.

f]ODDDDDDDD

REJECT
i__ LARGE

2000000000

boooooooood

\M\\&g ﬁmm

J00o000o0ooooc:

-

Figure 22. Reject handling

In TAB product, the back side of the chip is exposed.
Mechanical or electrical contact with the back side of the
chip should be avoided to prevent cracking or ESD dam-
age. Direct exposure to strong ambient light should also
be avoided to assure proper electrical characteristics.

(4) Storage conditions

The TAB products should be stored in its original sealed bag
in an upright position (stand on diameter end). If products
are stored outside of its original sealed bag, then they are
recommended to be stored in a nitrogen environment. To
assure good solderability, there is a limited time period to
use the products once they are removed from the sealed
bag. Products stored in ambient conditions, i.e. room tem-
perature at 40% to 50% RH, is recommended to be used
within 30 days -after opening from the sealed bag. Any
unused products stored in the sealed bag after more than
one year from date of shipment from Motorola are recom-
mended to be sample tested for solderability.

CONCLUSIONS

TAB package has been gaining wide acceptance in recent
years because of its thin body outline and ability to provide
high density interconnects in both inner lead bonding and
outer lead bonding. It is certainly one of the most important
package in the 90's. LCD driver continues to be the major
application for TAB packages.

MOTOROLA
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TAB Tape Design Information Checklist

Device name Example
Final excised size
Width 13.5mm
Length 25.4mm
Output side OLB
Pitch
0.23mm
Width 0.11mm
Connection length 2.835mm
Dummy lead min 1, max 2 on each end
Input side OLB
Pitch 1.0mm
Width 0.5mm
Connection length 1.8mm
Dummy lead 1 on each end

Output side alignment mark
oD
ID
Mark to mark distance

2 square marks, one on each end
0.6mm

0.4mm

24.83mm

Input side alignment hole

2 x ¢ 0.5mm on each end

TAB pitch on LCD glass

Inter-TAB gap 3.0mm
No. of sprocket hole 6
Polyimide up/down Down
Lead coating material

Output side Tin

Input side Tin -
OLB connection method

Output side ACF

Input side Soldering
Remark

TAB Package for LCD Driver
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FINAL TEST FOR TAB PACKAGE

TEST FLOW

Each lot of TAB devices are 100% tested to confirm the outgoing quality, both of electrical and
visual mechanical performance. The manufacturing flow is different from the traditional package
in following points:

Continuity of devices - each device within a lot is linked together;
Rejects removal - the die of reject units are punched out from the tape;

Assembled devices

h 4

Electrical testing

v

Reject units punch out

y

Internal QA audit

v

Visual mechanical inspection

A /

Vacuum & N2 packing

'

Shipping

Motorola TAB Package Device Final Test Flow

MOTOROLA Final Test for TAB Pacl{age
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VACUUM PACK

All TAB devices are passed through the Vacuum Packing process before shipping out. By utiliz-
ing the ESD & Moisture protected vacuum packing bag, TAB device can be fully protected from
moisture and oxidation on leads. The packing material also protected TAB dev1ces from the dam-
age of mechanical shoot. :

Characteristics of Vacuum Packing:

Vacuum - air is removed from the package to prevent oxidation on leads; .

Nitrogen (N2) injection - to balance the pressure for TAB device protection;

Moisture prevention - desiccants are enclosed inside the package to protect the TAB device from
moisture damage. Humidity indicator card is also appended with the package for customer
inspection. :

ESD FOAM SHEET

DRYPACK BAG

* — DEVICE+REEL

/

DESSICANT CARDBOARD (0).4

Motorola TAB Packa ge Device Vacuum Pack Appearence

Final Test for TAB Package MOTOROLA
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WAFER MANUFACTURING FLOW

OXIDATION |
START @ |

PHOTO -
RESISTING

PROBING "‘ PHOTO -
1 MASK

ALIGNMENT

N
N
Q)

i
I
$

GLASSIVATION

N
==

DEVELOPING, ETCHING &
PHOTO - RESIST STRIPPING

MOTOROLA Manufacturing Flow
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TAB MANUFACTURING FLOW

START| ‘Ensmoe

» o

s

WAFER
MOUNT

WAFER
SAW

MARKING

e

INNER LEAD
ENCAPSULATION l

E l ) BONDING

Manufacturing Flow MOTOROLA
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QFP MANUFACTURING FLOW

END j L ST AR-Ij :Q.A;E?CAT(QN

WAFER MOQUNT

MARKING &
SINGULATION

‘ DIE BOND

PLATING

WIRE BOND

e T

18

MOTOROLA Manufacturing Flow
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Liquid Crystal Display Drivers [JEJ}

Segmented LCD Driver for Low MUX Application
MC14LC5003/4 128 Segment LCD Driver, 4 MUX......coccecrirmrceneenecnsneeeeeneseecsasnenee 3-3

LCD Driver for Databank, Organizer, PDA

MC141511A Dragonkat 1+ Slave Driver, 32/41 MUX.....ccocecievinnieniireeeieesie e
MC141512/5 Dragonkat 2 Backplane Driver, 146 MUX ...
MC141514 Dragonkat 2 Segment Driver, 146 MUX ...................
MC141516 Dragonkat 2 Backplane Driver, 64 MUX .........ccooooicniecceninnccrneeeeennees
MC141518 Dragonkat 2 Segment Driver, 64 MUX .......ccooiviiiiiniiinciniccne
MC141519 Dragonkat 2 Segment Driver, 80 MUX ......cooconeiveievincciiecneenene

LCD Driver for TFT LCD TV, Projector
MC141522 TFT-LCD Gate (ROW) DIIVEL ..ccvevcciveireerireieeereereeesnesseesessveseessnaesnes 3-110
MC141524 TFT-LCD Source (Column) DIVET ....c..coueeriiiiinrieiinecrsinecrsseesnennnees 3-118

Integrated LCD Driver for Handheld Communication Devices

MC141531 120 x 17 LCD Segment/Common Driver
MC141532/3 120 x 33 LCD Segment/Common Driver
MC141535 161 x 17 LCD Segment/Common Driver
MC141537 120 x 16 LCD Segment/Common Driver
MC141539 120 x 32 LCD Segment/Common Driver
MC141800A 128 x 65 LCD Segment/Common Driver
LCD Driver for PDA, Palm-Top
MC141562 L.CD Common Driver, 300 MUX .....ccocorermnuinnnnrisenerseesemecneseesanesnes 3-309
MC141563 LCD Segment Driver, 300 MUX........ccccerniinnimncninnniseennecsnisinnsessseanenas 3-320
MOTOROLA Liquid Crystal Display Drivers
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MOTOROL.A
SEMICONDUCTOR TECHNICAL DATA

128 Segment LCD Drivers
CMOS

The MC14L.C5003/5004 are 128-segment, multiplexed-by-four LCD Driv-
ers. The two devices are functionally the same except for their data input
protocols. The MC14LC5003 uses a serial interface data input protocol. The
device may be interfaced to the MC68HCXX product families using a minimal
amount of software (see example). The MC14LC5004 has a IIC interface and
has essentially the same protocol, except that the device sends an acknowl-
edge bit back to the transmitter after each eight-bit byte is received.
MC14LC5004 also has a “read mode”, whereby data sent to the device may
be retrieved via the [IC bus. )

The MC14LC5003/MC14LC5004 drives the liquid-crystal displays in a mul-
tiplexed-by-four configuration. The device accepts data from a microproces-
sor or other serial data source to drive one segment per bit. The chip does
not have a decoder, allowing for the flexibility of formatting the segment data
externally.

Devices are independently addressable via a two-wire (or three-wire) com-
munication link which can be common with other peripheral devices.

The MC14LC5003/MC14LC5004 are low cost version of MC145003 and
MC145004 without cascading function.

+ Drives 128 Segments Per Package

* May Be Used with the Following LCDs: Segmented Alphanumeric,
Bar Graph, Dot Matrix, Custom

» Quiescent Supply Current: 30 pA @ 2.7 V Vpp

Operating Voltage Range: 2.7 to 5.5V

« Operating Temperature Range: -40 to 85°C

+ Separate Access to LCD Drive Section’s Supply Voltage to Allow for Tem-
perature Compensation

« See Application Notes AN1066 and AN442

MC14LC5003
MC14LC5004

.

QFp
FU SUFFIX

CASE 8488
52 1

ORDERING INFORMATION

MC14LC5003FU QFP
MC14LC5004FU QFP
MCC14LC5003 BARE DIE
MCC14L.C5004 BARE DIE

PIN ASSIGNMENT

N

O o
0ad SERDY o-wlZ O
zoo0LEnsan 2z =

SC2

FP32(]
FP31 (|
FP30

FP29(
FP28]
FP27{
FP26(
FP25{
FP24]
FP23[
FP22]
FP21{]
FP20[]

525150494847 46 4544 434241 40
1 3901 Din
2 38[1DCLK
3 370INC
4 36(]FP1
5 35[1FP2
6 34]1FP3
7 33[1FP4
8 32l1FP5
9 31[]FP6
10 30[1FP7
11 2911FP8
12 28{1FP9
13 27[1FP10
14151617181920212223242526

geerewggronrcy
il ol Ll ol ol
BLOCK DIAGRAM NC=NO CONNECTION
BP1-BP4 FP1-FP32
Vico
osr———] 1T 1T
0sc—————] OSCILLATOR
DRIVERS DRIVERS
FRAME I ﬁ
SYNC
LCD VOLTAGE
GENERATOR B WAVEFORM 128 - 32
L_,_ AND TIMING MULTIPLEX
GENERATOR
DCLK—= o g TT
Dn w =
20 =) 128-BIT LATCH
Z
< Z
Al % 2
e 28 1T
ENB—= & Z
SN) 128-BIT SHIFT REGISTER
REV 2
10/96
MOTOROLA MC14LC5003 « MC14LC5004
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ABSOLUTE MAXIMUM RATINGS (Voltages Referenced to Vgg)

Symbol Parameter Value Unit This device contains protection circuitry
i to guard against damage due to high static
Vpp DC Supply Voltage -0.5t0+6.5 v voltages or electric fields. However, precau-
tions must be taken to avoid applications of
Vin Input Voltage, Dy, and Data Clock -05t015 \ any voltage higher than maximum rated volt-
ages to this high-impedance circuit. This
Vinose | InputVoltage, OSCy, of Master -0.5toVpp+0.5 \ device may be light sensitive. Caution
should be taken to avoid exposure of this
lin DC Input Current, per Pin +10 mA device to any light source during normal op-
eration. This device is not radiation protect-

Ta Operating Temperature Range -40to +85 °C ed.

Tatg Storage Temperature Range -65to + 150 °C

* Maximum Ratings are those values beyond which damage to the device may occur. Func-
tional operation should be restricted to the limits in the Electrical Characteristics tables or
Pin Descriptions section.

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg, Ta= 25°C)

- Voo | Vieo
Characteristic Symbol v v Min | Typical | Max Unit
Qutput Drive Current — Frontplanes HA
Vo=045V | Iy 5 27 | 260 - —
T 5 27 | 260 — —
Vo=265V | gy 5 27 | -240 — —
leL 5 2.7 -240 —_ —_
Vo=172V | Iy 5 27 -40 — —
ley 5 27 — — -1.5
Vo=1.08V | Iy 5 2.7 40 — —
TFL 5 27 — — 2
Vo=015V | Iy 5 55 600 — —
I 5 55 600 — —
Vo=535V | gy 5 55 | -520 — —
(- 5 55 | -520 - —
Vo=3852V | Ipy 5 55 -35 — —
L 5 55 - — -15
Vo=1.98V | gy 5 55 55 — —
I 5 55 — — 1
Supply Standby Currents (No Clock) HA
Ipp = Standby @ lo, =0 pA | Ipps 27 — - — 30
ILcp = Standby @ 1, = 0 pA lLcps — 2.7 — —_ 800
IDD = Standby @ Iom =0pA IDDS 5.5 - - —_ 50
licp = Standby @ loy=0pA | lcps | — | 55 — — 1500
Supply Currents (fosc) = 110 kHz pA
Ipp = Quiescent @ Iy = 0 pA, no loading Ipoa 2.7 — — 30 —
Ipp = Quiescent @ loading = 270pF Ibpa 2.7 — — — 70
Ipp = Quiescent @ |,y = 0 pA, no loading Iooa 55 - - 170 —
Ipp = Quiescent @ loading = 270pF bpe | 55 | ~— - - 400
I cp = Quiescent @ Iy, = 0 WA, no loading lLcoa - 27 - - 40
I cp = Quiescent @ 1o, = 0 pA, no loading lLcoa - 5.5 - - 70
Input Current lin — — -0.1 — 0.1 HA
Input Capacitance Cin — —_ — — 7.5 pF
(continued)
MC14L.C5003 « MC14LC5004 MOTOROLA
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ELECTRICAL CHARACTERISTICS (Continued)

Voo | Vieo
Characteristic Symbol v v Min Typical | Max Unit
Frequencies
OSC2 Frequency @ R1; R1 =200kQ | fogca 5 5 100 — 150 kHz
BP Frequency @ R1 fap 5 5 100 — 150 Hz
OSC2 Frequency @ R2; R2 =996 kQ | ¢ 0sc2 5 5 23 - 33 kHz
Average DC Offset Voltage (BP Relative to FP) . Voo 5 2.8 -50 — +50 mV
Input Voltage “0” Level Vi 2.8 5 — — 0.85 \
Vi 5.5 5 — — 1.65
“1"Level | Vi 2.8 5 2 - -
Viu 55 5 3.85 — —
Output Drive Current — Backplanes Vg =2.65V lgy* 5 2.8 -240 —_ — HA
- 5 28 | -240 - —
Vg=0.15V IgH 5 2.8 260 — —
sy 5 28 | 260 — —
Vo=1.08V | gy 5 238 40 — —
oL 5 2.8 — — 2
Vo=172V IgH 5 28 -40 - -
laL 5 2.8 — — -1
Vo=5.35V | Igy 5 55 -520 — —
IaL 5 55 -520 — —
Vo=0.15V | gy 5 55 600 - —
laL 5 5.5 600 — —
Vo=1.98V | gy 5 55 55 - —
laL 5 55 — — 1
Vo =852V lBH 5 5.5 -35 —_ —
oL 5 55 — — -1
Pulse Width, Data Clock (Figure 1) ty 5 50 — — ns
3 100 — —
DCLK Rise/Fall Time (Figure 1) t, 4 5 - —_ 20 us
| 3 — — 120
Setup Time, Dy, to DCLK (Figure'2) | tg, 5 0 — — ns
/ 3 ] — —
Hold Time, D, to DCLK (Figure 2) t 5 30 — — ns
3 60 — -
DCLK Low to ENB High (Figure 3) th 5 10 - — ns
3 20 — —_
ENB High to DCLK High (Figure 3) trec 5 10 —_ b ns
3 20 —_ —
ENB High Pulse Width (Figure 3) tw 5 50 . — ns
3 100 —_ —
ENB Low to DCLK High (Figure 3) tsu 5 10 — — ns
3 20 — —

NOTE: Timing for Figures 1, 2, and 3 are design estimates only.

* For atime (t = 4/OSC FREQ.) after the backplane waveform changes to a new voltage level, the circuit is maintained in the high-current state to
allow the load capacitances to charge quickly. The circuit is then returned to the low-current state until the next voltage change.

MOTOROLA MC14LC5003 » MC14LC5004
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SWITCHING WAVEFORMS

| VALID |
Voo
10
— Voo Din 50% GND
-ty -t

GND Vv
LK 50% o
c ) — GND
Figure 1. ' Figure 2.
Figure 3.
MC14LC5003 » MC14LC5004 MOTOROLA
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FUNCTIONAL DESCRIPTION

The MC14LC5003/MC14LC5004 has essentially two sec-
tions which operate asynchronously from each other; the data
input and storage section and the LCD drive section. The LCD
drive and timing is derived from the oscillator, while the data
input and storage is controlled by the Data In (D), Data Clock
(DCLK), Address (A0, A1, A2), and Enable (ENB) pins.

Data is shifted serially into the 128-bit shift register and ar-
ranged into four consecutive blocks of 32 parallel data bits. A
time-multiplex of the four backplane drivers is made (each
backplane driver becoming active then inactive one after an-
other) and, at the start of each backplane active period, the
corresponding block of 32 bits is made available at the front-
plane drivers. A high input to a plane driver turns the driver
on, and a low input turns the driver off.

Figure 4 shows the sequence of backplanes. Figure 5 shows
the possible configurations of the frontplanes relative to the
backplanes. When a backplane driver s on, its output switches

-« TIMEFRAME —>|

BP1

BP2

BP3

BP4

from V gp to 0V, and when itis off, it switches from 1/3 V| cp
to 2/3 V cp. When a frontplane driver is on, its

output switches from 0V to V| ¢p, and when it is off, it switches
from 2/3 Vy cp to 1/3 Vi cp.

The LCD drive and timing section provides the multiplex sig-
nals and backplane driver input signals and formats the front-
plane and backplane waveforms.

The address pins are used to uniquely distinguish LCD driver
from any other chips on the same bus and to define LCD driver
as the “master” in the system. There must be one master in any
system.

The enable pin may be used as a third control line in the
communication bus. It may be used to define the moment
when the data is latched. If not used, then the data is latched
after 128 bits of data have been received.

— Vico

— 2/3(Viep)
— 13 (Vicp)
—— oV

— Vico

— 2/3 (Viep)
— 13 (Vicp)
— 0oV

— Vieo

— 213 (Viep)
— 1/3(Vicp)
— 0oV

— Vieo

— 23 (Viep)
— 13 (Vicp)
— 0oV

Figure 4. Backplane Sequence

MOTOROLA

MC14L.C5003 » MC14L.C5004
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T

TIME FRAME——I

I"_— TIME FHAME——l

— Vieo — Viep
BP1 BP1 I—-
— 0oV — oV
FP DATA — Vico FP DATA — Vieo
BITS — 2/3 (VLCD) BITS — 213 (VLCD)
4521 I 1 1/3 (Vicp) 4321 1/3 (Vicp)
— LCcD — LcD
0000 oV 0001 __‘ __ov
— Vo v — Vico
1000 — 2/3(Vicp) 1001 — 2/3(Vicp)
— 13 (Vico) — 13 (Viep)
— 0oV — — oV
— Vieo — Vico
0100 _I_|_ — 28 (Vico) 0101 _|—|_ — 2/3(Viep)
_|_|_|_\_ — 1/3 (VLCD) — 13 (Vicp)
— 0oV — — oV
— Vi — Vico
— 23 (VLCD) 1101 — 213 (VLCD)
1100 _—|_,_\_\_ — 1/3(Vicp) — 13 (VLCD)
— 0oV — — 0V
— Vieo — — Vieo
_-l_l_,_‘— — 23 (VLCD) 0011 . — 23 (VLCD)
0010 —L_‘_ — 13 (Vicp) — 1/3(Vicp)
— 0V J— — oV
— Vieo m — Vico
) : — 2/3 (Viep) 1011 — 218 (Vicp)
1010 —|_|_ — 1/3(Vicp) — 1/3 (Viep)
— 0oV — — oV
— — Vieo — — Viep
_L—L_ — 2/3(Vien) o111 ] _|_I__ — 23 (Vicp)
0110 —I—|_ — 13 (Viep) — 13 (Vic)
| — oV p— L — 0oV
I — Viep — — Vico
— 23 (VLCD) 1111 T — 23 (VLCD)
1110 _|_\_ — 1/3 (Vicp) — 1/3(Vep)
_— — oV — — — oV
Figure 5. Frontplane Combinations
MC14LC5003 « MC14LC5004 MOTOROLA
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PIN DESCRIPTIONS

A0-A2
Address Inputs (Pins 42-44)

The devices have to receive a correct address before they
will accept data. Three address pins (A2, A1, AO) are used to
define the states of the three programmable bits of
MC14LC5003/MC14LC5004’s 8-bit address.

The address is 0111vwxy where v, w, x represent A2, A1,
and AO respectively. Where v, w, x=0, then A2, A1, and A0
should be tied to 0 V. Where v, w, x=1, then A2, A1, and A0
should be tied to Vpp.

The address pins must be tied to Vpp. This defines the
device as a master.

NOTE

Note: In applications where the circuit will be isolated from
external manual interference the system designer may take
advantage of the self-programming feature. Upon power-on,
address pins which are left open-circuit will be charged to Vpp.
However, care must be taken not to inadvertently discharge
the pins after power-on since the address may then be lost. A
similar feature is also available on the ENB pin.

CAUTION
The configuration A0, A1, A2 = 000 should not be used. This
does not give a valid address and is reserved for Motorola’s
use only. All three address pins should never be tied to 0 V
simultaneously.

ENB
Enable Input (Pin 41)

If the ENB pin is tied to Vpp, the MC14LC5003/
MC14LC5004 will always latch the data after 128 bits have
been received. The latched data is multiplexed and fed to the
frontplane drivers for display. If external control of this latching
function is required, then the ENB pin should be held low,
followed by one high pulse on ENB when data display is re-
quired. (This may be useful in a system where one MC145003/
MC145004 is permanently addressed and only the last 128
bits of data sent are required to be latched for display). The
pulse on the ENB pin must occur while DCLK is high.

DCLK, D,
Data Clock and Data Input (Pins 38, 39)

Address input and data input controls. See Data Input Pro-
tocol sections for relevant option.

0SC1,0SC2

Oscillator Pins (Pins 51, 50)

- To use the on-board oscillator, an external resistor should
be connected between OSC1 and OSC2. Optionally, the
OSC1 pin may be driven by an externally generated clock
signal.

A resistor of 680 kQ connected between OSC1 and OSC2
pins gives an oscillator frequency of about 30 kHz, giving
approximately 30 Hz as seen at the LCD driver outputs. A
resistor of 200 kQ gives about 100 kHz, which resultsin 100Hz
at the driver outputs. LCD manufacturers recommend an LCD
drive frequency of between 30 Hz and 100 Hz. See Figure 6.

3 M \

3

S

o«

B w =

2} \
@

L \
i

5 100 k

x

2

T

E 10k

) 1k 10k 100 k 1M 10M

OSCILLATOR FREQUENCY

Figure 6. Oscillator Frequency vs. Load Resistance

(Approximate)

FP1-FP32
Frontplane Drivers (Pins 36-27, 25-22, 19-15, 13-1)
Frontplane driver outputs.

BP1-BP4
Backplane Drivers (Pins 48-45)

Backplane driver outputs.

Vico
LCD Driver Supply (Pin 20)

Power supply input for LCD drive outputs. May be used to
supply a temperature-compensated voltage to the LCD drive
section, which can be separate from the logic voltage supply,

Voo

Voo
Positive Power Supply (Pin 49)

This pin supplies power to the main processor interface and
logic portions of the device. The voltage range is 2.7 to 5.5V
with respect to the Vgg pin.

For optimum performance, Vpp should be bypassed to
Vgs using a low inductance capacitor mounted very closely
to these pins. Lead length on this capacitor should be mini-
mized.

Vss
Ground (Pin 21)
Common ground.

DATA INPUT PROTOCOL

Two-wire communication bus DCLK, D,; three-wire com-
munication bus DCLK, D;,, ENB.

MC14LC5003 — SERIAL INTERFACE DEVICE (FIGURE 7)

Before communication with an MC14LC5003 can begin, a
start condition must be set up on the bus by the transmitter.
To establish a start condition, the transmitter must pull the
data line low while the clock line is high. The “idle” state for
the clock line and data line is the high state.

After the start condition has been established, an eight-bit
address should be sent by the transmitter. If the address sent
corresponds to the address of the MC14LC5003 then on each

MOTOROLA
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successive clock pulse, the addressed device will accept a
data bit.

If the ENB pin is permanently high, then the addressed
MC14LC5003's internal counter latches the data to be dis-
played after 128 data bits have been received. Otherwise, the
control of this latch function may be overridden by holding the
ENB line low until the new data is required to be displayed,
then a high pulse should be sent on the ENB line. The high
pulse must be sent during DCLK high (clock idle).

To end communication with an MC14LC5003, a stop con-
dition should be set up on the bus (or another start condition
may be set up if another communication is desired). Note that
the communication channel to an addressed device may be
left open after the 128 data bits have been sent by not setting
up a stop or a start condition. In such a case, the 129th rising
DCLK edge, which normally would be used to set up the stop
or start condition, is ignored by the MC14LC5003 and data
continues to be received on the 130th rising DCLK. The latch
function continues to work as normal (i.e., data is be latched
either after each block of 128 data bits has been received or
under external control as required).

At any time during data transmission, the transfer may be
interrupted with a stop condition. Data transmission may be
resumed with a start condition and resending the address.

MC14L.C5004 — IIC DEVICE (FIGURE 8)

Before communication with an MC14LC5004 can begin, a
start condition must be set up on the bus by the controller. To
establish a start condition, the controller must pull the data
line low while the clock line is high.

After the start condition has been established, an eight-bit
address should be sent by the controller followed by an extra
clock pulse while the data line is left high. In this option, only
the seven most significant bits of the address are used to
uniquely define devices on the bus, the least significant bit is
used as a read/write control: if the least significant bit is 0,
then the controller writes to the LCD driver; if it is 1, then the

controller reads from the LCD driver's 128-bit shift register on
a first-in first-out basis. [f the seven most significant address
bits sent correspond to the address of the LCD driver then the
addressed LCD driver responds by sending an “acknowledge”
bit back to the controller (i.e., the LCD driver pulls the data line
low during the extra clock pulse supplied by the controller). If
the least significant address bit was 0, then the controller
should continue to send data to the LCD driver in blocks of
eight bits followed by an extra ninth clock pulse to allow the
LCD driver to pull the data line D;, low as an acknowledgment.
If the least significant address bit was 1, then the LCD driver
sends data back to the controller (the clock is supplied by the
controller). After each successive group of eight bits sent, the
LCD driver leaves the data line high for one pulse.

if the ENB pin is permanently high, then the addressed
MC14LC5004’s internal counter latches the data to be dis-
played after 128 data bits have been received. Otherwise the
control of this latch function may be overridden by holding the
ENB line low untit the new data is required to be displayed,
then a high pulse should be sent on the ENB line. The high
pulse must be sent during DCLK high (clock idle).

To end communication with an MC14LC5004, a stop condi-
tion should be set up on the bus (or another start condition
may be set up if another communication is desired). Note that
the communication channel to an addressed device may be
left open after the 128 data bits have been sent by not setting
up a stop or a start condition. In such a case the rising DCLK
edge which comes after all 128 data bits have been sent and
after the last acknowledge-related clock pulse has been made
is ignored; data continues to be received on the following
DCLK high. The latch function continues to work as normai
(i.e., data is latched either after each block of 128 data bits
has been received or under external control as required).

At any time during data transmission, the transfer may be
interrupted with a stop condition. Data transmission may be
resumed with a start condition and resending the address.

MC14LC5003 « MC14L.C5004
3-10
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(39:A70 IOV4HILNI TVIHIS) €005 LOW *2 ainbig

DCLK

ENB
(IF USED)

s [

e frr\o__Jeesfrsforgemfordlorsarster)

START

FP1 FP2 129TH DCLK HIGH:
(DOES NOT SHIFT DATA)
—_—
8-BITS ADDRESS 128-BITS DATA START

ENABLE PULSE MAY OCCUR AS REQUIRED
BUT MUST BE DURING DCLK HIGH.
<

[

Figure 7a. Data Input—MC14LC5003

BP

x: 1-(BPi, FPj) ON
0—(BPi, FPj) OFF

Figure 7b. Serial 128 Bits Data
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(LOW-ORDERBIT 02=0) BY CONTROLLER FP1 FP2 BY CONTROLLER
p— e, —t—
Din
e [a\s D O e o CA 7\
CONTROLLER)
ENTIRE CLK FOR ENTIRE CLK FOR LAST DCLK PULSE
ACKNOWLEDGE ACKNOWLEDGE (DOES NOT SHIFT DATA)
—t— .
DCLK
START 8-BITS ADDRESS 8-BITS DATA CONTINUES TO CLOCK DATA AND ACKNOWLEDGE
\/ \/ \/
(FROM LCD
DRIVER) —— j—; —
PULLED LOW BY DRIVER PULLED LOW BY DRIVER STOP
ENABLE PULSE MAY OCCUR AS REQUIRED;
- BUT MUST BE DURING DCLK HIGH.
ENB <>
(IF USED) | |
READ FROM LCD DRIVER
(LOW-ORDER BIT=1)
Din
e\ [\ \/ [
CONTROLLER)
ENTIRE CLK FOR ENTIRE CLK FOR ENTIRE CLK FOR LAST DCLK PULSE
ACKNOWLEDGE ACKNOWLEDGE ACKNOWLEDGE Y\ (POES NOT SHIFT DATA)
—— —— ——
DCLK Ill'lllllllllllllll||||||||I”HHH”I |I|I,<———
—— ——
START 8-BITS ADDRESS 8-BITS DATA CONTINUES TO CLOCK DATA AND ACKNOWLEDGE ~ STOP
ADDRESS ACKNOWLEDGED BY DRIVER LEFT HIGH BY DRIVER

D

' —_—— —_—
rowicD X0\ X/

——
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Figure 9. Application Example
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APPLICATION INFORMATION

Figure 10 shows an interface example.
Example shows a semi-automatic SPI Mode (only start and stop conditions are done in non-SPI Mode). It contains the software
to use HC11 with MC14LC5003 in manual SPI Mode.

Voo Voo
1kQ
A0 A1 A2
MOS! |—e— 0sct
Din  mc14LC5003 R=470kQ
MC68HC11  SCK| bOLK osc2 %
§s ENB
BP1-BP4 FP1-FP32
1/4 MUX DISPLAY

Figure 10. Interface Example Between MC68HC11 and MC14LC5003

1
2 ;===2====CONSTANTS=====zz========== ==== == ==
3 0000 T extram equ $A000 ;$A000 for 8K RAM
4 0000 T stack equ $SO00FF ;last RAM byte
5 0000 T intofs equ $1000 ;Internal Registers
6 0000 T data equ $08
7 0000 T clock equ $10
8 0000 T enable equ $20
9 0000 T portd equ 8
10
11
12 ;=======PROGRAM BEGIN=======z=z=x ==== == ====
13 A000 T org extram ;Program into RAM
14 A000 N 8EOOFF cold 1ds #stack ;set stack pointer
15 A003 M 8638 ldaa #$38 ;set of MOSI,SS,SCK
16 A005 T B71009 staa $1009 ; DDRD
17 A008 M C611 ldab #17
18 AO0OA N CEAQSE ldx #send
19 A00D T BDA010O jsr spi
20 A0l10 T end cold
21
22 A010 U 18CE1000 spi lay #intofs
23 A014 J 181D0820 beclr portd,y #enable JEN = 0
24 A018 T BDAO31 jsr start ;start condition
25 AO01B X A600 again ldaa 0, x ;1 SPI Mode Use
26 A0lD T B7102A staa $102A ; SPDR
27 A020 L 181F2980FB brelr $29,y,#580, *
28 A025 H 08 inx ;next DATA
29 A026 H 5A decb
30 A027 R 26F2 bne again
31 A029 J 181C0820 bset portd,y #enable
32 A02D T BDA0OAC jsr stop ;stop condition
33 A030 H 39 rts
34
35 A031 M 8633 start ldaa #$33 ;Normal Mode
36 A033 T B71028 staa $1028 i SPCR
MC14LC5003 « MC14LC5004 MOTOROLA
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37 A036
38 A03A
39 AO3E
40 A042
41 A046
42 1048
43 A04B
44 A04C
45 AO4E
46 A051
47 A055
48 RAO059
49 A05D

51 AOSE
52 AOSF
53 A060

54 A061- -

55 A062
56 A063
57 A064
58 A065
59 A066
60 A067
61 A068
62 A069
63 AO6A
64 A06B
65 AQ06C
66 A06D
67 AQ6E
68 AO6F

DN agHaRmaRaagg

=i R B B B I I - I B B B I B B -

181C0808
181c0810
181p0808
181p0810
8673
B71028
39

8633
B71028
181D0808
181C0810
181C0808
39

stop

7E send

Example 1. Semi-Automatic SPI Method

bset
bset
bclr
beclr
ldaa
staa
rts

ldaa
staa
beclr
bset
bset
rts

fcb
fcb
fcb
fcb
fcb
fcb
fcb
fcb
fcb
fcb
fcb
fcb
fcb
fcb
fcb
fcb
fcb
rts

==PROGRAM END=

portd,y #data
portd,y #clock
portd,y #data
portd,y #clock

#$73
$1028

#$33
$1028

portd,y #data
portd,y #clock
portd,y #data

$007E
$00£0
$00£0
$00£0
$00£0
$00£0
$00£0
$00£0
$00f0
$00£0
$00£0
$00£0
$00£0
$00£0
$00£0
$00£f0
$00£0

;DATA = 1
;CLK = 1

;DATA = 0
;CLK = 0

; SPI Mode
i SPCR

;Normal Mode

;1 SPCR

;DATA = 0
;CLK = 1
;DATA = 0

;LCD Driver Address
;Data to sent

Figure 11 shows another interface example.

Example 2 contains the software to use HCO5 with MC14LC5003 in serial data interface.

Voo
1kQ
A0 A1 A2
pout =+ Din mMc1aLcs003
MC68HCO05 SCK DCLK
STROBE ENB

osct
R =470kQ
0sC2 }
ENB
BP1-BP4 | l | | FP1-FP32

1/4 MUX DISPLAY

Figure 11. Interface Example Between MC68HC05 and MC14LC5003

MOTOROLA

MC14LC5003 » MC14LC5004

3-15



PORTC
DDRC
SEN
SCL
SDA
DOUT

w1
COUNT

EQU
EQU
EQU
EQU
EQU
EQU

ORG

RMB
RMB

ORG
FCB
FCB

$02
$06
$07
$06
$05
$FF

$0050

1
1

$1FFE
#301
#$00

**% Main Program start at 0100 ***

START

AGAIN

READY

LBYTE

LBIT

DZERO

CLKHI

STOP

ORG
LDA
STA

LDX
BSET
BSET

BSET
LDA
STA
BCLR

CLC
LDA
STA
LDA
INCX

BCLR
ROLA
BCC
BSET
JMP
BCLR
BSET
DEC
BNE
DEC
BNE

BCLR

« BCLR

BSET
BSET
BCLR
RTS

*** End of Program ***

*** LCD Address and Data ***

SEND

FCB
FCB
FCB
RTS

PORTC

PORTDC
ENABLE PIN, PC7
CLOCK PIN, PC6
DATA PIN, PC5
OUTPUT DATA

ADDRESS OF RESET VECTOR OF MC68HC805C4
RESET VECTOR

$0100

#DOUT SET DATA LINE OUTPUT

DDRC

#3500

SDA,PORTC  IDLE STATE

SCL,PORTC  CLOCK AND DATA ARE HIGH

SEN,PORTC  EN=1

#3511 SET ADDRESS AND 8 CHARACTERS

w1

SDA,PORTC  START CONDITION, DATA LOW WHILE CLOCK HIGH
#$08

COUNT 8 BITS TO SHIFT

SEND,X GETA BYTE

SCL,PORTC  CLOCK LOW

DZERO DATA BIT=0?

SDA,PORTC  NO, BIT=1 AND DATA HIGH

CLKHI

SDA,PORTC  DATA LOW

SCL,PORTC  CLOCK HIGH

COUNT

LBIT

w1

LBYTE LAST BYTE ?

SCL,PORTC

SDA,PORTC  STOP CONDITION

SCL,PORTC  DATA GOES HIGH WHILE CLOCK HIGH

SDA,PORTC

SEN,PORTC  EN=0

$7E LCD DRIVER ADDRESS
$FF, $FF, SFF, $FF, $FF, SFF, $FF, $FF DATA TO SENT

$FF, $FF, $FF, $FF, $FF, $FF, $FF, $FF

Example 2. Serial Data Interface Method

MC14LC5003 « MC14L.C5004

3-16

MOTOROLA



PACKAGE DIMENSIONS

QFP
FU SUFFIX
CASE 848B-02
1 L ]l
39 | | 27
40 ] f 26 E ] PN
- ! == @ 2
] = ﬂ 19
] | s e |
EEL._._ |l o I <
2 | —
T‘Ea-l-— + == B [ =15 VI
\—] — e/ [5) 1< [5)
] [=~r— ) 8 g
v s | _ Q]S =3
| = |[EE |
- DETAIL A —— 813 g
- ] ols =1
18 +- | &
R
B
4| 0.20(0.008) @] H AB @] D ®)]
| |o.05(0.002)]A-B
% DETAIL A
[4-[ 0-20 (0.008@[C| A-B ©] D ©)
le«— F—>
]
m— = DETAIL C | }
~ E ~ v
s v / N
HH = DATUM 1 1
/ PLANE
—_ — " o
el i P2 BASE METAL
SEATING H =
PLANE G M [«~—D
[4]o.02 0005 ® [c[AB ©[D O]
SECTION B-B
MILLIMETERS | _INCHES
U NOTES: om| min | max | min | mx
1.DIMENSIONING AND TOLERANCING PERANSI [~a 990 | 1010 10.390 | 0.398
Y14.5M, 1982, - - . -
2.CONTROLLING DIMENSION: MILLIMETER. 8 | 990 | 10.10 [o.330]0.398
— 3.DATUM PLANE -H- IS LOCATED ATBOTTOMOF | ¢ | 2.10 | 2.45 |0.083[0.096
T LEAD AND IS COINCIDENT WITH THE LEAD
WHERE THE LEAD EXITS THE PLASTICBODY | D | 0.22 | 038 |0.009]0.015
: AT THE BOTTOM OF THE PARTING LINE. E [ 200 | 210 |0.079]0.083
\ 4.DATUMS -A-, -B- AND -D- TO BE DETERMINED
DATOY il ety iy F | 022 | 033 |0.009]0013
DATOMEHT AN R 5.DIMENSIONS S ANDV TO BE DETERMINED AT | G | 065BSC | 0.026BSC
\ Q SEATING PLANE -C-. H| - | 025 | -~ Jootw
6.DIMENSIONS A AND B DO NOT INCLUDE MOLD : -
~ PROTRUSION. ALLOWABLE PROTRUSION IS J 1013 ] 023 }0.005]0.009
025 (0.010) PER SIDE. DIMENSIONS AANDB [ K | 065 | 095 0026 [0007
DO INCLUDE MOLD MISMATCH AND A
K DETERMINED AT DATUM PLANE -H-. L] 7B0REF | 0.307REF
7.0IMENSION D DOES NOT INCLUDEDAMBAR [ M | 5 | 100 | 5 | 10°
—W PROTRUSION. ALLOWABLE DAMBAR N 013 | 017 To00s o007
le— X PROTRUSION SHALL BE 0.08 (0.003) TOTAL IN 13 | 017 10805100
EXCESS OF THE D DIMENSION AT MAXIMUM ajo 7 o |7
MATERIAL CONDITION, DAMBAR CANNOT BE
LOCATED ON THE LOWER RADIUS OR THE A lois | 080 1000510012
DETAIL C FOOT. 5 [1295] 1345 |0.510]0.530
T o013 - Jooos| -
vlo | - [o |-
v |1295] 1345 | 0.510]0.530
w | 035 | 045 |0.014]0.018
X | 1.6REF__ | 0.063REF
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BOND PAD LAYOUT

-X

+X

Dpoonaoat

PIN 4
£ B
a
+Y
®
.
-y
o NI
Die size : 78 x 119 mil?
(1 mil - 25.4um)
BOND PAD COORDINATES
COORDINATES COORDINATES
PINNO. | PINNAME PINNO. | PINNAME
X Y X Y
1 FP32 736.002 929.199 27 FP10 735.998 -837.201
2 FP31 -736.002 781.999 28 FP9 735.998 -690.001
3 FP30 736.002 634.799 29 FP8 735.998 -542.801
4 FP29 736.002 487,599 30 FP7 735.998 -395.601
5 FP28 ~736.002 340.399 31 FP6 735.998 -248.401
3 FP27 736.002 193.199 32 FP5 735.998 -101.201
7 FP26 ~736.002 45.999 33 FP4 735.998 45,999
8 FP25 736.002 -101.201 34 FP3 735.998 193.199
e FP24 ~736.002 -248.401 35 FP2 735.998 340.399
10 FP23 736.002 -395.601 36 FP1 735.998 487.599
11 FP22 736.002 ~542.801 37 NC 736.000 634.800
12 FP21 736.002 ~690.001 38 DCLK 736.000 782.000
13 FP20 -736.002 837.201 39 Dy 736.000 929.200
14 NC N/A N/A 20 NC N/A N/A
15 FP19 736.002 | -1205.601 a1 ENB 736.000 1205.600
16 FP18 588.802 | -1205.601 a2 A2 588.800 1205.600
17 FP17 441602 | -1205.601 a3 Al 441,600 1205.600
18 FP16 294402 | -1205.601 44 A0 204.400 1205.600
19 FP15 147202 | -1205.601 45 BP4 147.198 1205.599
20 Vico 0.000 | -1205.600 46 BP3 0,002 1205.599
21 Vss 147.200 | -1205.600 a7 BP2 147,202 1205.599
22 FP14 204.398 | -1205.601 48 BP1 -294.402 1205.599
23 FP13 441598 1205.601 49 Vop -441.600 1205.600
24 FP12 588.798 | -1205.601 50 0OSC2 -588.800 1205.600
25 FP11 735.998 | -1205.601 51 OSCi 736.000 1205.600
26 NC N/A N/A 52 NC N/A N/A

Dimemsions in ym

MC14LC5003 »« MC14L.C5004
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

LCD Segment Driver MC141511A

CMOS

The MC141511A is an LCD frontplane (segment) driver chip which in-
- cludes a 656 x 8 display RAM. The MC68HCO5L10 microcomputer is the
companion device which provides the backplane drive.

The MC68HCO05L10, together with one MC141511A, may be used to
drive a 5248-pixel muxed-by-41 display or a 4096-pixel muxed-by-32 dis-
play. Larger displays may be driven by adding additional MC141511A.

The MC141511A is a low operating voltage version of MC141511. It is
pin to pin compatible to the MC141511.

See Application Note AN-HK-13A.

MC141511AT2
TAB

* Operating Supply Voltage Range -
Control Logic, RAM, and Latch (VDD Pin): 2.7V to 5.5V
Frontplane Drivers (VLCD Pin): 4.5V to 13.2V
Operating Temperature Range: -20 to 70°C
Direct Interface with the MC68HCO05L10
656 x 8 Static RAM (Display RAM)
128 LCD Segment (Frontplane) Driving Signals
10-Bit Address Bus and 8-Bit Bidirectional Data Bus ORDERING INFORMATION
Selectable 1:32 or 1:41 Multiplex Ratios
Available in Two Forms: MCC141511A BARE DIE
TAB (Tape Automated Bonding), 161 Contacts, 10 sprocket hole device
Die Form Without Gold Bumps, 159 Pads with 4.5 mil Pads Pitch MC141511AT2  TAB

MCC141511A
DIE

BLOCK DIAGRAM
Do-D7
A0-A9

RAWW —>

BPCLK ——>| Display RAM

BPSYNC —»| &

PHI2 —

| LCD DATALATCH
CE —p| ;
LRS —> i /[

MS — —P>| SEGMENT DRIVER LEVEL

SELECTOR |ett—— VSEGL
VDD ——> !

DRIVER OUTPUTS

Control Logic

REV 3
10/96

MOTOROLA MC141511A
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161 | NC
160 SEGO
159 SEG1
Vpp '
TEST
BPSYNC(FRM)
BPCLK
MS

PHR(PO2)
CE

RW
A9
As| 10
A7| 1
A6| 12
A5| 13

A4} 14
A3] 15
A2| 16
A1) 17

A0l 18
LRS| 19

Do| 20

D1| 21

©OONDUAEWN-=

MC141511AT2

MOTOROLA

SERREBR

Vicp| 28
VsegH(VI)| 29
Vsegr(Vd)

Vss

34| seG126
33| sea127
NC

NC = NO CONNECTION

Figure 1A. TAB Package Contact Assignment (Copper View)

MC141511A MOTOROLA
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Vbp
TEST

BPSYNC
BPCLK
MS

PHI2
CE

A9

D7
Vieo
VSEGH
VseGL

Ss
DUMPAD 4
DUMPAD 3
DUMPAD 2
DUMPAD 1

SEG 127

w;

BEEAANEEREOREEEENRECNNCEEENREREHEN

13 )]

B | SEGO

IEENDEPNONENENEENEEEENENEEOBEDNEOEREAER

3

EENREBEEEENEEEAEOANERNENCOONERERUAERAEA

]
@
[0}
L
[
L

SEG 40

BENEEEEBEOEHEHEENEEEAAEERENEESERSEEAERENRBEREEREER

SEG 86

9¢i 938

48 938

Figure 1B. Chip Pad Assignment
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MAXIMUM RATINGS*(Voltages Referenced to Vgg, Ta = 25°C)

Symbol Parameter Value Unit
Vpbo Supply Voltage -0.3t0+7.0 Vv
Vico -0.3t0 +14.0 v
Vin Input Voitage Vgg-0.3 to Vpp+0.3 \

| Current Drain Per Pin Excluding Vpp and Vgg 25 mA

Ta Operating Temperature -20 to +70 'C
Tstg Storage Temperature Range -65 to +150 'C

* Maximum Ratings are those values beyond which damage to the device may occur. Functional
operation should be restricted to the limits in the Electrical Characteristics tables or Pin Descrip-

tion section.

ELECTRICAL CHARACTERISTICS (Voltage Referenced to Vgg, Ta = 25°C)

This device contains circuitry to protect the inputs
against damage due to high static voltages or elec-
tric fields; however, it is advised that normal precau-
tions to be taken to avoid application of any voltage
higher than maximum rated voltages to this high
impedance circuit. For proper operation it is recom-
mended that Vi, and V,, be constrained to the
range Vgg < or = (Vi or Vo) < or = Vpp. Reliability
of operation is enhanced if unused input are con-
nected to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left
open. This device may be light sensitive. Caution
should be taken to avoid exposure of this device to
any light source during normal operation. This
device is not radiation protected.

Symbol Parameter Min Typ Max Unit
Operating Voltage
Vpp Supply Voltage 2.7 - 55 v
Vico LCD Voltage 45 - 13.2 v
Supply Current
at Vpp=5.5V (PHI2=3.685MHz)
lac ACCESS - - 200 uA
Ipp DISPLAY - 25 30 UA
lsg STANDBY (Using Doy bit of the MCU) - 15 20 uA
at Vpp=3.0V (PHI2=1.25MHz)
lac ACCESS - - 200 uA
lop DISPLAY - 17 30 uA
lsg STANDBY (Using Doy bit of the MCU) - 10 20 uA
lLco Supply Current at V) cp - - 200 uA
VoL Output Voltage, lload<10.0uA - - 0.1 \
Vo Vicp-0.1 - - Vv
VoH Output High Voltage (lload=1.6mA) D7-DO| * Vpp-0.8 - - \
VoL Output Low Voltage (lload=1.6mA) D7-DO - - 0.4 \)
ViH Input High Voltage R/W, BPCLK, BPSYNC, PHI2, MS, CE, D7-DO| 0.8xVpp - Vop \
Vi Input Low Voltage R/W, BPCLK, BPSYNC, PHI2, MS, CE, D7-D0 Vss - 0.2xVpp Vv
VR Data Retention 2.0 - )
lin Input Current BPCLK, BPSYNC, R/W, PHI2, D7-D0 - - +1 UA
Cin Capacitance R/W, BPCLK, BPSYNC, PHI2, MS, CE, D7-D0 - - 8 pF
lon Output current (Vou=4.5V, Vg =0.5V) D7-DO +20 - - uA
lo]_ - - -20 UuA
MC141511A MOTOROLA
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AC ELECTRICAL CHARACTERISTICS - WRITE CYCLE (Vpp=3.0V£10%, Vgg=0V)

Symbol Parameter Min Max Unit
tevew Write Cycle Time 400 - ns
tas Address Set Up Time 100 - ns
tAH Address Hold Time 70 - ns
tcs Chip Select Pulse Width 260 - ns
twes Write to Chip Select Delay Time 100 - ns
tosw Data Setup Time 200 - ns
N Input Hold Time 15 - ns
twH Write Hold Time from Chip Select 70 - ns
et tcycw -
CE
tas
<—> ics — >t t—AH—]
PHI2 ///]
twes ¢
l<t—— —P WH
RW
[ ]
}4————'DSW-——> tH [
D0-7 Data in Stable
Figure 2. Write Cycle Timing
MOTOROLA MC141511A
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AC ELECTRICAL CHARACTERISTICS - READ CYCLE (Vpp=3.0V£10%, Vgg=0V)

Symbol Parameter Min Max Unit
tovcr READ Cycle Time 400 - ns
tas Address Setup Time 100 - ns
toor Data Delay Time (Read) - 350 ns
ty Output Hold Time 10 - ns
|
| CYCR >
CE
|l tas ol tbor >
PHI2 /
th
DO-7 ’ -
N\ Data Valid
Figure 3. Read Cycle Timing
MC141511A MOTOROLA
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PIN DESCRIPTIONS

Vpp AND Vgg

The main dc power is supplied to the part by these two connec-
tions. Vpp, is the most-positive supply level for logic circuitry and Vgg is
ground.

Vico

This supply connection provides the voltage level for the segment
drivers and is connected to the Vout connection of the MC68HCO5L10
MCU.

VseaL: VsegH
These inputs are connected to V2 and V3 of an external voltage

divider. See Figure 4.

D0 -D7
These connections form an eight bit wide bidirectional data bus
which are connected to DO through D7 of the MC68HCO5L10.

AD - A9

These inputs form a ten-bit wide address bus for addressing the
display RAM and are connected to AQ through A9 of the
MC68HCO5L10.

BPSYNC

This input is a periodic active-low signal from the MC68HCO5L10
for timing synchronization. BPSYNC is connected to FRM of
MC68HCO05L10. See Figure 5.

BPCLK

This input may be run as high as 4.096 kHz (50% duty cycle). It
provides the required frame frequency for the segment driver. It is con-
nected to BPCLK of the MC68HCO5L10. Thus, the frequency is usually
2.048 kHz. See Figure 5.

PHI2
This input is a bus clock input that is used for data bus timing syn-
chronization. It is connected to P02 of MC68HCO5L10.

SEGO - SEG127

These 128 output lines provide the frontplane drive signals to the
LCD panel. These outputs are forced to a low level while display is
turned off. Any unused segment outputs should be left open.

This is an active low chip enable input and is connected to either
1, CS2, CS3 or C54 of the MC68HCO5L10.

O‘ o‘
o m

LRS
The left-right selection input defines the direction of the segment
driver display. See Figure 8.
OorLow=SEGO0-127
1 or High =SEG 127 - 0

MS
This input selects how display RAM is addressed. Either a 1:32 or
1:41 multiplex ratio is possible.
0 or Low = 1:32 multiplex addressing
1 or High = 1:41 multiplex addressing

R/W

This input indicates which direction the data is to be passed over
the data bus. When R/W is low, the LCD driver reads data from the data
bus (D0-D7). When R/W is high, the LCD driver writes data to the data
bus (D0-D7). This input is connected to R/W of MC68HCO5L10.

TEST

Allowing this connection to float or connecting it to VSS (GND)
places the part in the normal mode of operation. This input has an on-
chip pulldown resistance of approximately 1MQ.

+12V

Figure 4. External Voltage Divider

MOTOROLA

MC141511A
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BPSYNC |<————2 FRAMES = 1/32 OR 1/25 ssc———>|

(SIGNAL
FROM MCU
FRM PIN) J

BPCLK |< 64/82 CLOCK PULSE

(SIGNAL — >|_
FROM MCU | | | | l | | l l | | | | | I I ——— | | | | I | | | ’ |
BPCLK PIN) R

Figure 5. Relationship between BPSYNC and BPCLK

© ~
(2 o
& & & 3 o o
LRS =0 —P» oo % a w oW
~ [{e} [Te] <t
a9 a o - o
LRS=1— & @ @ o 2 B
w w ()] w w (2]
or— | ! ! | - _- - _ - _ _ _ _ __ _____
00 02 | 03 7E| 7F
b7
80 | 81| 82| 83 FE| FF
100} 101|102 | 103 17E| 17F
180|181 | 182 183 1FE| 1FF
ABYTE —p
200 | 201{ 202 | 203|204 205|206 | 207 27E] 27F
R T T T T 7T e
[ |
I I A O I A
o - — — — — — — — — - b7
Figure 6. Display RAM Configuration
MC141511A MOTOROLA
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OPERATION OF LCD DRIVER

INTRODUCTION

The MC141511 is LCD driver with selectable 1: 32 or 1: 41 multi-
plex ratios. The device consists of the following functional blocks as
shown in the Block Diagram.

CONTROL LOGIC - accepts the control signals from the MCU and
generates internal signals for synchronisation.

DISPLAY RAM - stores the display data. Each bit of the display
RAM has one-to-one correspondence to a pixel of the LCD. The display
RAM is in vertical byte oriented format as shown in Figure 6 and the
way the display RAM is addressed depends on the multiplexing mode of
the LCD (Figure 8). With reference to Figure 6, the display RAM also
contains 16 bytes of memory which is in horizontal format ($280-$28F).
The display RAM is addressed when backplane reaches 41.

LEVEL SELECTOR - consists of a switching circuit to select
appropriate voltage levels from an external voltage divider. See figure 4.

SEGMENT DRIVERS - provides the segment driving signals to the
LCD frontplane. See Figure 7.

The LCD driver clock is derived from the 2.048KHz BPCLK
and frame frequency is 64 Hz for 1:32 multiplex and 50 Hz for 1:41
multiplex ratio. See Figure 5.

GENERATION OF LCD BIAS LEVELS
Refer to Figure 4. In order to obtain optimum contrast for LCD
panels, the bias levels should be selected such that

BIAS = R/(4R+R1) = 1/(VMUX + 1)
VINVLED = 1/(VMUX + 1)

V2/VLCD = 2/(VMUX + 1)

V3/VLCD = (VMUX - 1)/(VMUX + 1)
V4/VLCD = VMUX /(VMUX + 1)

Example: Mux = 41 ----- Bias=1:7.4,
R = 10K, R1 = 33K, VR = 100K

Mux = 32 ----- Bias = 1: 6.6,

R = 10K, Rt = 27K, VR = 100K

MOTOROLA

MC141511A
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|<———— 2 FRAMES = 1/32 OR 1/25 SEC ———>|

BPSYNC

(SIGNAL
FROM MCU,
" FRM PIN)

NENE R NN EUE RN LN

I —

Vieo
V4

COM (1) v —
V2 —
Vi —
GND —

| = Y

Vi — [/ [—— — — = —
COM (2) v3 —

vo —

vi — - ———

GND
Vico — —
SEG (X) V3 — — -———

vz — - -——— -
Vi —
GND —

Vieco —

SEG (X)-COM (1) V3

vi— = ===
v2 —
v3 —
v4a —
Vicp —

1 FRAME
Vico I l ' |

V4

SEG (X)-COM (2) V3
v2

Viep

N=32,41

Figure. 7 Driving Waveform of 1:5 Bias, 1:32 or 1:41 Multiplex Ratio

MC141511A MOTOROLA
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w3~ $1C0- $1CF Y
< $200-$27F = -~} $200-$27F =
<3 $280 - $2FF e ~- $280 - $2FF e —
~=~ $300 - $37F B — -3~ $300-$37F B
<3~ $380 - $3FF o <3~ $380- $3FF e
1:32 -3 $400 - $47F e
1:41
ONE SLAVE
<3 $1C0-$1CF L= <3 $1D0-$1DF -~
-3 $200 - $27F e -~ $400 - $47F e -  $200 - $27F - -3 $480 - $4FF S,
-~ $280 - $2FF ] <3~  $480 - $4FF ] -3} $280 - $2FF e 3~ $500 - $57F -
-~} $300- $37F ] -~} $500 - $57F - -~} $300- $37F e -3~ $580 - $5FF ]
<3 $380-$3FF ] =} $580 - $5FF e ~<} $380- $3FF L= <3~ $600 - $67F e
1:32 <3 $400- $47F = «<J- $680 - $6FF e
TWO SLAVES 1:41
< $200- $27F — <1 $400 - $47F -— ~<J $600 - $67F -—
- $280 - $2FF = -3 $480 - $4FF = <=} $680 - $6FF -
~<3~  $300 - $37F E— <3 $500 - $57F ) -3 $700-$77F =
-3~ $380 - $3FF o -3 $580 - $5FF s -3 $780 - $§7FF -
1:32
<3 $1C0-$1CF — ~<3- $1D0 - $1DF _— 3~ $1E0-$1EF .
-3 $200 - $27F - 3 $480 - $4FF e -~ $700-$77F -
< $280- $2FF B <3~ $500 - $57F ) <} $780-$7FF s
<} $300 - $37F ] <3 $580 - $5FF S <} $800 - $87F £
< $380- $3FF B <3 $600-$67F s <<} $880 - $8FF =
<} $400- $47F B ~<3- $680 - $6FF -— <<J $900 - $97F —
1:41
THREE SLAVES
< $200 - $27F -— <  $400 - $47F -— < $600 - $67F — ~F $800 - $87F -
< $280- $2FF - =3 $480- $4FF = I $680 - $6FF — ~} $880 - $8FF o
<< $300 - $37F - =3}~ $500 - $57F = <} $700-$77F = ~F $900 - $97F -—
=3 $380 - $3FF = =3I $580 - $5FF = = $780 - $7FF = =J $980 - $9FF =
1:32
-~ $1C0-8$1CF _— -~ $1D0- $1DF - <3~ $1EO0- $1EF - -~ $1F0-$1FF -
<3J- $200-%27F £ | < 3$480-$4FF = | << $700-$77F = | <3 $980-$9FF T
< $280- $2FF — < $500 - $57F --— << $780- $7FF = I $A00 - $A7F -—
< $300 - $37F -— I $580 - $5FF -— ~<} $800 - $87F = <<F $A80 - $AFF =
=<3 $380- $3FF -— <3 $600- $67F -— ~J $880 - $8FF = ~<F $B00-$B7F -—
-3  $400 - $47F = =3 $680 - $6FF == -~ $900 - $97F = = $B80 - $BFF =
1:41
FOUR SLAVES
Figure 8. Display RAM Mapping for 1:32 and 1:41 Multiplex Ratio
MOTOROLA MC141511A
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PACKAGE DIMENSIONS

MC141511AT2
TAB PACKAGE DIMENSION
(DO NOT SCALE THIS DRAWING)

W
D 3
K DETAL B
L
DETAL C
i /.
(&) om
<<
ol y
I
<
o © +
= — el
<
RN
-
E
?AN
TAI
DETAIL A—/ DETAL D
z P
R AE
X Y rAA
A
COPPER
@ .
< ~ ] J/ POLYIMIDE
(]
a <
<

MAGNIFIED VIEW

Reference: 98ASL00183A Issue “A” released on 04/15/96 7

MC141511A MOTOROLA
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MC141511AT2
TAB PACKAGE DIMENSION

(DO NOT SCALE THIS DRAWING)

rAP
BD

DETAIL "A”

AV

AW
AU

T

DETAIL ~C”

AS

DETAIL "B”

%y

DETAIL "D”

Reference: 98ASL00183A

Issue “A” released on 04/15/96 J

MOTOROLA

MC141511A
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MC141511AT2 TAB PACKAGE DIMENSION

Millimeters Inches Millimeters Inches
Dim Min “Max — Min Max ~ Dim Min Max Min Max
A 46.55 47.55 1.8327 1.8720 — AE 21.25 21.35 0.8366 0.8406
B 34.775 35.175 1.3691 1.3848 AF 1.95 2.05 0.0768 0.0807
C 28.947 29.007 1.1396 1.1420 AG 0.85 0.95 0.0335 0.0374
D 4.72 478 0.1858 0.1882 AH 0.85 0.95 0.0335 0.0374
E 1.951 2.011 0.0768 0.0792 AJ 9.75 9.85 0.3839 0.3878
F 1.951 2.011 0.0768 0.0792 AK 6.85 6.95 0.2697 0.2736
G 1 2 0.0394 0.0787 AL 4.75 4.85 0.1870 0.1909
H - - - - AM 1.95 2.05 0.0768 0.0807
J 7.469 8.469 0.2941 0.3334 AN 1.95 2.05 0.0768 0.0807
K 9.04 10.04 0.3559 0.3953 AP 0.085 0.095 0.0033 0.0037
L 0.48 0.52 0.0189 0.0205 AR 0.35 0.45 0.0014 0.0177
M 1.26 1.28 0.0496 0.0504 AS 0.35 0.45 0.0014 0.0177
N 4.95 5.05 0.1949 0.1988 AT 0.6 0.7 0.0236 0.0276
P 20.45 20.55 0.8051 0.8091 AU 0.6 0.7 0.0236 0.0276
R 20.45 20.55 0.8051 0.8091 AV 0.75 0.85 0.0295 0.0335
S 9.78 9.88 0.3850 0.3890 AW 0.75 0.85 0.0295 0.0335
T 23.155 23.255 0.9116 0.9156 AX 1.75 1.85 0.0689 0.0728
U 23.155 23.255 0.9116 0.9156 AY 0.34 0.36 0.0134 0.0142
\ 22.53 22.62 0.8870 0.8905 AZ 0.15 0.19 0.0059 0.0075
w 22.53 22.62 0.8870 0.8905 BA 13.7 14.3 0.5394 0.5630
X 23.1 23.2 0.9094 0.9134 BB 1.22 1.32 0.0480 0.0520
Y 23.1 23.2 0.9094 0.9134 BC 1.22 1.32 0.0480 0.0520
Z 19.95 20.05 0.7854 0.7894 BD 0.45 0.55 0.0177 0.0217
AA - 0.2 - 0.0079 BE 11.35 11.45 0.4469 0.4508
AB 0.686 0.838 0.027 - 0.033 BF 0.12 0.22 0.0047 0.0087
AC 0.068 0.063 0.0027 0.0024 BG 12.35 12.45 0.4862 0.4902
AD 0.579 0.629 0.0227 0.0247
NOTES:
1. Dimensioning and tolerancing per ANSI Y14.5M, 1982.
2. Controlling dimension: millimeter
3. Copper thickness: 1 oz
Reference: 98ASLO0183A Issue “A” released on 04/15/96
MC141511A MOTOROLA
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MC141511AT2

TAB TAPE REEL ORIENTATION

© .
TN Ty RSN
VLU Q

N\

R R e e

tLtotosotooouonaoa

f
Tam
\

\V4

L Reference: 98ASL0O0183A Issue “A” released on 04/15/96 J

MOTOROLA MC141511A
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MCC141511A PAD COORDINATES

(UNIT: um)
Pin Pin Pin Pin
Name X Y Name X Y . Name X Y Name X Y
VDD — -1874.62  -2498.76 | SEG126 2728.66 -2233.88 | SEG86 2630.76 243232 SEG39 272866 2227.72
TEST  -1738.66 -2498.76 | SEG125 272866 -2119.48 | SEG85 2516.36 243232 | SEG38 -2728.66 2113.32
BPSYNC -1611.06 -2498.76 | SEG124 2728.66  -2005.08 | SEGB84 2401.96  2432.32 SEG37  -2728.66 1998.92
BPCLK  -1483.46 -2498.76 | SEG123 272866 -1890.68 | SEGB3  2287.56 2432.32 | SEG36 -2728.66 1884.52
MS -1355.86 -2498.76 | SEG122 2728.66 -1776.28 | SEGS82 2173.16  2432.32 SEG35 -2728.66 1770.12
PHI2 -1228.26 -2498.76 | SEG121 272866 -1661.88 | SEG81  2058.76 2432.32 | SEG34 -272866 1655.72
CE -1100.66 -2498.76 | SEG120 2728.66 -1547.48 | SEGS80 1944.36  2432.32 SEG33 -2728.66 1541.32
RW -973.06 -2498.76 | SEG119 272866 -1433.08 | SEG79  1829.96 2432.32 | SEG32 -2728.66 1426.92
A9 -845.46  -2498.76 | SEG118 272866 -1318.68 | SEG78 171556 243232 | SEG31 -2728.66 1312.52
A8 -717.86 --2498.76 | SEG117 272866 -1204.28 | SEG77  1601.16 243232 | SEG30 -2728.66 1198.12
A7 -590.26  -2498.76 | SEG116 272866 -1089.88 | SEG76 1486.76  2432.32 SEG29 -2728.66 1083.72
A6 -462.66 -2498.76 { SEG115 272866 -975.48 | SEG75  1372.36 243232 | SEG28 -2728.66  969.32
A5 -335.06 -2498.76 | SEG114 272866  -861.08 SEG74 1257.96  2432.32 SEG27  -2728.66  854.92
A4 -207.46  -2498.76 | SEG113 272866 -746.68 | SEG73 114356 243232 | SEG26 -2728.66  740.52
A3 -79.86 -2498.76 | SEG112 272866  -632.28 SEG72 1029.16  2432.32 SEG25 -2728.66  626.12
A2 47.74  -2498.76 | SEG111 272866 -517.88 | SEGT71 91476 243232 | SEG24 -2728.66 511.72
A1l 175.34  -2498.76 | SEG110 272866  -403.48 SEG70 800.36 2432.32 SEG23  -2728.66  397.32
A0 302.94 -2498.76 | SEG109 272866 -289.08 | SEG69  685.96 2432.32 | SEG22 -2728.66  282.92
LRS 430.54  -2498.76 | SEG108 272866 -174.68 SEG68 571.56 2432.32 SEG21 -2728.66 168.52
DO 558.14  -2498.76 | SEG107 272866  -60.28 SEG67  457.16 243232 | SEG20 -2728.66  54.12
D1 685.74  -2498.76 | SEG106 2728.66 54.12 SEG66 342.76 2432.32 SEG19  -2728.66 -60.28
D2 813.34  -2498.76 | SEG105 272866  168.52 | SEG65  228.36 243232 | SEG18 -2728.66 -174.68
D3 940.94 -2498.76 | SEG104 272866  282.92 | SEG64 113.96 243232 | SEG17 -2728.66 -289.08
D4 1068.54 -2498.76 | SEG103  2728.66 397.32 SEG63 -0.44 2432.32 SEG16  -2728.66 -403.48
D5 1196.14 -2498.76 | SEG102 272866  511.72 | SEG62  -114.84 243232 | SEG15 -2728.66 -517.88
D6 1323.74 -2498.76 | SEG101 272866  626.12 SEG61  -229.24  2432.32 | SEG14 -2728.66 -632.28
D7 145112  -2498.76 | SEG100 2728.66 740.52 SEG60 -343.64  2432.32 SEG13  -2728.66 -746.68
VLCD 1578.94 -2498.76 | SEG99  2728.66 85492 | SEG59  -458.04 243232 | SEG12 -2728.66 -861.08
VSEGH 1706.54 -2498.76 | SEG98 2728.66 969.32 SEG58 -572.44  2432.32 SEG11 -2728.66  -975.48
VSEGL 1834.14  -2498.76 | SEG97  2728.66 - 1083.72 SEG57 -686.84  2432.32 SEG10  -2728.66 -1089.88
VSS 1979.78 -2498.76 | SEG96 272866 1198.12 | SEG56  -801.24 2432.32 | SEG9  -2728.66 -1204.28
DUMPAD 4 2111.78 -2498.76 | SEG95 2728.66  1312.52 SEG55 -915.64  2432.32 SEG8 -2728.66 -1318.68
DUMPAD 3 2239.38 -2498.76 | SEG94 272866 1426.92 | SEG54 -~1030.04 243232 | SEG7  -2728.66 -1433.08
DUMPAD 2 2366.98 -2498.76 | SEG93 2728.66  1541.32 SEG53  -1144.44 2432.32 SEG6 -2728.66 -1547.48
DUMPAD 1 2494.58 -2498.76 | SEG92 2728.66  1655.72 SEG52  -1258.84 2432.32 SEGS -2728.66 -1661.88
SEG127 2619.54 -2498.76 | SEG91  2728.66 1770.12 | SEGS51 -1373.24 243232 | SEG4  -272866 -1776.28
SEG90  2728.66 1884.52 | SEGS50 -1487.64 2432.32 | SEG3  -2728.66 -1890.68
SEG89 2728.66  1998.92 SEG49  -1602.04 2432.32 SEG2 -2728.66 -2005.08
SEG88 2728.66  2113.32 SEG48  -1716.44 2432.32 SEG1 ~2728.66 -2119.48
SEG87 272866 2227.72 | SEG47 -1830.84 2432.32 | SEGO  -2728.66 -2233.88
SEG46  -1945.24 2432.32
SEG45  -2059.64 2432.32
SEG44  -2174.04 2432.32
SEG43  -2288.44 2432.32
SEG42  -2402.84 2432.32
SEG41 -2517.24  2432.32
SEG40  -2631.64 2432.32
Die Size  :240.0 x 212.0 miP
Pad Pitch : 4.5 mil
Note 11 mil ~ 25.4 uym
DUMPAD 1-4: Dummy pad without connections to internal circuitry
MC141511A MOTOROLA
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TYPICAL APPLICATIONS

128 X 41 SINGLE PANEL LCD SYSTEM WITH MC68HCO5L10

LCD
POWER
SUPPLY
BP0-BP40 41 X 128 dots LCD Panel
Trimmer for
Contrast
Control SEGO-SEG127
+5V ﬂ +5V
o i SEG0-SEG127 i
VLeD BP0-BP40 VDD vLCD VDD
, vouT L VSEGH il a8
V4 B VSEGL =
—v1 BPCLK BPCLK
FRM BPSYNC MC141511A
MC68HCO5L10 cs1 CE
— MS
LRS
10K RAW RW
va | A0-A9  DO0-D7 PO2 PHI2 D0-D7 AQ-A9 +5V
10K J A
V3 : A A ?
éaon«
v2
8 L
Vi 10K 3 =
10K
Note : Full capability of MC68HCQ5L10 can control up to four MC141511A slave LCD drivers with 41 x 512 dots LCD panel.
Refer to application note, MC68HC05L10 AN ENHANCED VERSION OF L9 FOR HANDHELD EQUIPMENT APPLI-
CATIONS (AN-HK-13A) for more details.
MOTOROLA MC141511A
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

LCD Backplane Drivers
CMOS

MC141512
MC141515

The MC141512 and MC141515 are high voltage passive LCD back-

plane driver chips. The MC141512 provides 80 high voltage LCD driving
signals whereas the MC141515 provides 160 high voltage LCD driving sig-
nals.

They are companion chips to the MC141514 and MC141519 LCD seg-
ment driver for medium size LCD panels. Ail these chips are controlled by
the MC68HCO5L11 microcomputer.

The MC141515T is the twin die version of the MC141512T.

See Application Note AN-HK-15.

e  Operating Supply Voltage Range - .
Control Logic (Vpp Pin): 2.7V to 5.5V
Backplane Drivers (V| ¢cp Pin): 10V to 25V
Operating Temperature Range: -25 to 70°C
Direct Serial Data Interface with the MC68HCO5L11
MC141512 - 80 LCD Backplane Driving Signals
MC141515 - 160 LCD Backplane Driving Signals
1:5t0 1:13 Bias
Expansion to Higher Driver Count by Cascade
Available in Three Forms:
TAB (Tape Automated Bonding), 91 Contacts - MC141512T1
i 182 Contacts - MC141515T
Die Form Without Gok':! Bumps, 91 Pads with 4.3 mil Pads Pitch

e o o 8 o o o

MC141512T1
TAB

MC141515T
TAB

MCC141512
. DIE

ORDERING INFORMATION

MC141512T1 TAB
MC141515T TAB
MCC141512 BARE DIE
BLOCK DIAGRAM
cOomo COM79
V<i>
V<5>

V<6> 3, | l

VvDD

\s/gtgé%ﬁ HIGH VOLTAGE DRIVERS ARRAY

<—j ]

N W i o :

VSS

ol PULSE 80-BIT SHIFT REGISTER

- FMC

e S I

Y ! !

M BPCLK FRM

REV 4
10/96
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MC141512T1 TAB Package Contact Assignment (Copper View)
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MC141515T TAB Package Contact Assignment (Copper View)
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MAXIMUM RATINGS*(Voltages Referenced to Vsg)

Symbol Parameter Value Unit
Vpp Supply Voitage -0.3t0 +7.0 \'
Vs -0.3t0+27.5 v

Vin Input Voltage -0.3to Vpp+0.3 \'%
| Current Drain Per Pin Excluding Vpp and Vgg 25 mA

Ta Operating Temperature -25t0 +75 ‘C

Tetg Storage Temperature Range -65 to +150 ‘Cc

* Maximum Ratings are those values beyond which damage to the device may occur. Functional
operation should be restricted to the limits in the Electrical Characteristics tables or Pin Descrip-

tion section.

This device contains circuitry to protect the inputs
against damage due to high static voltages or elec-
tric fields; however, it is advised that normal precau-
tions to be taken to avoid application of any voltage
higher than maximum rated voltages to this high
impedance circuit. For proper operation it is recom-
mended that Vi, and V,, be constrained to the
range Vgg < or = (Vi or Vo) < or = Vpp. Reliability
of operation is enhanced if unused input are con-
nected to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left
open. This device may be light sensitive. Caution
should be taken to avoid exposure of this device to
any light source during normal operation. This
device is not radiation protected.

ELECTRICAL CHARACTERISTICS (Voltage Referenced to Vgg, Vpp = 5.0V, V4, = 25V, Ty = -25 to 70°C)

Symbol Parameter Test Condition Min Typ Max Unit
Vop Supply Voltage Range (Absolute value reference to Vgg) 2.7 - 5.5 v
Virs LCD Supply Voltage Range +10.0 - +25.0 \

lop Display Mode Supply Current (Vpp Pin) BPCLK = 8KHz - 1 10 uA
Isg Standby Mode Supply Current (Vpp Pin) Using Doy bit of the MCU - 0.5 1 UA
lLop Display Mode Supply Current (V4. Pin) BPCLK = 8KHz - 3 10 uA
) Standby Mode Supply Current (V4 Pin) BPCLK = 8KHz - 0.5 1 uA
Vor Output Low Voltage No Load Vss - 0.2xVpp \
Vo Output High Voltage 0.8 xVpp - Vop \
(M, FMC)
Vin Input High Voltage 0.7xVpp - Vop A
Vi Input Low Voltage Vss - 0.3xVpp \
(BPCLK, FRM, M, DOFF, FMC, MGEN)
lin Input Current - - +1 UuA
(BPCLK, FRM, M, DOFF, FMC, MGEN)
Cin Input Capacitance - - 8 pF
(BPCLK, FRM, M, DOFF, FMC)
lon Output High Current Vo= 4.5V +100 - - uA
loL Qutput Low Current Vor=0.5V - - -100 UA
(M, FMC) ’
MOTOROLA MC141512 « MC141515
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AC ELECTRICAL CHARACTERISTICS (Vpp = 2.7 - 5.0V, Vgg = 0V, Ty = 25°C)

Symbol Parameter Min Max Unit
trcon Carry Out Frame On Time 122 = us
trca Carry Out Frame Delay Time 10 100 ns
tPon BPCLK Pulse On Time 61 - us
tepeyc BPCLK Cycle Period 61 - us
temd Frame Delay Time 10 100 ns
temon Frame Pulse On Time 122 - us

tecon

M. __ 0000 o

trcd |<— t
tepon Fed

BPCLK —\l / \

tBF’cyc

—F‘ [~ trg —>| trmd

tEMon

FRM - —
g / A
Timing Diagram
MC141512 « MC141515 MOTOROLA
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PIN DESCRIPTIONS

Vpp AND Vgg
Power is supplied to the driver using these two pins. Vpp is power
and Vgg is ground.

V<15, V<55, V<6>
These are the levels of voltage generated from an external volt-
ages divider (Fig. 1).

DOFF

This is an output from MC68HCO5L11 to signal the backplane
driver to turn off LCD. If this signal is clear, the backplane driver will sup-
ply LCD with driving signal. If this signal is set, the backplane driver out-
puts will be high-impedanced and LCD display is disabled.

FRM
A periodic active high input to the backplane driver for frame tim-
ing synchronization which is connected to FRM of MC68HCO5L11.

BPCLK

A periodic output from MC68HCO5L 11 to backplane driver for tim-
ing synchronization. The signal will affect the refreshing time of LCD
display.

FMC
This is an output pin of backplane driver which is connected to the
FRM of the next backplane driver in case of cascading.

M

This pin is for synchronization between the display driver. When
MGEN is set, it will generate an M signal for synchronization. When
MGEN is clear, it becomes an input pin and expecting a M signal from
other device.

MGEN

An input which is used for program the M pin as an input or output.
If MGEN s logic high, M acts as an output. If MGEN is logic low, M
becomes an input.

COMO0-79
These are the high voltage outputs of the backplane driver which
are connected to set of common lines of any LCD panel.

OPERATION OF LCD DRIVER
INTRODUCTION

The LCD backplane driver can support multiplex ratio of a LCD
system up to 146 and cascading of more than one driver for expansion
is possible. It can be set from 1:5 bias (for 16 mux) to 1:13 bias (for 146
mux), by the voltage divider ratio of Fig.1. The ratio of bias or the con-
trast ratio (a) is defined as

4xR1+R2

1: =l

=1:a

As the multiplex ratio changes, the ratio of bias has to be changed
accordingly. The ratio of bias relates to the multiplex ratio as

a=vymux+1

To set up a multiplex ratio, please refer to MC68HCO5L11 techni-
cal data Section 10.6.2. :

VOLTAGES SELECTOR consists of switching circuit to select appropri-
ate voltage levels from external voltage divider. (See Fig. 1).

80-BIT SHIFT REGISTER samples the FRM at the falling edge of
BPCLK and shifts the sample to the left 80 times before exports to the
next backplane driver through FMC.

HIGH VOLTAGE DRIVERS ARRAY is a row of high voltage drivers con-
necting to segment lines of any LCD panel. The output waveform of the
high voltage driver is shown as Com(1) and Com(2)are shown in Figure
2.

POWER UP SYNCHRONIZATION is activated upon the receipt the first
M pulse. The M pin of the backplane driver will act as an input when
MGEN is connected to Low. When MGEN is Set, this backplane driver
will be the master of the synchronization system. M pin will then supply
a periodic signal for all LCD drivers.

VLCD
Contrast Control
V<l>
R1
V<6>
R1
V<3>
R2
V<4>
R1
V<5>
R1
V<2>
VsS

Figure 1. External Voltage Divider

MOTOROLA

MC141512 « MC141515
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Figure 2. Driving Waveforms of 1:N Multiplex Ratio
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PACKAGE DIMENSIONS

MC141512T1
TAB PACKAGE DIMENSION
(DO NOT SCALE THIS DRAWING)
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MAGNIFIED VIEW
r Reference : 98ASLO0103A Issue “A” released on 03/21/94 4]
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MC141512T1
TAB PACKAGE DIMENSION

(DO NOT SCALE THIS DRAWING)
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Reference: 98ASLO0103A Issue “A” released on 03/21/94
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MC141512T1 TAB PACKAGE DIMENSION

Millimeters Tnches Millimeters Inches
Dim Min Max Min Max Dim Min Max Min~ Max
A 34.775 35.175 1.369 1.385 AE 7.000 8.000 0.2756 0.3150
B 28.907 29.017 1.138 1.142 AF 1.950 2.050 0.0768 0.0807
(o} 4.950 5.050 0.195 0.199 AG - 6.410 - 0.2524
D 4.700 4.800 0.185 0.189 AH - 5.968 - 0.2350
E 1.951 2.011 0.077 0.079 AJ 11.750 12.750 0.4626 0.5020
F 1.951 2.011 0.077 0.079 AK 11.750 12.750 0.4626 0.5020
G 10.950 11.050 0.431 0.435 AL 3.950 4.050 0.1555 0.1594
H 10.950 11.050 0.431 0.435 AM 0.150 0.190 0.0059 0.0075
J 28.00 29.000 1.102 1.142 AN 12.430 12.530 0.4894 0.4933
K 0.686 0.838 0.027 0.033 AP 12.430 12.530 0.4894 0.4933
L 0.0675 0.0825 0.0027 0.0032 AR 0.5794 0.6294 0.0228 0.0248
M 1.190 1.210 0.047 0.048 AS 0.750 0.850 0.0295 0.0335
N 0.480 0.520 0.019 0.020
P 0.380 0.420 0.015 0.016
R 0.380 0.420 0.015 0.016
S 0.150 0.190 0.006 0.007
T 0.290 0.310 0.011 0.012
V] 1.750 1.850 0.069 0.073
\" 0.480 0.520 0.019 0.020
w 0.880 0.920 0.035 0.036
Y 12.100 12.200 0.4764 0.4803
z 12.100 12.200 0.4764 0.4803
AA - 0.200 - 0.008
AB 9.778 9.878 0.3850 0.3889
AC 4.950 5.050 0.1949 0.1988
AD 6.500 7.500 0.2559 0.2953
NOTES:
1. Dimensioning and tolerancing per ANS| Y14.5M, 1982,
2, Controlling dimension: millimeter
3. Cu thickness: 1 oz
4. Tin plating thickness: 0.4um
Reference: 98ASL00103A Issue “A” released on 03/21/94
MOTOROLA MC141512 « MC141515
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MC141512T1

TAB TAPE REEL ORIENTATION

Reference: 98ASLO0103A Issue “A” released on 03/21/94

MC141512 « MC141515 MOTOROLA
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MC141515T
TAB PACKAGE DIMENSION
(DO NOT SCALE THIS DRAWING)
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r Reference: 98ASLO0053A I1ssue “A” released on 02/28/93
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MC141515T
TAB PACKAGE DIMENSION
(DO NOT SCALE THIS DRAWING)
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DETAIL "C”
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SECTION X—X
Reference: 98ASLO0053A Issue “A” released on 02/28/93 j
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MC141515T TAB PACKAGE DIMENSION

Millimeters Inches Millimeters Inches
Dim “Min Max n Max Dim Min Max n Max
A 34.775 35175 | 1.3691 1.3848 AE 8.730 8.750 0.3437 0.344
B 28.907 29.017 1.1381 1.1424 AF 1.950 2.050 0.0768 0.0807
(o} 4.950 5.050 0.1949 0.1988 AG 25.250 25.270 0.9941 0.9949
D 4.700 4.800 0.1850 0.1890 AH 25.550 25.570 1.0059 1.0067
E 1.951 2.011 0.0768 0.0792 Ad 27.135 27.235 1.0683 1.0722
F 1.951 2.011 0.0768 0.0792 AK 27.435 27.485 1.0801 1.0821
G 24.200 24,300 0.9528 0.9567 AL 26.950 27.050 1.0610 1.0650
H 24.200 24.300 0.9528 0.9567 AM 0.750 0.850 0.0295 0.0335
J 56.900 57.100 2.2402 2.2480 AN 0.75 0.850 0.0295 0.0335
K 0.686 0.838 0.0270 0.0330 AP 0.600 0.700 0.0236 0.0276
L 0.0675 0.0825 0.0027 0.0033 AR 0.600 0.700 0.0236 0.0276
M 1.190 1.210 0.0469 0.0476 AS 24.590 24.610 0.9681 0.9689
N 0.480 0.520 0.0189 0.0205 AT 24.890 24,910 0.9799 0.9807
P 0.380 0.420 0.0150 0.0165 AU 7.705 7.725 0.3034 0.3041
R 0.380 0.420 0.0150 0.0165 AV 0.450 0.550 0.0177 0.0217
S 0.150 0.190 0.3850 0.3890 AW 10.450 10.550 0.4114 0.4154
T 0.29 0.310 0.0114 0.0122 AY 3.95 4.050 0.1555 0.1595
[§] 1.780 " 1.820 0.0701 0.0717 AZ 3.95 4.050 0.1555 0.1595
\ 0.480 0.520 0.0189 0.0205 BA 14.200 14.300 0.5591 0.5630
W 0.880 0.920 0.0347 0.0362 BB 14.200 14.300 0.5591 0.5630
Y 0.032 0.038 0.0013 0.0015 BC - 6.410 - 0.2524
z 0.032 0.038 0.0013 0.0015 BD - 5.500 - 0.2165
AA - 0.2 - 0.0079 BE 0.4326 0.5326 0.0170 0.0210
AB 11.300 11.500 0.4449 0.4527
AC 12.300 12.500 0.4843 0.4921
AD 1.950 2.050 0.0768 0.0807
NOTES:
1. Dimensioning and tolerancing per ANSI Y14.5M, 1982.
2. Controlling dimension: millimeter
3. Recommended excise area Jx(AB+AC)
Reference: 98ASLO0053A Issue “A” released on 02/28/93
MOTOROLA MC141512 « MC141515
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MCC141512 PAD COORDINATES

(UNIT: um)
Pin~ Pin Pin Pin
Name X Y Name - X Y Name X Y Name X Y
COM9 1687.50 1688.00 COM69 ~ -1841.50 935.00 [ COMs5  -1743.50 -1688.00 | COM23 1841.50 -527.50
CcOoMs8 1575.00 1688.00 | COM68 - -1841.50  822.50 COM54  -1631.00 -1688.00 | COM22  1841.50  -415.00
COoM7 1462.50 1688.00 COM67 ~ -1841.50 710.00 COM53  -1518.50 -1688.00 | COM21 1841.50 -302.50
COM6 1350.00 1688.00 | COM66° -1841.50  597.50 COM52  -1406.00 -1688.00 | COM20  1841.50° -190.00
COM5 1237.50 1688.00 COMB5  -1841.50 - 485.00 COM51 -1293.50 -1688.00 | COM19 1841.50 -77.50
COM4 112500 1688.00 | COM64  -1841.50 . 372.50 COM50 -1181.00 -1688.00 | COM18  1841.50 35.00
COM3 1012.50 1688.00 COM63  -1841.50 260.00 .COM49  -1068.50 -1688.00 | COM17 1841.50 147.50
COM2 900.00 1688.00 | COM62 -1841.50 147.50 COM48  -956.00 -1688.00 | COM16  1841.50 260.00
COM1 787.50 1688.00 COM®61 -1841.50 35.00 COoMm47 -843.50 -1688.00 COM15 1841.50 372,50
COMO 675.00 1688.00 | COM60  -1841.50 - -77.50 | COM46  -731.00 -1688.00 | COM14 184150  485.00
VDD 562.50 1688.00 COM59  -1841.50 .-190.00 COM45 -618.50 -1688.00 | COM13 1841.50 597.50
MGEN 450.00 1688.00 | COMS58  -1841.50 -302.50 | COM44  -506.00 -1688.00 | COM12  1841.50 710.00
FMC 337.50 1688.00 COM57  -1841.50 = -415.00 COM43 -393.50 -1688.00 | COM11 1841.50 822,50
DOFF 225.00 1688.00 | COM56  -1841.50 -527.50 | COM42  -281.00° -1688.00 | COM10  1841.50 935.00
V6 112.50 1688.00 COM41 -168.50 -1688.00
V5 0.00 1688.00 COM40 -56.00 -1688.00
Vi -112.50 1688.00 COM39 56.50 -1688.00
BPCLK -225.00  1688.00 COM38 169.00  -1688.00
FRM -337.50 1688.00 COoM37 281.50 -1688.00
M -450.00  1688.00 COM36 394.00  -1688.00
VSS -562.50 1688.00 COMB35 506.50 -1688.00
COM79  -675.00 - 1688.00 COM34 619.00 -1688.00
com78 -787.50 1688.00 COM33 731.50 -1688.00
com77 -900.00  1688.00 COM32 844.00 -1688.00
COM76  -101250 1688.00 COM31 956.50 -1688.00
COM75 -1125.00 1688.00 COM30  1069.00 -1688.00
COM74  -1237.50 1688.00 COM29 1181.50 -1688.00
COM73  -1350.00 1688.00 COM28  1294.00 -1688.00
COM72 -1462.50 1688.00 COM27 1406.50 -1688.00
COM71 -1575.00  1688.00 COM26 1519.00 -1688.00
COM70 -1687.50 1688.00 COM25  1631.50 -1688.00
COM24 174400 -1688.00
Die size :158.0 x 148.5 mil?
Pad pitch :4.43 mil
Note 11 mil ~25.4um
MC141512 « MC141515 MOTOROLA
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

LCD Segment Driver

MCi141514

CMOS

The MC141514 is an LCD segment driver chip which consists of
160x146 static RAM for display storage and provides 160 high voltage
LCD driving signals.

It is a companion chip of MC141512 and MC141515 Backplane driv-
ers for medium LCD panels. All these chips are controlled by the
MC68HCO5L11 microcomputer.

See Application Note AN-HK-15.

¢ Operating Supply Voltage Range-
Control Logic, RAM and Latch (Vpp Pin): 4.5V to 5.5V
Segment drivers (V| _¢p Pin): 8.0 to 26V

Operating Temperature Range: -25 to 70°C

Direct Serial Data Interface with the MC68HCO5L 11

160 x146 Static RAM (Display RAM)

160 LCD Segment Driving Signals

MC141514T1
MC141514T2

TAB

e
N\

ORDERING INFORMATION

MC141514T1  TAB
MC141514T2 ~ TAB

Selectable 1:16 to 1:146 Multiplex Ratios
1:5 to 1:13 bias
Expansion to higher driver count by cascade
Available in TAB Form:
TAB (Tape Automated Bonding), 186 contacts

e o ¢ o 8 o o o

BLOCK DIAGRAM

SEGO SEG159

V<i> 3
V<3s —c P HIGH VOLTAGE DRIVERS ARRAY
V<d> v
VOLTAGES 5% ?
DOFF —>(seLECTOR ‘? __________ ?
ngb';]'( :H” TIMING DISPLAY DATA LATCH ARRAY
9 B SELECT
PO-D7 =N STATIC Voo
RAM MATRIX
RAA — B CoNTROL 146 ROWS x 160 BITS |
CR1 —lp»| LOGIC ’ _
CR2 B %
P02 —H
BS j}—a— Vss
SD1~at P~ 160-BIT SHIFT REGISTER  [<d— > SD2
3 \
i
SHCLK DDIR
REV 4
10/96
MOTOROLA MC141514
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TAB Package Pin Assignment (Copper View)

MC141514T1

MC141514T2
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MAXIMUM RATINGS* (Voltages Referenced to Vgg)

Symbol Parameter Value Unit
Vpp Supply Voltage -0.3t0 +7.0 \
Vs -0.3t0 +27.5 \

Vin Input Voltage -0.3 to Vpp+0.3 \

| Current Drain Per Pin Excluding Vpp and Vgg 25 mA
Ta ‘Operating Temperature -25t0 +70 'C
Tetg Storage Temperature Range -65 to +150 ‘C

* Maximum Ratings are those values beyond which damage to the device may occur. Functional
operation should be restricted to the limits in the Electrical Characteristics tables or Pin Descrip-

tion section.

This device contains circuitry to protect the inputs
against damage due to high static voltages or elec-
tric fields; however, it is advised that normal precau-
tions to be taken to avoid application of any voltage
higher than maximum rated voltages to this high
impedance circuit. For proper operation it is recom-
mended that Vi, and Vo, be constrained to the
range Vgg < or = (Vj, or Vo) < or = Vpp. Reliability
of operation is enhanced if unused input are con-
nected to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left
open. This device may be light sensitive. Caution
should be taken to avoid exposure of this device to
any light source during normal operation. This
device is not radiation protected.

ELECTRICAL CHARACTERISTICS (Voltage Referenced to Vgg, Vpp = 5.0V, V¢, = 25V, T = 0 to 70°C)

Symbol Parameter Test Condition Min Typ Max Unit
Voo Supply Voltage Range (Absolute value reference to Vgg) 45 - 5.5 \
Vars L.CD Supply Voltage Range +8.0 - +26.0 \
lace Access Mode Supply Current (Vpp Pin) - 100 200

lop Display Mode Supply Current (Vpp Pin) - 50 100 uA
Isg Standby Mode Supply Current (Vpp Pin) Using Dgy bit of the MCU - 1 10 uA
ILop Display Mode Supply Current (V4. Pin) - 10 20 uA
s Standby Mode Supply Current (V4. Pin) - 1 10 uA
VoL Output Low Voltage No Load Vss - 0.2 xVpp v
You Output High Voltage 0.8 xVpp - Vop \
(SD1, SD2)
ViH Input High Volitage 0.7xVpp - Vpp \
Vi Input Low Voltage Vss - 0.3xVpp \
(BPCLK, FRM, P02, RAA, CR1, CR2, BS,
D7-DO, SD1, SD2, SHCLK, DOFF, M, DIRR)
Vg Data Retention 2.0 - - \
lin Input Current - - +1 uA
(BPCLK, FRM, P02, RAA, CR1, CR2, BS,
D7-D0, SD1, SD2, SHCLK, DOFF, M, DIRR)
Cin input Capacitance - . 8 pF
(BPCLK, FRM, P02, RAA, CR1, CR2, BS,
D7-Do, SD1, SD2, SHCLK, DOFF, M, DIRR)
Rgown Internal Pull Down Resistance - 1 - MQ
(DOFF)
MOTOROLA MC141514
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AC ELECTRICAL CHARACTERISTICS(Vpp=5.0V, Vgg=0, Tp=25C)

Symbol Parameter Min Max Unit
teye Access Cycle Time 235 B ns
tas Access Set up Time 100 - ns
tan RAA Hold Time 0 - ns
tcs Chip Select Pulse Width 135 B ns

tosw Data SetUp Time 100 - ns
tH Input Hold Time 10 - ns
tsceye Shift Clock Cycle Time 200 - ns
tscon Shift Clock On Time 100 - ns
tsos Serial Data Setup Time 50 - ns
tsoH Serial Data Hold Time 10 - ns
BS,
SHCLK m\
c
-] ‘cy
RAA
fas tcs
- -
P02
! psw ty
-t
DO-6,
CR1,C Data in Stable
R2
Parallel Access Timing
I< 'SCcyc'
SHCLK
'scon
P
sD1,
Serial Access Timing (with BS = 0)
MC141514 MOTOROLA
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PIN DESCRIPTIONS

Vpp AND Vgg
Power is supplied to the driver using these two pins. Vpp is
power and Vgg is ground.

V<i1>,V<3>,V<4>

These are the levels of voltage generated from an external
voltages divider (Fig. 2). These voltage provide different voltage
levels for shaping up the display output waveforms SegO -
Seg159.

DOFF

This is an output from MCE68HCO5L11 to signal the back-
plane driver to turn off LCD.If this pin is clear, the segment
driver supplies LCD with driving signal. If this pin is set, the seg-
ment driver outputs is high-impedanced and LCD display is dis-
abled.

FRM :

A periodic active high input to the segment driver for frame
timing synchronization. This pin is connected to the signal FRM
of MC68HCO5L11. The frequency depends on the MUX ratio
and BPCLK signal.

BPCLK

A periodic clock output from MC68HCO5L11 to the seg-
ment driver for timing synchronization. The signal controls the
refresh timing of LCD display.

M
A periodic output from backplane driver. This pin is used for
synchronization among display drivers.

DO - D7

An eight-bit input-only data bus which is connected to the
DO - D7 of MC68HCO5L11. These pins are used for address
input and data input. Refer to Fig.1 for definition.

P02
A bus clock input that is used for data bus timing synchroniza-
tion. This pin is connected to P02 of MC68HCO5L.11.

BS

This is an active low input for chip select.

RAA
It is a strobe signal from MC6BHCO5L11 indicating that a valid
segment control data is on DO - D7 for a period of PO2.

CR1, CR2

These two control signals from MCE8HCO5L11 to Segment
driver describing the nature of the content in DO - D7. The effect of
CRs are shown on Fig 1.

SD1, SD2

These two pins are two bi-directional data lines connecting to
the UD2 or LD2 and UD1 or LD1 respectively. These allow the dis-
play data from MC68HCO5L11 entering the segment driver in both
directions.

SHCLK

This is the shift clock from MC68HCO5L11 to segment driver for
clocking the serial data on SD1 and SD2. See Timing Diagram
(above) for illustration.

DDIR .

It is an input pin carrying the signal from MC68HCO5L 11 to seg-
ment driver to control the direction of the serial data. If DDIR is set,
the serial data enter the segment driver through SD1 and leave the
segment driver through SD2. If DDIR is clear, SD1 and SD2 are
redefined as an output and input respectively. See Figure 1A.

SEGO - SEG159

These 160 output lines provide the segment driving signal to
the LCD panel. They are all in high-impedance state while the dis-
play is turned off (i.e. DOFF is set).

MOTOROLA

MC141514
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OPERATION OF LIQUID CRYSTAL DISPLAY DRIVER

INTRODUCTION

The LCD segment driver can support multiplex ratio of a
LCD system up to 256(146 at the present version) and cascad-
ing of more than one driver for expansion is possible. It can be
set from 1:5 bias (for 16 mux) to 1:13 bias (for 146 mux), by the
voltage divider ratio of Fig.2. The ratio of bias or the contrast
ratio (a) is defined as

4xR1+R2
T =
T R1

As the multiplex ratio changes, the ratio of bias has to be
changed accordingly. The ratio of bias relates to the multiplex

ratio as
a=.mux +1

a

To set up a multiplex ratio, please .-refer to
MC68HCO05L11D/H Technical Data Section 10.

CONTROL LOGIC produces the control signals necessary
for display RAM read / write and serial data latching. This Con-
trol Logic is directly supervised by the MCU through the Data
Bus, i.e. DO - D7, CR1 and CR2. MCU writing a byte of instruc-
tion to the Segment Control Register will cause Segment
Driver(s) to fetch this instruction from the Data Bus and the
command executed at the next P02 cycle. Fig.1 shows the func-
tions of which the Control Logic will carry out in respond to
MCU access through the Segment Control Register.

ROW ADDRESS(WRITE IN) instruction causes Segment
driver(s) to load the content of the SHIFT REGISTER into a row
of RAM which address is specified by D7 to DO.

ROW ADDRESS(READ FROM) instruction causes Seg-
ment driver(s) to copy a row of RAM which address is specified
by D7 to DO into the 160 BIT SHIFT REGISTER.

SCROLL UP ADVANCE instruction causes Segment driv-
er(s) to do a vertical scroll up or down.

The content of D7 to DO only represents the vertical offset
of the new screen to the current screen. This vertical offset pre-
senting in the Data Bus then is added up with an old offset
which is stored in a register called the VERTICAL SCROLL
VECTOR REGISTER to generate a new offset. This new offset
will then be stored in the VERTICAL SCROLL VECTOR REGIS-
TER. Periodically the content of this register will be fetched and
loaded into a presettable counter in the TIMING LOGIC to gen-
erate the row addresses for screen refreshing.

RESET BITO Writing an “1” to this bit will set the VERTICAL
SCROLL VECTOR REGISTER to zero.

If this bit is set, the segment driver serves the

uL BIT1
upper panel in case of splitted panel. This will
cause a swap in signals flow between SD1 and
sD2. :

CLRSH BIT2 Writing an “1” to this bit will clear the content of

the 160-BIT SHIFT REGISTER.

TIMING LOGIC, according to M, BPCLK and FRM, fills the DIS-
PLAY DATA LATCH ARRAY with rows of RAM matrix’s content peri-
odically starting from the row address specified by the VERTICAL
SCROLL VECTOR REGISTER.

VOLTAGES SELECTOR consists of switching circuit to select
appropriate voltage levels from the external voltage divider. (See
Fig. 2).

DISPLAY DATA LATCH ARRAY is used to buffer up a row of
display data from RAM.

STATIC RAM MATRIX consists of 160x146 bits of SRAM ceill.
The content of these RAM cells can be altered by read/write from/to
the shift register with the Segment Control Interface (refer to
MC68HCO5L11 specification Section 6.2.4).

HIGH VOLTAGE DRIVERS ARRAY is a row of high voltage
drivers connecting to segment lines of any LCD panel. The output
waveform of the high voltage driver is shown as Seg(x) in Fig 3.

SHIFT REGISTER is a 160-bit bi-directional register which acts
as an input either from SD1 or SD2. The direction of data flow de-
pends on the content of DDIR. And, it can be swapped by setting the
UL bit to high. Data enter this shift register in serial. Shift register
latches data at the falling edge of the signal SHCLK. See Timing Di-
agram on Page 4 for illustration.

MC141514
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CR2 |CR1 | D7 | D6 | D5 | D4 [D3 |D2 | DI | DO
0 0 ROWADDRESS (WRITE IN)
0 1 ROWADDRESS (READ FROM)
1 0 SCROLL UPADVANCE
RESER CLR
1 1 vep | X | x X X |'gy | W [ResET

FIGURE 1 - A Summary of the Control Functions of Segment Driver

DDIR uL SD1 SD2
1 input output
0 output input
1 1 output input
0 1 input output

FIGURE 1A - Relationship between DDIR, UL, SD1 and SD2

V<i>

V<6>

V<3>

V<d>

V<5>.

V<2>.

<|:ﬂ££££’

VLCD

1

Contrast Control

FIGURE 2 - External Voltage Divider

MC141514
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PACKAGE DIMENSIONS

MC141514T1
 TAB PACKAGE DIMENSION
(DO NOT SCALE THIS DRAWING)
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J
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MACNIFIED VIEW
LReference: 98ASL0O0052A Issue “C” released on 11/01/93
MOTOROLA MC141514
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MC141514T1
TAB PACKAGE DIMENSION
(DO NOT SCALE THIS DRAWING)
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MC141514T1 TAB PACKAGE DIMENSION

Millimeters Inches Millimeters Inches

Dim Min~ Max~ | Min Max Dim Min Max | Min Max
A 34.775 35.175 1.369 1.3848 AE 8.690 8.790 0.3421 0.3461
B 28.927 29.027 1.1389 1.1428 AF 1.950 2.050 0.0768 0.0807
o] 4.950 5.050 0.1949 0.1988 AG 25.350 25.450 0.9980 1.0020
D 4.720 4.780 0.1858 0.1882 AH 25.510 25.610 1.0043 1.0083
E 1.951 2.011 0.0768 0.0792 AJ 27.130 27.230 1.0681 1.0720
F 1.951 2.011 0.0768 0.0792 AK 27.430 27.530 1.0799 1.0839
G 24.200 24.300 0.9528 0.9567 AL 26.500 27.500 1.0433 1.0827
H 24,200 24,300 0.9528 0.9567 AM 0.750 0.850 0.0295 0.0335
J 56.500 57.500 2.2244 2.2638 AN 0.750 0.850 0.0295 0.0335
K 0.686 0.838 0.0270 0.0330 AP 0.600 0.700 0.0236 0.0276
L 0.0675 0.0825 0.0027 0.0032 AR 0.600 0.700 0.0236 0.0276
M 1.190 1.210 0.0469 0.0476 AS 24.551 24.649 0.9666 0.9704
N 0.480 0.520 0.0189 0.0205 AT 24.850 24.950 0.9784 0.9823
P 0.350 0.450 0.0138 0.0177 AU 7.670 7.770 0.3020 0.3059
R 0.350 0.450 0.0138 0.0177 AV 2.450 2.550 0.0965 0.1004
S 0.150 0.190 0.0059 0.0075 AW 10.000 11.000 0.3937 0.4331
T 0.290 0.310 0.0114 0.0122 AY 3.500 4.500 0.1378 0.1772
U 1.750 1.850 " 0.0689 0.0728 AZ 3.500 4.500 0.1378 0.1772
\ 0.450 0.550 0.0177 0.0217 BA - 10.062 - 0.3961
w 0.850 0.950 0.0335 0.0374 BB - 9.747 - 0.3837
AA - 0.200 - 0.0079 BC 0.5794 0.6294 0.0228 0.0248
AB 10.900 11.900 0.4291 0.4685 BD 1.150 1.250 0.0453 0.0492
AC 11.900 12.900 0.4685 0.5079 BE 1.150 1.250 0.0453 0.0492
AD 1.500 2.500 0.0591 0.0984

NOTES:

1. Dimensioning and tolerancing per ANSI Y14.5M, 1982.
2. Controlling dimension: millimeter.

3. Copper thickness: 1 oz.

4. Tin plating thickness: 0.4um.

5. Recommended excise area J x (AB + AC).

Reference: 98ASL00052A Issue “C” released on 11/01/93

MOTOROLA MC141514
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MC141514T2
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MC141514T2 TAB PACKAGE DIMENSION

Millimeters Inches Millimeters Inches
Dim Min Max Min Max Dim Min Max Min Max
A 34.775 35.175 13697 | 1.3848 AJ 27130 27.230 1.0681 1.0720
B 28.927 29.027 1.1389 1.1428 AK 27.430 27.530 1.0799 1.0839
C 4.950 5.050 0.1949 0.1988 AL 26.500 27.500 1.0433 1.0827
D 4.720 4,780 0.1858 0.1882 AM 0.750 0.850 0.0295 0.0335
E 1.951 2.011 0.0768 0.0792 AN 0.750 0.850 0.0295 0.0335
F 1.951 2.011 0.0768 0.0792 AP 0.600 0.700 0.0236 0.0276
G 24.200 24.300 0.9528 0.9567 AR 0.600 0.700 0.0236 0.0276
H 24.200 24.300 0.9528 0.9567 AS 24,551 24.649 0.9666 0.9704
J 56.500 57.500 22244 2.2638 AT 24.850 24.950 0.9784 0.9823
K 0.686 0.838 0.0270 0.0330 AU 7.937 8.037 0.3125 0.3164
L 0.0675 0.0825 0.0027 0.0032 AV 2.450 2.550 0.0965 0.1004
M 1.190 1.210 0.0469 0.0476 AW 10.000 11.000 0.3937 0.4331
N 0.480 0.520 0.0189 0.0205 AY 3.500 4.500 0.1378 0.1772
P 0.350 0.450 0.0138 0.0177 AZ 3.500 4.500 0.1378 0.1772
R 0.350 0.450 0.0138 0.0177 BA - 10.062 - 0.3961
S 0.150 0.190 0.0059 0.0075 BB - 9.747 - 0.3837
T 0.290 0.310 0.0114 0.0122 BC 0.5794 0.6294 0.0228 0.0248
U 1.750 1.850 0.0689 0.0728 BD 25.200 25.300 0.9921 0.9961
v 0.450 0.550 0.0177 0.0217 BE 25.500 25.600 1.0039 1.0079
w 0.850 0.950 0.0335 0.0374 BF 0.850 0.950 0.0335 0.0374
Y 0.032 0.038 0.0013 0.0015 BG 0.850 0.950 0.0335 0.0374
z 0.032 0.038 0.0013 0.0015 BH 6.850 6.950 0.2697 0.2736
AA - 0.200 - 0.0079 BJ 4.750 4.850 0.1870 0.1909
AB 10.900 11.900 0.4291 0.4685 BK 9.750 9.850 0.3839 0.3878
AC 11.900 12.900 0.4685 0.5079 BL 1.950 2.050 0.0768 0.0807
AD 1.500 2.500 0.0591 0.0984 BM 0.750 0.850 0.0285 0.0335
AE 8.690 8.790 0.3421 0.3461 BN 20.450 20.550 '| 0.8051 0.8091
AF 1.950 2.050 0.0768 0.0807 BP 20.450 20.550 0.8051 0.8091
AG 25.350 25.450 0.9980 1.0020 BR 1.150 1.250 0.0453 0.0492
AH 25.510 25.610 1.0043 1.0083 BS 1.150 1.250 0.0453 0.0492

NOTES:

1. Dimensioning and tolerancing per ANS! Y14.5M, 1982.
2. Controlling dimension: millimeter.

3. Copper thickness: 1 0z (35 micrometer)

4. 12 sprocket hole device

Reference: 98ASL00100A Issue “B” released on 09/19/95 |

MOTOROLA MC141514
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TYPICAL APPLICATIONS

146 x 320 SINGLE PANEL LCD SYSTEM WITH MC68HCO5L11

LD2

MC68HC 05L11

DOFF

SHCLK

D0.D7
DDIR
RAA

CR1CR2
P02

BSO
LD1

MC141512 S
(master) . 8
BEGLK @
__lFMC 2
1M 8

- 146 x 320 dots LCD Panel
[=o]
MC141512 §
(slave) -
<t
BPCLK s
—FRM o]

oM O  SEGO.SEG159 SEG160..SEG319
SEGO. SEG150 SEGO..SEGT59
MC 141514 MC 141514
SD1 : Sp2 SD1 SD2
| 1
e i
' $
*®
F
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146 x 320 x 2 SPLIT PANEL LCD SYSTEM WITH MC68HCOSL11

T

SD2

MC141514
SEGO..SEG159

SDA1 sD2
MC141514

SEGO..SEG159

N/

NS

SEGO..SEG159

SEG160..SEG319

(COM145.COMO)
COM145.COMO

=
-

146 x 320 dots x 2 LCD Split Panel

| [mc1a1512 ’— ——————————————
(master) ©
(s EB‘H-K S
—T1FMC Q g
M Q o
1 ¢5
MC141512 =g
o]
Py (slave) s) 8
e
M SEGO..SEG159 SEG160..SEG319
SEGO..SEG159 SEGO..SEGT59
MC141514 MC141514
galg Lo SDT sp2|—| spf sp2
gy 1 ‘7 1]
MC68HCO5L11 " .
SHOLK .-
LK
DO..D7 —
DDIR ® d
CRRéA =
1,CR2H
P02 8- *®
BSO
LD1
MC141514 MOTOROLA
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

LCD Backplane Driver
The MC141516 is a high voltage passive LCD Backplane driver.
Itis a low power silicon-gate CMOS LCD driver chip which consists MC
of 64 backplane driving outputs for 64 MUX or lower LCD panel. The ]r‘gF5‘16FJ
MC141516 is a companion chip of MC141518 (Segment driver).
It has an LCD timing generator which serves the same purpose
as the LCD timing generator in a Motorola microcomputer
MC68HCO5L11. If these drivers are used with MC68HCO5L11, its
internal LCD timing generator can be disabled. Necessary timing
signals are input from MC68HCO5L11. Otherwise, the driver's inter-
nal LCD timing generator can be activated to provide timing signals MCC141516
for system synchronization. ' DIE
+  Operation Supply Voltage Range-
Logic (Vpp): 2.7V to 5.5V
Backplane drivers (V| ¢p):6.0V to 13V
*  Operation Temperature Range: -20 to 70°C
* 64 LCD blackplane driving signals ORDERING INFORMATION
¢ Driving Duty Cycle (MUX): 1/32 to 1/64
¢ Optional 32,48 or 64 multiplex ratio if the on-chip RC MC141516FJ TQFP
oscillator is used
MCC141516 DIE
¢ Optional multiplex ratio from 32 to 64 with MC68HC05L11
¢ 80-pin TQFP (Thin Quad Flat Package)
Block Diagram
V<i> '
V<5> - -~
V<6> % COMO COMs63
On
volt V
% HIGH VOLTAGE DRIVERS ARRAY
——— AND VOLTAGES SELECTOR
off
volt
DOFF -
64-BIT SHIFT REGISTER
FRM -]
M- |- v,
BPCLK <] ] JDD
MXS0 — 1 CD TIMING _*
MXS1 —# GENERATOR
Vss=v<2>
0S2 RC 0S1
REV4
10/96
MOTOROLA MC141516
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COmM21
ComM20
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" MC141516FJ Pin Assignment

com4a2
COM43
COM44
CcOoM45
COM46
COm47
CcOm48
COM49
COMS0
COM51
COMs2
COM53
COM54
COMS55
COM&6
COM57
COMs8
COM59
COM60
COMé1

MC141516
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cOoM21 “ = CcOoM42
CcOM20 ﬂ X COM43
comts  [iisg CoM44
comis  |iisg COoMm45
comt7 i COM46
comis fIX) com4z
comis g comég
comis [l COM4g
comta lisg COMS0
comiz2 {I COMS51
comit || CcoMms2
com1o  (IX COMS3
COMo B = COM54
cOoM8 {] COMS55
COM7 (l X COMS56
COM6 D E COM57
COMS5 u = COMs8
COM4 ﬂ X COM59
cOoM3 u X COMe60
comz  [IX CoMs1
MCC141516 Pad Assignment
MOTOROLA MC141516
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MAXIMUM RATINGS* (Voltages Reference to Vgs, Ty=25°C)

Symbol Parameter Value Unit
Voo Supply Voitage -0.3to+7.0 \
V<i> Vss -0.3to Vss \")
+15
Vin Input Voltage Vgs-0.310 Vpp Vv
+0.3
I Current Drain Per Pin Excluding VDD 25 mA
and Vss
Ta Operating Temperature Range -20 to +70 °C
Tetg Storage Temperature Range -85 to + 150 °C

*Maximum Ratings are those values beyond which damage to the device may occur. Functional opera-
tion should be restricted to the limits in the Electrical Characteristics tables or Pin Description Section.

The device contains circuitry to protect the
inputs against damage due to high static
voltages or electric fields; however, it is
advised that normal precautions to be taken
to avoid application of any voltage higher
than maximum rated voltages to this high
impedance circuit. For proper operation it is
recommended that Vin and Vout be con-
strained to the range Vss < or = (Vin or Vout)
< or = Vpp Reliability of operation is
enhanced if unused input Is connected to an
appropriate logic voltage level (e.g. either
Vss or Vpp). Unused outputs must be left
open. This device may be light sensitive.
Caution should be taken to avoid exposure
of this device to any light source during nor-
mal operation. This device is not radiation
protected.

DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg, Ta=25°C, Vpp=5.0V, V<1>=13V)

Symbol Parameter Min Max Unlt
Vi Input High Voltage BPCLK, FRM, M, DOFF 0.7xVpp Voo \
Vi Input Low Voltage BPCLK, FRM, M, DOFF Vgs 0.3xVpp Vv
Cin Capacitance BPCLK, FRM, M, DOFF - 8 pF

Operating Voltages
Voo Supply Voltage (referenced to VSS) 2.7 5.5 Vv
V<i> LCD Voltage (referenced to VsS) 6.0 13 \
ln Input Current (Oscillator OFF) BPCLK, FRM, M, - +1 uA’
DOFF, MXS0, MXS1
Vou Output Low Voltage (Oscillator ON) M, FRM, BPCLK - 0.2xVpp A
Vou Output High Voltage (Oscillator ON) M, FRM, BCLK 0.8xVpp - \
loL Output Low Current (Oscillator ON) M, FRM, BCLK - -100 uA
(Vo=0.5V)
lon Output High Current (Oscillator ON) M, FRM, BCLK 100 - uA
(Von=4.5V)
Operating supply current VDD (VDD=5V, V<1>=13V)
lopq Dynamic Mode (Oscillator ON, BPCLK=4KHz) - 32 UuA
lop2 (Oscillator OFF, BPCLK=4KHz) - 5 uA
Isg Standby Mode - 2 uA
Operating supply current V<1> (V<1>=13V)
ILop Display Mode - 8 uA
ILss Standby Mode - 4.0 uA
MC141516 MOTOROLA
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AC ELECTRICAL CHARACTERISTICS (Vg=5.0V +/-5%, Vgg=0, V<1>=13V, Tp=25°C)

BPCLK -V

.

Symbol Parameter Min Max Unit
tapon BPCLK Pulse On Time 61 - us
tapPcyc BPCLK Cycle Period 122 - us
tema Frame Delay Time 5 30 us
tEMon Frame Pulse On Time 122 - us

thmd M Pulse Detay Time 0 30 us
|- tgpon

>' trmg | | teygg tePoye — tEmon +
FRM \__ _—— I
| |-ty tha -
M .
MC141516 Timing Diagram
MOTOROLA MC141516
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PIN DESCRIPTIONS

Vpp AND Vgg
Power is supplied to the driver using these two
pins. VDD is power and VSS is ground.

V<1>,V<5>,V<6>

These input pins provide the voltage levels for
the backplane driver and are connected to the V<1>,
V<5>, V<6> of the voltages generator as in Figure 2
of the MC141518 Segment driver Product Specifica-
tion.

DOFF

It is an active-high input for turning off the LCD.
If DOFF is set, all high voltage outputs will be turned
to high impedance. DOFF will also suppress the on-
chip RC oscillator from oscillation when the LCD tim-
ing generator is enabled.

0SC1,08C2,RC .

These pins provide connections for external cir-
cuitry to the on-chip RC oscillator for frequency
selection. The on-chip RC oscillator is part of the
internal LCD timing generator. Output of this oscilla-
tor will be fed out as BPCLK and further divided
down internally to produce signals FRM and M if the
LCD timing generator is enabled.

MXS1, MXS0

These pins can be hardwired to select different
mux ratios. Table 1 shows the combinations of these
signals and their corresponding mux ratios. These
four combinations provide selections for 32,48 and
64 mux ratio and a disable state. Except for the dis-
abled state, all other selections will enable the LCD
timing generator. With DOFF clear, the periodic sig-
nal from the on-chip RC oscillator is fed to the whole
LCD system as the BPCLK. BPCLK will then be fur-
ther divided down through the LCD timing generator
to produce signals FRM and M for the whole LCD
system. .

MXS1, MXS0 MUX RATIO
0,0 DISABLE
0,1 32
1,0 48
1,1 64
Table 1: The Selections of MUX Ratio using MXS1 and
MXS0

BPCLK

It is either an input pin connecting to signal BPCLK of
the microcomputer MC68HCO5L11 or an output pin sup-
plying the synchronization pulse BPCLK to segment driv-

" ers. If the LCD timer generator is disabled, this pin is

assumed to be input.

FRM

It is either an input pin connecting to signal FRM of
the microcomputer MC68HCO5L11 or an output pin sup-
plying the synchronization pulse FRM to segment drivers,
If the LCD timer generator is disabled, the status of this
pin is input.

M .
This is an output pin providing the necessary modu-
lation signal to shape up the class B LCD waveform (see
Fig.3, Product Specification of MC141518). It is a signal
with 50% duty cycle and its frequency is half of FRM.

COMO0-COM63

These are the high voltage outputs of the backplane
driver which are connected to the common lines of the
LCD panel. These high voltage drivers are high imped-
ance if DOFF is set. See Fig.3 “Product Specification of
MC141518" for these high voltage outputs waveform.

FMC
This is a test pin. This pin should be left open in
application.

MC141516
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LIQUID CRYSTAL DISPLAY BACKPLANE DRIVER

INTRODUCTION VOLTAGES SELECTOR consists of switching cir-
cuit to select appropriate voltage levels from external
The backplane driver can support multiplex ratio voltage divifjer. See Fig.2, Product Specification of the
of a LCD system from 32 to 64. Three signals that segment driver MC141518.
need to be varied as a result of different mux ratio are 64 BIT SHIFT REGISTER samples FRM and shift
BPCLK, FRM and M. The first two can be imported at the falling edge of BPCLK.
externally (if the microprocessor MC68HCO5L11 is HIGH VOLTAGE DRIVERS ARRAY is a row of
used) or the backplane driver generates them inter- high voltage drivers which outputs are connecting to
nally. In case of internal generation, user has to design the backplane (or common) lines of the LCD panel.
the on-chip RC oscillator circuit producing a frequency The waveform of these drivers are shown as Com(1) or
with respect to desirable mux ratio. Com(2) in Fig. 3, the Product Specification of the seg-
ment driver MC141518.
0SC2 RC osoﬁ 10000 = T
= ——
1MQ =~
_ \\\ - c
£ I~~~
c R g 1000 '\\_1( ~ a3pF
E :Si — m—
(a) 100pF
\\
[~
100 : ~- 330pF
1 10
BPCLK Frequency (Khz)

(For reference only)

(b)

Figure 1. (a) the external circuit to the on-chip RC oscillator and its (b) frequency relationship with the exter-
nal resistor and capacitor.

MOTOROLA ' MC141516
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PACKAGE DIMENSIONS

MC141516FJ
TQFP PACKAGE DIMENSION
(DO NOT SCALE THIS DRAWING)

X [qﬂzo (.008) iH IL~M[N| 4X 20 TIPS Q] 0.20 (.008) JH |L.M1M
|

<]

TR THUOeT
| ;J‘*E °

- [s1 |——>

- >

A
[o]
Y

MC141516 MOTOROLA
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MC141516FJ
TQFP PACKAGE DIMENSION
(DO NOT SCALE THIS DRAWING)

BASE METAL
l¢—— F
| 7]
o N ’,_ | X=LMN J ¢
(IR
.__?.:T+____._. ii
—l—;_. J u
¢ L — 'S \
=== F———1r] _
AB . T 1
—1—‘_-;_-_“’—-_ ——4—
Al J PLATING - D >
LQ} | 0.13 (.005) @] T |L-M @|N @J
VIEWY
SECTION AB - AB
ROTATED 90° CLOCKWISE
@ — w

_ _ GAGE PLANE

VIEW AA

MOTOROLA MC141516
3-77



MC141516FJ TQFP PACKAGE DIMENSION

Millimeters Inches Millimeters Inches

Dim Min Max Min Max Dim Min Max Min Max
A - 14.00 BSC .551 BSC K 0.50 REF .020 REF
Al 7.00 BSC 276 BSC P 0.325 BSC .013 REF
B 14.00 BSC .551 BSC Rt 0.09 0.20 .004 .008
B1 7.00 BSC .276 BSC S 16.00 BSC .630 BSC
C - 1.74 .069 S1 8.00 BSC 013 BSC
C1 0.04 0.24 .002 .009 U 0.09 0.16 .004 .006
Cc2 1.30 1.50 .051 .059 A 16.00 BSC .630 BSC
D 0.22 0.38 .009 .015 Vi 8.00 BSC 315 BSC
E 0.40 0.75 .016 .030 w 0.20 REF .008 REF
F 0.17 0.33 .007 .013 z 1.00 REF .039 REF

G 0.65 BSC .026 BSC 0 o 10° 0’ 10°

J 0.09 0.27 .004 011 01 [0} - 0

02 9 14° 9° 14°

Dimensions and tolerancing per ANSIY14.5M, 1982.
Controlling dimension: millimeter.

Datum plane E] is located at bottom of lead and is coincident with the lead where the lead exits the plastic body at the bottom
of the parting line.

Datums , @ and F_N_;] to be determined at datum plane .
Dimensions S and V to be determined at seating plane | -T-

Dimensions A and B do not include mold protrusion. Allowable protrusion is 0.25(.010) per side. Dimensions A and B do include mold
mismatch and are determined at datum planelE .

Dimension D does not include dambar protrusion. dambar protrusion shall not cause the lead width to exceed 0.46 (.018). Minimum
space between protrusion and adjacent lead or protrusion 0.07 (.003).

MC141516 ‘ MOTOROLA
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MCC141516 PAD COORDINATES: (UNIT: UM) .

PIN NAME "X ) Y PIN NAME X Y

COM1 13300 -1481.5 | COM6T 14895 13315
COoMo 411900 . -14815 | COM&O 14895 -11915
V6 -982.0 14815 | COMSs9 1489.5 -1051.5
V5 -842.0 14815 | COMS8 1489.5 -911.5
Vi -702.0 114815 | COM57° 14895 775
FMC -490.0 14815 | COMs6 1489.5 -631.5
DOFF -350.0 14815 | COMs5 .. 14895 -491.5
Voo -210.0 14815 | COM54 1489.5 ".351.5
BPCLK -70.0 14815 | COMS3 14895 2115
FRM 70.0 14815 | COMSs2 1489.5 715
M 210.0 14815 | COM51 1489.5 68.5
. 0SC1 350.0 14815 | COMS50 14895 2085
osc2 490.0 14815 | COM49 1489.5 348.5
RC 630.0 14815 | COM48 1489.5 488.5
MXS0 770.0 14815 | com47 1489.5 " 628.5
MXS1 9100 ~  -14815 | COM46 14895 ' 7685
Vs " 1050.0 14815 | COM45 1489.5 908.5,
COM#63 11900 . -14815 [ coM44 1489.5 1048.5
COMé62 1330.0 14815 | COM43 1489.5 1188.5
COM42 1489.5 1328.5
PIN NAME X Y PIN NAME X Y
COoM2 -1489.5 13315 | com22 -1330.0 1481.0
coms -1489.5 -1191.5 | cOM23 -1190.0 1481.0
coM4 -1489.5 110515 | COM24 -1050.0 1481.0
CoMs -1489.5 -911.5 CcOoM25 -910.0 1481.0
CoMs -1489.5 7715 COM26 7700 1481.0
comry -1489.5 -631.5 comz7 -630.0 1481.0
coms -1489.5 4915 COM28 -490.0 1481.0
COM9 -1489.5 3515 . | COM29 -350.0 1481.0
COM10 -1489.5 -211.5 coM30 . . 2100 1481.0 .
COM11 -1489.5 715 COM31 -70.0 1481.0
COM12 -1489.5 68.5 coma2 70.0 1481.0
COM13 -1489.5 208.5 COM33 210.0 1481.0
COM14 -1489.5 348.5 COM34 3500 - - 1481.0
COM15 -1489.5 488.5 COM35 490.0 1481.0
COoM16 -1489.5 628.5 COM36 630.0 1481.0
coM17 -1489.5 768.5 comaz 770.0 1481.0
CcoM18 -1489.5 908.5 COM38 910.0 1481.0
COM19 -1489.5 1048.5 COM39 1050.0 1481.0
COM20 -1489.5 11885 | comao 1190.0 1481.0
com21 -1489.5 13285 COM41 1330.0 1481.0

Die Size: 134.0 x 132.5 mil?
Note: 1 mil ~ 25.4pum

MOTOROLA : MC141516
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MOTOROLA .
SEMICONDUCTOR TECHNICAL DATA

“MC141518

LCD Segmént Drive
CMOS |

The MC141518 is a high voltage passive LCD Seg-

ment driver. It is a low power silicon-gate CMOS LCD MC141518FJ
driver chip which consists of 80 segment driving outputs TQFP
for 64 MUX or lower LCD panel. The MC141518 is a
companion chip of MC141516 (Backplane driver). It can
be directly connected to the display controller inside the
Motorola microcomputer MC68HCO5L11.
*  Operating Supply Voltage Range-

Logic (Vpp): 2.7V to 5.5V

Segment Drivers (Vcp): 6.0V to 13V

Operating Temperature Range: -20 to 70°C MCS|1£1$18

80 LCD segment driving signals

Driving Duty Cycle (MUX): 1/32 to 1/64

Casadable for more LCD segment driving outputs
Serial interface for both display data and control

instruction transfers
* 100-pin TQFP (Thin Quad Flat Package) “ ORDERING INFORMATION

MC141518FJ " TQFP
MCC141518 " DIE
BLOCK DIAGRAM
SEGO SEG79

S S

V<3> —— P
Ved> . HIGH VOLTAGE DRIVERS ARRAY

D?AFF AND VOLTAGES SELECTOR
A
BPCLK——= TIMING ——® DISPLAY DATA LATCH ARRAY
FRM p| LOGIC ROW
5 > | SELECT
DDIR — ]
STATIC
U —e v RAM MATRIX
J— CONTROY 64 ROWS x 80 BITS
BS — " 0GIC :
ID — Vbp
SHCLK —» f ¢ ‘ J
pah [®>|  80BIT SHIFT REGISTER VggmVe2>
SD2 . <ag———p| Switchy
g
REV 4
10/96
MC141518 MOTOROLA
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SEG3
SEGQ2
SEGI
SEGD

VDD
SD2
BSBAR
BPCLK
DDIR
ID
FRM
SHCIK
DOFF

SD1
Vi

V4
V5 S

SEG79
SEG78
SEG77
SEG76

MC141518FJ Pin Assignment

S ANNTNO~ONO =N TN DO I~
d88b8Bcooocoooooo08888888
A
/. =)
® CoARERAIRNERIRETBRIIRNYIZRINRRR
1 A
2 i
3 B
4 n
5 7
6 0
7 6
8 &)
9 67
10 6
11 IS
12 6
13 3
14 )
15 6l
16 )
17 9
18 8
19 57
20 %
21 55
2 )
3 53
2 L)
PA] 51
SREVFFIRICRERALTIILILLEGR 2R
MTON OO NT NN O 0OWNtTtond
GEEEEE888888888888888B888
R

SEG28
SEG29
SEG30
SEG1
SEG32
SEG33
SEG34
SEG35
SEG36
SEG37
SEG38

SEG39

SEG40
SEG41
SEG42
SEG43
SEG44
SEG45
SEG46
SEG47
SEG48
SE(49
SEG50
SEG51
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MAXIMUM RATINGS* (Voltages Reference to Vgg, Ta=25 °C) The device contains circuitry to protect the

inputs against damage due to high static

Symbol Parameter Value Unit voltages or electric fields; however, it is

advised that normal precautions to be taken

Voo Supply Voltage -0-3t0 47 v to avoid application of any voltage higher

V<i> Vgs-0.3toVgs v - than maximum rated voltages to this high

+15 impedance circuit. For proper operation it is

recommended that Vin and Vout be con-

Vin Input Voltage Vss-0.3 10 Vpp v strained 10 the range VSS < or = (Vin or Vout)

. +0.3 < or = VDD. Reliability of operation is

[ Current Drain Per Pin Excluding Vpp and 25 mA enhanced if unused input is connected to an

v appropriate logic voltage level (e.g. either

Ss Vss or VDD). Unused outputs must be left

Ta Operating Temperature Range -20to +70 " °C open. This device may be light sensitive.

Caution should be taken to avoid exposure

Tng Storage Temperature Range -65to +150 °c of this device to any light source duri:g nor-

*Maximum Ratings are those values beyond which damage to the device may occur. Functional opera- mal operation. This device is not radiation
tion should be restricted to the limits in the Electrical Characteristics tables or Pin Description Section. - protected.

DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgs, T,=25°C,Vpp=5.0V, V<1>=13V)

Symbol Parameter Min Max Unit
Vi Input High Voltage BPCLK, FRM, M, ID, DDIR 0.7xVpp Vpp. \
BS, SD1, SD2, SHCLK, DOFF )
ViL Input Low Voltage - BPCLK, FRM, M, ID, DDIR Vss 0.3%Vpp v
' " BS, D1, SD2, SHCLK, DOFF |, ’
Vg Data Retention 2.0 - \
lin Input Current BPCLK, FRM, M, ID, DDIR - +1 UA
'BS,SD1, SD2, SHCLK, DOFF
Cin Capacitance BPCLK, FRM, M, ID, DDIR, - 8 pF
BS,SD1, SD2, SHCLK, DOFF
Vo Output High Voltage SD1, SD2 0.8xVpp Vop \
VoL Qutput Low Voltage SD1, Sb2 Vss 0.2xVpp \'%
Operating Voltages
Vop Supply Voltage (referenced to Vgg) . 2.7 55 \
V<i> LCD Voltage (referenced to Vgg) 0.0 +13 \
Operating supply current Vpp (Vpp=5V, V<1>=13V, M=2MHz) )
lacc Dynamic Mode (Display on, R/W access, BPCLK=4KHz, - 200 uA
Iop SHCLK=5MHz) R
Iss (Display on, R/W disable, BPCLK=4KHz) . 20 uA
Standby Mode(Display off, R/W disable) 5 uA
Operating supply current V<1> (V<1>=13V)
L pp Display Mode - 30 uA
I ss Standby Mode - 2 uA
MOTOROLA MC141518
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AC ELECTRICAL CHARACTERISTICS (V¢c=5.0V +/-5%, Vss=0, Ta=25°C, V<1 >=13V)

Symbol Parameter Min Max Unit
tscoye Shift Clock Cycle Time 200 - ns
tscon Shift Clock On Time 100 ns
tsos Serial Data Setup Time 50 - ns
tson Serial Data Hold Time 10 - ns
tsse Select to clock on 100 ns
S Clock on to device disable 10 ns

BS L_N "
tSsc
-t ;
SHCLK >|
; -tgpi tsps —-
MC141518 Timing Diagram (with BS = 0)
MC141518 MOTOROLA
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PIN DESCRIPTIONS

VDD and Vss
Power is supplied to the driver using these two
pins. Vpp is power and Vgg is ground.

V<1>,V<3>,V<4> .
These are the inputs of voltage levels for the LCD
driving signals (Fig. 2).

DOFF
This is an input pin to turn off the LCD. If it is set,
all the high voltage drivers are switched off.

FRM

This is an input pin for frame timing synchronisa-~
tion. This pin is connected either to FRM of the micro-
computer MC68HCQ5L11 or to FRM of the Backplane
driver MC141516.

BPCLK :

This is an input pin for a periodic signal from the
microcomputer to segment driver for timing synchroni-
sation. This pin is connected either to BPCLK of the
microcomputer MC68HCO5L11 or to BPCLK of the
Backplane driver MC141516. :

SEGO0-SEG79

These 80 output lines provide the segment driving
signals to the LCD panel. They are all high impedance
while the display is turned off (i.e. DOFF is selected).

FS .
This is the Bank Select pin. It is an active low
input for chip enable.

UL :
This pin is used to set the segment driver to sup-
port the Upper or Lower panel for a split LCD panel
system. Since any segment driver to the upper panel
will be 180 degree rotated with respect to the lower
panel's segment drivers, to maintain easier routing and
consistent in data format, the serial data direction has
to be reversed. Therefore whenever UL is tied high, the
serial data direction inside the segment drivers will be
reversed with respect to the serial data direction as UL
is ground. Details about the serial data direction can
be found in the SD1, SD2 description.

SD1, SD2

These pins are two bidirectional serial data lines :

connected to either one of the two serial ports of the
microcomputer MC68HCO5L11 (UD1, UD2 'LD1 and
LD2) depending on the UL pin. If the segment driver is
set to serve the upper panel with its UL tied high, serial
data direction between SD1 and SD2 is reversed. In
such case, SD1 is connected either to UD1 or to LD1
of MC68HCO05L11. SD2 is then connected to UD2 or
LD2 of MC68HCO5L11. However, if the UL pin is
ground, SD1 and SD2 are then connected to UD2 and
UD1, or LD2 and LD1 of MC68HCO5L11 respectively.
SD1 and SD2 allow the display data or instruction from
the microcomputer entering the segment driver in both
directions. During BS' high, these two pins are high
impedance. In case of an instruction from the micro-
computer with ID pin set.. SD1 and SD2 are discon-
nected from the B80-bit shift register and form a
transparent loop. Instruction bits entering the segment
through a serial port (say SD1) are exported to its cas-
cading device immediately through another serial port
(i.e. SD2). In such a way, this. instruction from the
microcomputer can be broadcasted to a bank of cas-
cading segments. See Typical Application Section for
typical system connections.

ID

This is the Instruction/Data pin. If this pin is set, an
instruction byte is shifting in from the bidirectional data
lines as soon as BS goes low. Otherwise, data in the
bidirectional lines is the display data. (See SD1 and
SD2 definitions). Instructions are described in Table 2.
Though each instruction has eight bits, the segment
needs 12 SHCLK cycles to complete it. Eight cycles to
fill in the internal instruction register and the last four

~cycles are use for instructions processing. Once the

instruction is completed, additional SHCLK is ignored
until BS signal toggles from high to low again. See Fig-
ure 1 for details. Notice that intemal sampling for the
instruction register should be as the order of MSB to
LSBif DDIR is O SBto MSBif DDIR is 1 sn'
matter what UL is.

SHCLK )

This is the shift clock from the -microcomputer
MC68HCO5L11 to the segment for clocking the serial
data on SD1 and SD2.

MOTOROLA

MC141518
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DDIR ;
It is ‘an input pin specifying the direction of the
serial data. DDIR definition is also affected by UL pin
as specified in Table 2. If UL pin is found low and DDIR
is set, the-serial data enters the segment driver
through SD1 and leaves the segment driver through
SD2. If both UL and DDIR are zeros, SD1 and SD2 are

T

redefined as output and input respectively. If UL pin is
high and DDIR is set, the serial data then enters the
segment driver through SD2 and leaves the segment
driver through SD1. If UL is high but DDIR is clear,.
SD2 and SD1 are output and input respectively.

UL DDIR Internal Seialbata Direcion
0 U . —S8D2— bid rectional shifter register SD1—i
f 0 1 ~4—SD2— bidrectionélsl'iﬁerregister - S‘D1‘—k
L 0. L sm bidirectional shifter register SD1—
‘1. Sl ‘-“—isp‘z bidrect;onélsﬁﬂerregister sD1;> :

Table 1. Summary of Data Direction Flow Responding To DDIR and UL Bit.

INTRODUCTION

The LCD segment driver is capable of 1:6 bias (for

32 mux) to 1:9 bias (for 64 mux), depending on the volt-

age divider ratio of Fig.2. The ratio of bias (a) is defined.

as ‘ : o
4xR1 +R2
"% =1a
1= SR =1
As the multiplex ratio changes, the ratio of bias
has to be changed accordingly. The ratio of bias relates
to the multiplex ratio as . o

OPERATION OF LCD DRIVER

‘ To set Lip a multiplex rétio, please refer fo either
Section 10.6.2., the Technical data of MC68HCO5L11 or
the Advanced Information of the Backplane MC141516.

CONTROL LOGIC produces the control signals
necessary for display RAM read/write and serial data
latching. This Control Logic can be controlled by the
MCU through the serial interface with ID set. MCU writ-
ing a byte of instruction (ID7 to 1D0) to the Segment
Contro! Register through the serial interface will cause
Segment driver(s) to carry functions as shown as Table

a=./mux +1
. | P7 [pé |ps |4 | D3 D2 |D1. | DO
0 0 ROW ADDRESS (WRITEIN)
0 1 ROW ADDRESS (READ FROM)
1 0 SCROLL UP ADVANCE
1 1 X X X cr | x RESET
SH

TABLE 2. A Summary of the Control Functions of Segment Driver

MC141518
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.ROW ADDRESS(WRITE [N} instruction- causes
the segment driver(s) to load the content of the 80 BITS
SHIFT REGISTER into a row of RAM which address is
specified by 1D5 to IDO.

ROW ADDRESS(READ FROM) instruction
causes the segment driver(s) to copy a row of RAM
-which address is specified by ID5 to IDO into the 80
BIT SHIFT REGISTER.

SCROLL UP ADVANCE instruction causes the -

segment driver(s) to do vertically scroll up or down.
The content of ID5 to IDO represents the vertical offset
of the new screen to the current screen. This vertical
offset is added up with an old offset which is stored in
a register called the VERTICAL SCROLL VECTOR
REGISTER. The sum of these is the new offset and
will be stored in the VERTICAL SCROLL VECTOR
REGISTER. The VERTICAL SCROLL VECTOR REG-
ISTER is default zero during power-on.

RESET BIT0 Writing an “1” to this bit will clear the
VERTICAL SCROLL VECTOR
REGISTER.

CLRSH BIT2 Writing an “1” to this bit will clear the
content of the 80 BIT SHIFT REG-
ISTER.

An instruction (ID7 to IDO) is transferred to the
segment driver through the serial interface as Figure 1
demonstrated. Figure 1-a shows a case that the DDIR
bit is clear. The most significant bit ID7 of the instruc-
tion will come in as the first bit. After 8 SHCLK cycles,
a byte of instruction data is kept in an instruction regis-
ter. However, the instruction needs another 4 cycles to

complete, as long as BS holds low, segment driver will

wait for these 4 cycles to complete the instruction.

After the instruction, the segment driver will ignore any

coming SHCLK cycle untit the signal BS toggles from
high to low again. Figure 1-b shows in case of DDIR
bit set. The UL bit will not affect the order of instruction
shifting. For most case, user does not need to worry
about the order of shifting if the segment is connected
to the display controller in the microcomputer
MC68HCO5L11. :

TIMING LOGIC, according to BPCLK and FRM,
fills the DISPLAY DATA LATCH ARRAY with rows of
RAM matrix's content periodically starting from the row
address specified in the VERTICAL SCROLL VECTOR
REGISTER.

VOLTAGES SELECTOR: consists of switching

circuit to select appropriate voltage levels among
<V1>, <V3>, <V4> and <V2>. (See Fig. 2).

DISPLAY DATA LATCH ARRAY is used to
buffer up a row of display data from RAM. i

STATIC RAM MATRIX consists of 64 rows x 80
bits of SRAM cell. The content of these RAM cells can
be read from/written to the 80 BIT SHIFT REGISTER.

HIGH VOLTAGE DRIVERS ARRAY is a row of

high voltage drivers connecting to segment lines of

any LCD panel. The output waveform of the high volt-
age driver is shown as seg(x) in Fig. 3.

MOTOROLA
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PACKAGE DIMENSIONS

. MC141518FJ
TQFP PACKAGE DIMENSION
(DO NOT SCALE THIS DRAWING) -
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MC141518FJ

TQFP PACKAGE DIMENSION |
(DO NOT SCALE THIS DRAWING)
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MC141518FJ TQFP PACKAGE DIMENSION

Millimeters inches Millimeters Inches
Dim Min Max Min Max Dim Min Max Min Max
A 14.00 BSC .551 BSC K 0.50 REF .020 REF
Al 7.00 BSC 276" BSC R1 0.08 0.20 .003 .008
B 14.00 BSC .551 BSC S 16.00 BSC .630 BSC
B1 7.00 BSC .276 BSC S1 8.00 BSC 315 BSC
C 1.70 - .066 U 0.09 0.16 .004 .006
C1 0.05 0.20 .002 .008 \" 16.00 BSC .630 BSC
c2 1.30 1.50 .051 .059 Vi 8.00 BSC 315 BSC
D 0.10 0.30 .004 .012 w 0.20 REF .008 REF
E 0.45 0.75 .016 .030 4 1.00 REF .039 REF
F 0.15 0.23 .006 .009 0 0 7 0 7
G 0.50 BSC .020 BSC o1 0 0
J 0.07 0.20 .003 .008 62 12° REF 12 REF
03 12° REF 12 REF
NOTES:
1. Dimensions and tolerancing per ANSI Y14.5M, 1982,
2. Controlling dimension:  millimeter.
3. Datum plane [E is located at bottom of lead and is coincident with the lead where the lead exits the plastic body at the bottom
of the parting line.
4. Datums . [M] and 1o be determined at datum plane [-H-] .
5. Dimensions S and V to be determined at seating plane |I| .
6. Dimensions A and B do not include mold protrusion. Allowable protrusion is 0.25(.010) per side. Dimensions A and B do include mold
mismatch and are determined at datum plane IE .
7. Dimension D does not include dambar protrusion. Dambar protrusion shall not cause the lead width to exceed 0.46 (.018). Minimum
space between protrusion and adjacent lead or protrusion 0.07 (.003).
MC141518 MOTOROLA
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MCC141518 PAD COORDINATES: (UNIT: uM)

PIN NAME X Y PIN NAME X Y
SEG3 '-1835.9 -1898.5 SEG75 2180.1 -1442.5
SEG2 -1670.9 -1898.5 SEG74 2180.1 -1302.5
SEG1 -1505.9 -1898.5 SEG73 2180.1 -1162.5
SEGO -1340.9 -1898.5 SEG72 2180.1 -1022.5
Voo -1175.9 -1898.5 SEG71 2180.1 -882.5
SD2 -1010.9 -1898.5 SEG70 2180.1 -742.5
BS -845.9 -1898.5 SEG69 2180.1 -602.5
BPCLK -680.9 -1898.5 SEG68 2180.1 -462.5
DDIR -515.9 -1898.5 SEG67 2180.1 -322.5
ID -350.9 -1898.5 SEG66 2180.1 -1825
FRM -185.9 -1898.5 SEG65 2180.1 . -42.5
SHCLK -20.9 -1898.5 SEG64 2180.1 97.5
DOFF 1441 -1898.5 SEG63 2180.1 237.5
M 309.1 -1898.5 SEG62 2180.1 377.5
SD1 4741 -1898.5 SEG61 2180.1 5175
\al 639.1 -1898.5 SEG60 2180.1 657.5
V3 804.1 -1898.5 SEG59 2180.1 797.5
\Z 969.1 -1898.5 SEG58 2180.1 937.5
Vss 1134.1 -1898.5 SEGS57 2180.1 1077.5
UL - 12991 -1898.5 SEG56 2180.1 12175
SEG79 1464.1 -1898.5 SEG55 2180.1 1357.5
SEG78 1629.1 -1898.5 SEG54 2180.1 1497.5
SEG77 17941 -1898.5 SEG53 2180.1 1637.5
SEG76 1958.1 -1898.5 SEG52 2180.1 1777.5
PIN NAME X Y PIN NAME X Y
SEG4 -2179.9 -1442.5 SEG28 -1609.9 1898.5
SEG5 -2179.9 -1302.5 SEG29 -1469.9 1898.5
SEG6 -2179.9 -1162.5 SEG30 -1329.9 1898.5
SEG7 -2179.9 -1022.5 SEG31 -1189.9 1898.5
SEG8 -2179.9 -882.5 SEG32 -1049.9 1898.5
SEG9 -2179.9 -742.5 SEG33 -909.9 1898.5 |
SEG10 -2179.9 -602.5 SEG34 -769.9 1898.5
SEG11 -2179.9 -462.5 SEG35 -629.9 1898.5
SEG12 -2179.9 -322.5 SEG36 -489.9 1898.5
SEG13 -2179.9 -182.5 SEG37 -349.9 1898.5
SEG14 -2179.9 -42.5 SEG38 -209.9 1898.5
SEG15 -2179.9 97.5 SEG39 -69.9 1898.5
SEG16 -2179.9 237.5 SEG40 70.1 1898.5
SEG17 -2179.9 3775 SEG41 210.1 1898.5
SEG18 -2179.9 . 517.5 SEG42 350.1 1898.5
SEG19 -2179.9 | 657.5 SEG43 490.1 1898.5
SEG20 -2179.9 797.5 SEG44 630.1 1898.5
SEG21 -2179.9 937.5 SEG45 770.1 1898.5
-SEG22 -2179.9 1077.5 SEG46 910.1 1898.5
SEG23 -2179.9 12175 SEG47 1050.1 1898.5
SEG24 -2179.9 1357.5 SEG48 1190.1 1898.5
SEG25 -2179.9 1497.5 SEG49 1330.1 1898.5
SEG26 -2179.9 1637.5 SEGS50 1470.1 1898.5
SEG27 -2179.9 1777.5 SEG51 1610.1 1898.5

Die size: 193.5 x 167.0 mil?

Note: 1 mil ~ 25.4um
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TYPICAL APPLICATIONS
~ 64x240 SINGLE PANEL LCD SYSTEM WITH MC68HCO5L.11
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64x240x2 SPLIT PANEL LCD SYSTEM
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

LCD Segment Driver MC141519

CMOS

The MC141519 is an LCD segment driver chip which consists of
160x80 static RAM for display storage and provides 160 high voltage
LCD driving signals.

It is a companion chip of MC141512T Backplane driver for medium
LCD panels. All these chips are controlled by the MC68HCO5L11 micro-
computer.

*  Operating Supply Voltage Range- TAB

Control Logic, RAM and Latch (Vpp Pin): 2.7 to 5.5V
Segment drivers (V|_cp Pin): 8.0 to 20V
Operating Temperature Range: -20 to 80°C
Direct serial data interface with the MC68HCO5L11
160 x 80 Static RAM (Display RAM)
160 LCD Segment Driving Signals
Selectable 1:16 to 1:80 Multiplex Ratios ORDERING INFORMATION
Expansion to higher driver count by cascade MC141519T TAB
Available in TAB Form:
TAB (Tape Automated Bonding), 186 contacts

. MC141519T

BLOCK DIAGRAM
SEGO SEG159
V<i> 3 T
Ve3> — HIGH VOLTAGE DRIVERS ARRAY
V<d> i
' VOLTAGES] }
DOFF —1®SEI ECTOR ¢ __________ ?
B,fg;;,K ] _t TIMING [—® DISPLAY DATA LATCH ARRAY
vl tosiC | IRow
7 B | SELECT
DO0-D6 —N—| STATIC Vob
TST — 9 RAM MATRIX
RAA — 1B CONTROL 80 ROWS x 160 BITS |
CR1 —{p| LOGIC ’ _
CR2 —{ P ;
P02 —
BS — t i t Vss
SD1-t P 160-BIT SHIFT REGISTER  {<——® SD2
I [
SHCLK DDIR
MC141519 MOTOROLA
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MAXIMUM RATINGS* (Voltages Referenced to Vgg, Tp = 25°C)

Symbol Parameter Value Unit
Vbp Supply Voltage -0.310 +7.0 \
V<i> Vgs-0.3 to Vgg+22.0 \
Vin Input Voltage Vgg-0.3 to Vpp+0.3 \

| Current Drain Per Pin Excluding Vpp 25 mA

and Vgg

Ta Operating Temperature Range -20to 80 ‘C

Tstg Storage Temperature Range -65 to +150 ‘C

* Maximum Ratings are those values beyond which damage to the device may occur. Func-
tional operation should be restricted to the limits in the Electrical Characteristics tables or Pin
Description section.

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg, Ty = 25°C, Vpp = 5.0V)

This device contains circuitry to .protect the
inputs against damage due to high static volt-
ages or electric fields; however, it is advised that
normal precautions to be taken to avoid applica-
tion of any voltage higher than maximum rated
voltages to this high impedance circuit. For
proper operation it is recommended that V;, and
Vout be constrained to the range Vgg < or = (V,
or Vout) < or = Vpp. Reliability of operation is
enhanced if unused input are connected to an
appropriate logic voltage level (e.g., either Vgg or
Vpp). Unused outputs must be left open. This
device may be light sensitive. Caution should be
taken to avoid exposure of this device to any light
source during normal operation. This device is
not radiation protected.

Symbol Parameter Min Typ Max Unit
ViH Input High Voltage 0.7xVpp - Vbp \
BPCLK, FRM,P02,RAA,CR1,CR2,BS,
D6-D0,SD1,SD2,SHCLK,DOFF,M,DIRR
Vi Input Low Voltage Vss - 0.3xVpp \
BPCLK, FRM,P02,RAA,CR1,CR2,BS,
D6-D0,SD1,SD2,SHCLK,DOFF,M,DIRR
VR Data Retention 20 - - \'
lin Input Current - - 1 UA
BPCLK, FRM,P02,RAA,CR1,CR2,BS,
D6-D0,SD1,SD2,SHCLK,DOFF,M,DIRR
Cin Capacitance . - - 8 pF
BPCLK, FRM,P02,RAA,CR1,CR2,BS,
D6-D0,SD1,SD2,SHCLK,DOFF,M,DIRR
Vo Output High Voltage SD1,SD2 | - 0.8xVpp - Vop \
VoL Output Low Voltage . SD1,SD2 Vss - 0.2xVpp \
Operating Voltages
Voo Supply Voltage (referenced to Vgg) 2.7 - 5.5 \
V<i> LCD Voltage (referenced to Vgg) 8.0 - 20.0 v
Operating supply current (Vpp)(Vpp=5V, referenced to Vgg)
lacc Access Mode - 150 200 uA
lop Display Mode - 30 100 UA
Isg Standby Mode - 1 10 uA
Operating supply current (V<1>)(V<1>=20V, referenced to Vgg)
ILop Display Mode - 12 20 uA
ILse Standby Mode - 1 10 uA
MC141519 MOTOROLA
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AC ELECTRICAL CHARACTERISTICS(Vpp=2.7V-5.5V, Vgg=0, Ty=25'C)

Symbol Parameter Min Max Unit
teye Access Cycle Time 235 - ns
tas Access Set up Time 100 - ns
tan RAA Hold Time 0 - ns
tes Chip Select Pulse Width 135 - ns

tosw Data SetUp Time 100 N ns
ty Input Hold Time 10 - ns
tsceye Shift Clock Cycle Time 200 - ns
tscon Shift Clock On Time 100 - ns
tsps Serial Data Setup Time 50 - ns
tsoH Serial Data Hold Time 10 : - ns
BS,
SHCLK
- foye >
RAA |
tas tcs \
'4 >|< AH
PO2 //I
l bsw 4
DO-Ds,
CR1, Data in Stable
CR2
Parallel Access Timing
B tsCeye o
SHCLK \l }
—_— tscon
—>] |<— 'sDH tsDS
e 200 i, S
sD2 Pata W
Serial Access Timing (with BS = 0)
MOTOROLA MC141519
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PIN DESCRIPTIONS

Vpp AND Vgg
Power is supplied to the driver using these two pins. Vpp is
power and Vgg is ground.

V<1>,V<3>,V<d>

These are the levels of voltage generated from an external
voltages divider (Fig. 2). These voltage provide different voltage
levels for shaping up the display output waveforms SegO -
Seg159.

DOFF

This is an output from MC68HCO5L11 to signal the back-
plane driver to turn off LCD. If this pin is clear, the segment
driver supplies LCD with driving signal. If this pin is set, the seg-
ment driver outputs is high-impedance and LCD display is dis-
abled.

" FRM
A periodic active high input to the segment driver for frame
timing synchronization. This pin is connected to the signal FRM
of MC68HCO5L11. The frequency depends on the bias ratio
and BPCLK signal.

" BPCLK
A periodic clock output from'MC68HCO5L11 to the seg-
ment driver for timing synchronization. The signal controls the
refresh timing of LCD display.

M
A periodic output from backplane driver. This pin is used for
synchronization among display drivers.

DO - D6

A seven-bit input-only data bus which is connected to the
DO - D6 of MC68HCO5L11. These pins are used for address
input and control input. Refer to Fig.1 for definition.

TST
The test pin should be pulled-low or connected to D7 of
MC68HCO5L11 during normal operation.

P02
A bus clock input that is used for data bus timing synchroniza-
tion. This pin is connected to P02 of MC68HCO5L11.

BS
This is an active low input for chip select.

RAA
It is a strobe signal from MC68HCO5L11 indicating that a valid
segment control data is on DO - D6 for a period of P02.

CR1,CR2

These two control signals from MC68HCO05L11 to Segment
driver describing the nature of the content in DO - D6. The effect of
CRs are shown on Fig 1.

SD1, SD2

These two pins are two bi-directional data lines connecting to
the UD2 or LD2 and UD1 or LD1 respectively. These allow the dis-
play data from MC68HCO5L11 entering the segment driver in both
directions. :

SHCLK

This is the shift clock from MC68HCO05L.11 to segment driver for
clocking the serial data on SD1 and SD2. See Timing Diagram for
illustration.

DDIR

Itis an input pin carrying the signal from MC68HCO5L11 to seg-
ment driver to control the direction of the serial data. In lower panel
mode, if DDIR is set, the serial data enters the segment driver
through SD1 and leaves the segment driver through SD2. If DDIR is
clear, SD1 and SD2 are redefined as an output and input respec-
tively.

SEGO - SEG159

These 160 output lines provide the segment driving signal to
the LCD panel. They are all in high-impedance state while the dis- -
play is turned off (i.e. DOFF is set).

MC141519
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OPERATION OF LIQUID CRYSTAL DISPLAY DRIVER

INTRODUCTION

The LCD segment driver can support multiplex ratio of a
LCD system up to 80 and cascading of more than one driver
for expansion is possible. It can be set from 1:5 bias (for 16
mux) to 1:10 bias (for 80 mux), by the voltage divider ratio of
Fig.2. The ratio of bias or the contrast ratio (a) is defined as

.4xR1+R2 _

TR

As the multiplex ratio changes, the ratio of bias has to be

changed accordingly. The ratio of bias relates to the multiplex
ratio as

a

a=.mux +1

To set up a multiplex ratio, please refer to
MC68HCO5L11D/H Technical Data Section 10.

CONTROL LOGIC produces the control signals neces-
sary for display RAM read / write and serial data latching. This
Control Logic is directly supervised by the MCU through the
Data Bus, i.e. DO - D6, CR1 and CR2. MCU writing a byte of
instruction to the Segment Control Register will cause Seg-
ment Driver(s) to fetch this instruction from the Data Bus and
the command executed at the next P02 cycle. Fig.1 shows the
functions of which the Control Logic will carry out in respond to
MCU access through the Segment Control Register.

ROW ADDRESS(WRITE IN) instruction causes Segment
driver(s) to load the content of the SHIFT REGISTER into a
row of RAM which address is specified by D6 to DO.

ROW ADDRESS(READ FROM) instruction causes Seg-
ment driver(s) to copy a row of RAM which address is specified
by D6 to DO into the 160 BIT SHIFT REGISTER.

SCROLL UP ADVANCE instruction causes Segment driv-
er(s) to do a vertical scroll up or down.

The content of D6 to DO only represents the vertical offset
of the new screen to the current screen. This vertical offset
presenting in the Data Bus then is added up with an old offset
which is stored in a register called the VERTICAL SCROLL
VECTOR REGISTER to generate a new offset. This new offset
will then be stored in the VERTICAL SCROLL VECTOR REG-
ISTER. Periodically the content of this register will be fetched

and loaded into a presettable counter in the TIMING LOGIC to

generate the row addresses for screen refreshing.

RESET BITO Writing a “1” to this bit will set the VERTICAL
SCROLL VECTOR REGISTER to zero.

UL BIT1 If this bit is set, the segment driver serves
the upper panel in case of splitted panel.
This will cause a swap in signals flow
between SD1 and SD2.

CLRSH BIT2 Writing an “1” to this bit will clear the content
of the 160-BIT SHIFT REGISTER.

TIMING LOGIC, according to M, BPCLK and FRM, fills the
DISPLAY DATA LATCH ARRAY with rows of RAM matrix’s con-
tent periodically starting from the row address specified by the
VERTICAL SCROLL VECTOR REGISTER.

VOLTAGES SELECTOR consists of switching circuit to -
select appropriate voltage levels from the external voltage
divider. (See Fig. 2).

DISPLAY DATA LATCH ARRAY is used to buffer up a row of
display data from RAM.

STATIC RAM MATRIX consists of 160x80 bits of SRAM cell.
The content of these RAM cells can be altered by read/write from/
to the shift register with the Segment Control Interface (refer to
MC68HCO05L11D/H Technical Data Section 10).

HIGH VOLTAGE DRIVERS ARRAY is a row of high voltage
drivers connecting to segment lines of any LCD panel. The out-
put waveform of the high voltage driver is shown as Seg(x) in Fig
3.

SHIFT REGISTER is a 160-bit bi-directional register which
acts as an input either from SD1 or SD2. The direction of data flow
depends on the content of DDIR. And, it can be swapped by set-
ting the UL bit to high. Data enter this shift register in serial. Shift
register latches data at the falling edge of the signal SHCLK. See
Timing Diagram for illustration.

MOTOROLA
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CR2 | CR1 D6 D5 D4 D3 D2 D1 Do
0 0 ROW ADDRESS (WRITE IN)
0 1 ROW ADDRESS (READ FROM)
1 o SCROLL UP ADVANCE
CLR
1 1 X X X X SH UL |RESET

FIGURE 1 - A Summary of the Control Functions of Segment Driver

DDIR UL SD1 SD2
1 0 input output
0 0 output input
1 1 output input
0 1 input output

FIGURE 1A - Relationship between DDIR, UL, SD1 and SD2

FIGURE 2 - External Voltage Divider
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FIGURE 3 - Driving Waveforms of 1:N multiplex

(M is used for timing synchronization)
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PACKAGE DIMENSIONS

MC141519T
TAB PACKAGE DIMENSION

(DO NOT SCALE THIS DRAWING)

AJ AK
AG AH
BD BE
DETAIL A" As AT
. E BA
D - AA
- T
T T
M e 00 0 o ooor
232 @
m,
w m ) )|
= i’...\ /,._.E > 3 - g =
<C a0}
«<| K O Y - }‘:\‘
1 AT .
E= I I N 2 \ ) a
= g 1®. WOI415IST | QK < 9 Q
7 fonen AR Fo
O A @
/Ij '[FB' O oo oog g
DETAIL *B" I N BM \
BR.
)
BS DETAIL "C"
BN BP
G H
Az AL
COPPER -
* — \| 7 POLYIMIDE
4
¢
MAGNIFIED VIEW
r Reference: 98ASL0O0157A Issue “0” released on 08/12/94 1
MC141519 MOTOROLA

3-104



MC141519T
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MC141519T TAB PACKAGE DIMENSION

Millimeters Inches Millimeters Inches
Dim Min Max Min Max Dim Min Max Min Max
A 34.775 35.175 1.3691 1.3848 AK 27.430 27.530 1.0799 1.0839
B 28.927 29.027 1.1389 1.1428 AL 26.500 27.500 1.0433 1.0827
C 4.950 5.050 0.1949 0.1988 AM 0.750 0.850 0.0295 0.0335
D 4.720 4.780 0.1858 0.1882 AN 0.750 0.850 0.0295 0.0335
E 1.951 2.011 0.0768 0.0792 AP 0.600 0.700 0.0236 0.0276
F 1.951 2.011 0.0768 0.0792 AR 0.600 0.700 0.0236 0.0276
G 24.200 24.300 0.9528 0.9567 AS 24.551 24.649 0.9666 0.9704
H 24.200 24.300 0.9528 0.9567 AT 24.850 24.950 0.9784 0.9823
J 56.500 57.500 2.2244 2.2638 AU 7.937 8.037 0.3125 0.3164
K 0.686 0.838 0.0270 0.0330 AV 2.450 2.550 0.0965 0.1004
L 0.0675 0.0825 0.0027 0.0033 AW 10.000 11.000 0.3937 0.4331
M 1.190 1.210 0.0469 1 0.0476 AY 3.500 4.500 0.1378 0.1772
N 0.480 0.520 0.0189 | 0.0205 AZ 3.500 4.500 0.1878 0.1772
P 0.350 0.450 1 0.0138 0.0177 BA - 8.996 - 0.3542
R 0.350 0.450 0.0138 0.0177 BB - 9.750 - 0.3839
S 0.150 0.190 0.0059 0.0075 BC 0.5794 0.6294 0.0228 0.0248
T 0.290 0.310 0.0114 0.0122 BD 25.200 25.300 0.9921 0.9961
U 1.750 1.850 0.0689 0.0728 BE 25.500 25.600 1.0039 1.0079
\ 0.450 0.550 0.0177 0.0217 BF 0.850 0.950 0.0335 0.0374
w 0.850 0.950 0.0335 0.0374 BG 0.850 0.950 0.0335 0.0374
Y 0.622 0.722 0.0245 0.0284 BH 6.850 6.950 0.2697 0.2736
AA - 0.20 - 0.0079 BJ 4.750 4.850 0.1870 0.1909
AB 10.900 11.900 0.4291 0.4685 BK 9.750 9.850 0.3839 0.3878
AC 12.150 12.650 0.4783 0.4980 BL 1.950 2.050 0.0768 0.0807
AD 1.500 2.500 0.0591 0.0984 BM 0.750 0.850 0.0295 0.0335
AE 8.690 8.790 0.3421 0.3461 BN 20.450 20.550 0.8051 0.8091
AF 1.950 2.050 0.0768 0.0807 BP 20.450 20.550 0.8051 0.8091
AG 25.350 25.450 0.9980 1.0020 BR 1.150 1.250 0.0453 0.0492
AH 25.510 25.610 1.0043 1.0083 BS 1.150 1.250 0.0453 0.0492
AJ 27.130 27.230 1.0681 1.0720
NOTES:
1. Dimensioning and tolerancing per ANSI Y14.5M, 1982.
2. Controlling dimension: millimeter.
3. Copper thickness: 10z.
4. Tin plating thickness: 0.4um.
5. 12 sprocket hole device.
r Reference: 98ASL00157A Issue “0” released on 08/12/94
MC141519 MOTOROLA
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TYPICAL APPLICATIONS

160 x 80 SINGLE PANEL LCD SYSTEM WITH MC68HCO5L11

COMO

MC141512

BPCLK P
FRM > 160 X 80 dots LCD Panel
— M
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MC 141519
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DOFF @
SHCLK|
D0.D7]
DDIR
RAA
CR1C
PO2

BSO
Lw1

MC141519
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320 x 160 SPLIT PANEL LCD SYSTEM WITH MC68HCO5L 11
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Gate (Row) Driver

for TFT Type LCD Panel
CMOS

The MC141522 is a high voltage LCD gate driver. It is a low power silicon-gate
- CMOS LCD driver chip which consists of 120 channels gate drive to provide the
row gating function of a TFT (Thin-Film-Transistor) LCD panel.

This chip consists of the low voltage and high voltage part. The low voltage part
includes the 122 stages of shift register, level shifter, left/right shift controller. The
high voltage part consists of 120 stages level shifters and high voltage output
driver buffer with 35 volts output swing capability.

The MC141522 will provide the best performance in combination with the
MC141524 (source driver). The two devices can drive LCD panels from 480 x 240
pixels middle-resolution up to 720 x 480 pixels high-resolution by cascading.

® Operating Supply Voltage Range
Logic (Vpp pin): 4.5V to 5.5V
Output Drive (Vg - Veg) = 20.0V to 35.0V
Operating Temperature Range: -30 to 85°C
120 - Row Output Driver
Split Power Supply
Output Pulse Width Modulation Control
Bi-directional Shift Register
Left / Right Shift Mode Selection
Maximum Clock Frequency = 100KHz
Cascadable
Available in TAB (Tape Automated Bonding), 141 pins

e @& & o o o ¢ o o

MC141522

MC141522T1
TAB

ORDERING INFORMATION
MC141522T1 TAB

|—{—-G002
|—1—p-G003

|

|

|

|
| —-p-G118
G119
—»G120

S
i
VCCA
High Volt Output Drive Buffer

TP
VEE
\ y I 7Y,
Level Shifter / Output Gating

X

‘|Left/ Right Shift Register

FF2 |
FF3 |-
FF118| gy
FF119 | o
FF120 9™

FFO
FF121

-
w
[T

' r
GSC y

]

U

Yy

GOC

Timing Control Left/ Right Shift Controller

VDDL

sl N Y

BLOCK DIAGRAM
@DD (CarryC fﬁ/ Out) (Ca?r?llbul /1n)
REV 4
10/96
MC141522 MOTOROLA
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DUMMY 12

DUMMY 11
DUMMY 10
DUMMY 9
G120
G119
DUMMY 4 1
DUMMY3 2
GCR 3
GDD 4
GOC 5
GSC 6
Voo | 7
Vss | 8
Vee 9
Vee 10
GCL 1
DUMMY 2 12
DUMMY 1 13
G2
G1
DUMMY 8
DUMMY 7
DUMMY 6
DUMMY 5

Figure 1A.TAB Package Contact Assignment (Copper View)
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ABSOLUTE MAXIMUM RATING (Voltage Referenced to VSS)

Rating Symbol Value Unit
Positive Supply Voltage Vee +7.0t0 +17.0 Vv The device contains circuitry to protect the inputs
against damage due to high static voltages or electric
Negative Supply Voltage VEee -33.0to - 23.0 Y fields; however, it is advised that normal precautions to
N be taken to avoid application of any voltage higher than
Logic Supply Voltage Voo -0.310 +6.0 v maximum rated voltages to this high impedance circuit.
DC supp|y Voltage Vec - VEE +40 Y] For proper operation it is recommended that Vin and
Vout be constrained to the range VSS < or = (Vin or Vout)
Logic Input Voltage Vin Vss - 0.5 to \Y < or = VDD. Reliability of operation is enhanced if
R O Vb + 0.5 unused input is connected to an appropriate logic voit-

age level (e.g. either VSS or VDD). Unused outputs must

Current Drain Per Pin 1d o +10 mA be left open. This device may be light sensitive. Caution
: - should be taken to avoid exposure of this device to any

Excluding Voo and Ves light source during normal operation. This device is not
Operating Temp. Range Ta -30t0 85 °C radiation protected.

Storage Temp. Range Tstg -55 to +150 °c

Maximum Ratings are those values beyond which damage to the device may occur. Functional
operation should be restricted to the limits in the Electrical Characteristics tables or Pin Descrip-
tion section.

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Typ ' Max Unit
Positive Supply Voltage Vee +5.0 +12.0 +15.0 \
Negative Supply Voltage Vee -10.0 -12.0 -30.0 \
Logic Supply Voltage Voo +4.5 +5.0 +5.5 \)
DC Supply Voltage Vee - Vee 20 25 35 v
Operating Temperature Ta -20 - +75 °c

AC ELECTRICAL CHARACTERISTICS . :

Voo=+5.0 V, Vss=0 V Vﬁ:c:ﬁ 5.0V, VEe=-20 V, Ta=25°C, Voitage referenced to Vss

'

Parameter Symbol Min Typ Max Unit
High Voltage Driver Output
Rise Time tri - - 1.0 us
Falf Time tf1 - - 1.0 us
(Cload=200pF)
High Voltage Driver Output
Rise Time tr2 - - 25 us
Fall Time . |t - R O - us
(Loading=5KQ in series
with 160pF)
Propagation Delay Time
(Carry output from GSC)
Low to High tplhe - 150 250 ns
High to Low tphlc - 150 250 ns
Maximum Clock Fre- o Max - 15.75 100 KHz
quency (GSC)

MC141522 MOTOROLA
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+15.0 Volts

-~ +5.0 Volts
Digital GND * :
-20.0 Volts
-30.0 Volts
) 35.0 Volts Range
+10.0 Volts
+5.0 Volts
Digital GND *
-10.0 Volts
-15.0 Volts
20.0 Volts Range
Figure 2. High Voltage Output Buffer Voltage Range
1 90% 90% 0% 0%\
10% ~
0 L19% 10% —‘ _ 10%
— — Lag— —| |-— > |t
trl ) tfl tr2 tf2
Loading Capacitance = 200pF Loading = 5KQ in series with 150pF
Figure 3. High Voltage Buffer Output Rise and Fall Time
MOTOROLA MC141522
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GSC

tplh

tphl

G Output

Carry Output

—J tplhc [~—

tphlc | -a—

Figure 4. Shift Clock, Gate Driver Output and Carry Output Propagation Delay Timing

DC ELECTRICAL CHARACTERISTICS

Voo=+5.0V, Vss=0, Vcc=+15.0 V, Vee=-20V, Ta =25°C, Voltage referenced to Vss

3-114

Parameter Symbol Min Typ Max Unit

Control Input Voltage High ViH 3.2 - 5.5 \'

Control Input Voltage Low Vi 0.0 - 1.2 \

Input Leakage Current

Vi, =0.5V [ -50 - +50 uA

Vin =3.0V I -50 - +50 - uA

Driver Output Voltage (G001 - G120) B

High Vo Vee-0.8 - - \

Low VoL - = VEE+0.8 \

Supply Current . B '

(GSC running at 100kHZ, no loading) lee - 05 2.0 mA
Ibp - “100 200 uA
lgg ~2.0 0.5 - mA

MC141522 MOTOROLA



PIN DESCRIPTION

Vss
This is the power supply GND connection pin.

Voo
This is the positive 5 V power supply pin for the logic cir-
cuitry of the chip.

Vce
This is the power supply pin for the most positive supply
voltage.

Vee
This is the power supply pin for the most negative supply
voltage.

GSC (Gate Driver Shift Clock)
This input clock signal is to clock the Carry In input ripple

through the 122 Stages Shift Register for controlling the Out-
put Scan Gating Sequence.

For normal single scan, the clock frequency is the horizon-
tal frequency of the TV signal. In double scan full resolution
mode, the frequency is doubled.

GCL (Gate Driver Carry-Left) / GCR (Carry-Right)

These two input / output pins perform the same function
and depends on the GDD (Shift Direction Determination)
Operation. In Shift Right mode, the GCL is the Carry input
while the GCR is the Carry output for cascading. In shift Left
mode, the pin functions and operations are vice versa. See
Table 1.

GDD | Shift Direction GCL | GCR
“0" G001 to G120 | Shift Right Mode | Input | Output
“” G120 to GOO1 | Shift Left Mode | Output | Input

Table 1.Carry Shift Direction

GDD (Gate Driver Shift Direction Determinationt)
This input pin provides the selection of the shift left and
right mode of operation. ’

GDD =“0”, the system shift register will shift right.
GDD ="1", the system shift register will shift left.
See Table 1.

GOC (Gate Driver Output Control)
This input pin provides control to the output buffer output

pulse width in order to provide the effective gating timing of
the TFT.

G001 to G120

These 120 output pins are high voltage buffer for driving
the gate of the TFT active matrix LCD panel.

GOC l

l
GSC ] ! |
|

|
'

Shift Register Q Output :

Buffer Output (n)

Buffer Output (n+1)

[ ]

Figure 5. Gate Output Control to Control the Gating
Pulse Width

I

1 [

GCL 1
(CarryIn) L

I |

| !

G001 I I

B S S s

1
Gooz '
1 1 ]
[} !
G003 ; ; ] 1
i ] t
G004 1 ! I | —|
] 1 1 1
N | 1
1 } ! |
[ | 1
G119 ! L1 1
| [} ! I
1 } I |
G120 ) N . 1
I i ! 1
GCR 1 | | | ]
(Carry Out) ] I I
1 !

Video Input MM

NI

f——t| One Harimntal Line

Figure 6. Row Driver Timing Diagram (Shift Right Mode)
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Source (Column) Driver

for TFT Type LCD Panel
CMOS

The MC141524 is a high voltage LCD source driver. It is a low power silicon-
gate CMOS LCD driver chip which consists of 120 channels source drive to pro-

vide the drain bus signal of a TFT (Thin-Film-Transistor) LCD panel.

This chip accepts the three video signals R, G, B. The built-in sample and hold
circuitry will sample the video signals and hold these signals before outputting to

drive the TFT-LCD panel.

The MC141524 will provide the best performance in combination with the
MC141522 (gate driver). The two devices can drive LCD panels from 480 x 240

pixels middle-resolution up to 720 x 480 pixels high-resolution by cascading.

Operating Supply Voltage Range

Logic (Vpp pin): 4.5V to 5.5V

(Vgg pin): -5V to -10V

OUlpUt Drive (VDD - VEE) =10V to 15V
Dynamic Range: 11.0 Voits Peak to Peak
Operating Temperature Range: -30 to 85 °C
120 - Column Output Driver
2 Sample & Hold Cells Structure
Bi-directional Shift Register with Interchanging Carry-Borrow Terminals
Left / Right Shift Mode Selection
Maximum Sampling Frequency = 30MHz (Three Phase (3g)’s Operation)
Video Bandwidith (-3dB): 5.0MHz
Programmable Buffer Output Drive with External Resistor
Cascadable
Available in TAB (Tape Automated Bonding), 152 pins

REV 4
10/96

MC141524

MC141524T1
TAB

ORDERING INFORMATION
MC141524T1 TAB

MC141524
3-118

MOTOROLA




6L1-€

VIOHOL10ONW

veSLyLON

. SR Da—N

s Oe—n

Bl @ [ e | e , [ o
sscz O— . "
ssc3 [0—
Voo D—J 1/
Vs D‘—j__ /,
et R B
Timing. l = J l o | = Gl Shver )
Videol [] 1/
Video2z O §
video3 [ 7
w o oo B o®ow o
e O ey e [ s Y e
i) — > > /7 ' o
ssv O i%

-
g 0—< Il
=

-«
o D—<}
=

o«
cD———<}
w

WvHOVIQ M0019



152 VCOM4

e . DUMMY 4
_— © DUMMY3
. VCom3
' 148 D1
. D2
D3
- D4
vCoM4 1 co
vcoM3 2 : T )
scL 3 toe
Va4 } ) o
Video1 5 T
Video2 ¢ .
Video3 7 °
Voo 8 ) Lo
SOE ¢ .t
SDD 10
Vooz 11
ssC1 12
Vss' 13
8SC2 14
Vee 15 )
SSC3 16
Veez 17
SBV 18
Vops 19
Autozero 20
Precharge 21
SCR 22
vcoM2 23
VCOM1 24 — - .
> D116
D117
D118
D119
29 D120
. VCOM2
—————— . DUMMY2
] DUMMY1

25 VCOM1

Figure 1A.TAB Package Contact Assignment (Copper View)
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ABSOLUTE MAXIMUM RATING (Voltage Referenced to VSS)

RATING SYMBOL VALUE UNIT
Logic Supply Voltage Voo +6.0 v
Negative Supply Voltage Vee -16.0 \
DC Supply Voltage Voo - VEE +22 \'%
Input Voltage Vi Vss-0.5to \
All Digital Input Voo + 0.5

Input Voltage Vai Vss - 0.5to \"
Analog Video Input Voo + 0.5

Operating Temp. Range Ta -30 to 85 °c
Storage Temp. Range Tstg -55t0 +150 °c

Maximum Ratings are those values beyond which damage to the device may occur. Functional
operation should be restricted to the limits in the Electrical Characteristics tables or Pin Descrip-

tion section.

RECOMMENDED OPERATING CONDITIONS

The device contains circuitry to protect the inputs against
damage due to high static voltages or electric fields; however,
it is advised that normal precautions to be taken to avoid appli-
cation of any voltage higher than maximum rated voltages to
this high impedance circuit. For proper operation it is recom-
mended that Vin and Vout be constrained to the range VSS < or
= (Vin or Vout) < or = VDD. Reliability of operation is enhanced
if unused input is connected to an appropriate logic voltage
level (e.g. either VSS or VDD). Unused outputs must be left
open. This device may be light sensitive. Caution should be
taken to avoid exposure of this device to any light source dur-
ing normal operation. This device is not radiation protected.

Parameter Symbol Min Typ Max Unit
Logic Supply Voltage Voo +4.5 +5 +5.5 \
Negative Supply Voltage Vee -5 -8 -10 \'
DC Supply Voltage Voo - Vee 10 - 15 \
Operating Temperature Ta -20 - +75 °c

AC ELECTRICAL CHARACTERISTICS

Vbp=5.0V, Vss= 0V,Vee=-10 V, Ta=25°C, Voltage referenced to Vss

Parameter Symbol | Min Typ Max Unit
Control Input

Rise Time trLn - 10 20 ns
Fall Time THL - 10 20 ns
(SOE, SCR, SCL, §5C1,2,3)

Shift Clock (SSC) to sampling activated

Shift Register Odtput HIGH tPLHR - 5 10 ns
Shift Register Output LOW teLHAR - 5 10 ns
Carry In to Shift Clock (SSC1) Set Up tsuc - 20 - ns
Time

Carry In Pulse Width (SCR/SCL) twe 80% oftsy | -- - ns
Shift Clock Cycle (SSC1,2,3) 155 100 - 1000 ns
Shift Clock Pulse Width HIGH tscH 40% oftgg | == - ns
Shift Clock Pulse Width LOW tscL 40%oftsg | -- - ns
(S8C1,2,3)

Shift Clock n to Shift Clock n+1 Phase tscT 30 - - ns
Delay

Propagation Delay Time

Low to High Carry Output from SSC teLHC - -10 30 ns
High to Low Carry Output from SSC teLHc - 10 30 ns
Cp = 100pF

MOTOROLA

MC141524
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le tsg |

A

tPLHR tPHLR
Shift Register Output '

tpLHC—] — tPHLC

SCL/SCR
(Carry Qut)

Figure 1. Shift Clock, SR Output and Carry Out Propagation Delay Timing Diagram

twc

SCL/SCR
(Cany In)

tsg |

SsC

—/

Figure 2. Shift Clock and Carry In Propagation Delay Timing Diagram
tsg
tscu
SSC1
. tscL .
tscr )

S$8C2

tscr

$SC3

Figure 3. Three Phase Shift Clock Phase Shift Delay Timing Diagram
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90 % // 20 %

. Control Inputs
(SSC, SCR, SCL, SOE)

tn =~ tm

Figure 4. Control Input Rise and Fall Time

DC ELECTRICAL CHARACTERISTICS

Vop=5.0V, Vss= 0V,Vee=-10 V, Ta=25°C, Voltage referenced to Vss

Parameter Symbol Min Typ Max Unit

Control Input Voltage Level High Vin 3.2 - 5.5 \

Control Input Voltage Level Low Vi 0.0 - 1.2 v

SDD Input Voltage High ViHs - - Voo \

SDD Input Voltage Low ViLs Vss - - \

Do Output Current

High (Vo = Vpp-3.0V) lonx - - 800 uA

Low (Vg = Vge+2.0V) lox 800 - - uA

Bias Voltage Resistance Rip 6 7.2 12 KQ

lag=15uA '

Input Voltage Range Vsg VEg+2.0 - Vpp-2.0 \Y

Input Video Signal Dynamic Range - 10 1 Vep

Maximum Clock Input Frequency (CLK) Dvax 1.0 - 10.0 MHz

Current Consumption lc - 10 30 mA

Shift Register constantly shifting one

Vpp=5V, Vge=-10V, Video1,2,3=-8V

Sample & Hold Cell Gain [cN 0.95 0.96 1.00

Driver Output High (Video input = 3V) Vbor 2.8 - 3 Vv

Driver Output Low (Video input = -8V) Vpor -8 - 7.8 \
MOTOROLA MC141524




PIN DESCRIPTION

V,
ssThis is the power supply GND connection pin for the logic
circuitry of the chip.

AGThis is the power supply GND connection pin for the ana-
log circuitry of the chip. Normally it is set to middle between
Vpp and Vg level.

Voo
Thls is the positive 5 V power supply pin for both the logic
and the analog circuitry of the chip.

EEThis is the power supply pin for the most negative supply
voltage for the analog circuitry of the chip.

Precharge

This logic input pin provides the output reset function.
When precharge is held low, all driver o/p will go to the ana-
log group level “VGA”. When precharge is set high, all driver
o/p is connected to the sample & hold celi (i.e. normal signal
output).

Autozero

This is a logic input pin to reset output unity gain buffer
before next signal is generated. Normally, it is connected
together with precharge pin. User can ignore the Autozero
and / or precharge function by tying it to high.

SBV (Source Bias Voltage)
This is the bias voltage supply pin for the unity gain output

analog buffer. This bias voltage can control the buffer current
driving capability.

The bias voltage is controlled by an external resistor con-
nected between SBV and VEE. The lower resistance will pro-
duce higher current driving capability.

SSC1, SSC2, SSC3 (Source Driver Shift Clock 1,2,3)

This input clock signal is divided in Three Phase Operation
(32) each with frequency of 10.0MHz maximum. Each phase
controls the sampling timing of one video line signal. The
equivalent operating frequency is 30.0MHz maximum.

Each clock signal will latch the carry signal through the Bi-
directional Shift Register to determine the video signal sam-
pling timing for the sample & hold cells.

SCL (Source Driver Carry-Left) / SCR (Carry-Right)

These two input / output pins perform the same function
and depends on the SDD (Shift Direction Determination)

-Operation. In Shift Right mode, the SCL is the Carry input

while the SCR is the Carry output for cascading. In shift Left
mode, the pin functions and operations are vice versa. See
Table 1.

SDD | Shift Direction SCL | SCR
“0” D1to D120 Shift Right Mode | Input | Output
“1” D120 to D1 Shift Left Mode | Output | Input

Table 1.Carry Shift Direction

SDD (Source Driver Shift Direction Determination)
This input pin determines the shift left / right operation of

the Bi-directional Shift Register.

SDD = “0”, the system shift register will shift right.
SDD =“1", the system shift register will shift left.
See Table 1.

SOE (Source Driver Output Enable)
This input pin determines the sample and hold output

sequence of the unity cell (See Figure 9). It governs the sam-

‘ple and hold alternate timing operation between lines.

D001 to D120
These 120 output pins are sample and hoId buffer outputs

These buffers output the sampled video signal and drive the
source of the TFT of an active matrix LCD panel.

MC141524
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SECTION 1

Bi-directional Shift Register

The 120-stage Bi-directional Shift Register controls the
120 corresponding sample and hold operation of the unity
cell connected to each of the LCD driving output buffer. When
the shift register bit content is “1”, the sample and hold circuit
is in sampling state. The shift register is activated by shifting a
“1” (Carry In) into the 1st stage of the shift register and the “1”

value will latch through the register in turn performs the sam-

ple function of the unity cell.

|——
——
.
——

The shift register is driven by a three phase clock. The
maximum frequency of each phase clock is 10.0MHz and
therefore the minimum sampling window is 100ns. The equiv-
alent sampling rate of the source (common) driver is
30.0MHz. See figure 6, 7, 8, 9.

D117 DI1I18 DII9

bt

D120

SH1 | SH2 | SH3 | SH4 Unity Cell SH117| SH118| SH119] SHI20
A b . A A .4& A
S001| S002| S003| S004 s117| s1g | sn9 | sie
SCR = ~a—p>| ]
Left/Right{— SR1 | SR2 | SR3 | SR4 Bi-directional Shift Register | SR117| SR118| SR119| SR120
SCL  ~a—ne] Selection N " A A A A N A
ssC1 [ 1 CLK
2CLK
8SC2 —® Buffer 5
3CLK
§sC3 — P

SDD

Figure 6. Bi-directional Shift Register Block Diagram
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Figure 8. Carry Output Timing Diagram (Shift Right Mode)
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SECTION 2
Unity Cell

The unity cell consists of 2 sample and hold circuitry and a
unity gain buffer output. The 2 sample and hold cells are
arranged in complementary fashion such that one cell is in
sampling action while another cell is holding the charge that
was sampled previously.

The selected sample and hold circuit samples the video signal of
one horizontal scan line and read out in the next horizontal line
scanning period; while the other selected sample and hold cell
samples the video signal of that next scan line. See figure 10, 11,
12,13. ’

SBV D__ Bias

Control

+5.0 Volt

1 2 Sample & Hold
Cell Structure

Video Signal [}

o ( Voo — Vee =200V )

Connected t
Biditectional L Shiter - — MNNN—T]
Shift Register -
Unity Gain
l Buffer
vll
l VAG
Digital GND X1 X2
L J | ‘
Level
soE [ Sample & Hold Shifter
Figure 10. Sample and Hold Unity Cell Block Diagram
TFT - LCD Panel
-
Video Input
[ s/Hcircuit
. Column Dl:ivgr ) ) L , S |
Row Driver Common
Figure 11. Sample and Hold Schematic
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TFT - LCD Panel

FaY

B

" Row Driver Common

h

- Output Buffer with Unity Gain

Figure 12. Unity Gain Buffer Schematic
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Horizontal Sync. ___‘—l I_' [_\ ﬂ H___
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—( Sampling XiOulput >—< Sampling‘X Output X

Sample & Hold
Cell

_( Output )_< Sampling X Output >_< Sampling X

a N/ N
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Figure 13. Sample and Hold Timing Diagram
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SECTION 3
System Timing

In NTSC TV standard, the vertical synchronization signal
period is 16.7ms while the horizontal synchronization signal
period is 63.5us. There is about 10us horizontal retrace
period in one line of video signal. The effective display period
contributes 95% of the rest of valid display period. Therefore,
the effective display period for single video line is about 50us.
There is an half horizontal period shift between the odd field
and even field, the effective display line video signal starts at
the 19.0th lines scan after the vertical synchronization signal.
The effective display line number for one field is 240 lines for
single scan and 480 lines for double scan. o

The Output Enable (SOE) control signal governs the sam-
ple and hold alternate timing operation between lines.

The driver controller has a VCO running at the required
sampling rate to supply the system clock for the controfier.
The sampling clock is phase locked to the horizontal synchro-
nization cooperated with the vertical synchronization signal.
Odd field start and even field start signal are generated inside
the controller to provide a timing signal for odd and even field
start signal (Carry In). Once the start signal is generated, the
column (source) driver starts sampling the video line signal
while the row (gate) driver will output the latch signal.one line

after the start pulse to change the sampled video signal to
the LCD panel through the TFT switches on the active matrix
panel.

There are 240 row driver outputs for single scan and 480
row driver outputs for double scan “High resolution” panel.
However, the sampling frequency of the source (column)
driver will be defined by the number of horizontal pixels of the
panel.

For example, if the number of horizontal pixel is 720, then
the sampling frequency (fs) of the column driver will be
defined by the following equation: (singe scan mode)

fs (signal scan)

= (1/effective display period)* (no. of display pixels)

=720/ (63us*0.95)

=14.4MHz

= 4,8MHz (using 3 phase clock)

The sampling frequency can be reduced by half if the col-
umn driver are placed in the bi-directional connection mode.
See figure 6 and figure 12.

However, in the bi-directional connection mode, the con-

... troller has to provide a set of upper driver clock signal and

lower driver clock signal. The phase shift between the upper
and lower driver clock signal must be one pixel delay.

- 8ee Figure 14, 15.

MC141524
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MC141524T1 -

TAB PACKAGE DIMENSION
Millimeters Inches Millimeters Inches
Dim Min Max Min Max Dim Min Max Min Max
A 69.750 70.150 2.7461 2.7618 AG 1.090 1.110 0.0429 0.0437
B 63.869 64.029 2.5145 2.5208 AH 14.050 14.115 0.5531 0.5571
(o] 0.950 1.050 0.0374 0.0413 Ad 14.050 14115 0.5531 0.5571
D 17.870 17.970 0.7035 0.7075 AK 16.950 17.050 0.6673 0.6713
E 17.870 17.970 0.7035 0.7075 AL 16.950 17.050 0.6673 0.6713
F 36.068 36.212 1.4200 1.4257 AM 0.250 0.350 0.0098 0.0138
H 32.750 33.750 1.2894 1.3287 AN 0.250 0.350 0.0098 0.0138
J 13.450 13.550 0.5295 0.5335 AP 0.260 0.280 0.0102 0.0110
K 13.450 13.550 0.5295 0.5335 AR 0.110 0.150 0.0043 0.0059
L 0.750 0.850 0.0285 0.0335 AS 0.130 0.170 0.0051 0.0067
M 7.900 8.000 0.3110 0.3150 AT 0.680 0.720 0.0268 0.0283
N 9.700 9.800 0.3819 0.3858 AU 0.480 0.520 0.0189 0.0205
P 2,550 2.650 0.1004 0.1043 AV 1.350 1.450 0.0531 0.0571
R 0.750 0.850 0.0295 0.0335 AW 21.500 22.500 0.8465 0.8858
S 6.100 6.200 0.2402 0.2441 AX 23.500 24.500 0.9252 0.9646
T 7.900 8.000 0.3110 0.3150 AY 0.686 0.838 0.0270 0.0330
U 0.750 0.850 0.0295 0.0335 AZ 0.5794 0.6294 0.0228 0.0248
Vv 1.951 2.011 0.0768 0.0792 BA 0.0675 0.0825 0.0027 0.0032
w 1.951 2.011 0.0768 0.0792 BB 0.080 0.120 0.0031 0.0047
X - 10.490 - 0.4130 BF 17111 17.179 0.6737 0.6764
Y - 6.651 - 0.2619 BG 17111 17.179 0.6737 0.6764
4 4.720 4.780 0.1858 0.1882 BH 10.550 11.550 0.4154 0.4547
AA - 0.200 - 0.0079 BJ 1.950 2.050 0.0768 0.0807
AB 12.450 12.550 0.4902 0.4941 BK 16.650 16.750 0.6555 0.6594
AC 8.500 9.500 0.3347 0.3740 BL 16.650 16.750 0.6555 0.6594
AD 3.500 4.500 0.1378 0.1772
AE 7.300 8.300 0.2874 0.3268
AF 0.480 0.520 0.0189 0.0205
NOTES:
1. Dimensioning and tolerancing per ANSI Y14.5M, 1982,
2. Controlling dimension: millimeter.
3. Copper thickness; 10z.
[ Reference: 98ASL00211A . Issue “0” released on 03/20/96
MOTOROLA MC141524
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA .

. MC141531

Advance Information
LCD Segment/ Common Driver
CMOS |

MC141531 is a CMOS LCD Driver which consists of 3 annunciator out-
puts and 137 high voltage LCD driving signals (17 common and 120 seg-
ment). It has parallel interface capability for operating with general MCU.
Besides the general LCD driver features, it has on chip LCD bias voltage
generator circuits such that limited external component is required during - ) MC141531T
application. . ‘ TAB
*  Single Supply Operation, 2.4V -3.5V
*  Operating Temperature Range : -30°C to 85°C
*  Low Current Stand-by Mode (<500nA)
¢ On Chip Bias DC/DC Converter
* 8 bit Parallel Interface .
e Graphic Mode Operation ‘
+  On Chip 120x17 Graphic Display Data RAM
¢  Master clear RAM MCC1415312
* 120 Segment Drivers, 17 Common Drivers Gold Bump Die
* 116, 1/17 Muitiplex Ratio ‘ : ‘ s _ ' i
+  1:5 bias ratio ‘ ' o o ORDERING INFORMATION °
¢ Re-mapping of Row and Column Dnvers . : '
*  Three Stand Alone Annunciator (Stahc Icon) Driver Circuits MC141531T TAB .
+  Low Power Icon.Mode Driven by Com16 in Special Driving Scheme MCC141531Z Gold Bump Die
+  Selectable LCD Drive Voltage Temperature Coefnments '
* 16 level Internal Contrast Control
¢  External Contrast Control

Standard TAB (Tape Automated Bondung) Package Gold Bump Die

This document contains information on a new product. Specifications and information herein are subject to change without notice.

REV4
3/97

MOTOROLA ) ‘ B MC141531
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Block Diagram
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MC141531 Die Pin Assignment
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MAXIMUM RATINGS* (Voltages Referenced to Vgg, TA=25C)

Symbol Parameter Value Unit
AVpp,DVpp | Supply Voltage -0.3to +4.0 \
Vee Vgs-0.3toVgg+10.5( V
Vin Input Voltage Vgg-0.3 to Vpp+0.3 \

| Current Drain Per Pin Excluding Vpp and Vgg 25 mA

Ta Operating Temperature -30 to +85 ‘C

Tstg Storage Temperature Range -65 to +150 ‘c

* Maximum Ratings are those values beyond which damage to the device may occur. Functional
operation should be restricted to the limits in the Electrical Characteristics tables or Pin Descrip-

tion section.

Vss = AVss = DVSS (DVSS = Vss of Digital circuit, AVgg =Vsg of Analogue Circuit)
Vpp = AVpp = DVpp (DVpp = Vo of Digital circuit, AVpp = Vpp of Analogue Circuit)

This device contains circuitry to protect the inputs
against damage due to high static voltages or elec-
tric fields; however, it is advised that normal precau-
tions to be taken to avoid application of any voltage
higher than maximum rated voltages to this high
impedance circuit. For proper operation it is recom-
mended that Vi, and V,,; be constrained to the
range Vgg < or = (Vj, or Vo) < or = Vpp. Reliability
of operation is enhanced if unused input are con-
nected to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left
open. This device may be light sensitive. Caution
should be taken to avoid exposure of this device to
any light source during normal operation. This
device is not radiation protected.

ELECTRICAL CHARACTERISTICS (Voltage Referenced to Vgg, Vpp=2.4 to 3.5V, Ta=25°C)

(AVpp + DVpp, Pins)

Vpp=3.0V, lcon Mode, Internat Oscillator, Oscillator
Enabled, Display Off, R/W halt, Ext Osc.

Freq.=38.4kHz.

Symbol Parameter Test Condition Min Typ Max | Unit
DVpp | Logic Circuit Supply Voltage Range (Absolute value referenced to Vgg) 2.4 3.0 3.5 \
AVpp | DC/DC Converter Circuit Supply Voltage Range 2.4 - 35 \

lac | Access Mode Supply Current Drain Vpp=3.0V, Internal DC/DC Converter On, Tripler 0 200 300 pA
(AVpp + DVpp Pins) Enabled, Annunciator On/Off, RW accessing,
Teye=1MHz, Osc. Freq.=38.4kHz, Display On, 1/7
Mux Ratio
lpp | Disptay Mode Supply Current Drain ‘| Vpp=3.0V, Internal DC/DC Converter On, Tripler 0 75 165 HA
(AVpp + DVpp Pins) Enabled,
Annunciator On/Off, R/W halt, Osc. Freq.=38.4kHz,
Display On, 1/17Mux Ratio
Isg1 | Standby Mode Supply Current Drain 0 300 500 nA
(AVpp + DVpp Pins) Vpp=3.0V, Display off, Oscillator Disabled, R/W halt.
Isg2 | Annunciator Mode Supply Current Drain 0 5 10 pA
(AVpp + DVpp Pins) Vpp=3.0V, Annunciator Mode, Internal Oscillator,
Oscillator Enabled, Display Off, R/W halt, Int Osc.
Freq.=38.4kHz.
Isgz | lcon Mode Supply Current Drain o - 25 pA

Veet1 | LCD Driving DC/DC Converter Output
(VCC Pin)

Veez | LCD Driving DC/DC Converter Output

Display On, Internal DC/DC Converter Enabled,
Tripler Enabled, Osc. Freq.=38.4KHz,
Regulator Enabled, Divider Enabled.

Display On, Internal DC/DC Converter Enabled,

. 3AVpp | 105 | Vv

(Vec Pin) Doubler Enabled, Osc. Freq.=38.4KHz, - 2*AVpp 7 \
Regulator Enabled, Divider Enabled.
Vicp | LCD Driving Voltage Input (Vg Pin) Internal DC/DC Converter Disabled. 5 - 10.5 \
MOTOROLA MC141531
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ELECTRICAL CHARACTERISTICS (Voltage Rgferenced to Vgs, Vpp=2.4 to 3.5V, Tp=25"C)

Symbol | Parameter Test Condition Min Typ Max | Unit
Vinr | Input high voltage . 0.8"Vpp - Vbp \
(RES, 0sc2, CS, D0-D7, R/W, D/C, OSC1)
Vity | Input Low voltage 0 - 0.2'Vpp | V
(RES, 0sc2, CS, D0-D7, R/W, D/C, 0SCH)
Ve [LCD Display Voltage Output Voltage Divider Enabled - VR - \
Vis (Ve Vs Vi, Vis, Ve Pins) - 0.8'Vy - v
VLL4 - O.G'VR - \
Vs - 0.4*Vg . \Y
VLL2 - 0.2'VR - V
Ve [LCD Display Voltage Input, External DC/DC Converter, Voltage Divider Disable 5 - Vee \
Vis (Viee Vs Vi Vira, Ve Pins) ‘ 0 - Vi | V
Via 0 - us |V
Vus 0 - Ve |V
VLL2 o] - VLL3 4V
loy | Output High Current Source
(DO-D7, Annun0-2, BP, 0OSC2) Vout=Vpp-0.4V 50 - - MA
‘ lo. | Output Low Current Drain
(D0-D7, Annun0-2, BB, 0SC2) Vour=0.4V - - -50 HA
‘ loz | Output Tri-state Current Drain Source
. (D0-D7, 0SC2) -1 - 1 pA
‘ /iy | Input Current -1 - 1 pA
(RES, 0sc2, CS, Do-D7, R/W, D/C, OSC1)
‘ Ron | Channel resistance between LCD driving signal | During Display on, 0.1V apply between two termi- - - 10 kQ
pins (SEG and COM) and driving voltage input | nals, VCC within operating voltage range
pins (VL2 to Vi e) , :
| Vse |Memory Retention Voltage (DVpp) Standby mode, retain all internal configuration and 2 - - v
RAM data
‘ Cin | Input Capacitance - .5 75 pF
(OSC1, 0SC2, all logic pins)
Temperature Coefficient Compensation*
‘ PTCO Flat Temperature Coefficient TC1=0, TC2=0, Voltage Regulator Disabled - 0.0 - %
PTC1 Temperature Coefficient 1* TC1=0, TC2=1, Voltage Regulator Enabled - -0.18 - %
‘ PTC2 Temperature Coefficient 2* TC1=1, TC2=0, Voltage Regulator Enabled - -0.22 - %
PTC3 Temperature Coefficient 3* TC1=1, TC2=1, Voltage Regulator Enabled - -0.35 . %
. Ven | Internal Contrast Control Regulator Enabled, Internal Contrast control - +18 - %
\ (VR Output Voltage) Enabled. (16 Voltage Levels Controlled by Software.
Each level is typically 2.25% of the Regulator Output
| ‘ Voltage. )
*The formula for the temperature coefficient (TC) is:
oy VRat50°C-VRat0'C 1 -
TC(%)= 50'C-0°C VRatesc X100%
MC141531 MOTOROLA
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AC ELECTRICAL CHARACTERISTICS (T5=25'C, Voltage referenced to Vg, AVpp=DVpp=3V)

of feedback resistor

range

Symbol Parameter Test Condition Min Typ Max [ Unit

Fosc | Oscillation Frequency of Display timing generator | 60Hz Frame Frequency - 38.4 . kHz
Either External Clock Input or Internal Oscillator
Enabled

Fann | Backplane Frequency of Annunciator 50% duty cycle - 30 - Hz

(Annun0-3, BP) Annunciator on, Fosc=38.4KHz

Ferm [ Frame Frequency Graphic Display Mode, - 60 - Hz
Timing generator freq. = 38.4kHz :
lcon Mode, Timing generator freq. = 38.4kHz T8D

OSC | Internal Oscillation Frequency with different value | Internal Oscillator Enabled, Vpp within operation See Figure 1 for the relationship

Note: FFRM = Fosc /640
FANN = Fosc/ 1280

280k -
260k T%
o T - \4 < < < <
70k . S
Oscillation : \
Frequency !
30k .
10k .
100k 500k 1.0M 1.5M 2.0M
" Resistor Value between OSC1 and OSC2 Q)
Figure 1. Internal Oscillator Frequency Relationship with External Resistor Value
MOTOROLA MC141531
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TABLE 2a. Parallel Timing Characteristics (Write Cycle) (T5=-30 to 85°C, DVpp=2.4 to 3.5V, Vgg=0V)

Symbol Parameter Min Typ - Max Unit
toycle Enable Cycle Time : 600 - - ns
ten Enable Pulse Width 290 - - ns
tas Address Setup Time 5 R - ns
tos Data Setup Time 290 - - ns
ton Data Hold Time 20 - - ns
tan Address Hold Time 20 = - ns
tcvz:le
Y
Cs N
‘ ten
Z
) ) ' tas ) tAH
4 N
e . , >;( KX
‘ , g - Tos ton
D0-D7 Valid Data D

Figure 3. Timing Characteristics (Write Cycle)
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TABLE 2b. Parallel Timing Characteristics (Read Cycle) (T5=-30 to 85°C, DVpp=2.4 to 3.5V, Vg5=0V)

Symbol Parameter Min Typ Max “Unit
teyele Enable Cycle Time 600 - - ns
ten Enable Pulse Width 290 - - ns
tag Address Setup Time 5 - - ns
tos Data Setup Time - - 290 ns
toH Data Hold Time 5 - - ns
tan Address Hold Time 20 - - ns
toycle i
[o]
Ner————
ten o
"4 N s
e N
tas tan
\ -~
DIC X X
D0-D7 Valid Data
’ Figuré 4. Timing Characieristics (Read Cycle)
MOTOROLA MC141531
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PIN DESCRIPTIONS

D/C (Data / Command)
This input pin tell the LCD driver the input at D0-D7 is data or com-
mand. Input High for data while input Low for command.

CS (CLK) (Input Clock)
This pin is normal Low clock input. Data on DO-D7 are latched at
the falling edge of CS.

RES (Reset)
An active Low pulse to this pin reset the mternal status of the
driver (same as power on reset). The minimum pulse width is 10 ps.

DO0-D7 (Data)
This bi-directional bus is used for data / command transferring.

R/W (Read / Write)
This is an input pin. To read the display data RAM or the internal

status (Busy / Idle), pull this pin High. The R/W input Low indicates a .

write operation to the display data RAM or to the internal setup regis-
ters.

0SC1 (Oscillator Input) o

For internal oscillator mode, this is an input for the internal low
power RC oscillator circuit. In this mode, an external resistor of cer-
tain value should be connected between the OSC1 and OSC2 pins
for a range of internal operating frequencies (refer to Figure 1). For
external oscillator mode, OSC1 should be left open.

0SC2 (Osclilator Output / External Osclllator Input)

For internal oscillator mode, this is an output for the internal low
power RC oscillator circuit. For external oscillator mode, OSC2 will
be an input pin for external clock and no external resistor is needed.

VLL6 - VLL2

Group of voltage level pins for driving the LCD panel. They can
either be connected to external driving circuit for external bias supply
or connected internally to built-in divider circuit if internal divider is
enable. For Internal DC/DC Converter enabled, a 0.1 pF capacltor to
AVgg is required on each pin.

CiN and C1P
If Internal DC/DC Converter is enabled, a 0.1 uF capacitor is
required to connect these two pins.

C2N and C2P

If Internal DC/DC Converter and Tripler are enabled, a 0.1 pF
capacitor is required between these two pins. Otherwise, leave these
pins open.

C+and C-
If internal divider curcun is enabled, a0.1 uF capacnor is requlred
to connect between these two pins.

VR and VF

This isa feedback path for the gain control (external contrast con-
trol} of VLL1 to VLL6. For adjusting the LCD driving voltage, it
requires a feedback resistor placed between VR and VF, a gain con-
tro! resistor placed between VF and AVSS, a 10 pF capacitor placed
between VR and AVSS. (Refer to the Application Circuit)

COM0-COM16 (Row Drivers)

These pins provide the row driving signal to LCD panel. Output
is OV during display off. COM16 also serves as the common driving
signal in the icon mode.

SEGO0-SEG119 (Column Drivers)
These 120 pins provide LCD column driving signal to LCD panel.
They output OV during display off.

BP (Annunciator Backplane)

This pin combines with Annun0-Annun2 pins to form annunciator
driving part. When the annunciator circuit is enabled, it will output
square wave of 30 Hz. It outputs low when oscillator is disabled.

Annun0 - Annun2 (Annunciator Frontplanes)

These pins are three independent annunciator driving outputs.
The enabled annunciator outputs from its corresponding pin a 30Hz
square wave which is 180 degrees out of phase with BP. Disabled
annunciator output from its corresponding pin an square wave in-
phase with BP.. When all annunciators are disabled, all these pins

" output OV.

AVDD and AVSS
AVDD is the positive supply to the LCD bias Internal DC/DC Con-
verter. AVSS is ground.

vce

For using the Internal DC/DC Converter, a 0.1 pF capacitor from
this pin to AVSS is required. It can also be an external bias input pin
if Internal DC/DC Converter is not used. Power is supplied to the
L.CD Driving Level Selector and HV Buffer Cell with this pin. Nor-
mally, this pin is not intended to be a power supply to other compo-
nent.

DVDD and DVSS
Power is supplied to the digital control circuit of the driver using
these two pins. DVDD is power and DVSS is ground.

MC141531
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OPERATION OF LIQUID CRYSTAL DISPLAY DRIVER

Description of Block Diagram Module

Command Decoder and Command Interface

This module determines whether the input data is interpreted as
data or command. Data is directed to this module based upon the
input of the D/C pin. If D/C high, data is written to Graphic Display
Data RAM (GDDRAM). D/C low indicates that the input at D0O-D7 is
interpreted as a Command. )

Reset is of same function as Power ON Reset (POR). Once RES
received the reset pulse, all internal circuitry will back to its initial sta-
tus. Refer to Command Description section for more information.

Column address 00H
(or column address 77H)

l

MPU Parallel Interface

The parallel interface consists of 8 bi-directional data lines (DO-
D7), RW, and the CS. The R/W input High indicates a read opera-
tion from the Graphic Display Data RAM (GDDRAM). R/W input Low
indicates a write operation to Display Data RAM or Internal Com-
mand Registers depending on the status of D/C input. The CS input
serves as data latch signal (clock). Refer to AC operation conditions
and characteristics section for Parallel Interface Timing Description.

_ Graphlc Display Data RAM (GDDRAM)

The GDDRAM is a bit mapped static RAM holding the bit pattern
to be displayed. The size of the RAM is determined by number of
row times the number of column (120x17 = 2040 bits). Figure 5is a
description of the GDDRAM address map. For mechanical flexibility,
re-mapping on both Segment and Common outputs are provided.

Column address 77H
(or column address 00H)

Row 0 l«— Com0
LSB (Com15)
Page 1
MSB
LSB
Page 2
Row 15 MSB Comi5
(Com0)
Row16 LsB [ J ] [ [T T1 T TJI]T e Comie
Page 3 o )
@ h
) &
Note : The configuration in parentheses represent the remapping of Rows and Columns 2}
Figure 5. Graphic Display Data RAM (GDDRAM) Address Map
MOTOROLA MC141531
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Display Timing Generator

This module is an on chip low power RC oscillator circuitry (Fig-
ure 6). The oscillator frequency can be selected in the range of
15kHz to 50kHz by external resistor. One can enable the circuitry by
software command. For external clock provided, feed the clock to
0OSC2 and leave OSC1 open.

Annunciator Control Circuit

The L.CD waveform of the 3 annunciators and BP are generated
by this module. The 3 independent annunciators are enabled by soft-
ware command. Annunciator is also controlled by oscillator circuit.
Before turning the annunciators on, the oscillator must be on in
advance. Annunciator output waveform shown in Figure 7.

Internal Oscillator sefected

: r Oscillator enable

enablel enable2
Oscillation Circuit.

enable]
Buffer

MC141531.

Feedback for internal oscillator

For external CLK input

]

Figure 6. Oscillator Circuitry

.- - - DVpp
BP | | | l l | I | | I I |
DVss

1 !

! I}

.- ! | -~ DVpp
ANNUNT1 1 | o

-

ANNUN2 |

1

ON
OFF
ENABLE

ANNUN1
ANNUN2
osc

ON/OFF
ON/OFF
DISABLE

ON
ON
ENABLE

1
1
I
|
|
1
{
'

- - DVpp
| | l ! | l | |-
|
1 1 1 DVss
1 I I
I on ! ON ! on/oFF
: oN : OFF : ONJOFF

ENABLE ENABLE DISABLE

Figure 7. Annunciators and BP Display Waveform

LCD Driving Internal DC/DC Converter and Regulator
This module generates the LCD voltage needed for display output. It
takes a single supply input and generate necessary bias voltages. It
consists of :
. Voltage Doubler and Voltage Tripler
To generate the Vce voltage.’ Either Doubler or Tripler can be
enabled. .
Voltage Regulator
Feedback gain control for initial LCD voltage It can also be used with
external contrast control.
. Voltage Divider
Divide the LCD display voltage (Vi12-V|¢) from the regulator output.
This is a low power consumption circuit which can save the most dis-
play current compare with traditional resistor Iadder method
. Self adjust temperature compensation circuitry '
Provide 4 different compensation grade selections to satisfy the vari-
ous liquid crystal temperature grades. The grading can be selected
by software control.
5. Contrast Control Block
Software control of 16 voltage levels of LCD voltage.
All blocks can be individually turned off if external DC/DC Cénverter
is employed.

-

P

w

ES

17 Bit Latch / 120 Bit Latch

A 137 bit long register which carry the display signal information.
First 17 bits are Common driving signals and other 120 bits are Seg-
ment driving signals. Data will be input to the HV-buffer Cell for bump-
ing up to the required level.

Level Selector

-Level Selector is a control of the display synchronlzatlon Display
voltage can be separated into two sets and used with different cycles.
Synchronization is important since it selects the required L.CD voltage
level to the HV Buffer Cell for output signal voltage pump.

HV Buffer Cell (Level Shifter)

HV Buffer Cell works as a level shifter which translates the low volt-
age output signal to the required driving voltage. The output is shifted
out with an internal FRM clock which comes from the Display Timing
Generator. The voltage levels are given by the level selector which is
synchronized with the internal M signal.

MC141531
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LCD Panel Driving Waveform

The following is an example of how the Common and Segment driv- » COMO
ers may be connected to a LCD panel. The waveforms shown in Figure coMm1 I
8a, 8b and 8c illustrate the desired multiplex scheme. ‘
: com2 i
CoM3
com4
COM5
COM6
com7
O N M <
[ORORONONO]
W W mwm
nnoon

Figure 8a. LCD Display Example “0”

MOTOROLA MC141531
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TIME SLOT

VLL6
------ I VLL5
, VLL4
COMo VLL3
————— VLL2
VLL1

— VLL6
— VLLS
— VLL4
— VLL3

comt [ _

VLL2
VLL1

SEGO [_ VLL3
l VLL2
VLL1

VLL6

s
—viLa

eee—_Viis
I——_ VLL2
VLLY

Figure 8b. LCD Driving Signal from MC141531

1

-
_ S RVIT
[ | ] —vus
via

SEG1 |_

TIME SLOT
2ol sl o] o[ o]

VLL6
VLL5
VLL4
VLL3
VLL2
VLL1
-VLL2
-VLL3
-VLL4
-VLLS
-VLL6

Seg0-Com0
“OFF" Pixel

|

VLL6
— vis
— viL4
— Vs
— viLL2
VLL1
------- VL2
-VLL3
-VLL4
-VLLS
-VLL6

Seg0-Com1
“On” Pixel

1T TTTT Flll—rlll‘ll
[ L]

Figure 8c. Effective LCD waveform on LCD pixel
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Command Description

Set Display On/Off (Display Mode / Stand-by Mode)

The Display On command turns the LCD Common and Segment
outputs on and has no effect to the annunciator output. This com-
mand starts the conversion of data in GDDRAM to necessary wave-
forms on the Common and Segment driving outputs. The on-chip
bias generator is also turned on by this command. (Note: “Set Oscil-
lator On” command should be sent before “Set Display On”)

The Display Off command turn the display off and the states of the
LCD driver are as follow during display off:
1. The Common and Segment outputs are fixed at V| 1 (Vgg).
2. The bias Internal DC/DC Converter is turned off.
3. The RAM and content of all registers are retained.
4. IC will accept new commands and data.

The status of the Annunciators and Oscillator are not affected by
this command.

Note: DON'T USE ICON DISPLAY MODE DURING DISPLAY
OFF.

Set GDDRAM Column Address

This command positions the address pointer on a column location.
The address can be set to location 00H-77H (120 columns). The col-
umn address will be increased automatically after a read or write
operation. Refer to “Address Increment Table” and command “Set
GDDRAM Page Address” for further information.

Set GDDRAM Page Address
This command positions the row address to 1 of 3 possible posi-
tions in GDDRAM. Refer to figure 5.

Master Clear GDDRAM

This command is to clear the content of page 1 and 2 of the Dis-
play Data RAM to zero. Issue this command followed by a dummy
write command.

Master Clear Icons :

This command is used to clear the data in page 3 of GDDRAM
which stores the icon line data. Before using this command, set the
page address to Page 3 by the command “Set GDDRAM Page
Address”. A dummy write data is also needed after this “Master Clear
lcons” command to make the clear icon action effective.

Set Display Mode

This command switch the driver to full display mode or low power
icon mode. In low power icon mode, only icons (driven by COM16)
and annunciators are displayed, and the DC-DC converter, the Inter-
nal DC/DC Converter and the regulator are disabled. Do select 1/17
Mux ratio before using the low power icon mode.
Note: DON'T USE ICON DISPLAY MODE DURING DISPLAY OFF.

Set Multiplex Ratio .

In normal display mode, the multiplex ratio could be set to be 1/16
or 1/17. For 1/16 Mux Ratio, COM16 signal should not be connected
to the panel.

Set Icon Mode A/B

In Icon mode A, on-pixels are stressed by a voltage with root-
mean-square value of 0.87xVpp, whereas off-pixels by 0.5xVpp. In
icon mode B, on-pixels are stressed by a voltage with root-mean-
square value of 0.71xVpp, whereas off-pixels by 0.41xVpp. This
command is used to control the contrast of the icon line (Com16)
under icon mode

Set Vertical Scroll Value

This command maps the selected GDDRAM row (O0H-OFH) to
Com0. With scroll value equals to 0, Row 0 of GDDRAM is mapped
to Com0 and Row 1 through Row 15 are mapped to Com1 through
Com15 respectively. With scroll value equal to 1, Row 1 of
GDDRAM is mapped to Com0, then Row 2 through Row 15 will be
mapped to Com1 through Com14 respectively and Row 0 will be
mapped to Com15.

Save / Restore Column Address

With bit option = 1 in this command, the Save / Restore Column
Address command saves a copy of the Column Address of
GDDRAM. With a bit option = 0, this command restores the copy
obtained from the previous execution of saving column address. This
instruction is very useful for writing full graphics characters that are
larger than 8 pixels vertically.

Set Column Mapping
This instruction selects the mapping of GDDRAM to Segment driv-
ers for mechanical flexibility. There are 2 mappings to select:
1. Column 0 - Column 119 of GDDRAM mapped to Seg0-Seg119
respectively;
2. Column 0 - Column 119 of GDDRAM mapped to Seg119-Seg0
respectively.
Detail information please refer to section “Display Output Descrip-
tion”.

Set Row Mapping
This command selects the mapping of GDDRAM to Common Driv-
ers for mechanical flexibility. There are 2 mappings to select:
1. Row 0 - Row 15 of GDDRAM to Com0 - Com15 respectively;
2. Row 0 - Row 15 of GDDRAM to Com15 - Com0 respectively.
Output of Row 16 (Com16) will not be changed by this command.
See section “Display Output Description” for related information.

Set Annunciator Control Signals
This command is used to control the active states of the 3 stand
alone annunciator drivers.

Set Oscillator Enable / Disable

This command is used to either turn on or off the oscillator. For
using internal or external oscillator, this command should be exe-
cuted. The setting for this command is not affected by command “Set
Display On/Off” and “Set Annunciator Control Signal”. See command
“Set Internal / External Oscillator” for more information

Set Internal / External Oscillator

This command is used to select either internal or external oscilla-
tor. When internal oscillator is selected, feedback resistor between
OSC1 and OSC2 is needed. For external oscillation circuit, feed
clock input signal to OSC2 and leave OSC1 open.

Set Internal DC/DC Converter On/Off

Use this command to select the Internal DC/DC Converter to gen-
erate the V¢ from AVpp. Disable the Internal DC/DC Converter i
external Vcc is provided.

Set Voltage Doubler / Tripler
Use this command to choose Doubler or Tripler when the Internal
DC/DC Converter is enabled.

MOTOROLA

MC141531
3-153



Set Internal Regulator On/Off

Choose bit option 0 to disable the Internal Regulator. Choose bit
option 1 to enable Internal Regulator which consists of the internal
contrast control and temperature compensation circuits.

Set Internal Voltage Divider On/Off

If the Internal Voltage Divider is disabled, external bias can be
used for Vi 5 to V|5 If the Internal Voltage Divider is enabled, the
internal circuit will generated the 1:5 bias driving voltage.

Set Internal Contrast Control On/Off

This command is used to turn on or off the internal control of delta
voltage of the bias voltages. With bit option = 1, the software selec-
tion for delta bias voltage control is enabled. With bit option = 0, inter-

Increase / Decrease Contrast Level .

If the internal contrast control is enabled, this command is used to
increase or decrease the contrast level within the 16 contrast levels.
The contrast level starts from lowest value after POR.

Set Contrast Level

This command is to select one of the 16 contrast levels when inter-
nal contrast control circuitry is in use. After power-on reset, the con-
trast level is the lowest.

Set Temperature Coefficient :

This command can select 4 different LCD driving voltage tempera-
ture coefficients to match various liquid crystal temperature grades.
Those temperature coefficients are specified in Electrical Character-

nal contrast control is disabled. istics Tables.
COMMAND TABLE
Bit Pattern Command ) Comment
000000X1Xo Set GDDRAM Page Address Set GDDRAM Page Address using XX, as address bits.
. X3Xp=00 : page 1 (POR)
.| X1Xg=01:page2
X1Xp=10 : page 3
0001X3XoX1Xg Set Contrast Level With R/W pin input low, set one of the 16 available values to the
internal contrast register, using XzXoX1Xo as data bits. The con-
trast register is reset to 0000 during POR.
0010000Xo Set Voltage Doubler / Tripler Xo=0 : Set Voltage Tripler (POR)
. Xo=1 : Set Voltage Doubler
0010001X, Set Column Mapping Xo=0 : Col0 to Seg0 (POR)
Xo=1:Col0 to Seg119
0010010Xo Set Row Mapping Xo=0 : Row0 to Com0
' ’ Xo=1: Row0 to Com15
0010100X, Set Display On/Off Xo=0 : display off (POR)
Xp=1: display on
0010101Xq Set Internal DC/DC Converter On/Off | Xo=0: Internal DC/DC Converter off(POR)
: -{ Xo=1: Internal DC/DC Converter on
0010110X, Set Internal Regulator On/Off Xo=0 : Internal Regulator off(POR)
Xo=1: Internal Regulator on
When application uses a supply with built-in temperature compen-
. sation, the regulator should be disabled.
0010111Xq Set Internal Voltage Divider On/Off Xg=0 : Internal Voltage Divider off (POR)
Xo=1: Internal Voltage Divider on
When an external bias network is preferred, the voltage divider
. -| should be disabled.
0011000Xq Set Internal Contrast Control On/Off | Xo=0 : Internal Contrast Control off (POR)
Xo=1: Internal Contrast Control on
Internal contrast circuits can be disabled if external contrast cnr-
cuits is preferred.
0011001Xq Set Display Mode Xg=0 : normal display mode (1/16 or 1/17 mux) (POR)
Xo=1: low power icon display mode
0011010X; * Save/Restore GDDRAM Coltumn Xo=0 : restore address
Address Xo=1: save address
00110110 Master Clear GDDRAM Master clear page 1 and 2 of GDDRAM
00110111 Master Clear of Icons Master Clear of icon line (Com16)
0011101Xq Reserved. Xo=0: normal operation (POR)
Xo=1: test mode
(Note: Make sure to set Xq=0 during application)
MC141531 MOTOROLA
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Bit Pattern Command Comment

0011110X, Set Multiplex Ratio Xp=0:1/16 Mux ratio (POR)
B Xo=1:1/17 Mux ratio
0011111X, Set lcon Mode A/B Xo=0 :icon mode A (POR)
Xp=1 :icon mode B
0100X3X2X 1 Xg Set Vertical Scroll Value Use X3XX1Xo as number of lines to scroll.
Scroll value = 0 upon POR
01100A1ApXp Set Annunciator Control Signals AAp=00 : select annunciator 1 (POR)

A4Ap=01 : select annunciator 2

A4A(=10 : select annunciator 3

Xo=0 : turn selected annunciator off (POR)
Xo=1 : turn selected annunciator on

01101000 Reserved

011011X; X, Set Temperature Coefficient XyXo=00:0.00% (POR)

X1X0= 01:-0.18%

XiXo=10:-0.22%

X1Xo=11:-0.35%

0111000X, Increase / Decrease Contrast Value Xo=0 : Decrease by one

Xo=1: Increase by one

(Note: increment/decrement wraps round amang the 16 contrast
levels. Start at the lowest level when POR.)

0111011X, Reserved Xo=0: normal operation (POR)
Xo=1: test mode select
(Note: Make sure to set Xy=0 during application)

0111101X, Set External / Internal Oscillator Xo=0: External oscillator (POR)

Xo=1: Internal oscillator.

For internal oscillator place a resistor between OSC1 and OSC2.
For external oscillator mode, feed clock input to OSC2.

0111111X, Set Oscillator Disable / Enable Xo=0: oscillator master disable (POR)

Xo=1: oscillator master enable.

This is the master control for oscillator circuitry. This command
should be issued after the “External / Internal Oscillator” com-
mand.

1XgX5X4XaXoX1Xg Set GDDRAM Column Address Set GDDRAM Column Address.
Use XgX5X4X3XoX1Xg as address bits.

Data Read / Write

To read data from the GDDRAM, input High to R/W pin and D/C pin. Data is valid at the falling edge of CS. And the GDDRAM column
address pointer will be increased by one automatically.

To write data to the GDDRAM, input Low to R/W pin and High to D/C pin. Data is latched at the falling edge of CS. And the GDDRAM column
address pointer will be increased by one automatically.

No auto address pointer increment will be performed for the Dummy Write Data after Master Clear GDDRAM. (Refer to the “Commands
Required for R/W Actions on RAM” Table)

MOTOROLA " 7 MC141531
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Address Increment Table (Automatic)

" Dic RW |Comment Address Increment Remarks
0 0 Write Command No
[ 1 Read Command No (invalid mode) "1
1 0 Write Data Yes 2
1 1 Read Data Yes

Address increment is done automatically data read write. The column address pointer of GDDRAM™ is affected.

Remarks :

*1. Only data is read from RAM.
*2. If write data is issued after Command Clear RAM

*3. Column Address will be wrapped round when overflow.

Power Up Sequence (Commands Required)

Command Required POR Status Remarks
Set External / Internal Oscillator | External *1

Set Voltage Tripler / Doubler Tripler 1
Internal DC/DC Converter On Off "1

Set internal Regulator On Off "1

Set Temperature Coefficient TC=0% *1,*3
Set Internal Contrast On Off *1,*3
Set Contrast Level Contrast Level =0 *1,*2,*3
Set Internal Voltage Divider On Off "1

Set Column Mapping Seg.0=Col.0 "1

Set Row Mapping Com. 0 = Row 0 "1

Set Vertical Scroll Value Scroll Value =0 1

Set Oscillator Enable Disable

Set Annunciator Control Signals | Annunciators aff off | *1

; Address increase is not applied.

Remarks :

*1 -- Required only if desired status differ from POR.
*2 -- Effective only if Internal Contrast Control is enabled.

*3 -- Effective only if Regulator is enabled.

Master Clear GDDRAM Random
Dummy Write Data
Set Display On Off
MC141531 MOTOROLA
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Commands Required for Display Mode Setup

Display Mode

Commands Required

Normal Display Mode Set External / Internal Oscillator (0111101Xq)*
Set Oscillator Enable, (01111111)*
Set Display On. (00101001)*
Icon Display Mode Set Internal Oscillator (01111011)*
Set Oscillator Enable, (01111111)*
Set Display Mode to Icon Display Mode (0ot110011)"
Set Display On. (00101001)*
Annunciator Display Set External / Internal Oscillator (0111101Xp)*
Set Oscillator Enable, 01111111)*
Set Annunciator On/Off. (01100AAgX0)*
Standby Mode Set Display Off, (00101000)*
Set Oscillator Disable. (01111110)*

Other Related Command with Display Mode: Set Column Mapping, Set Row Mapping, Set Vertical Scroll Value.

Commands Related to Internal DC/DC Converter:

Set Oscillator Disable / Enable, Set Internal Regulator On/Off, Set Temperature Coefficient, Set Internal Contrast Control On/Off, Increase /
Decrease Contrast Level, Set Internal Voltage Divider On/Off, Set Display On/Off, Set Internal / External Oscillator, Set Contrast Level, Set Volt-

age Doubler / Tripler

* No need to resend the command again if it is set previously.

Commands Required for R/W Actions on RAM

R/W Actions on RAMs Commands Required
Read/Write Data from/to GDDRAM. Set GDDRAM Page Address (000000X4Xo)*
Set GDDRAM Column Address (1XgX5X4X3X0X 1 Xg)*
Read/Write Data (X7XgX5X4X3X2X1Xo)
Save/Restore GDDRAM Column Address. Save/Restore GDDRAM Column Address. (0011010Xp)
Increase GDDRAM Column Address by One Dummy Read Data (X7XsX5X4X3XoX1X0)
Master Clear GDDRAM Master Clear GDDRAM (00110110)
Dummy Write Data (X7XeX5X4X3X2X1Xo)

* No need to resend the command again if it is set previously. '
The read / write action to the Display Data RAM does not depend on the dlsplay mode. This means the user can change the RAM content

whether the target RAM content is being displayed.

MOTOROLA
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Display Output Description
This is an example of output pattern on the LCD panel. The following COoMo
table is a description of what is inside the CDDRAM, CGRAM and GD-
DRAM. Figure 9b and 9c are the output pattern on the LCD display with
different command enabled.

(Display Mode, Page Swapping, ‘Scrolling, Column Re-map and Row
Re-map)

COM16 —
SEGO SEG119
Figure 9a
Content of GDDRAM
PAGE1 {5 A 5 A5 A5A - - - ~ - = - - - - - - - - - - -0000D0O000
5 A 5A5A5A - - -~ == == - == = - - 2 - 200000000
PAGE2 [3 3 cCc33CC->=-- =+ -+ - -+ - - - ----33¢CC33cc
33cCc33CC-=-=+=-+~= -+ -o--.----33c¢CcC¢C33c¢cc
Figure 9b
Column remap disable Column remap enable Column remap disable Column remap disable
Row re-map disable Row re-map disable Row re-map enable Row re-map disable
Scroll Value = OFh
Figure 9c. Examples of LCD display with different command enabled
MC141531 MOTOROLA
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PACKAGE DIMENSIONS
MC141531T
TAB PACKAGE DIMENSION - 1
98ASL00247A ISSUEO

LEADING DIRECTION

69.950+0.500

19.000+0.200

29.900 29.900
24.189 20.911
22,789 19.711
DETAIL A\ 22.500 19.511
DETAL 8 12,068 MAX,
\\ /—DETAIL c
B  SHFERER H
| ik .
8 3 —5 4 ENEERE
<2 8 2 S RIS I )
5 SR 3 R iy
bk B - { s = hd
g =J g \‘\'f'fu fL\ i
ol N - B 2.000 ™~ - o
8 - (| . moe N = 8
b 3 J H H P
(=]
(&)
Al LU LR -
2.500 ] 33X_0.800+0.0200 ] 2.000 DETAIL D
34X 0.350£0.0200
(=]
4.800£0.0200 "' 21.60040.0200 %
2
NOTE 7 24.400 26.075
26.075 27.900
¢
REEL
2 I !
g |
3 S PATTERN SIDE !
b 3*; COPPER SIDE  (coPPER SIDE) POLYIMIDE SIDE
o I
d 3 |
: |
1
¢ TAPE QRIENTATION

MAGNIFIED VIEW
NOTES FOR ALL PAGES

DIMENSIONING AND TOLERANCING PER ANSI Y14.5M, 1982.

IF NOT SPECIFIED, SIZE IN MILLIMETER

UNSPECIFIED DIMENSION TOLERANCE IS £0.05

BASE MATERIAL: 75 MICRON UPILEX-S

COPPER TYPE: 3/4 OZ COPPER (THICKNESS TYP. 25 MICROMETER, MIN 18 MICROMETER)

4 SPROCKET HOLES DEVICE

OPTIONAL FEATURE FOR SPS INTERNAL USE ONLY WHICH MAY BE REPLACED BY # 2.0 MM HOLE.

NoAGN -

MOTOROLA MC141531
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PACKAGE DIMENSIONS
MC141531T
TAB PACKAGE DIMENSION - 2
98ASL00247A ISSUEQ

{4 146X _0.15040.020
145X_0.300£0.020

- 0.400
=4 i} 0.100
__*’—r’%
2X_010.800 ] l | q
2X_[00.600 [l
T i
3 3 I ‘
= S| 1.425 : :
| T UL N
DETAIL B J 2

it

DETAIL A

1.000 2.000
1.000
|
HEE
2N e

| \—_—’_‘_

=t ‘i ) 0.200
|

DETAIL D DETAIL‘ C
MC141531 MOTOROLA
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Application Circuit
16117 MUX Display with Analog Circuitry enabled, Tripler enabled and 1:5 bias

DVpp  AVpp
iIWF 0-1uF 0AuF O.1pF 0.ApF 0.4pF O.4pF O.1pF
r
| =1 L L L 1L 1
DVSS DVDD AVDD AvVSS VLL2 VLL3 VLL4 VLL5 VLL6 VCC
COMO to
RES comie [
D/C
SEGO to ToLCD
cMOS cs MC141531 SEG119 [~ [*Panel
MPU/ ;
MCU with
Parallel
. Ani -2
Interface RW gl::; OBP >
Do~D7
0SC2 0SC1 C+ C-VF VR C2P C2N C1P CiIN
EPROM RAM L J L J
1MQ 0.1pF = 0.1uF 0.1uF
4.7uF
200kQ
Remark :
1. Capacitor between C2N and C2P can be omitted only if doubler is enable.
2. Resistor across OSC1 and OSC2 can be omitted if external oscillator is used.
3. VR and VF can be left open for Regulator disable, TC = 0% and Contrast Disable.
4. RES, CS, R/W and D/C should be at a known state.
5. CS line low at Standby Mode.
MOTOROLA MC141531
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Application Circuit

16/17 MUX Display with Analog Circuit disabled, External Bias

DVpp AVpp

Vee
0.1uF 0.1uF T
, oL
v AN
DVSS DVDD AVDD AVSS VLL2 VLL3 VLL4 VLL5S VLL6 VCC
COMO to
mEs COM16 ’
DC
SEGO to To LCD
CMOS ©s MC141531 SEG119 [ [ Panel
MPU/
MCU with
Parallel
i Annun 0-2
Interface RW andBP [
D0~D7
0SCc2 0SC1 C+ C- VF VR C2P C2N cip CiIN
EPROM RAM
External Clock
Remark :
1. Value of the resistors depends on the LCD pane! characteristic.
2. RES, CS, R/W and D/C should be at a known state.
3. CS line low at Standby Mode. .
MC141531 MOTOROLA
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Die Pad Coordinate of MC141531

Pad |PinName [X (um) |Y(um) gi”z';"zum) Pad |PinName |X(um) |Y(um) gi”z':‘;um) Pad |PinName |X(um) |Y(um) gi“;g‘(’um)
1 |oscz 3685 |-762.9 |76x76 |71 |SEGI02 3925  |631.5 |50x108 |141 |SEG32  |-1409 |6315 |50x108
2 |AvVSS 3487 |-7629 |76x76 |72 |SEGI01  |3849 |6315 |50x108 |142 |SEGG1  |-1485 |631.5 |50x108
3 |VR 3200 |-762.9 |76x76 |73 |SEG100 |3773 |631.5 |50x108 |143 |SEG30  |-1561 |631.5 |50x108
4 VF -3183 -762.9 |76x76 74 SEG99 3697 631.5 50x108 |144 |SEG29 -1637 631.5 50x108
5 |vce 2985 |-7629 |76x76 |75 |SEGOB  |3620 |631.5 |50x108 |145 |SEG28  [-1714 6315 |50x108
6 |c- 2787 |-762.9 |76x76 |76 |SEGO7  |3544 |6315 |50x108 |146 |SEG27  |-1790 |[6315 |50x108
7 |c+ 2590 |-762.9 |76x76 |77 |SEG9S  |3468  |631.5 |50x108 |147 |SEG26  |-1866 |631.5 |50x108
8 |VLL6 2392 |-762.9 |76x76 |78 |SEGO5  |3392 6315 |50x108 [148 |SEG25  |-1942 6315 |50x108
9 [|VILs 2194 |-7629 |76x76 |79 |SEGO4  [3316  |631.5 |50x108 |149 |SEG24  |-2018 |631.5 |50x108
10 |vi4 1997 |-7629 |76x76 |80 |SEGO3  |3239 |631.5 |50x108 |150 |SEG23  |-2095 |631.5 |50x108
11 |osC1 1789|7629 |76x76 |81 |SEG92  |3163  |631.5 |60x108 |151 |SEG22  |-2171 |6315 |50x108
12 |VIL3 682 |-762.0 |76x76 |82 |SEGO1  [3087  |631.5 |50x108 |152 |SEG21  |-2247 |631.5 |50x108
13 |Vii2 1485 |-7632 |76x76 |83 |SEGO0 _ |3011 6315 |50x108 |153 |SEG20  |-2323 [6315 |[50x108
12 |CIN 1287 |-762.9 |76x76 |84 |SEGB9  |2035 |631.5 |50x108 |154 |SEG19  |-2399 |631.5 |50x108
15 |CIP 1089 |-762.0 |76x76 |85 |SEG8B  |2858  |631.5 |50x108 |155 |SEG1B  |2476 |[631.5 |50x108
16 |CeN 8916 |-7629 |76x76 |86 |SEGS7  |2782 . |631.5 |50x108 |156 |SEG17  |2552 |631.5 |50x108
17 |c2p 6939 |-762.9 |76x76 |87 |SEG86  |2706  |631.5 |50x108 |157 |SEG16  |-2628 |631.5 |50x108
18 |AVDD 4962 |-7629 |76x76 |88 |SEGS5  |2630 6315 |50x108 |158 |SEG15  |-2704 |6315 |[50x108
19 |AVDD 2985 |-762.9 |76x76 |89 |SEGB4  |2554 |6315 |50x108 |150 |SEG14  |2780 |631.5  |50x108
20 |DVSS 99 |-7629 |76x76 |90 |SEG83  |2477 |631.5 |50x108 |160 |SEG13  |2857 |631.5 |50x108
21 |DVSS 18 7629 |76x76 |91 |SEG82 2401 6315 |50x108 |161 |SEG12  |-2933 [6315 |50x108
22 |DVSS 1248 |-7629 |76x76 |92 |SEGB1  |2325 |6315 |50x108 |162 |SEGI1 _ |-3008 |631.5 |50x108
23 |07 2418 |-7629 |76x76 |93 |SEGB0  |2249 |631.5 |50x108 |163 |SEG10  |-3065 |631.5 |50x108
24 |DVSS 3486 |-7629 |76x76 |94 |[SEG/9  |2173 |6315 |50x108 |164 |SEG9 3161|6315 |50x108
25 D6 465.6 -762.9 |76x76 95 SEG78 2096 631.5 50x108 |165 |SEG8 -3238 631.5 50x108
26 |DVSS 5724 |-7629 |76x76 |96 |SEG77 _ |2020 6315 |50x108 |166 |SEG7 3314|6315 |50x108
27 D5 689.4 -762.9 |76x76 97 SEG76 1944 631.5 50x108 |167 |SEG6 -3390 631.5 50x108
28 |DVSS 7962 |-7620 |76x76 |98 |SEG75  [1868  |631.5 |50x108 |168 |SEGS 3466|6315  |50x108
29 |D4 9132 |-7629 |76x76 |09 |[SEG74  |1792 |631.5 |50x108 |160 |SEG4 3542|6315 |50x108
30 |DVSS 1020|7629 |76x76 |100 |SEG73 _ [1715  |6315 |50x108 |170 |SEG3 3619|6315 |50x108
31 |D3 1137 |-762.9 |76x76 |101 |SEG72  |1639 |631.5 |50x108 |171 |SEG2 3695|6315 |50x108
32 |DVSS 1244 |-762.9 |76x76 |102 |SEG71  |1563  |6315 |50x108 |172 |SEGI 3771|6315  |50x108
33 D2 1361 -762.9 (76x76 103 .|SEG70 1487 631.5 50x108 173 )SEGO -3847 631.5 50x108
34 DVSS 1468 ~762.9 |76x76 104 |SEG69 1411 631.5 50x108 |174 |COM16 -3930 631.5 50x108
35 |D1 1585  |-762.9 |76x76 |105 |SEGG8  |1334 |6315 |50x108 |175 |COM15  |-4006 |631.5 |50x108
36 DVSS 1691 -762.9 |76x76 106 SEG67 1258 631.5 50x108 |176 |[COM14 -4082 631.5 50x108
37 Do 1808 -762.9 |76x76 107 [SEG66 1182 631.5 50x108 |177 |COM13 -4159 631.5 50x108
38 |DVSS 1915 |-762.9 [76x76 |108 |SEG65  |1106  |631.5 |50x108 |178 |COM12  |-4235 |6315 |50x108
39 |CS 2002|7629 |76x76 |109 |SEG64  |1030 |631.5 |50x108 |179 |COM11 _ |-4311 |6315 |50x108
40 |DVSS 2139 |-762.9 |76x76 |110 |SEG63  |953.4 |631.5 |50x108 |180 |COM10  |-4254 |140.1 |108x50
a |RW 2256 |-7629 |76x76 |111 |SEG62  |877.2 |631.5 |50x108 |i81 |COM9 4254|639  |108x50
42 DvSs 2363 -762.9 |76x76 112 |SEG61 801 631.5 50x108 [182 [COMS8 -4254 -123 108x50
El }_D/_C 2480 |-762.9 |76x76 |113 |SEGG0  |724.8 |631.5 |50x108 |183 |COM7 2254|885  |108x50
44 RES 2587 -762.9 |76x76 114 [SEGS59 648.6 631.5 50x108 |184 |COMS6 -4254 -164.7 108x50
45 DVDD 2794 -762.9 |76x76 115 |SEG58 572.4 631.5 50x108 |185 |COMS5 -4254 -240.9 108x50
46 |BP 2901  |-762.9 |76x76 |116 |SEGS7  |496.2 |6al.5 |50x108 |186 |COM4 254 |-317.1 |108x50
47 |Dvss 3018 |-7629 |76x76 |117 |SEGS6  |420  |631.5  |50x108 |187 |COM3 4254 |-393.3 | 108x50
48 |ANNUN2Z |3125 |-762.9 |76x76 |118 |SEGS5  |343.8 |631.5 |50x108 |188 |COMZ 2254|4695 |108x50
49 DVSS 3242 -762.9 |76x76 119 [SEG54 267.6 631.5 50x108 |189 (COM1 -4254 -545.7 108x50
50 ANNUN1 3348 -762.9 |76x76 120 |SEG53 191.4 631.5 50x108 190 |COMO -4254 -621.9 108x50
51 |DVSS 3465 |-7629 |76x76 |121 |SEG52  |116.2 6315 |50x108 |191 |COM16  |-4254 |-698.1 |108x50
52 |ANNUNO 3572 |-7629 |76x76 |122 |SEGS1 |39 6315 |50x108

53 |DVSS 3689 |-762.9 |76x76 [123 |SEGS0  |-37.2 |6315 |50x108

54 |SEG119 |4254 |-697.2 |108x50 |124 |SEG49  |-1134 |631.5 |50x108 Die Size : 358.5 X 78 mil
55 |SEG118  |4254 |-621  |108x50 |125 |SEG48  |-189.6 |631.5 |50x108

56 |SEG117 |4254 |-5448 |108x50 |126 |SEG47  |-2658 |6315 |50x108

57 |SEG116  |4254  |-468.6 |108x50 |127 |SEG46  |-342  |6315 |50x108

58 SEG115 4254 -392.4 |[108x50 |128 |[SEG45 -418.2 |631.5 50x108

59 |SEG114 |4254 |-3162 |108x50 |120 |SEG44  |-494.4 [6315 |50x108

60 |SEG113  |4254 |-240  |108x50 |130 |SEG43  [-5706 |631.5 |50x108

61 |SEGI12 |4254 |-163.8 |108x50 |131 |SEGA2  |-646.8 |6315 |50x108

62 |SEG111  |4254 |-87.6 |108x50 |132 |SEG41  |-723  |6315 |50x108

63 SEG110 4254 -11.4 108x50 |133 [SEG40 -799.2 |631.5 50x108

64 SEG109 4254 64.8 108x50 |134 |SEG39 -8754 (6315 50x108

65 |SEG108  |4254  |141 108x50 |135 |SEGe8  |-9516 |631.5 |50x108

66 |SEG107 |4306  |631.5 |50x108 |136 |SEG37 _ |-1028 |6315 |50x108

67 |SEG106 4230 6315 |50x108 |137 |SEG36  |-1104 |6315 |50x108

68 |SEG105 |4154 |631.5 |50x108 [138 |SEG35  |-1980 |631.5 |50x108

69 |SEG104 |4078 |631.5 |50x108 |130 |SEGB4  |-1256 |631.5 |50x108

70 |SEG103 |4001 |631.5 |50x108 |140 |SEG33  |-1333 |631.5 |50x108

MOTOROLA MC141531
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Advance Information MC141532

LCD Segment / Common Driver MC141533
CMOS

MC141532 /MC141533 is a CMOS LCD Driver which consists of 4 an- —\_/_
nunciator outputs and 153 high voltage LCD driving signals (33 commons
and 120 segments). MC141532 is one sided common output while
MC141533 is split common output design. It has parallel interface capability
for operating with general MCU. Besides the general LCD driver features, it
has an on chip LCD bias Voltage Generator circuit such that fewer external
components are required during application.

TAB

Single Supply Operation, 2.4 V - 3.5V
Operating Temperature Range : -30 to 80°C
Low Current Stand-by Mode (<500nA)

On Chip Bias Voltage Generator

8 Bit Parallel Interface

Graphic Mode Operation '

On Chip 120 x 33 Graphic Display Data RAM mggﬁ%@;z gﬁ% Bump Die
120 Segment Drivers, 33 Common Drivers :
Selectable 1/16, 1/32, 1/33 Multiplex Ratio MC141533T TAB
Selectable on Chip Voltage Doubler and Tripler :
Selectable 1:5 or 1:7 Bias Ratio MCC141533Z  Gold Bump Die
Re-mapping of Row and Column Drivers

Four Stand Alone Annunciator (Static Icon) Driver Circuits

Low Power icon Mode Driven by Com32 in Special Driving Scheme
Selectable LCD Driving Voltage Temperature Coefficients

16 Level internal Contrast Control

External Contrast Control Provided

Master Clear RAM

Standard TAB, Gold Bump Die

Die

ORDERING INFORMATION

®© o e o o o o o 06 o o o o o @ o o o o

REV7 This document contains information on a new product. Specifications and information herein are subject to change without notice.
3/97

MC141532 « MC141533 MOTOROLA
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Block Diagram

Annun0
Anrt:::na Com0 to
Coma2 Seg0~Seg119
. Level
Annunciator HV Buffer Cell Level Shifter Selector
Control ’
Circuit
I - VLLE
Egg: 120 Bit Latch vLL2
vce
0SC1 Display | : | VR
Timing VF
0sc2 Generator LCD Driving C2P
Voltage Generator CoN
Tripler, - C1P
Doubler, CiN
Voltage Regulator,
Voltage Divider, Dumz2
GDDRAM Contrast Control, DUM1
33 X 120 Bits Temperature C+
Compensation
-— C-
AVDD
AVSS
Command Decoder
DVSS ~—
bpvDD —p——
Command Interface Parallel Interface
RES D/C CS(CLK) CE RW Do~D7
MOTOROLA MC141532 » MC141533
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197
196
195
194
193
192

CONDN A WN -

ViLz | 16 168
C2N | 17 167
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CiN | 19 . 165
CiP | 20 164

AVDD | 21 163
Dvss | 22 162
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RW
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MAXIMUM RATINGS* (Voltages Referenced to Vgg, To=25'C)

Symbol Parameter Value Unit
AVpp,DVpp Supply Voltage -0.3t0 +4.0 \
Vee Vgg-0.3toVgg+10.5| V
Vin Input Voltage Vgg-0.3 to Vpp+0.3 \

| Current Drain Per Pin Excluding Vpp and Vgg 25 mA

Ta Operating Temperature -30 to +85 C

Tsig Storage Temperature Range -65to +150 ‘C

* Maximum Ratings are those values beyond which damage to the device may occur. Functional
operation should be restricted to the limits in the Electrical Characteristics tables or Pin Descrip-

tion section.

Vgg = AVgg = DVgg (DVgg = Vgg of Digital circuit, AVgg = Vgg of Analogue Circuit)
Vpp = AVpp = DVpp {DVpp = Vpp of Digital circuit, AVpp = Vpp of Analogue Circuit)

ELECTRICAL CHARACTERISTICS (Voltage Referenced to Vgg, Ta=25'C)

This device contains circuitry to protect the inputs
against damage due to high static voltages or elec-
tric fields; however, it is advised that normal precau-
tions to be taken to avoid application of any voltage
higher than maximum rated voltages to this high
impedance circuit. For proper operation it is recom-
mended that Vi, and V,, be constrained to the
range Vgg < or = (Vi or Vo) < or = Vpp. Reliability
of operation is enhanced if unused input are con-
nected to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left
open. This device may be light sensitive. Caution
should be taken to avoid exposure of this device to
any light source during normal .operation. This
device is not radiation protected.

Symbol Parameter Test Condition Min Typ Max | Unit
Supply voltage (Absolute value Referenced to Vgg)
DVpp Operating Range of Logic Circuit Supply DVpp 2.4 3.15 3.5 \
AVpp Operating Range of Voltage Generator Circuit DVpp' | 3.15 35 \
- Supply AVpp
Supply Current (Measure with Vpp fixed at 3.15V)
lac Access Mode Supply Current Drain from Pin AVDD | Internal DC/DC Converter On, Display On, Tripler 0 200 300 HA
and DVDD. Enable, R/W Accessing, Tcyc=1MHz, Osc.
Freq.=50kHz, 1/33 Duty Cycle,1/7 Bias.
=) Display Mode Supply Current Drain from Pin AVDD | Internal DC/DC Converter On, Display On, Tripler 0 80 150 pA
and DVDD. Enable, R/W Halt, Osc. Freq.=50kHz, 1/33 Duty
Cycle,1/7 Bias.
Ipp2 Display Mode Supply Current Drain from Pin AVDD | Internal DC/DC Converter On, Display On, Tripler 0 60 100 HA
and DVDD Enable, R/W Halt, Osc. Freq.=38.4kHz, 1/33 Duty
Cycle,1/7 Bias.
lsg1 Stand-by Mode Supply Current Drain from Pin Display Off, Oscillator Disabled, R/W Halt 0 300 500 nA
AVDD and bVDD
Isp2 Stand-by Mode Supply Current Drain from Pin Display Off, Oscillator Enable, R/W Halt, External 0 2.5 5 MA
AVDD and DVDD. Oscillator and Frequency = 50kHz.
Isgs Stand-by Mode Supply Current Drain from Pin Display Off, Oscillator Enable, R/W Halt, Internal 0 5 10 MA
AVDD and DVDD. Oscillator and Frequency = 50kHz.
licon Stand-by Mode Supply Current Drain from Pin Low Power Icon Mode, Oscillator Enable, R/W - 15 25 HA
AVDD and DVDD ' Halt, Internal Oscillator and Frequency = 50kHz
VLCD Voltage (Absolute Value Referenced to Vgg)
Veet LCD Driving Voltage Generator Output Voltage at | Display On, Internal DC/DC Converter Enabled, - 3*AVpp [ 105 \
Pin Vee. Tripler Enable, Osc. Freq. = 50kHz, Regulator
Enabled, Divider Enabled lout <= 100pA
Veez LCD Driving Voltage Generator Output Voltage at | Display On, Internal DC/DC Converter Enabled, - 2*'AVpp 7 \
Pin Ve, Doubler Enable, Osc. Freq. = 50kHz, Regulator
Enabled, Divider Enabled lout <= 100pA
Vico LCD Driving Voltage input at pin Ve. Internal DC/DC Converter Disabled. 5 - 10.5 \
Output Voltage
Vo1 Output High Voltage at Pins DO-D7, Annun0-3, BP | l,,;=100pA 0.8"Vpp - Voo \
and OSC2. .
Vo1 Output Low Voltage at Pins D0-D7, Annun0-3, BP | l,,+=100pA 0 - 02'Vpp | V
and OSC2.
VRi LCD Driving Voltage Source at Pin VR Regulator Enabled, l,;=50uA o] - Vee Vv
Vo LCD Driving Voltage Source at Pin VR Regulator Disabled - Floating - Vv
Input Voltage
Vibg Input High Voltage at Pins RES, CE, CS, D0-D7, 0.8"Vpp - Vpo \Y
R/W, D/C, OSC1 and OSC2. :
ViLg Input Low Voltage at Pins RES, CE, CS, D0-D7, R/ 0 - 0.2Vpp| V
W, D/C, 0SC1 and OSC2.
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ELECTRICAL CHARACTERISTICS (Voltage Referenced to Vgs, DVpp=2.4-3.15V, Tp=25°C)

Symbol Parameter Test Condition Min Typ Max | Unit
LCD Display Voltage. (LCD Driving Voltage Output from | 1/5 Bias Ratio, Voltage Divider Enabled, Regula-
Vi |PinsVLLS, VLL5, VLL4, VLL3 and VLL2.) tor Enabled. - ' - v
Vis - 0.8*Vg - v
Vie - 0.6'Vp - \
VLLS - 0.4*VR - V
Vi - 0.2*Vg - v
Vie 1/7 Bias Ratio, Internal Voltage Divider Enabled, - Vg - \
Vis Regulator Enabled - 6/7*Vg - \)
ViLe - 5/7*Vg - v
DUM2 - 4/7*Vg - \Y
DUM1 - 3/7*Vg - v
VLLS = 2/7~VR = V
Vi - 1/7*Vg - v
Vis External Voltage Generator, Internal Voltage 0.5Vee - Vee \
Vis Divider Disable 0.5Vee - Vee \
V|_|_4 O-SVCC - ‘ VCC \)
Vi Vss - 0.8Veg | 'V
Vi Vss - 05Veg | V
Output Current
lou Output High Current Source from Pins D0-D7, Vout=VDD-0.4V. 100 - - pA
Annun0-3, BP and 0OSC2
loL Output Low Current Drain by Pins D0-D7, Vout=0.4V. - - -100 HA
Annun0-3, BP and OSC2
loz Output Tri-state Current Drain Source at pins DO- -1 - 1 pA
D7 and OSC2
/iy | Input Current at pins RES, CE, CS, D0-D7, R/W, D/C -1 - 1 BA
OSC1 and OSC2. .
Ron | On Resistance During Display on, 0.1V Apply between Two Ter- - - 10 kQ
Channel Resistance between LCD Driving Signal | minals, Vg within Operating Voltage Range.
Pins (SEG and COM) and Driving Voltage Input
Pins (VLL2 to VLLG)‘
Vgg | Memory Retention Voltage (DVpp) 1.8 - - v
Standby Mode, Retained All Internal Configuration
and RAM Data
Cin | Input Capacitance - 5 7.5 pF
All Control Pins
Temperature Coefficient Compensation
PTCO Flat Temperature Coefficient TC1=0, TC2=0, Voltage Regulator Disabled. - 0.0 - %
PTC1 Temperature Coefficient 1* TC1=0, TC2=1, Voltage Regulator Enabled. - -0.18 - %
PTC2 Temperature Coefficient 2* TC1=1, TC2=0, Voltage Regulator Enabled. - -0.22 - %
PTC3 Temperature Coefficient 3* TC1=1, TC2=1, Voltage Regulator Enabled. - -0.35 - %
Ven | Internal Contrast Control Internal Regulator Enabled, Internal Contrast N +18 - %
VR Output Voltage with Internal Contrast Control | Control Enabled.
Selected. 16 Voltage Levels Controlled by Soft-
ware. Each Level is Typical of 2.25% of the Regu-
lator Output Voltage.
* The formula for the temperature coefficient is:
o). _VRat50°C-VRat0'C
TCCR)= 50°C-0°C X VRatzs'c X100%
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ELECTRICAL CHARACTERISTICS (Voltage Referenced to Vgg, AVpp=DVpp=2.4 to 3.5V, Ty=25"C)
Total variation of VR AVgy is affected by the following factors :

Process variation of Regulator AVR

External Vpp Variation contributed to Regulator AVypp
External resistor pair Ra/Rf contributed to Regulator AV g

where AVgr = JAVR)2+(AVy, )2+ (AV,,)"

Assume external Vpp variation is +6% at 3.15V and 1% variation resistor used at application

TC Level! AVVDD (%) AVR (70) AV,es (%) AVRT (°/o)
TCO 6.0 16.652
Reference TC1 +4.0 +4.924
Generator TC2 2.5 25 1414 13.805
TC3 +1.4 +3.195
AC ELECTRICAL CHARACTERISTICS (T5=25°C, Voltage referenced to Vgg, Vpp=2.4 to 3.15V)
Symbol | Parameter Test Condition Min Typ Max | Unit
Oscillation Frequency. Set Clock Frequency to Slow
Fosci Oscillation Frequency of Display Timing Generator - 38.4 - kHz
with 60Hz Frame Frequency.
FanN1 Annunciator Display (50% duty cycle) from Pins|. - 18.75 - Hz
Annun0-3 and BP
Fermi LCD Driving Signal Frame Frequency. Either External Clock Input or internal Oscillator
Enable, Either 1/32 or 1/16 Duty Cycle, Graphic - 66 - Hz
Display Mode.
Feont LCD Driving Signal Frame Frequency. Either External Clock Input or Internal Oscillator - 64 - Hz
Enable, 1/33 Duty Cycle, Graphic Display Mode.
Oscillation Freq. Set Clock Frequency to Normal
Foscy Oscillation Frequency of Display Timing Generator - 50 - kHz
with 60Hz Frame Frequency.
F anniz Annunciator Display Frequency (with 50% duty - 24.4 - Hz
cycle) from Pins Annun0-3 and BP
Fermz LCD driving Signal Frame Frequency. Either External Clock Input or Internal Oscillator - 65 - Hz
Enable, Either 1/32 or 1/16 Duty Cycle.
Fconz L.CD driving Signal Frame Frequency. Either External Clock Input or Internal Oscillator - 63 - Hz
Enable, 1/33 Duty Cycle.
OSC | Internal Oscillation Frequency Internal Oscillator Enabled. Vpp within Operation
Internal OSC Oscillation Frequency with Different [ Range. See Figure 1 for the relationship
Value of Feedback Resistor.

Set Clock Frequency to Slow: Fpgm1=Fos¢1/576
Set Clock Frequency to Normal: Fepme=Fosc2/768

MOTOROLA
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220k

200k \

90k

70k

Oscillation \
Frequency 50k

(Hz)

30k

’\

10k

100k 500k 1.0M 1.5M 2.0M
Resistor Value between OSC1 and OSC2 (Q)

Figure 1. Internal Oscillator Frequency Relationship with External Resistor Value

AC OPERATION CONDITIONS AND CHARATERISTICS
ELECTRICAL CHARACTERISTICS LCD Panel driving signal timing (Ta=-30 to 85°C, Vpp = 2.4 to 3.5V, Vgg = 0V)

Symbol Parameter Minimum Typical Maximum Unit
Tas Annunciator Fall Time = 200 TBD ns
Tar Annunciator Rise Time - - 200 TBD ns

1 ] 2| 3|4 | ------- 1 | 2| 3| 4|------
— — VLL6
------- . — VLLS
— — VLL4
COMx | ) —viLa
=1 1  +F7/ Ll———--- — VLL2
VLL1
T — VLL6
t | ‘ I — viis
______ — VLL4
e e — Vi3
I | [ — VLL2
VLL1
AVpp

Internal M Signal

AVgg

! 3 |

1/FFRM 1/FFRM
| 1/FaNN |
BP, Annun0-3
Tar Tat
Figure 2. LCD Driving Signal Timing Diagram
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TABLE 2a. Parallel Timing Characteristics (Write Cycle) (Ty=-30 to 85°C, DVpp=2.4 to 3.5V, Vgg=0V)

"Symbol Parameter Min Typ Max Unit
teyele Enable Cycle Time 600 - - ns
ten Enable Pulse Width 290 - - ns
tas Address Setup Time 5 - - ns
tps Data Setup Time 290 - - ns
ton Data Hold Time 20 - . ns
taH Address Hold Time 20 - - ns
: Fa N
e/ N
1 t::vcle
N
CS /
X<_____
ten
S Z
T Tas TAH
4 N
b/c >§ <
N A
DS ton

Do-D7 Valid Data

Figure 3.Timing Characteristics (Write Cycle)
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TABLE 2b. Parallel Timing Characteristics (Read Cycle) (T5=-30 to 85°C, DVpp=2.4 to 3.5V, Vgg=0V)

Symbol Parameter Min Typ Max Unit
teycte Enable Cycle Time 600 - - ns
ten Enable Pulse Width 290 - - ns
tas Address Setup Time 5 - - ns
tos Data Setup Time - - 290 ns
toH Data Hold Time 10 - - ns
tan Address Hold Time 20 - - ns
' p
CE _____/ k_
1 tcvcle
Cc8
___/ o N~ 1
RAW _____/ \_
Tas ~Tan
N
D0-D7
Figure 4. Timing Characteristics (Read Cycle)
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PIN DESCRIPTIONS

D/C (Data/ Command)
This input pin let the driver distinguish the input at DO-D7 is data or
command. Input High for data while input Low for command.

CS (CLK) (Chip Select/ Input Clock)
This pin is normal Low clock input. Data on D0-D7 is latched at the
falling edge of CS.

RES (Reset)’
An active Low pulse to this pin reset the internal status of the
driver (same as power on reset). The minimum pulse width is 10 ps.

CE (Chip Enable)
HIGH input to this pin to enable the control pins on the driver.

DO-D7
This bi-directional bus is used for data / command transferring.

R/W (Read/Write)

This is an input pin. To read the display data RAM or the internal
status (Busy / Idle), pull this pin High. The R/W input Low indicates a
write operation to the display data RAM or to the internal setup regis-
ters.

0OSC1 (Oscillator Input)

For internal oscillator mode, this is an input for the internal low
power RC oscillator circuit. In this mode, an external resistor of cer-
tain value is placed between the OSC1 and OSC2 pins for a range of
internal operating frequencies (refer to Figure 1). For external oscilla-
tor mode, OSC1 should be left open.

0SC2 (Oscillator Output / External Oscillator Input)

This is an output for the internal low power RC oscillator circuit.
For external oscillator mode, OSC2 will be an input pin for external
clock and no external resistor is needed.

VLL6 - VLL2 }

Group of voltage level pins for driving the LCD panel. They can
either be connected to external driving circuit for external bias supply
or connected internally to built-in divider circuit. For internal Voltage
Divider enabled, a 0.1 pF capacitor to AVgg is required on each pin.

DUM1 and DUM2

If interna! Voltage Divider is enabled with 1/7 bias selected, a 0.1
uF capacitor to AVgg is required on each pin. Otherwise, pull these
two pin to AVgg :

CiN and C1P
If Internal DC/DC Converter is enabled, a 0.1 pF capacitor is
required to connect these two pins.

C2N and C2P .
If internal Tripler is enabled, a 0.1 uF capacitor is required
between these two pins. Otherwise, leave these pin open.

C+and C-
If internal divider circuit is enabled, a 0.1 pF capacitor is required
to connect between these two pins.

VR and VF

This is a feedback path for the gain control (external contrast con-
trol) of VLL1 to VLL6. For adjusting the LCD driving voltage, it
requires a feedback resistor placed between VR and VF, a gain con-
trol resistor placed between VF and AVSS, a 10 pF capacitor placed
between VR and AVSS. (Refer to the Application Circuit)

COMO0-COM32 (Row Drivers)

These pins provide the row driving signal to LCD panel. Com0-
Com31 are used in 32 mux configuration. Com0-Com15 are used in
16 mux configuration. Com32 is used to drive the non-static icons in
33 Mux. They output OV during display off.

SEGO0-SEG119 (Column Drivers)
These 120 pins provide LCD column driving signal to LCD panel.
They output OV during display off.

BP (Annunciator Backplane)

This pin combines with Annun0-Annun3 pins to form annunciator
driving part. When the annunciator circuit is enabled, it will output
square wave of Fannn Hz. It outputs low when oscillator is disabled.

Annun0 - Annun3 (Annunciator Frontplanes)

These pins are four independent annunciator driving outputs. The
enabled annunciator outputs from its corresponding pin a Fannn HZ
square wave which is 180 degrees out of phase with BP. Disabled
annunciator output from its corresponding pin an square wave in-
phase with BP. When oscillator is disabled, all these pins output 0V.

AVDD and AVSS :
AVDD is the positive supply to the noise sensitive circuitry in LCD
bias Internal DC/DC Converter. AVSS is ground.

vcc

For using the Internal DC/DC Convene‘r, a 0.1 pF capacitor from
this pin to AVSS is required. It can also be an external bias input pin
if Internal DC/DC Converter is not used. Positive power is supplied to
the LCD Driving Level Selector and HV Buffer Cell with this pin. Nor-
mally, this pin is not intended to be a power supply to other compo-
nent. o

DVDD and DVSS

Power is supplied to the digital control circuit and other circuitry in
LCD bias Voltage Generator of the driver using these two pins.
DVDD is power and DVSS is ground. .
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OPERATION OF LIQUID CRYSTAL DISPLAY DRIVER.

Description of Block Diagram Module

Command Decoder and Command Interface

This module determines whether the input data is interpreted as
data or command.

Data is directed to this module based upon the input of the D/C
pin. If D/C high, data is written to Graphic Display Data RAM
(GDDRAM). D/C low indicates that the input at DO-D7 is mterpreted
as a Command.’

CE is the master chip selection signal. A High input enable the
input lines ready to sample signals. Reset is of same function as
Power ON Reset (POR). Once RES received the reset pulse, all
internal circuitry will back to its initial status. Refer to Command
Descnphon section for more information.

CQ(umﬁ address QOH
(or column address 77H)

|

MPU Parallel Interface

The parallel interface consists of B bi- directional data lines (DO-
D7), R/W, and the CS. The R/W input High indicates a read opera-
tion from the Graphic Display Data RAM (GDDRAM). R/W input Low
indicates a write to Display Data RAM or Internal Command Regis-
ters depending on the status of D/C input. The CS input serves as
data latch signal (clock). Refer to AC operation conditions and char-
acteristics section for Parallel Interface Timing Description.

Graphic Display Data RAM (GDDRAM)

The GDDRAM is a bit mapped static RAM holding the bit pattern
to be displayed. The size of the RAM is determined by number of
row times the number of column (120x33 = 3960 bits). Figure 5is a
description of the GDDRAM address map. For mechanical flexibility,
re-mapping on both Segment and Common outputs are provided.

Column address 77H
(or column address 00H)

Row O Com0 .
LSB (Com31)
Page 1:
MSB
'LSB
Page 2 o
~MsB
LSB
Page 3
\
MSB
LSB
Page 4
Row 31 MSB L« Com31
Page 5 (Com0)
Row 32 L1 i lil tse I 1 [ 11 [ [~—Com32
2 2
@ Note: The configuration in parentheses represents the remapping of Row and Columns (%
Figure 5. Graphic Display Data RAM (GDDRAM) Address Map
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Display Timing Generator

This module is an on chip low power RC oscillator circuitry (Figure
6). The oscillator frequency can be selected in the range of 15 kHz
to 50 kHz by external resistor. One can enable the circuitry by soft-
ware command. For external clock provided, feed the clock to OSC2
and leave OSC1 open.

Annunciator Control Circuit

The LCD waveform of the 4 annunciators and BP are generated
by this module. The 4 independent annunciators are enabled by
software command. Annunciator is also controlled by oscillator circuit
too. Annunciator output waveform shown in Figure 7.

Internal Oscillator Selected

Oscillator enable

enablel enable2
Oscillation Circuit

enable
Buffer

MC141532/33

AAA
Feedback for internal oscillator

For external CLK input

]

Figure 6. Oscillator Circuitry

.- - . DVp
BP I | | l | I | I | l | \
DVgs

.- ' | -2 DVpp
ANNUNT1 1 ! P
' DVgs

ANNUN2 | | I

ANNUNT OFF
ANNUN2 OFF OFF

ON
ON

|
|
!
|
|
|
|
'

-+ DVpp
!

ON

OFF

I
I

I

!

i

on !
)

o
]
-

I
|
I on
I
I

Figure 7. Annunciators and BP Display Waveform

LCD Driving Voltage Generator
This module generates the LCD voltage needed for display output.
It takes a single supply input and generate necessary bias voltages.
It consists of :
. Voltage Doubler and Voltage Tripler
To generate the Vcc voltage. Either Doubler or Tripler can be
enabled.
2. Voltage Regulator
Feedback gain control for initial LCD voltage. it can also be used
with external contrast control.
. Voltage Divider
Divide the LCD display voltage (Vi o-V|¢) from the regulator out-
put. This is a low power consumption circuit which can save the
most display current compare with  traditional resistor ladder
method.
4. Bias Ratio Selection circuitry
Software control of 1/5 and 1/7 bias ratio to match the characteris-
tic of LCD panel.
5. Self adjust temperature compensation circuitry
Provide 4 different compensation grade selections to satisfy the
various liquid crystal temperature grades. The grading can be
selected by software control.
Contrast Control Block
Software control of 16 voltage levels of LCD voltage.

jury

w

e

7. External Contrast Control
By adjusting the gain control resistors connected externally, the
contrast can be varied. Refer to the application circuit for details.
All blocks can be individually turned off if external voltage genera-
tor is employed.

33 Bit Latch / 120 Bit Latch

A 153 bit long register which carry the display signal information.
First 33 bits are Common driving signals and other 120 bits are Seg-
ment driving signals. Data will be input to the HV-buffer Cell for
bumping up to the required level.

Level Selector

Level Selector is a control of the display synchronization. Display
voltage can be separated into two sets and used with different
cycles. Synchronization is important since it selects the required LCD
voltage level to the HV Buffer Cell for output signal voltage pump.

HV Buffer Cell (Leve! Shift-er)

HV Buffer Cell works as a level shift-er which translates the low
voltage output signal to the required driving voltage. The output is
shifted out with an internal FRM clock which comes from the Display
Timing Generator. The voltage levels are given by the level selector
which is synchronized with the internal M signal.

MOTOROLA
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LCD Panel Driving Waveform

The following is an example of how the Common and Segment COMO
drivers may be connected to a LCD panel. The waveforms shown in coM1
Figure 8a, 8b and 8c illustrate the desired multiplex scheme. coM2

COM3
COM4
COMS5

COMs
com7

Figure 8a. LCD Display Example “0”
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TIME SLOT

— — VLL6
- —_——————— I —| VLLS

— ViLd
COoMo — VL3
----- — VLL2

VLL1

— VLL6
------ — VLL5
] —{ VLL4

]

comt [ VLL3

VLL2

VLLA
______ VLLE

— I VLL5
‘ VLL4
SEGO | _ VLL3
— VL 2

VL1

VLLE
VLLS
VLL4

_____ VLL3
J—— vLl2
, VLL1

Figure 8b. LCD Driving Signal from MC141532/33

SEG1

TIME SLOT
elal sl 2o ]

Seg0-Com0
“OFF" Pixel
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LLrrd
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Figure 8c. Effective LCD waveform on L.CD pixel
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Command Description

Set Display On/Off (Display Mode / Stand-by Mode)
The Display On command turns the LCD Common and Segment
+ outputs on and has no effect to the annunciator output. This com-
mand causes the conversion of data in GDDRAM to necessary
waveforms on the Common and Segment driving outputs. The on-
chip bias generator is also turned on by this command. (Note: “Oscil-
lator On” command should be sent before “Display On” is selected)

The Display Off command turns the display off and the states of
the LCD driver are as follow during display off:
1. The Common and Segment outputs are fixed at V| 1 (Vgg).
2. The bias Voltage Generator is turned off.
3. The RAM and content of all registers are retained.
4. IC will accept new commands and data.

The status of the Annunciators and Oscillator are not affected by
Display Off command.

Set GDDRAM Column Address

This command positions the address pointer on a column location.
The address can be set to location 00H-77H (120 columns). The col-
umn address will be increased by one automatically after a read or
write operation. Refer to “Address Increment Table” and command
“Set GDDRAM Page Address”.

Set GDDRAM Page Address
This command positions the row address to 1 of 5 possible posi-
tions in GDDRAM. Refer to figure 5.

Master Clear GDDRAM

This command is to clear the 480 byte GDDRAM by setting the
RAM data to zero. Issue this command followed by a dummy write
command. The RAM for icon line will not be affected by this com-
mand.

Master Clear Icons

This command is used to clear the data in page 5 of GDDRAM
which stores the icon line data. Before using this command, set the
page address to Page 5 by the command “Set GDDRAM Page
Address”. A dummy write data is also needed after this “Master Clear
Icons” command to make the clear icon action effective.

Set Display with Icon Line

If 1/32 Mux selected, use this command change to 1/33 Mux for
using the Icon Line. This command can also change Icon Display
Mode to Normal Display Mode (1/32 or 1/33 MUX).

Set Icon Display Mode
This command force the output to the icon display mode. Display
on Row 0 to Row 31 will be disabled.

Set lcon Line / Annunciator Contrast Level
The contrast of the icon line and annunciators in Icon Mode can be
set by this command. There are four levels to select from.

Set Vertical Scroll Value

This command is used to scroll the screen vertically with scroll
value 0 to 31. With scroll value equals to 0, Row 0 of GDDRAM is
mapped to Com0 and Row 1 through Row 31 are mapped to Com1
through Com31 respectively. With scroll value equal to 1, Row 1 of
GDDRAM is mapped to Com0, then Row 2 through Row 31 will be
mapped to Com1 through Com30 respectively and Row O will be
mapped to Com31. Com32 is not affected by this command.

Save / Restore GDDRAM Column Address

With bit option = 1 in this command, the Save / Restore Column
Address command saves a copy of the Column Address of
GDDRAM. With a bit option = 0, this command restores the copy
obtained from the previous execution of saving column address. This
instruction is very useful for writing {ull graphics characters that are
larger than 8 pixels vertically.

Set Column Mapping
This instruction selects the mapping of GDDRAM to Segment driv-
ers for mechanical flexibility. There are 2 mappings to select:
1. Column 0 - Column 119 of GDDRAM mapped to Seg0-Seg119
respectively;
2. Column 0 - Column 119 of GDDRAM mapped to Seg119-Seg0
respectively.
Com32 will not be affected by this command. Detailed information

. please refer to section “Display Output Description”.

Set Row Mapping
This instruction selects the mapping of GDDRAM to Common
Drivers for mechanical flexibility. There are 2 selected mappings:
1. Row 0 - Row 31 of GDDRAM to Com0 - Com31 respectively;
2. Row 0 - Row 31 of GDDRAM to Com31 - Com0 respectively.
Com32 will not be affected by this command. See section “Display
Output Description” for related information.

- Set Annunciator Control Signals

This command is used to control the active states of the 4 stand

. alone annunciator drivers.

Set Oscillator Disable / Enable

This command is used to either disable or enable the Oscillator.
For using internal or externa! oscillator, this command should be exe-
cuted. The setting for this command is not affected by command “Set

' Display On/Off” and “Set Annunciator Control Signal”. See command

“Set Internal / External Oscillator” for more information

Set Internal / External Oscillator

This command is used to select either internal or external oscilla-
tor. When Internal Oscillator is selected, feedback resistor between
0OSC1 and OSC2 is needed. For external oscillation circuit, feed
clock input signal to OSC2 and leave OSC1 open.

Set Clock Frequency

Use this command to choose from two different oscillation fre-
quency (50kHz or 38.4kHz) to get the 60 Hz frame frequency. With
frequency high, 50 kHz clock frequency is preferred. 38.4kHz clock
frequency (low frequency) enable for power saving purpose.

Set DC/DC Converter On/Off

Use this command selects the Internal DC/DC Converter to gener-
ate the Voo from AVpp. Disable the Internal DC/DC Converter if
external Vcc is provided.

Set Voltage Doubler / Tripler
Use this command to choose Doubler or Tnpler when the Internal
DC/DC Converter is enabled.

MC141532 « MC141533
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Set Internal Regulator On/Off

Choose bit option 0 to disable the Internal Regulator. Choose bit
option 1 to enable Internal Regulator which consists of the internal
contrast control and temperature compensation circuits.

Set Internal Voltage Divider On/Off

If the Internal Voltage Divider is disabled, external bias can be
used for V| ¢ to V|5 If the Internal Voltage Divider is enabled, the
internal circuit will automatically select the correct bias level accord-
ing to the number of multiplex. Refer to command “Bias Ratio
Select’.

Set Duty Cycle

This command is to select 16 mux or 32 mux display. When 16
mux is enabled, the unused 16 common outputs will be swinging
between VLL2 and VLL5 for dummy scan purpose and doubler will
be used.

Set Blas Ratio
This command sets the 1/5 bias or 1/7 bias for the dxvnder output.
The selection should match the characteristic of LCD Panel.

Set Internal Contrast Control On/Off

This command is used to turn on or off the internal control of delta
voltage of the bias voltages. With bit option = 1, the software selec-
tion for delta bias voltage control is enabled. With bit option = 0, inter-
nal contrast control is disabled.

Increase / Decrease Contrast Level

If the internal contrast control is enabled, this command is used to
increase or decrease the contrast level within the 16 contrast levels.
The contrast level starts from lowest value after POR.

Set Contrast Level
This command is to select one of the 16 contrast levels when inter-
nal contrast control circuitry is in use.

Read Contrast Value ‘

This command allows the user to read the current contrast level
value. With R/W input high (READ), D/C input low (COMMAND) and
D7 D6 D5 D4 are equal to 0 0 0 1, the value of the internal contrast
value can be read on DO-D3 at the falling edge of CS.

Set Temperature Coefficient

This command can select 4 different LCD driving voltage tempera-
ture coefficients to match various liquid crystal temperature grades.
Those temperature coefficients are specified in Electrical Character-
istics Tables.

Set Ipp Reduction Mode On/Off
By using this command to reduce the dlsplay clock frequency by
half. Use in Icon Mode to reduce stand-by current.

MOTOROLA
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COMMAND TABLE

Bit Pattern Command Comment . :
00000XoX1Xg Set GDDRAM Page Address Set GDDRAM Page Address using X,X{Xq as address bits.
X5X1X=000 : page 1 (POR)
XoX1Xp=001 : page 2
X5X1X=010 : page 3
X2X1Xp=011 : page 4
X5X1X=100 : page 5
000011X4Xp Set Icon Line / Annunciator Contrast | Set one of the 4 available values to the icon and annunciator con-
) Level _ trast, using X4Xq as data bits. X;Xo=00 at POR
0001X3XoX1Xg Set Contrast Level Set one of the 16 available values to the internal contrast register,
using X3X;X1Xq as data bits. The contrast register is reset to 0000
during POR.
0001X3XoX1Xg Read Contrast Value With D/C pin input Low, R/W pin input high, and D7 D6 D5 D4 pins
' equal to 0001 at the rising edge of CS, the value of the internal
‘ contrast register will be latched out at D3 D2 D1 DO pins, i.e.
, X3XaX1Xo, at the rising edge of CS. )
0010000Xq Set Voltage Doubler / Tripler Xo=0: Select Voltage Tripler (POR)
; . Xp=1: Select Voltage Doubler
0010001X, Set Column Mapping Xo=0 : Col0 to Seg0 (POR)
’ Xp=1:Col0 to Seg119
0010010Xq Set Row Mapping Xp=0 : Row0 to Com0 (POR)
Xo=1: Row0 to Com31 '
0010011X, Reserved
0010100X Set Display On/Off Xo=0: display off (POR)
Xo=1: display on
0010101Xp Set DC/DC Converter On/Off Xo=0: DC/DC Converter off (POR)
Xo=1: DC/DC Converter on
0010110X, Set Internal Regulator On/Off Xo=0: Internal Regulator off (POR)
Xo=1: Internal Regulator on
When the application employs external contrast control, the inter-
nal contrast control, temperature compensation and the Regulator
must be enabled.
0010111Xq Set Internal Voltage Divider On/Off Xo=0: Internal Voltage Divider off (POR)
Xo=1: Internal Voltage Divider on
When an external bias network is preferred, the voltage divider
should be disabled.
0011000X, Set Internal Contrast Control On/Off Xo=0: Internal Contrast Control off (POR)
Xo=1: Internal Contrast Control on
Internal contrast circuits can be disabled if external contrast cir-
cuits is preferred.
0011001X, Set Clock Frequency Xo=0 : low frequency (38.4kHz) (POR)
Xo=1: high frequency (50kHz)
0011010X, Save/Restore GDDRAM Column Xo=0 : restore address
Address Xo=1: save address
00110110 Master Clear GDDRAM Master clear GDDRAM page 1to 4
00110111 Master Clear lcons Master Clear of GDDRAM page 5.
GDDRAM page 5 should be selected and dummy write is required
0011100X, Set Bias Ratio Xo=0: set 1/7 bias (POR)
Xo=1: set 1/5 bias
0011101X, Reserved. Xp=0: normal operation (POR)
Xo=1: test mode
(Note: Make sure to set Xy=0 during application)
MC141532« MC141533 MOTOROLA
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Bit Pattern ‘ Command Comment

0011110X, Set Display with Icon Line Xo=0: set display mode without Icon Line
Xg=1: set display mode with Icon Line

00111110 Set Icon Display Mode Power saving icon display mode, Com0 to Com32 will be disabled
010X4X3X2X1Xg Set Vertical Scroll Value Use X4X3X2X1Xo as number of lines to scroll.

Scroll value = 0 upon POR
01100A,ApXg Set Annunciator Control Signals AAg=00: select annunciator 1 (POR)

AyAg=01: select annunciator 2

A1Ag=10: select annunciator 3

A4Ag=11: select annunciator 4

Xo=0: turn selected annunciator off (POR)
Xp=1: turn selected annunciator on

0110100Xy Set Duty Cycle Xo=0: 1/32 duty and tripler enabled (POR)
Xo=1: 1/16 duty and doubler enabled
0110101X, Set Ipp Reduction Mode Xp=0: Normal Mode
Xo=1: Ipp Reduction Mode
011011X4Xq Set Temperature Coefficient X1Xp=00 : 0.00% (PORY)

X4 Xg=01:-0.18%

X1X0=10 :-0.22%

X1Xp=11:-0.35%

0111000Xq Increase / Decrease Contrast Value Xp=0: Decrease by one level

Xp=1: Increase by one level

(Note: increment/decrement wraps round among the 16 contrast
levels. Start at the lowest level when POR.

0111001X, Reserved
0111010X, Reserved
0111011X, Reserved Xo=0: normal operation (POR)
Xp=1: test mode select
(Note: Make sure to set Xq=0 during application)
0111100X, Reserved }
0111101X, Set Internal / External Oscillator Xo=0: Internal oscillator (POR)
Xo=1: External osciliator.
Internal oscillator circuit is automatically enabled if resistors are
placed at OSC1 and OSC2. For external oscillator, simply feed
clock in OSC2.
0111110X, Reserved
0111111X, Set Oscillator Disable / Enable Xo=0: oscillator disable (POR)
‘ Xo=1: oscillator enable.
This is the master control fro oscillator circuitry. This command
should be issued after the “External / Internal Oscillator” com-
mand.
1XeX5X4X3XoX1 X0 Set GDDRAM Column Address Set GDDRAM Column Address.
Use XgX5X4X3X2X1Xg as address bits.
Data Read / Write

To read data from the GDDRAM, input High to R/W pin and D/C pin. Data is valid at the falling edge of CS. And the GDDRAM column
address pointer will be increased by one automatically. .

To write data to the GDDRAM, input Low to R/W pin and High to D/C pin. Data is latched at the falling edge of CS. And the GDDRAM column
address pointer will be increased by one automatically.

No auto address pointer increment will be performed for the Dummy Write Data after Master Clear GDDRAM. (Refer to the “Commands
Required for R/W Actions on RAM” Table)

MOTOROLA MC141532 « MC141533
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Address Increment Table (Automatic)

D/C RW |Comment Address Increment Remarks
0 0 Write Command No
0 1 Read Command No "
1 ] Write Data Yes 2
1 1 Read Data Yes -

Address Increment is done automatically data read write. The column address pointer of GDDRAM'3 is affected.

Remarks :

*1. Refer to the command “Read Contrast Value”.

*2. If write data is issued after Command Clear RAM, Address increase is not applied.
*3. Column Address will be wrapped round when overflow. .

Power Up Sequence (Commands Required)

Command Required POR Status Remarks
Set Clock Frequency Low . *1

Set Oscillator Enable Disable "1

Set Annunciator Control Signals Annunciator all Off | *1

Set Duty Cycle 1/32duty . "1

Set Bias Ratio 1/7 bias *1

Set Internal DC/DC Converter On Off *1

Set Internal Regulator On Off 1
Set Temperature Coefficient TC=0% *1,*3
Set Internal Contrast Control On Off *1,*3
Increase Contrast Level Contrast Level =0 *1,*2,*3
Set Internal Voltage Divider On Off "1

Set Segment Mapping Seg.0=Col.O

Set Common Mapping Com.0=Row 0

Set Vertical Scroll Value Scroll Value = 0

Set Display On Off

Commands Required for Display Mode Setup

Remarks :

*1 -- Required only if desired status differ from POR.
*2 -- Effective only if Internal Contrast Control is enabled.

*3 -- Effective only if Regulator is enabled.

Display Mode Commands Required
Display Mode Set External / Internal Oscillator, (0111101Xg)*
Set Oscillator Enable, O1111111)*
) Set Display On. (00101001)*
Annunciator Display Set External / Internal Oscillator, (0111101Xp)*
Set Oscillator Enable, (01111111)*
Set Annunciator Control Signal. (01100A1AX0)*
Standby Mode 1. . | Set Display Off, (00101000)*
Set Oscillator Disable. (ot1111110)*
Standby Mode 2. Set External Oscillator, (01111011)*
' L Set Annunciator Control Signal, (01100A1ApX0)"
Set Display Off, - (00101000)*
Set Oscillator Enable. ©O1111111)*
Standby Mode 3. Set Internal Oscillator, (01111010)*
Set Annunciator Control Signal, (01100A1AX0)"
Set Display Off, (00101000)*
Set Oscillator Enable. O1111111)*

Other Related Command with Display Mode: Set Duty Cycle, Set Column Mapping, Set Row Mapping, Set Vertical Scroll Value.

Commands Related to Internal DC/DC Converter: : o . o . )
Set Oscillator Disable / Enable, Set Internal Regulator On/Off, Set Duty Cycle, Set Temperature Coefficient, Set Internal Contrast Control On/
Off, Increase / Decrease Contrast Level, Set Internal Voltage Divider On/Off, Set Bias Ratio, Set Display On/Off, Set Internal / External Oscilla-
tor, Set Contrast Level, Set Voltage Doubler / Tripler, Set 33 Mux Display Mode, Set Icon Display Mode .

* No need to resend the command again if it is set previously.

MC141532 « MC141533
3-184

MOTOROLA



Commands Required for R/W Actions on RAM

R/W Actions on RAMs Commands Required
Read/Write Data from/to GDDRAM. Set GDDRAM Page Address (000X 4X3XoX1X0)*
Set GDDRAM Column Address (1XpX5X4X3XoX1Xg)*
Read/Write Data (X7XX5X4X3X2X1Xp)
Save/Restore GDDRAM Column Address. Save/Restore GDDRAM Column Address. (0011010X;)
Increase GDDRAM Address by One Dummy Read Data (X7XgX5X4X3X2X 1 X0)
Master Clear GDDRAM Master Clear GDDRAM (00110110)
Dummy Write Data (X7X6X5X4X3X2X1X0)

* No need to resend the command again if it is set previously.

Display Output Description
This is an example of output pattern on the LCD panel. Figure 9b and 9c are data map of GDDRAM and the output pattern on the LCD display
with different command enabled.

cCoM0O —
Content of GDDRAM
PAGE 1 UpperNibble |5A5A5A5A5A-~--~--- -~ SA5A5A5A5A
Lower Nibble |5A5A5A5A5A -~~~ -~ -~ - SASAS5A5A5A
PAGE2 UpperNibble|33cc33¢cc33--~------- cec33cc33cc
LowerNibble |[33CcCc33CC33--~--~---- cec33ce3scce
PAGE 3 Upper Nibble |0 000FFFFO00--~-~---~-~~- FFOOOOFFFF
Lower Nibble |[FFFFOO0O0FF-~-------- OOFFFF0000
PAGE 4 UpperNibble |[FFFFFFFF00-------- - FF00000000
Lower Nibble |/ FFFFFFFFOO -~ - - -~ - - - FFO00000000
PAGE 5 Upper Nibble |]0000000000 ~=-~----=--- 0000000000
COM31 Lower Nibble |0001110000--~-------~ 0000111000
COM32— Figure 9b
SEGO SEG119
Figure 9a
H
H
ua nnn - ol IT]
Column remap disable Column remap enable Column remap disable Column remap disable
Row re-map disable Row re-map disable Row re-map enable Row re-map disable
Scroll Value = 31
Figure 9c. Examples of LCD display with different command enabled
MOTOROLA MC141532 « MC141533
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PACKAGE DIMENSIONS

MC141532T

TAB PACKAGE DIMENSION - 1

LEADING DIRECTION

69.950+0.500

. BASE MATERIAL: 75 MICRON UPILEX—S

. COPPER TYPE: 3/4 OZ COPPER (THICKNESS TYP. 25 MICROMETER, MIN 18 M\CROMETER)
. OPTIONAL FEATURE FOR SPS INTERNAL USE ONLY WHICH MAY BE REPLACED BY ¢ 2.0 MM HOLE.

. DIMENSIONING AND TOLERANCING PER ANSI Y14.5M, 1982.
. 6 SPROCKET HOLES DEVICE

1
2
3
4. IF NOT SPECIFIED, SIZE IN MILLIMETER
5
6
7

. UNSPECIFIED DIMENSION TOLERANCE IS *+0.05

25.375 25.375
24.675 24.375
23.700 23.500
EXCISE AREA
_\ 21.500 23.400
DETAIL E /—DETAIL A
12.082 MAX.
O
i P iy 8 g
EB & FROEFXXTLRIEXY, '__] 83 =
FLEX ~—] j FuRrm i i fi il i
=0 Al e
L—J \- i i l **4::‘— . ] 8

g 8l o , L ; SR Iz «

IR O \ ‘ O 2 F

9 4 * ™

S R I N A o

2 o ‘

& R t NiE g1
3 ‘ J A=
ok ;i
+H [s! past
2 D g
S
o i —

ﬁ rall ST=5=
[T i : AN -
. 5.050 0.70040.020
NOTE 3 [ 0.350+0.020 5975 J »—H..__
DETAIL D / 15.900 6.675 9.475 13.100
7. X %%¢2.450
%%e 1.000 275£0.020 2 REEL
10.07540.020
24.075
j 24.075 %%c1.650
25.900+0.500
Z%c 1.500
DETAIL B-
> - 3
< ]
= 1
PATTERN SIDE |
o COPPER SIDE \
<O
o ]
I | l [
.
H |
— /l ] |\ S i
i 2
g
¢ = TAPE ORIENTATION
MAGNIFIED VIEW =
NOTES FOR ALL PAGES 5
O
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PACKAGE DIMENSIONS
MC141532T
TAB PACKAGE DIMENSION - 2

f=—24.100 23.400
‘ fe——23.750 157x 0.300+0.020 _ |

0.350+0.020 2X _DUMMY 0.350£0.020

23,400 0.100+£0.020
0.350£0.020 0.400,

!

_‘_;4_“_

i
-‘q._

I

_W 158X _0.150+£0.020 H‘;‘.‘OQLM_Q
| _‘ 0.150+£0.020 X DUMMY
| 1.0.250£0.020 DETAIL A
DETAIL E

23,500 ™ i
° i 1.300
1.000
0.025£0.020 ‘_\— _
=
/
V1 g
0.0454+0.020 g
i .
\ 4’ }'M DETAIL C
PI-FILM
DETAIL D
FLEX MATERIAL DETAIL
MOTOROLA ' MC141532 « MC141533
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Application Circuit

32/33 MUX Display with Analog Cix;cuitry enabled, Triplef enabled and 1/7 bias

DVpp AVpp

0-1uF 0-1uF O4WF O4pF O1uF O4pF OApF O4pF 0.4uF O.1pF

T T I L L L I I1

1L [ L] T []]

DVSS DVDD AVDD AVSS VLL2 VLL3 DUM2 DUMi VLL4 VLL5 VLL6 VCC
COMO to
AES comaz [
DC
SEGO to To LCD
CMOS CS MC141532/33 SEG119 Panel
MPU/
MCU with CE
Parallel
— Annun 0-3
Interface RW andBP [
D0~D7
0SC2 0SC1 C+ C- VF VR C2P . C2N C1P  C1IN
EPROM RAM LMJ L ’_| L J L J
: 1MQ 0.1pF = 0.1pF 0.1pF
4.7uF
200kQ
Remark :
1. VR and VF can be left open for Regulator Disable.
2. CS pin low at Standby Mode.
MC141532 « MC141533 . MOTOROLA
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Application Circuit

16 MUX Display with Analog Circuitry enabled, Tripler Disabled and 1/5 bias

0.1uF OJrF 0.1pF O.1F 0.1pF 0.1uF 0.1uF 0.1uF

T TTI L L I L 1

= TTTL T

DVSS DVDD AVDD AVSS. VLL2 VLL3 DUM2 DUM1 VLL4 VLL5 VLLE VCC
COMO to
AES COM32
D/C
L SEGO to To LCD
CMOS cs MC141532/33 SEG119 [ . [ Panel
MPU/
MCU with CE
Parallel o ¥
Interface RW Am::; %g —
D0-D7 '
0SC2. 0OSC1 C+ C-VF VR C2P C2N C1P ' CIN
EPROM RAM | l L J | I L J
External Clock 0.1uF - 0.1uF
4.7uF
200kQ
Remark :
1. VR and VF can be left open for Regulator Disable.
2. CS pin low at Standby Mode. :
MOTOROLA MC141532 « MC141533
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Application Circuit

16/32/33 MUX Display with Analog Circuitry disabled

DVpp - AVpp Vee
—AAN\
DvSS DVDD - AVDD AVSS VLL2 VLL3 DUM2 DUM1 VLL4 VLL5 VLL6 VCC
COMO to
BES COM32
DIC '
: SEGO to "} ToLCD
CMOS cs MC141532/33 . SEG119 [~ [ Panel
MPU/
MCU with CE
Parallel .
vl Annun 0-3
Interface —| RW andBP [
DO0~D7
0SC2 0SC1  C+ C- -VF VR C2P C2N C1P CiN
EPROM RAM ‘
External Clock-
Remark :
1. VR and VF can be left open for Regulator Disable.
2. CS pin low at Standby Mode.
MC141532 « MC141533 MOTOROLA
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Die Pad Co-ordinate for MC141532

Pad | Name | X (um) | Y (um) ]| Pad ame | X (um) | Y (um) | Pad | Name {um) [ Pad | Name | X (pm) Tumy
Ann0_| -4803.1 5266 | 61 | DVss | 24728 | -530.4 [ 12 Seql_ 02,7 | 181 [ Segbd | -1266.6 92.7
Anni -4702.1 -526.5 2 + 2574.4 -530.4 23 Se 92.7 1 182 | SeqbD | -1342.6 92.7
AnnZ -4600. -526.6 3 DVss . -530.4 | 124 | Seg? 92.7 B3 | Seg -1418.6 92.7
Ann3 -4498. -526.6 4 C- 2777, -530.4 25 Seq3 2.7 B84 | Seqb? -1494.6 92.7
5 -4397.2 | -526.6 5 [ _DVss . -530.4_[ 126 |_Seq 2.7 Segb -15708 92,7
Dvdd -4255. -526.6 |66 VCT 2980. -530.4 27 SeqQ5 2.7 B6 | Segb4d -1646. 92.7
7 RES 194, -526.6 | 67 | _DVss_| 3082. -530.4_| 128 | Seqb 2.7 | 187 | Seqbb | -1722. A
8 DVss | -4092.4 | -526. |68 VE_ 184, -530. 91 Seq7 A (88 | 5egol -1798. 2.7
9 D/IC -3990. -526.6 | 69 DVss 285, -530.. 30 Se 92.7 eqt -1874. 2.7
0 | R/W | -38B9.2 | -526.6 | 70 VH 387.2 | -530. 31 Seq9 92.7 [ 190 [ 5eg68 | -1950. 2.7
T_[CS({CL -3787. -526. 7 AVss 488. -530.. 3 Seqil” 92.7 g egb9 | -2026. 2.7
2| DVss | _-3685. -526. 7 OSC1 . -530. 33| _Seq 92. g q70 | 2102, 27
3 DU -3584.4 | -5266 | 7 Vss 602, -530.. 3 Seqiz 92.7 2] Q7 -2178. 92.7_
) D -3482.8_| -526.6 | 7 DVss 793.6 | -530. 35 | 5eql3 . 94 Seq72 | -2254. 92.7_
S D2 -33871.2" | -526. 75 Ss 9.6 -530.. 3 Seq 492.7 951 S -2330. 927"
(3] -3279.6_|_-526. 76 | DVss | 39456 | -530. 37 1 Seqib 3027 eg -2406. 92,7~
7 L -3178.0 | -526. 77 Vss 027, -530. 3 Seq 492, 977 Seqg75 | -2482. 4927
8 -3076.4 | -526. 78 DVss 097.6_| -530. 3 S 292, | Seq76 | -2558. 492.7"
g -2974. -526. | 79 Vss 173. -530.. 01 S 8 849, 92.7 99 | Seq77 | -2634. 4927
0 7 —-2873.2 | -526.6 VSs 247 -530.. 1T Séq 773 R 20 Seq -2710. 492.7
21 E ~2771. -526.6 1 Vss 325. 30.4 2 |~ 5eq20 697 92.7 | 201 | Seq79 | -2786. 492.7
22 DVss -2670. - .6 2 Vss 07 30.4 31 Seg21_ 621. A 202 | Segi BB2.! 4927
Vss -2498.3 | -526.5 3 Vss 77, J0. Seq22 535. 02.7 03 | Seq87 -2938. 4927
Z) Vss -873. -5971.] VsS 553. 30. 5 | Seg23_ 69, 2. 1] Seg82 | -3014. 92.7
25 Vss -797. -591, D Vss 23, 0. Seqld 93. 92.7 05 | SegB3 | -3090. 92.7
26 Vss =721, <501, es| [705. iK Seq25 17. 92, o] eqB4 | -3166. 92.7
27 Vss -645. -501. TestZ 835.2 50. 8 | Segeb 47. 2.7 0 SeqB5 | -3242. 92.7
28 Vss -560. -5097. 8 | Com. 4 L% Seq27_ 65.: 2. 08 e [ -3318. 92.7
g Vss | -493. 507, 89 | Com 2 . = ggzrf . 97, 09 [ Seq87 | -3394. 92.7
0 Vs -417 -591.1 90 1 Com X X 5 Seq2y_ 013.4 492; 2707| Seg88 | -3470.6 | 492.7_
1 V. -3471. -501. 91 O X -256. 521 Seg30” 137.4 92, 271" Seg89 | -3546.6 492.7
2 Vi -265.1 -597. 2 0 X -180. 5 Seq31 | " 8614 92.7 1 212 " Seq90 | -3622.6 92.7
33 V -180. -5071. 3 [ Com4 74. —-104. 54 [ Seq32 [ 7854 92.7 12131 SeqdT -3698.6 92.7
34 V. -113. -597. 4" Comb 5174.47-28. 55 | Seg33 | 709.4 927 |2 Si gg‘ -3774.6 92.7
35 Vss 7. -501.8 5 om 5174.4 472 O eg34 33.4 02, 215 Seqd3 -3850.6 92.7
36 Vss 38.4 -591. 96 | Com 5174.4 123.2 5 Seq35 ) 5574 492, 2167 Seg¥: -3926.6 2.7
7 Vss 114. -591. a7 Com 5 4 199. 5eqab 1.4 492, 217 | Seg95 002.6 2.7
2 Vss 190; -507. om X 275. 597 Seq37” 5. 49271 218 [ Seq9 -4078. 2.7
9 Vss | 266. -597. 99 [ Comi0 73, 351.. 60 | Seqag_ 9. 492.7 [ 219 [ Seq97 | -4154. .
4 Vss 342 - . 00 [ Com11 74. 427, 61 1 Seq39 253 92.7 1 220 eq -4230. )
Vss X -5071. 0 Comi2 74 503.2 62 | Segd0 177. 92.7 Seq99 | -4306. 92.7_
Vss 94.. -591. 02 ["Comi3 71.2 92, 63 | Segdl 107.. 7| 222 SeqT100 382. 92,
43 wvdd . -530. 0 Com14 ©95.2 92.7 64 | Segd2 25.4 2.7 | 223 'S 01 -4458. 492,
44| AVdd 5. -530.. 04 1T Tomis 519.2 92.7 65 :e:m“l -50.5 2.7 | 224 | Seql02 | -4534. 492.7
CiP 847.2 -530. 05 ["Com16 518.0 2.7 66 | Seg -126.6 7 225 S 3 19.. 92,
CIN 948. -530. 06 [ Comi7 442.0 2.7 7 | Seqdb -202. 2.7 |2 S 95., 927
47 C2P 050.4 -530. 07 [ Com18 366.0 2.7 6 Seq -278.1 2.7 | 227 1'Seq105 1.2 927"
152.0 | -530. 0 om19 90.0 7 69 [ Seq -354. 2.7 | 22871 Seq -5174. 503.2_
439 VLL2 253. -530. 09 1"Com20 214.0 7 70 | Seqgd8 -430. 2.7 229 'g% -5 X 4272
50 VLL3 355. -530. 10 [ Com2 38. 7 711 Seqd49 -506. 92.7 'Seq -5174. .
5 DVss 458 -530.4 1 T Com22 4062.0 2.7 721 Seqs0 -582.1 92.7 | 231 eq109 | -5174. 75.2
57 DVss | 1558.4 | -530.4 | 112 [ Com23 ; 2.7 [ 173 [ Seq51 | _-658. 92.7 232 Se 5174, 99,2
X VLL. 660. -530.4 3 | Com2: 39710. 2.7 7 5eq52 -734. 92.7 233 [ 11 -5174. 23.2
L5 7616 | -530.4 om25 | 3834. 2.7 75 [ Segha -810. A 23 eq - X 47,
55 VLLGE 563.2 -530.4 5 [Com26 | 3758. 2.7 76 |"Seq5: -B886. 92.7 | 235 [ Segii3 | -5174. -28.
il 4. 5304 6 | Com27 i 2.7 | 177 | Seqsh | -962. 7 | 236 ] Se G X -104.
57 DVss 66. -530.4 7_ [ Com, 3606.0 2.7 78 |"Seg56 | -1038.6 02.7 37 | Seg -5174. -180.
68.0 | -530.4 om 3530.0 2.7 | 1791 Segs7 | -1114.6 y 38 | Sef -5174. -256.
59 DVss 269, -530.4 9 ' Com30 | 3454.0 2.7 80 ["Seq58 [ -1190.6 7 33 | Seq -517: -332.
60 | DUMZ 371.2_ | -530.4 | 120 | Com3] |_3378.0 92.7 240 [ Seg 5174, -408.8
12117 Com3 3302.0 92.7 241 Segli19| -5774. -484 8
Gold Bump Size Die Size
Pad Bun}insjl)ze X Bum(zrg;ze Y X (um) Y (um)
1-23 66.5 66.5 10881.0 1522.0
24-42 49.0 39.8
43-74 66.5 66.5
75-85 49.0 66.5
86 49.0 107.0
87 No Gold Bump
88-101 107.0 49.0
102-227 49.0 107.0
228-241 107.0 49.0
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Die Pad Co-ordinate for MC141533

Pad [ Name | X(um) | Y (um) | Pad | Name | im) 1 Y(um) | Pad | Name | X {am) | Y(um) | Pad | Name | X um) .| Y (num)
T | AnnU [ _-4803.6 | -526. T [ DVss 372 ~530; 2 | Seqiv 2172 4927 11 5eq70 | -1266.6_| 492.7
2 Ann -4702.0 2574.4 -530. 3 | Seql8 141, 492.7 2 | Seq77 | -1342.6 | 492.7
3 Ann -4600.4 2676.0 -530.. Segi9 065. 492.7 3 | Seq78 | -1418.6 492.7

nn. -4498.8 777, -530.. 5 | Seq20 . . 4927 4" Seq79 | -14945 | 492.7
5 -4397.2 28709. -530. 2! Seg21 913. 2392.7 85| SegB0 | -1570.6_| 492.7
DVdd [ -4295. 2980. 530 27 | .5eq22 37. 492.7 | 186 | SeqB1 | -1646.6
—RES -4154.] 3082 -530. 28 2761. 492.7 7 1 Seg82 | -1722.6
DVss -4092. 37841 30. 2 5. 4927 1 €Qq -1798.6 7
g O/IC -3990. 3285.6 -530. 30 2609. 92.7 1189 ] Seg84 | -1874.6 92.7
0 B .2 387.2_| -530. 533. 92.7_| 190 Segsssé -1950.6 7
1 [CS[CLK][-3787.6 3488.8_ | -530. 32 57. 92.7 1917 Se: -2026.6 4927
2 | DVss 3686 3590.4_| -530. 3. 3371 3 SegB7 [ -2102.6
3 0 -3584. 3692.0 ~530.: 34 305. 492.7 3| Seg -2178.6 | 492.7
- X 793. -530.. 5 229, 4927 et - 8 4927
S 2 -33B871.2 3869.6 | -530. 3 53. 4927 5 | Seg -2330.6 492.7
[ -3279. X -530. 3 077. 4927 Seq9l -2406.6 4927
7 L -3178. 27, -530. 38 007, 2. 7 eg - .6 92.7
8 5 -3076. i ~530. 39 925, A & - X 2.7
9 -2974.] 3 ~530.. 0 B43. . 9 | Seq94 | -2634.6 2.7

20 7 -2873.2 243, -530. T 773. . 200 | Se@95 | -2710.6 92.7
1 - . X ~530. 2 607. 7 e -2786. 92.7
22 Vss -2670. 07, -530. 38 | 16271, 7 5eq97 | -2B62. 927
23 Vss | - X 771 -530. 4 5452 7 3 [ 5eq98 [ - X 3
Z Vss -873. - 553.] ~530. 5 X 492.7 04 | Seg99 [ -3074. 92.7
5 Vss -797.% - 29. ~530. 25 | 03. 92.7 05 | SegT00 | -3090. 92.7
(<] Vss =727 - 05. -551. 47 KIVA 2.7 06 | Seq101 [ -3766. 92.7
27 Vss -645. ~ 4835. -550. 48 247 . 2.7 07 | Segi02] -3242. 92.7

Vss -569.¢ - 74 -484. 49 65.4 | 2.7 08 | Seqi03( -3318. 92.7

29 Vss 493 ! 7, ~408. 0 0BY9.4 | _492.7_| 209 | Seg104 | -3394. 92.7

SS -417. -507. o0 74, -332. 1 013. 492.7 0 1 Seqi05 [ -3470. - 4027

1 SS -347. ~597. 91 | Com2 74, <256. 2 137, 492.7 1] Seqil&| -3546. 92.7
2 WV -265. -591. 92 Com3 74. ~180. 3 86T, 492.7 2 [ SegT0771 -3622. 92.7
3 WV -180.! -597. 03 Com4 74. -104. 149 5. 392.7 3 [ Segl08 | -3698. 92.7
V. -713. -507.. 4 Comb 74, -28. 5 709, 492.7 S5eql09 ] -3774. 02.7

5 WV -37.6 ~591. 5 Comb 74. 47.2 633. 2492.7 5 | SeqT107 -3850. 92.7
0 4 -591. I Com7 74. 123.2 7 557. 492.7 SeqT11]-3926. 92.7
7 IV 14. -597. 7 Com8 74. 199.2 8 81. 492.7 7 | SeqT121 -4002. 92.7

38 0. -501. Com 74. 275. 9 D5, 492, 2 SeqT13] -4078. 92.7
39 WV 266.. -591. Com10 74. 357 29, 4927 [ 2 Seq 154, ..
0 WV 42, -59T1. 0_| Col 74. f [ 253. 4927 0 | Seql1s 230. A

WV 18. --507. 01 | ComiZ 74. 503. 7 177 492.7 | 221 [ Segql16 [ -4306. 92.7

2 SS 94, ~507. Col 71.2 3 101.4 . 2 | Segii7 382 .
3 wvdd 44 -530.. 3 | Col 695.2 492.7 64 25.4 4927 ﬁ-Séc 8 458, 92.7
AVdd T~ X ~530.. omi5 619.2 4927 5 -50.1 492.7 241 SegT19 534, 2.7

45 C1P 8472 ~530. 05 Si 518.0 492.7 [ =121 492.7 | 225 | Com32 | -4619. 492.7
CiN 948, ~530. —Se . 4927 -20. 4527 om31 | - A 3

7 C2F 050. ~530. Se 366.0 2.7 =27 492.7 | 227 | Com30 771.2 492.7
8 T2N 152, ~530. ~Se 290.0 7 | 169 | -35 492.7 om29 |- X 503.!
g VLLZ 253, -530.. 09 | "Sedd 214.0 2.7 70 30.6 492.7 1229 Com -5174. 427.

50 [VLL3 .2 -530.4 01 Seabd 38.0 2.7 7 2.7 0 om,; -5174. 351.
57 | DVss 456. ~530.. T Seg 062.0 . 2 2.7 1 om26 | -5174. 2752
52 DVs. 558.. -530. 2 Seq7 986.0_| 2.7 4927 32 | Com25 | -5174. 9.2
53 VLL: 660.! ~530. 3 Seq 910.0 2.7 4 3 om - 3.2
5 VLLS 7676 | -530. 4 Seqd 834.0 2.7 5 92.7 34 | Com237| -5 7.2
5 VL 863. ~530. 5 [ Seqi0 758.0 7 02.7 35 | Com22 | -517: 288 |
5 DUMT X -530. & | Séglt 0| 492.7 77 92.7 36 | Com21 T -5174 -104.8_|

DVss 066. -530.4 7 eqi2 . 2.7 78 92.7 | 237 | Com20 | -517- -180.8_|

58 | OSCZ [ 2168. ~530.4 8 | Seqi3 | 3530.0 2.7 79 92.7 {238 | Com19 [ -5177 -256.8
59 DVss 2269.6 ~530.4 9 [ Seqid 3454.0 . 4927 Comi8 1 -517 -332.8 |
60 | DUMZ | "2371.2 -530.4 20 | Seglb 3378.0 92.7 40 | Comi7.| -51 -408.8 |

121 | Seg16 | 3302.0 492.7 241 | Comi6 | -5174.4 -W
Gold Bump Size Die Size
Bump Size X | Bump SizeY
Pad X (um Y (um
(um) (um) (um) (um)
1-23 66.5 66.5 10881.0 1522.0
2442 49.0 39.8
43-74 66.5 66.5
7585 49.0 665
86 ) 49.0 107.0
87 No Gold Bump
88-101 107.0 49.0
102227 49.0 107.0
228-241 107.0 49.0
MC141532 « MC141533 MOTOROLA
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

LCD Segment / Common Driver
CMOS

MC141535 is a CMOS LCD Driver which consists of 4 annunciator out-

puts and 178 high voltage LCD driving signals (17 rows and 161 segments).
It has parallel interface capability for operating with general MCU. Besides
the general LCD driver features, it has on chip LCD bias voltage generator
circuit so that limited external components are required during application.

REV 4
3/97

Single Supply Operation, 2.4 V-3.5V

Low Current Stand-by Mode (<500nA)

On Chip Bias Voltage Generator

8 Bit Parallel Interface

Graphic Mode Operation

On Chip Graphic Display Data RAM

Four Static Annunciator (Icon) Drivers

Low Power Icon Mode Driven by Com16 in Special Dnvmg Scheme
161 Segment Drivers, 17 Row Drivers

1:5 Bias Ratio

1/17 Multiplex Ratio

Master Clear RAM (Main Dot Matrix Dlsplay/ Icons Display)
Vertical and Horizontal Scrolling for Main Display
Re-mapping of Row and Column Drivers

Selectable LCD Driving Voltage Temperature Compensatlon
16 Level Internal Contrast Control

External Contrast Control

Standard TAB

MC141535

TAB

Gold Bump Die

ORDERING INFORMATION

MC141535T TAB
MCC141535Z Gold Bump Die

" MOTOROLA

MC141535
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Block Diagram

Annun0
A to 3 Com0 to
nnun.
BP Com16 Seg0~Seg160
. Level
Annunciator HV Buffer Cell Level Shifter Selector
Control
Circuit )
N N - VLL6
‘LZtE: 161 Bit Latch VLL2
VvCC
0sc1 Display 1 VR
Timing MUX . VF
0sc2 Generator Selection LCD Driving C2pP
1 Voltage Generator C2N
Horizontal / Vertical Tripler, - G1p
Scroll Register . Doubler, CIN
Voltage Regulator,
f Voltage Divider, DUM2
Contrast Control, DUM1
GDDRAM Temperature C+
17 x 161Bits Compensation .
AVDD
AVSS
Command Decoder
DVSS —f——
DVvDD —f——
Command Interface Paralle! Interface
ES DiC CS (CLK) RW DO~D7
MC141535 MOTOROLA
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VI0HOL1ON

SESLYION

(M3IA H3dd0D)
INIWNDISSY NId LSESLYLOW

ANNUN2
ANNUN3
COM16
comis
COM14
CcoM13
[ 210 | coM12
AVDD { 1 209 | com11
oscz | 2 208 | COM10
vee |3 207 | como
osci | 4 206 | coms
205 | SEGO
s | 5 23 | SEan
203 | SEG2
vus | 7 202 | SEG3
VLL3 | 8 201 | SEG4
vz | o -1
VR | 10
c| 1
C+ | 12
CiN | 13
cip | 14
C2N | 15
c2p | 16
Avss | 17
vF | 18
Avss | 19
D7 | 20
D6 | 21
o5 | 22
D4 | 23
D3 | 24
D2 | 25
D1 | 26 . 1.
Do | 27 48 | SEG157
e 2 T ilee
CS (CLK) 1 29 45 | SEG160
RW | 30 44 | como
pic | 3t 43 | comi
RES | 32 42 | comz
DI 41 | com3
DvbD | 33 40 | coms
pDuMMY 39 | coms
38 | come
a7 | com?
36 | ANNUN1
35 | ANNUNO
34 | BP
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MAXIMUM RATINGS* (Voltages Referenced to Vgg, To=25°C)

Symbol Parameter Value Unit
AVpp,DVpp | Supply Voltage -0.3t0 +4.0 \
Vcc Vss-0.3 to Vss+10.5 \
Vin Input Voltage Vgg-0.3to Vpp+0.3 \

| Current Drain Per Pin Excluding Vpp and Vgg 25 mA

Operating Temperature

Ta1 For Using Internal Oscillator -25t0 +85 ‘C
Taz For Using External Oscillator -30 to +85 ‘C
Teg Storage Temperature Range -65 to +150 o]

This device contains circuitry to protect the inputs
against damage due to high static voltages or elec-
tric fields; however, it is advised that normal precau-
tions to be taken to avoid application of any voltage
higher than maximum rated voltages to this high
impedance circuit. For proper operation it is recom-
mended that Vi, and V., be constrained to the
range Vgg < or = (Vi or V) < or = Vpp. Reliability
of operation is enhanced if unused input are con-
nected to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left
open. This device may be light sensitive. Caution
should be taken to avoid exposure of this device to
any light source during normal operation. This

device is not radiation protected.

* Maximum Ratings are those values beyond which damage to the device may occur. Functional
operation should be restricted to the limits in the Electrical Characteristics tables or Pin Descrip-

tion section.

Vgg = AVgg = DVgg (DVgg = Vgg of Digital circuit, AVgg = Vgg of Analogue Circuit)
VDD = AVDD = DVDD (DVDD = VDD of Digital circuit, AVDD = VDD of Analogue Circuit)

ELECTRICAL CHARACTERISTICS (Voltage Referenced to Vgg, Tp=25°C)

Symbol Parameter Test Condition Min Typ Max | Unit
Supply voltage (Absolute value Referenced to Vgg)
DVpp Operating Range of Logic Circuit Supply DVpp 24 3.0 3.5 \2
AVpp Operating Range of Voltage Generator Circuit 24 - 3.5 \
Supply AVpp
Supply Current (Measure with Vpp fixed at 3.0V)
Iac Access Mode Supply Current Drain from Pin AVDD | Internal DC/DC Converter On, Display On, Tripler 0 200 300 pA
and DVDD. Enable, R'W Accessing, T, c=1MHz, Osc. Freq.
=38.4kHz, 1/17 Duty Cycle,1/7 Bias.
lop1 Display Mode Supply Current Drain from Pin AVDD | Internal DC/DC Converter On, Display On, Nor- 0 70 100 HA
and DVDD. mal Display Mode, Tripler Enable, R/W Halt, Osc. :
Freq.=38.4kHz. .
lop2 Display Mode Supply Current Drain from Pin AVDD | Internal DC/DC Converter-On, Display On, Nor-| ~ 0 78 110 A
and DVDD mal Display Mode, Tripler Enable, R/W Halt, Osc.
) Freq.=38.4kHz. Horizontal Scrolling
licon Display Mode Supply Current Drain from Pin AVDD | internal DC/DC Converter On, Display On, Icon - 15 30 A
and DVDD ' Display Mode, Tripler Enable, R/W Halt, Osc.
Freq.=38.4kHz.
Isg1 Stand-by Mode Supply Current Drain from Pin Display Off, Oscillator.Disabled, R/W Halt 0 300 500 nA
AVDD and DVDD :
Isg2 Stand-by Mode Supply Current Drain from Pin Display Off, Oscillator Enable, R/W Halt, External 0 25 5 uA
AVDD and DVDD. Oscillator and Frequency = 38.4kHz.
Isga Stand-by Mode Supply Current Drain from Pin Display Off, Oscillator Enable, R/W Halt, Internal 0 5 7 MA
AVDD and DVDD. ' Oscillator and Frequency = 38.4kHz.
VLCD Voltage :
Veer LCD Driving Voltage Generator Output Voltage at | Display On, Internal DC/DC Converter Enabled, - 3*AVpp [ 10.5 \
PinVee. Tripler Enable, Osc. Freq. = 38.4kHz, Regulator
Enabled, Divider Enabled
Veez LCD Driving Voltage Generator Output Voltage at | Display On, Internal DC/DC Converter Enabled, N 2*AVpp | 105 \
PinV¢e. Doubler Enable, Osc. Freq. = 38.4kHz, Regulator
Enabled, Divider Enabled
Vico LCD Driving Voltage input at pin V. Internal DC/DC Converter Disabled. AVpp - 10.5 \
Output Voltage .
Vou1 Output High Voltage at Pins D0-D7, Annun0-3, BP | 15,,=100pA 0.9*Vpp - Vop \
and OSC2.
Vo1 Output Low Voltage at Pins D0-D7, Annun0-3, BP | l,,=100pA 0 - 0.1"Vpp | V
and OSC2.
VRy LCD Driving Voltage Source at Pin VR Regulator Enabled 0 - Vee05| V
VRga LCD Driving Voltage Source at Pin VR Regulator Disabled - 0 - \
Vg3 Delta of VR Voltage Drop Regulator Enabled, I, =50uA 0 - VvCC \
AVg Variation of Vg Input (Vpp is fixed) Regulator Enabled - +1 +2.5 %
MOTOROLA MC141535
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ELECTRICAL CHARACTERISTICS (Voltage Referenced to

Vss, Ta=25°C)

Symbol Parameter Test Condition Min Typ Max | Unit
Input Voltage
ViH1 Input High Voltage at Pins, RES, CS, D0-D7, R/W, 0.8*Vpp - Vop \%
D/C,0SC1 and OSC2.
ViLy Input Low Voltage at Pins, RES, CS, D0-D7, R/W, 0 - 0.2*Vpp | V
D/C, OSC1 and OSC2.
LCD Display Voltage. (LCD Driving Voltage Output from | Voltage Driver Enabled, Regulator Enabled.
Vie |Pins VLL6, VLLS, VLL4, VLL3 and VLL2.) ’ - Vg - \
Vs - 0.8*Vg - v
Vi - 0.6*Vg - %
Vs - 0.4*Vg - v
VLLZ - 0.2‘VR - \
Vi External Voltage Generator, Voltage Divider Dis- | 1/2Vgg - Vee \
Vis able, Regulator Enabled. 1/2Vee - Vee \
ViLe 1/2Vee - Vee | V
Vi 0 - 1/2Vee | V
Output Current
lon Output High Current Source from Pins D0-D7, |V,,=VDD-0.4V 50 - - pA
; Annun0-3, BP and OSC2. )
loL Output Low Current Drain from Pins DO0-D7, | V;=0.4V - - -50 pA
Annun0-3, BP and OSC2.
loz Output Tri-state Current Drain Source at pins DO- -1 - 1 A
D7 and OSC2
I/l | Input Current at pins RES, CS, D0-D7, RW, D/C 0SC1 -1 - 1 RA
and OSC2.
Ron [ On Resistance
Channel Resistance between LCD Driving Signal | During Display on, 0.1V Apply between Two Ter- - - 10 kQ
Pins (SEG and COM) and Driving Voltage Input | minals, V¢ within Operating Voltage Range.
Pins (V4o to Vi ¢). .
Vgg | Memory Retention Voltage (DVpp) 2 - 3.5 \
Standby Mode, Retained All Internal Configuration
and RAM Data
Cin - | Input Capacitance - 5 7.5 pF
0OSC1, OSC2 and All Logic Pins
ELECTRICAL CHARACTERISTICS (Voltage Referenced to Vgg, DVpp=2.4-3.15V, Tp=25°C)
Temperature Coefficient Compensation .
PTCO Flat Temperature Coefficient TC1=0, TC2=0, Voltage Regulator Disabled. - 0.0 - %
PTC1 Temperature Coefficient 1* TC1=0, TC2=1, Voltage Regulator Enabled. - -0.18 - %
PTC2 Temperature Coefficient 2* TC1=1, TC2=0, Voltage Regulator Enabled. - -0.22 - %
PTC3 Temperature Coefficient 3* TC1=1, TC2=1, Voltage Regulator Enabled. - -0.35 - %
* The formula for the temperature coefficient is:
oy VRat50'C-VRat0'C
TeCR)= 50°C-0C X VRatzsc X100%
MC141535 MOTOROLA
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ELECTRICAL CHARACTERISTICS (Voltage Referenced to Vgg, AVpp=DVpp=2.4 to 3.15V, Ty=25'C)
Total variation of VR AVgr is atfected by the following factors :

Process variation of Regulator AVg

External Vpp Variation contributed to Regulator AVypp

External resistor pair Ra/Rf contributed to Regulator AV

2 2 2
where AVRT = ,\/(AVR) + (AVVDD) +(Avres)

Assume external Vpp variation is +/-6% at 3.15V and 1% variation resistor used at application.

TC Level AVypp (%) AVR (%) AVieg (%) AVgy (%)
TCO 16.0 16.652
Reference TC1 +4.0 +4.924
Generator TC2 2.5 25 £1.414 +3.805
TC3 +1.4 +3.195

AC ELECTRICAL CHARACTERISTICS (Tp=25"C, Voltage referenced to Vgg, Vpp=2.4 to 3.15V)

Symbol Parameter Test Condition Min Typ Max | Unit
Oscillation Frequency. Normal Display Frequency Selected
Fosct Oscillation Frequency of Display Timing Generator - 38.4 - kHz
with 60Hz Frame Frequency.
Fannt Annunciator Display Frequency (with 50% duty - 18.75 - Hz
cycle) from Pins Annun0-3 and BP
Fermi1 LCD Driving Signal Frame Frequency. Graphic or Icon Display Mode. - 60 - Hz
Oscillation Frequency. Slow Display Frequency Selected
FaNN2 Annunciator Display Frequency (with 50% duty - 9.375 - Hz
cycle) from Pins Annun0-3 and BP With Low Dis-
Frrmz play Frequency Enabled - 30 - Hz
LCD driving Signal Frame Frequency. (Graphic or
Icon Display Mode With Low Display Frequency
Enabled.) R
OSC | Internal Oscillation Frequency
Internal OSC Oscillation Frequency with Different See Figure 1 for the relationship

Value of Feedback Resistor. (Internal Oscillator
Enabled. Vpp within Operation Range.)

280k

260k

90k

70k

Oscillation

Frequency
(H2) 50k

30k

——

10k

100k 500k 1.0M 1.5M 2.0M
Resistor Value between OSC1 and OSC2 (Q)

Figure 1. Internal Oscillator Frequency Relationship with External Resistor Value

MOTOROLA MC141535
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Normal Display Mode _
. - : N
COMx %_ 1
gl R R VO ]
SEGy | _ — __] |. ..... -
Icon Display Mode
coM16
< ' . —
1/Ferm 1/Feam
I 1FANN
BP, Annun0-3

Figure 2. LCD Driving Signal Timing Diagram

VLL6

VLLS
VLL4
VLL3
VLL2
VLL1

VLL6
VLL5
VLL4
VLL3
VLL2
VLL1

Vi

Vi

MC141535
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TABLE 2a. Parallel Timing Characteristics (Write Cycle) (Ta=-10 to 60°C, DVpp=2.4 to 3.15V, Vgg=0V)

Symbol Parameter Min Typ Max Unit
teyce Enable Cycle Time 1000 - ns
ten Enable Pulse Width 290 - ns
tas Address Setup Time 0 - ns
tos Data Setup Time 290 - - ns
ton Data Hold Time 0 - ns
tan Address Hold Time 5 - ns
tcvcle
N
ts N
N———
ten
AW ——\( /_
fas tAH
%
D/C X X
K
DS ton
’ N
D0-D7 - Valid Data 72—
Figure 3. Timing Characteristics (Write Cycle)
MOTOROLA MC141535
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TABLE 2b. Parallel Timing Characteristics (Read Cycle) (Ta=-10 to 60°C, DVpp=2.4 to 3.15V, Vgg=0V)

Symbol Parameter Min Typ Max Unit
teycle Enable Cycle Time 1000 - - ns
ten Enable Pulse Width 375 - - ns
tas Address Setup Time 0 - - ns
top Data Setup Time - - 350 ns
ton Data Hold Time - - ns
taH Address Hold Time - - ns
tcycle
CS
N———
ten
RAW ___/
tas
D/c
DO-D7
Figure 4. Timing Characteristics (Read Cycle)
MC141535 MOTOROLA
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PIN DESCRIPTIONS

D/C (Data/ Command)
This input pin tell the LCD driver the input at D0-D7 is data or com-
mand. Input High for data while input Low for command.

CS (CLK) (Chip Select / Input Clock)
This pin is normal Low clock input. Data on DO-D7 is latched at the
falling edge of CS.

RES (Reset)
An active Low pulse to this pin reset the internal status of the
driver (same as power on reset). The minimum pulse width is 10 ps.

D0-D7 (Data)
This bi-directional bus is used for data / command transferring.

R/W (Read / Write)

This is an input pin. To read the display data RAM or the internal
status (Busy / Idle), pull this pin High. The R/W input Low indicates a
write operation to the display data RAM or to the internal setup regis-
ters.

0SC1 (Oscillator Input)

For internal oscillator mode, this is an input for the internal low
power RC oscillator circuit. In this mode, an external resistor of cer-
tain value should be connected between the OSC1 and OSC2 pins
for a range of internal operating frequencies (refer to Figure 1). For
external oscillator mode, OSC1 should be left open.

0SC2 (Oscillator Qutput / External Oscillator Input)

For internal oscillator mode, this is an output for the internal low
power RC oscillator circuit. For external oscillator mode, OSC2 will
be an input pin for external clock and no external resistor is needed.

VLL6 - VLL2

Group of voltage level pins for driving the LCD panel. They can
either be connected to external driving circuit for external bias supply
or connected internally to built-in divider circuit if internal divider is
enable. For Internal DC/DC Converter enabled, a 0.1 uF capacitor to
AVgg is required on each pin.

CiNand C1P
If Internal DC/DC Converter is enabled, a 0.1 pF capacitor is
required to connect these two pins.

C2N and C2P

If Internal DC/DC Converter and Tripler are enabled, a 0.1 pF
capacitor is required between these two pins. Otherwise, leave these
pins open.

C+and C-
If internal divider circuit is enabled, a 0.1 pF capacitor is required
to connect between these two pins.

VR and VF

This is a feedback path for the gain control (external contrast con-
trol) of VLL1 to VLL6. For adjusting the LCD driving voltage, it
requires a feedback resistor placed between VR and VF, a gain con-
trol resistor placed between VF and AVSS, a 10 pF capacitor placed
between VR and AVSS. (Refer to the Application Circuit)

COMO0-COM16 (Row Drivers)

These pins provide the row driving signal to LCD panel. Como0-
Com15 are used in 16 mux display. Com16 is used to drive the non-
static icons. Output is low during display off.

SEGO-SEG160 (Column Drivers)
These 161 pins provide LCD column driving signal to LCD panel.
They output OV during display off.

BP (Annunciator Backplane)

This pin combines with Annun0-Annun3 pins to form annunciator
driving part. When the annunciator circuit is enabled, it will output
square wave of Fannn Hz. It outputs low when oscillator is disabled.

Annun0 - Annun3 (Annunciator Frontplanes)

These pins are four independent annunciator driving outputs. The
enabled annunciator outputs from its corresponding pin a Fannn Hz
square wave which is 180 degrees out of phase with BP. Disabled
annunciator output from its corresponding pin an square wave in-
phase with BP. When all annunciators are disabled, all these pins
output OV.

AVDD and AVSS
AVDD is the positive supply to LCD bias voltage generator. AVSS
is ground.

vce

For using the Internal DC/DC Converter, a 0.1 yF capacitor from
this pin to AVSS is required. It can also be an external bias input pin
if Internal DC/DC Converter is not used. Power is supplied to the
LCD Driving Level Selector and HV Buffer Cell with this pin. Nor-
mally, this pin is not intended to be a power supply to other compo-
nent.

DVDD and DVSS
Power is supplied to the digital control circuit of the driver using
these two pins. DVDD is power and DVSS is ground.

MOTOROLA

 MC141535
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OPERATION OF LIQUID CRYSTAL DISPLAY DRIVER

Description of Block Diagram Module

Command Decoder and Command Interface )

This module determines whether the input data is interpreted as data
or command. Data is directed to this module based upon the input of
the D/C pin. If D/C high, data is written to Graphic Display Data RAM
(GDDRAM). D/C low indicates that the input at D0-D7 is interpreted as
a Command.

Reset is of same function as Power ON Reset (POR). Once RES
received the reset pulse, all internal circuitry will back to its initial status.
Refer to Command Description section for more information.

Column address 00H
(or column address AOH)

l

MPU Paraliel interface . . .

The parallel interface consists of 8 bi-directional data lines (D0-D7),
R/W, and the CS. The R/W input High indicates a read operation from
the Graphic Display Data RAM (GDDRAM). R/W input Low indicates a
write operation to Display Data RAM or Internal Command Registers
depending on the status of D/C input. The CS input serves as data
latch signal (clock). Refer to AC operation conditions and characteris-
tics section for Parallel Interface Timing Description. ’

Graphic Display Data RAM (GDDRAM)

The GDDRAM is a bit mapped static RAM holding the bit pattern to
be displayed. The size of the RAM is determined by number of row
times the number of column (161x17 = 2737 bits). Figure 5 is a
description of the GDDRAM address map. For mechanical flexibility, re-
mapping on both Segment and Common outputs are provided.

Column address AOH
(or column address 00H)

Row 0 l«— Com0
Lse (Com15)
Page 1
MSB
LSB
Page 2
\
Row 15 MSB Com15
(Com0)
Row16 LSB | | [ ] [ 11 [ [T T} ] fe Comig
Page 3 =) 2
Note: The configuration in parentheses represent the remapping of Commons and Columns ¢
Figure 5. Graphic Display Data RAM (GDDRAM) Address Map
MC141535 MOTOROLA
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Display Timing Generator

This module is an on chip low power RC oscillator circuitry (Figure 6).
The oscillator frequency can be selected in the range of 15kHz to
50kHz by external resistor. One can enable the circuitry by software
command. For external clock provided, feed the clock to OSC2 and
leave OSC1 open.

Annunciator Control Circuit

The LCD waveform of the 4 annunciators and BP are generated by
this module. The 4 independent annunciators are enabled by software
command. Annunciator is also controlled by oscillator circuit. Before
turning the annunciators on, the oscillator must be on in advance.
Annunciator output waveform shown in Figure 7.

Internal Oscillator selected l ‘

Oscillator enable

enable1 enable2
Oscillation Circuit

enable
Buffer

MC141535

Feedback for internal oscillator

For external CLK input

]

Figure 6. Oscillator Circuitry

- DVDD

BP||||||||||||

.- ! , -+ DVpp
ANNUN1 1 1 | |

- | -~ DVpp
ANNUNZ | | I ! I | | | | ‘ [

ANNUNT CFF

ANNUN2 OFF

1
I
! oNn
I on
\

o
z

|
!

i

|

!

ON !
,

1 1
1 1
' on oN ! oFF
1 3
| \

Figure 7. Annunciators and BP Display Waveform

LCD Driving Voltage Generator
This module generates the LCD voltage needed for display output. It
takes a single supply input and generate necessary bias voltages. It
consists of :
. Voltage Doubler and Voltage Tripler
To generate the Vcc voltage. Either Doubler or Tripler can be
enabled.
2. Voltage Regulator
Feedback gain control for initial LCD voltage. it can also be used with
external contrast control.
. Voltage Divider
Divide the LCD display voltage (Vi (2-V|¢) from the regulator output.
This is a low power consumption circuit which can save the most dis-
play current compare with traditional resistor ladder method.
All blocks can be individually turned off if external voltage generator
is employed.

-

w

Voltage Regulator

1. Self adjust temperature compensation circuitry
Provide 4 different compensation grade selections to satisfy the vari-
ous liquid crystal temperature grades. The grading can be selected
by software control.

2. Contrast Control Block
Software control of 16 voltage levels of LCD voltage.

17 Bit Latch / 161 Bit Latch

A 178 bit long register which carrys the display signal information.
First 32 bits are Common driving signals and other 161 bits are Seg-
ment driving signals. Data will be input to the HV-buffer Cell for bump-
ing up to the required level.

Level Selector

Level Selector is a control of the display synchronization. Display
voltage can be separated into two sets and used with different cycles.
Synchronization is important since it selects the required LCD voltage
level to the HV Buffer Cell for output signal voltage pump.

HV Buffer Cell (Level Shift-er)

HV Buffer Cell works as a level shift-er which translates the low volt-
age output signal to the required driving voltage. The output is shifted
out with an internal FRM clock which comes from the Display Timing
Generator. The voltage levels are given by the level selector which is
synchronized with the internal M signal.

Horizontal Shifter

This Horizontal Shifter shift the 16 rows of GDDRAM data horizon-
tally according to the value in the Horizontal Scroll register (which is
programmable through sending two commands consecutively). Such
Horizontal Shifter’s output will go to the 161 Bit Latch for display.

MOTOROLA
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LCD Panel Driving Waveform

The following is an example of how the Common and Segment drlv- COMo
ers may be connected to a LCD panel. The waveforms shown in Figure COoM1
8a, 8b and 8c illustrate the desired multiplex scheme. com

COoM3
COom4
COM5

COM6
com7

Figure 8a. LCD Display Example “0”

MC141535 ' MOTOROLA
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Figure 8b. LCD Driving Signal from MC141535

TIME SLOT

VLL6
VLLS
VLL4
VLL3
VLL2
VLL1
-VLL2
-VLL3
-VLL4
-VLL5
-VLL6

NN

Seg0-Com0
“OFF" Pixel

|

VLLE
VLL5
VLL4
VLL3
VLL2
VLL1
-VLL2
-VLL3
-VLL4
-VLL5
-VLL6

LI

Seg0-Com1
“ON” Pixel

L1l

Figure 8c. Effective LCD waveform on LCD pixel
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Command Description

Set Display On/Off (Display Mode / Stand-by Mode)

This Display On command turns the LCD Common and Segment
outputs on and has no effect to the annunciator output. This command
starts the conversion of data in GDDRAM to necessary waveforms on
the Common and Segment driving outputs. The on-chip bias generator
is also turned on by this command. (Note : “Oscillator On” command
should be sent before “Display On” is selected)

The Display Off command turns the display off and the states of the
LCD driver are as follow during display off :
1. The Common and Segment outputs are fixed at V| 4 (Vgs).
2. The bias Voltage Generator is turned off.
3. The RAM and content of all registers are retained.
4. IC will accept new commands and data.

The status of the Annunciators and Oscillator are not affected by this
command. The Oscillator is not affected by this command either.

Set Horizontal Scroll

This command is used in combination with “Set Horizontal Scroll
Value” to set the LCD driver to scroll the display horizontally. The next
input from DO to D7 is the scroll value. Note that Row16 is not affected
by this command.

Set Horizontal Scroll Value

When display is turned on, this command maps the selected
GDDRAM column (00H-AOH) to Seg0-Seg160. With scroll value equals
to 0, Col 0 of GDDRAM is mapped to Seg0 and Col 1 through Col 160
are mapped to Seg 1 through Seg160 respectively. With Scroll value
equals to 1, Col 1 of GDDRAM is mapped to Seg 0, then Col 2 through
Col 160 will be mapped to Seg 1 through Seg 159 respectively and Col
0 will be mapped to Seg 160. This command must issue follow com-
mand “Set Horizontal Scroll”.

Set GDDRAM Column Address

This command positions the address pointer on a column location.
The address can be set to location 00H-AQH (161 columns) in combina-
tion with the command “Set MSB of GDDRAM Column Address*. The
column address will be increased automatically after a read or write
operation. Refer “Address Increment Table” and command “Set
GDDRAM Page Address” for further information.

Set MSB of GDDRAM Column Address

This command set the MSB of the GDDRAM Column address
pointer. Set this MSB to 0 for accessing the 00H-7FH address; while set
this MSB to 1 for accessing 80H-AOH address

Set GDDRAM Page Address
This command positions the row address to 1 of 3 possible positions
in GDDRAM. Refer to figure 5.

Master Clear GDDRAM
This command is to clear the content of page 1 and 2 of the Display
Data RAM. Issue this command followed by a dummy write command.

Master Clear Icons

This command is used to clear the data in page 3 of GDDRAM which
storing the icon line data. Before using this command, set the page
address to page 3 by the command “Set GDDRAM Page Address”. A
dummy write data operation is also needed after this “Master Clear
Icons” command to make the clear icon action effective.

Set Display Mode
This command switch the driver to full display mode or icon display
mode. In low power icon mode, only icons (driven by COM16) and

annunciators are displayed.

Set Vertical Scroll Value

This command maps the selected GDDRAM row (00H-OFH) to
Com0. With scroll value equals to 0, Row 0 of GDDRAM is mapped to
Com0 and Row 1 through Row 15 are mapped to Com1 through
Com15 respectively. With scroll value equal to 1, Row 1 of GDDRAM is
mapped to Com0, then Row 2 through Row 15 will be mapped to Com1
through Com14 respectively and Row 0 will be mapped to Com15.

Save / Restore Column Address

With bit option = 1 in this command, the Save / Restore Column
Address command saves a copy of the Column Address of GDDRAM.
With a bit option = 0, this command restores the copy obtained from the
previous execution of saving column address. This instruction is very
useful for writing full graphics characters that are larger than 8 pixels
vertically.

Set Column Mapping
This instruction selects the mapping of GDDRAM to Segment drivers
for mechanical flexibility. There are 2 mappings to select:
1. Column 0 - Column 160 of GDDRAM mapped to Seg0-Seg160
respectively;
2. Column 0 - Column 160 of GDDRAM mapped to Seg160-Seg0
respectively. )
Detail information please refer to section “Display Output Descrip-
tion”.

Set Row Mapping

This instruction selects the mapping of GDDRAM to Common Drivers
for mechanical flexibility. There are 2 selected mappings:
1. Row 0 - Row 15 of GDDRAM to Com0 - Com15 respectively;
2. Row 0 - Row 15 of GDDRAM to Com15 - ComO respectively.

Output of Row 16 (Com16) will not be changed by this command.
See section “Display Output Description” for related information.

Set Annunciator Control Signals
This command is used to control the active states of the 4 stand
alone annunciator drivers.

Set Oscillator Enable / Disable
This command is used to either turn on or off the oscillator. For using

. internal or external oscillator, this command should be executed. The

setting for this command is not affected by command “Set Display On/
Off” and “Set Annunciator Control Signals”. See command “Set Exter-

nal / Internal Oscillator” for more information

Set External / Internal Oscillator

This command is used to select either internal or external oscillator.
When Internal Oscillator is selected, feedback resistor between OSC1
and OSC2 is needed. For external oscillation circuit, feed clock input
signal to OSC2 and leave OSC1 open.

Set Internal DC/DC Converter On/Off

Use this command selects the Internal DC/DC Converter to generate
the Vg from AVpp. Turn off the Internal DC/DC Converter if external
Vcc is provided.

Set Voltage Doubler / Tripler
Use this command to select Doubler or Tripler when the Internal DC/
DC Converter is on.

Set Internal Regulator On/Off
Choose bit option 0 to disable the Internal Regulator. Choose bit

MC141535
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option 1 to enables the Internal Regulator which consists of the internal
contrast control and temperature compensation circuits.

Set Internal Voltage Divider On/Off

If the Internal Voltage Divider is disabled, external bias can be used
for Vi1 to V|2, If the Internal Voltage Divider is enabled, the internal
circuit will generated the 1:5 bias driving voltage.

Set Internal Contrast Control On/Off

This command is used to turn on or off the internal control of delta
voltage of the bias voltages. With bit option = 1, the software selection
for delta bias voltage control is enabled. With bit option = 0, internal
contrast control is disabled.

Increase / Decrease Contrast Level
If the internal contrast contro! is enabled, this command is used to

contrast control circuitry is in use. After power-on reset, the contrast

level is the lowest.

Read Contrast Value

This command allows the user to read the current contrast level
value. With R/W input high (READ), D/C input low (COMMAND) and D7
D6 D5 D4 are equal to 0 0 0 1, the value of the internal contrast value
can be read on D0-D3 at the falling edge of CS.

Set Temperature Coefficient

A temperature gradient selector circuit controlled by two control bits
TC1 and TC2. This command can select 4 ditferent LCD driving voltage
temperature coefficients to match various liquid crystal temperature
grades. Those temperature coefficients are specified in Electrical Char-
acteristics Tables.

increase or decrease the contrast level within the 16 contrast levels. Set Display Frequency
The contrast level starts from the lowest value after POR. This command set the LCD panel display to normal frequency or
slow frequency.
Set Contrast Level }
This command is to select one of the 16 contrast levels when internal
COMMAND TABLE
Bit Pattern Command Comment
000000X1Xo Set GDDRAM Page Address Set GDDRAM Page Address using X XO as address bits.
X1Xo=00 : page 1 (POR)
X1Xo=01: page 2
X4Xo=10 : page 3
0001X3XoX1Xg Set/ Read Contrast Level With R/W pin input low, set one of the 16 available values to the
internal contrast register, using X3XoX1Xq as data bits. The con-
trast register is reset to 0000 during POR.
With R/W pin input high, and at the rising edge of CS, the value of
the internal contrast register will be latched out at D3 D2 D1 DO
pins, i.e. X3XoX¢Xg, at the rising edge of CS.
0010000Xq Set Voltage Doubler / Tripler Xo=0: Tripler enable (POR)
Xo=1: Doubler enable
0010001Xq Set Column Mapping X=0 : Col0 to Seg0 (POR)
Xp=1:Col0 to Seg160
0010010Xg Set Row Mapping Xo=0 : Row0 to Com0 \
Xg=1: Row0 to Com15
0010011Xg Set MSB of GDDRAM Column Xo=0:MSB = 0 (POR)
Address Xp=1:MSB=1
0010100Xq Set Display On/Off Xg=0: display off (POR)
Xp=1: display on
0010101X%p Set Internal DC/DC Converter On/Off | X5=0: Internal DC/DC Converter off(POR)
Xo=1: Internal DC/DC Converter on
0010110Xp Set Internal Regulator Enable Xo=0: Internal Regulator off (POR)
Xo=1: Internal Regulator on
When application uses a supply with built-in temperature compen-
sation, the regulator should be disabled .
0010111X, Set Internal Voltage Divider On/Off Xo=0: Internal Voltage Divider off(POR)
Xo=1: Internal Voltage Divider on .
When an external bias network is preferred, the vo)tage divider
. should be disabled.
0011000X, Set Internal Contrast Control On/Off Xo=0: Internal Contrast Control off(POR)
Xo=1: Internal Contrast Control on
Internal contrast circuits can be disabled if external contrast cir-
cuits is preferred.
MOTOROLA MC141535
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‘COMMAND TABLE

Bit Pattern Command Comment
0011001X, Set Display Mode B Xo=0 : normal display mode (POR)
C ' Xo=1 :icon display mode
0011010X, Save/Restore GDDRAM Column Xo=0 : restore address
: Address Xo=1: save address
00110110 Master Clear GDDRAM Master clear page 1 and 2 of GDDRAM, dummy. write is requnred
. Co ‘after this command. '
00110111 - Master Clear Icons Master Clear of GDDRAM page 3.
oL : ‘ GDDRAM page 3 should be selected and dummy write is required
0011100Xq ‘ Set Display Frequency = . Xo=0: normal display frequency
’ . Xg=1: slow display mode
0011101X, Reserved. X=0: normal operation (POH)

Xg=1: test mode
(Note: Make sure to set XO-O during application)

0100X3XoX1Xg Set Vertical Scroll Value Use X3X,X1Xq as number of lines to scroll.
Scroll value = 0 upon POR
01100A1ApXg Set Annunciator Control Signals A1A¢=00: select annunciator 1 (POR)

A4Aq=01: select annunciator 2

A1Ag=10: select annunciator 3

AAp=11: select annunciator 4

Xo=0: turn selected annunciator off (POR)
Xo=1: turn selected annunciator on

01101000 Set Horizontal Scrolling .~ ' | Set horizontal scrolling mode. The next input from DO~D7 will be

interpreted as the horizontal shift value.

011011XXo Set Temperature Coefficient X1X=00: 0.00% (POR)
. ’ X1Xp=01:-0.18%
X1Xo=10: -0.22%
X1 Xg=11:-0.35%
0111000Xy . Increase / Decrease Contrast Value Xo=0: Decrease by one level
’ ) ) Xg=1: Increase by one level
(Note: increment/decrement wraps round among the 16 contrast
levels. Start at the lowest level when POR.

0111001X, Reserved

0111010X, Reserved

0111011X%, Reserved Xo=0: normal operation (POR)
Xq=1: test mode select
(Note: Make sure to set Xq=0 during application)

0111100X%, Reserved

0111101X, Set External / Internal Oscillator Xp=0: External oscillator (POR)
Xo=1: Internal oscillator.
For internal oscillator place a resistor between OSC1 and OSC2.
For external oscillator mode, feed clock input to OSC2.

0111110X, Reserved .

0111111X, Set Oscillator Enable / Disable Xo=0: oscillator master disable (POR)
Xo=1: oscillator master enable.
This is the master control fro oscillator circuitry. This command
should be issued after the “External / Internal Oscillator” com-

‘ mand.
1XeX5X4X3XoX1Xo . Set GDDRAM Column Address Set GDDRAM Column Address.
) Use XeX5X4X3XoX1Xg as address bits.
X7XeX5X4X3XaX1Xg Set Horizontal Scroll Value To set the amount of Horizontal scroll
MC141535 MOTOROLA
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Data Read / Write

To read data from the GDDRAM, input High to RW pin and D/C pin. Data is valld at the falling edge of C_ S. And the GDDRAM column
address pointer will be increased by one automatically.

To write data to the GDDRAM, input Low to R/W pin and High to D/C pin. Data is latched at the falling edge of CS. And the GDDRAM column
address pointer will be increased by one automatically.

No auto address pointer increment will be performed for the Dummy Write Data after Master Clear GDDRAM. (Refer to the “Commands
Required for R/W Actions on RAM” Table)

Address Increment Table (Automatic)

D/C RW [Comment Address Increment - Remarks
o] 0 Write Command No
0 1 Read Command No "1
1 0 Write Data Yes 2
1 1 Read Data Yes

Address Increment is done automatically data read write. The column address pointer of GDDRAM™ is affected.
Remarks : *1. Refer to the command “Read Contrast Value”.

*2, If write data is issued after Command Clear RAM, Address increase is not applied.

*3. Column Address will be wrapped round when overflow. .

Commands Required for Display Mode Setup

Display Mode Commands Required
Normal Display Mode Set External / Internal Oscillator (0111101Xp)*
Set Oscillator Enable, O1111111)*
Set Display Mode (Normal Display) (00110010)*
Set Display On. (00101001)*
Icon Display Mode Set External / Internal Oscillator (0111101X,)*
Set Oscillator Enable, (01111111)*
Set Display Mode (lcon Display) (00110011)*
Set Display On. (00101001)*
Annunciator Display Set External / Internal Oscillator (0111101X)*
Set Oscillator Enable, (01111111)*
Set Annunciator On/Off. (01100A1AgXo)*
Standby Mode 1. Set Display Off, (00101000)*
Set Oscillator Disable. (01111110)*
Standby Mode 2. Set External Oscillator (01111011)*
Set Display Off, (00101000)*
Set Oscillator Enable. (01111111)*
Set Annunciator On / Off, (01100A4AoXo)"
Standby Mode 3. Set Internal Oscillator (01111010)*
Set Display Off, (00101000)*
Set Oscillator Enable. (01111111)*
Set Annunciator On / Off, (01100A1AgXo)*

Other Related Command with Display Mode : Set Segment Mapping, Set Common Mapping, Set Vertical Scroll Value.

Commands Related to Voltage Generator :

Set Oscillator Enable / Disable, Set Internal Regulator On/Off, Set Temperature Coefficient, Set Internal Contrast Control On/Off, Increase /
Decrease Contrast Level, Set Internal Voltage Divider On/Off, Set Display On/Off, Set Reference Voltage Generator, Set Contrast Level, Set
Voltage Doubler / Tripler

MOTOROLA MC141535
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Commands Required for R/W Actions on RAM

R/W Actions on RAMs

Commands Required

{000000X;Xo)*

Read/Write Data from/to GDDRAM. Set GDDRAM Page Address
Set MSB of GDDRAM Column Address (0010011Xp)*
Set GDDRAM Column Address (1XgX5X4X3X2X 1 X0)*
Read/Write Data (X7XgX5X4X3X2X1X0)
Save/Restore GDDRAM Column Address. Save/Restore GDDRAM Column Address. (0011010X,)
Increase GDDRAM Address. Dummy Read Data (XpXeX5X4X3X2X1X0)
e Set GDDRAM Column Address (1XgX5X4X3X2X 1 X0)
Master Clear GDDRAM Master Clear GDDRAM (00110110)
: Dummy Write Data (X7XgX5X4XaXaX1X0)
Master Clear Icons Set Clear Page 3 of GDDRAM (oooc0010)*
Master Clear Icons (oo110111)
. Dummy Write Data (X7XeX5X4X3X2X1X0)
Horizontal Scrolling with Writing GDDRAM Set GDDRAM Page 1 (00000000)*
i Set MSB of GDDRAM Column Address (0010011Xg)"
Set GDDRAM Column Address (1XgX5X4X3X2X 1 X0)*
Write Data . . : (X7XgX5X4X3X2X1X0)
Set GDDRAM Page 1 (00000001)*
Set MSB of GDDRAM Column Address (0010011Xo)*
Set GDDRAM Column Address (1XgX5X4X3X2X1 X0)*
Write Data (X7XgX5X4X3X2X1X0)
Set Horizontal Scrol! .., (01101000)
Set Scroll Value, (00000001)

* No need to resend the command again if it is set previously.

The read / write action tothe Display Data RAM does not depend on the display mode. This means the user can change the RAM content
whether the target RAM content is being displayed.

MC141535
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Display Output Description by Working Example

This is an example of output pattern on the LCD panel. The follow- COMo
ing table is a description of what is inside the CODRAM, CGRAM and
GDDRAM. Figure 9b and 9c are the output pattern on the LCD display
with different command enabled.
(Display Mode, Page Swapping, Scrolling, Column Re-map and Row
Re-map)
COM16 —
SEGO SEG160
Figure 9a
Content of GDDRAM
PAGE1 |5 A 5 A5 A5 A - - - - = - - =~ - - - - --00000D0TD00
5 A5A5A5A- - - - - ~ - = - - - - - -000000O0OO0O0
PAGE2 |3 3 CcC 33 CC - -~ - = = = = - - - - --33cCcc33cCcc
3 3 cc33cCccC-=---=--=-= == - - - - - -33CC33°¢CC
PAGE3 (0 0 0 0 0 0 0 0 - - - - - - - = - - - - - -000002000
000111100 ---- - - - - - -~ - - - =-00111000

Column remap enable
Row re-map disable

Column remap disable
Row re-map disable

Column remap disable
Row re-map disable
Scroll Value = OFh

Column remap disable
Row re-map enable

Column remap disable
Row re-map disable
Horizontal scroll = 160

Column remap disable
Row re-map disable
Horizontal scroll = 1

Column remap enable
Row re-map disable
Horizontal scroll = 160

Column remap enable
Row re-map disable
Horizontal scroll = 1

Figure 9¢c. Examples of LCD display with different command enabled
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Application Circuit

16/17 MUX Display with Analog Circuitry enabled, Tripler enabled and 1:5 bias

_0'11“’: 0.1uF 0ApF 0.1uF 01pF O.AuF O1pF O.1uF
1
| =1 1 4 1L 1L L
DVSS DVDD AVDD AVSS VLL2 VLL3 VLL4 VLL5 VLL6 VCC
COMO to
AES comie [
D/IC
SEGO to ToLCD
CMOS TS MC141535 SEG160 [ [ Panel
MPU/
MCU with
Parallel . -
Interface RW An:t;r;osg —
D0~D7
0SC2 0SC1 C+ GC-VF VR C2P C2N C1P CIN
EPROM RAM | I L J L J L J
1MQ 0.1uF == 0.1pF 0.1uF
4.7uF
200kQ
Remark :
1. VR and VF can be left open Regulator Disable.
2. TS pin low at Standby Mode.
MC141535 MOTOROLA
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Application Circuit

16/17 MUX Display with Analog Circuit disabled, External Bias

DVpp AVpp
Vee
0.1pF 0.1uF o T
I AAA~
DVSS DVDD AVDD DVSS VLL2 VLL3 VLL4 VLL5 VLL6 VCC
COMO to
RES COM16 ’
D/C
SEGO to To LCD
CMOS cs MC141535 SEG160 ’ Panet
MPU/ . i
MCU with
Parallel .
Annun 0-3
Interface RW and BP -
D0~D7
0sSc2 OSCi1 C+ C- VF VR C2P C2N c1P CiIN
EPROM . RAM
External Clock
Remark :
1. VR and VF can be left open Regulator Disable.
2. CS pin low at Standby Mode.
MOTOROLA MC141535
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MC141535 Die Pad Co-ordinate

Pin | Name | x{um y (um) Pin T Name | x{um)} | y{um) Pin | Name x (um) y(um) | Pin | Name X {um) 'y (um)
1 N/C -5151.88 | -1390.83 | 71 OSC2 | 2038.33 | -1288.71 | 141 | SEG28 | 3931.25 | 1275.7/6 | 211 | SEGO8 | -1404.15 | 1275.76
2 N/C -5050.13 | -1390.83 | 72 AVDD | 2140.08 | -1288.71 | 142 | SEG29 | 3855.03 | 1275.76 | 212 | SEG99 | -1480.37 | 1275.76
3 N/C -4948.38 | -1390.83 | 73 N/C 2269.58 | -1390.83 | 143 | SEG30 | 3778.81 | 1275.76 | 213 G100| -1556.59 | 1275.76
4 N/C -4846.63 | -1390.83 | 74 N/C 23871.33 | -1390.83"| 144 | SEG31 | 370259 { 1275.76 | 214 | SEG101| -1632.81 | 1275.76
5 N/C -4744.88 | -1390.83 [ 75 N/C 2473.08 | -1390.83 | 145 | SEG32 | 3626.37 | 1275.76 | 215 {SEG102| -1709.03 | 1275.76
6 N/C -4643.13 | -1390.83 | 76 N/C 257483 | -1390.83 | 146 | SEG33 | 3550.15 | 1275.76 | 216 | SEG103| -1785.25 [ 1275.76
7 N/C -4541.38 | -1390.83 | 77 N/C 267658 | -1390.83 | 147 | SEG34 | 347393 | 1275.76 | 217 [SEGT04[ -1861.47 | 1275.76
8 | DVDD [-4264.62 | -1307.21 | 78 N/C 2778.33 | -1390.83 | 148 | SEG35 [ 3397.71 | 1275.76 | 218 | SEG105| -1937.69 | 1275.76
9

10

11

12

13

RES | -4183.22 | -1307.21 | 79 N/C [ 2880.08 | -1390.83 | 149 | SEG36 | 3321.49 | 1275.76 | 219 | SEGI06| -2013.91 | 1275.76
D/C | -4101.82 | -1307.21 | 80 N/C ™ | 2981.83 | -1390.83 | 150 | SEG37 | 3245.27 | 1275.76 | 220 | SEG107| -2090.13 | 1275.76
RW [ -4020.42 | -1307.21 | 81 N/C— | 308358 | -1390.83 | 151 | SEG38 | 3169.05 | 1275.76 | 221 | SEG108| -2166.35 | 1275.76
CS  [-3939.02 [ -1307.27 | 82 JC | 3185.33 | -1390.83 | 152 | SEG39 | 3092.83 | 1275.76 | 222 |SEG109| -2242.57 | 1275.76
DVSS [-3857.62 | -1307.21 | 83 NIC 287.08 | -1390.83 | 1563 | SEG40 | 3016.61 | 1275.76 | 223 |SEGI10| -2318.79 | 1275.76
17 D0 [-3776.22 | -1307.21 | 84 N/C | 3388.83 | -1390.83 | 154 | SEGAT | 2940.39 | 1275.76 | 224 | 11| -2395.01 | 1275.76
15 D1 | -369482-| -1307.21 | 85 N/C | 349058 | -1390.83 | 155 | SEGA2 | 2864.17 | 1275.76 | 225 | SEG112| -2471.23 | 1275.76
16 D2 [ -3613.42 | -1307.21 | 86 N/C | 3592.33 | -1390.83 | 156 | SEGA3 | 2787.95 | 1275.76 | 226 | SEG113] -2547.45 | 1275.76

17 b3 -3532.02 | -1307.21 | 87 N/C 3694.08 | -1390.83 | 157 | SEG44 | 2711.73 7| 1275.76 | 227 | SEG114] -2623.67 | 1275.76
18 D4 -3450.62 [ -1307.21 | 88 NIC 3795.83 | -1390.83 | 158 | SEG45 | 2635.51 | 1275.76 | 228 | SEG115[ -2699.89 | 1275.76
19 D5 -3369.22 | -1307.21 | 89 N/C 3897.58 | -1390.83 | 159 | SEG46 | 2559.29 | 1275.76 | 229 [SEG116]| -2776.11 | 1275.76
20 D6 -3287.82 [ -1307.21 [ 90 N/C 3999.33 | -1390.83 | 160 [ SEG47 | 2483.07 | 1275.76 | 230 | SEG117[ -2852.33 | 1275.76
21 D7 -3206.42 | -1307.21 [ 91 N/C 4101.08 | -1390.83 | 161 | SEG48 | 2406.85 | 1275.76 | 231 [SEGT18] -2928.55 | 1275.76
22 N/C~1-3054.721-1390.83 | 92 N/C 4202.83 | -1390.83 | 162 | SEG49 | 2330.63 | 1275.76 | 232 [ SEG119] -3004.77 [ 1275.76
23 N/C | -2952.97 | -1390.83 | 93 N/C 4304.58 |-1390.83 | 163 | SEG50 | 2254.41 | 1275.76 | 233 | SEG120[ -3080.99 | 1275.76

24 N/C~ | -2851.22 | -1390.83 | 94 N/C 4406.33 | -1390.83 | 164 | SEG51 | 2178.19 | 1275.76 | 234 |SEG121] -3157.21 | 1275.76
25 N/C | -2749.47 | -1390.83 | 95 N/C 4508.08 | -1390.83 | 165 { SEG52 | 2101.97 | 1275.76 | 235 [SEG122] -3233.43 | 1275.76
26 N/C~ [-2647.72 [ -1390.83 [ 96 IC 4609.83 | -1390.83 | 166 | SEG53 | 2025.75 | 1275.76 | 236 | SEG123| -3309.65 [ 1275.76
27 N/C~ ]-2545.97 {-1390.83| 97 N/C 471158 | -1390.83 | 167 | SEG54 | 1949.53 | 1275.76 | 237 | SEG124| -3385.87 | 1275.76
28 N/C™ | -2444.22 [ -1390.83 | 98 N/C 4813.33 | -1390.83 | 168 | SEG55 | 1873.31 | 1275.76 | 238 | SEG125| -3462.09 | 1275.76
29 N/C [ -2342.47 [ -1390.83 [ 99 N/C 4915.08 | -1390.83 | 169 | SEG56 | 1797.09 | 1275.76 | 239 | SEG126] -3538.31 | 1275.76
30 N/C~ | -2240.72 | -1390.83 [ 100 N/C 5016.83 | -1390.83 | 170 | SEG57 | 1720.87 | 1275.76 | 240 G127{ -3614.53 | 1275.76
31 N/C ] -2138.97 | -1390.83 | 101 BP 5163.35 | -1160.69 | 171 | SEG58 | 1644.65 | 1275.76 | 241 [SEG128] -3690.75 | 1275.76
32 | N/C [-2037.22[-1390.83 | 102 | ANN2 | 5163.35 | -1084.47 | 172 | SEG59 | 1568.43 | 1275.76 | 242 [ SEG129] -3766.97 | 1275.76
33 N/C~ 1 -1935.47 [ -1390.83 | 103 | ANN3 | 5163.35 | -1008.25 | 173 | SEG60 | 1492.21 | 1275.76 | 243 [ SEG130( -3843.19 [ 1275.76
34 N/C | -1833.72 | -1390.83 | 104 [ COM16 | 5163.35 | -932.03 | 174 | SEG61 | 1415.99 | 1275.76 | 244 | SEG131[ -3919.41 [ 1275.76
35 N/C | -1731.97 1 -1390.83 | 105 | COM15]| 5163.35 | -855.81 | 175 | SEG62 | 1339.77 | 1275.76 | 245 [SEG132] -3995.63 | 1275.76
36 N/C]-1630.22 | -1390.83 | 106 M14 7| 5163.35 | -77959 | 176 | SEG63 | 1263.55 | 1275.76 | 246 | SEG133| -4071.85 [ 1275.76

37 N/C | -1528.47 [ -1390.83 | 107 OM13 ] 5163.35 | -703.37 | 177 | SEG64 | 1187.33 | 1275.76 | 247 | SEG134| -4148.07 | 1275.76

38 N/C | -1426.72 ] -1390.83 | 108 | COM12| 5163.35 | -627.15 | 178 | SEG65 | 1111.11 | 1275.76 | 248 |SEG135| -4224.29 | 1275.76

39 N/C [ -1324.97 [ -1390.83 | 709 | COMT1 | 5163.35 | -550.93 | 179 | SEG66 | 1034.89 | 1275.76 | 249 [SEG136]| -4300.51 | 1275.76
40 N/C [ -1223.22 [-1390.83 [ 110 | COM10 | 5163.35 | -474.71 | 180 | SEG67 | 958.67 | 1275.76 | 250 |SEG137]| -4376.73 | 1275.76

41 N/C -1121.47 |-1390.83 | 111 OM9 | 5163.35 | -39849 | 181 | SEG68 | 882.45 | 1275.76 | 251 | SEG138][ -4452.95 [ 1275.76

42 N/C 1-1019.72{-1390.83 | 112 | COM8 | 5163.35 | -322.27 | 182 | SEG69 | 806.23 | 1275.76 | 252 [ SEG139| -4529.17 | 1275.76
43 N/C -917.97 [ -1390.83 [ 113 | SEGO | 5163.35 | -206.09 | 183 { SEG70 [ 730.01 1275.76 | 253 | SEG140]| -4605.39 | 1275.76
44 N/C -816.22 [ -1390.83 | 114 | SEGT | 5163.35 | -129.87 | 184 | SEG71 | 653.79 | 1275.76 | 254 [SEG141] -56163.35 | 1242.09
45 N/C 71447 | -1390.83 | 115 | SEG2 | 5163.35 | -53.65 185 | SEG72 | 577.57 | 1275.76 | 255 | SEG142]| -5163.35 | 1165.87

46 N/C | -612.72 | -1390.83 | 116 | SEGS | 5163.85 | 22.57 | 186 | SEG73 | 501.35 | 1275.76 | 256 | SEG143| -5163.35 | 1089.65
47 N/C | -510.97 | -1390.83 | 117 | SEG# | 5163.95 | 98.79 | 187 | SEG/4 | 425.13 | 1275.76 | 257 |SEGI44| -5163.35 | 1013.43
48 N/C | -409.22 | -1390.83 | 118 | SEG5 | 5163.35 | 175.01 | 188 | SEG/5 | 348.91 | 1275.76 | 258 | SEG145] -5163.35 | 937.21
49 N/C | -307.47 | -1390.83 | 119 EG6 | 5163.35 | 251.23 | 189 | SEG/6 | 272.69 | 1275.76 | 259 | SEG146] -5163.35 | 860.99
50 N/C | -205.72 | -1390.83 | 120 | SEG7 | 5163.35 | 327.45 | 190 | SEG77 | 196.47 | 1275.76 | 260 | SEGi47| -5163.35 | 784.77
51 | AVSS | -57.72 | -1288.71 | 121 | SEGS | 5163.35 | 403.67 | 191 | SEG/8 | 120.25 | 1275.76 | 261 | SEG148] -5163.35 | 708.55
52 VF 44,03 | -1288.71 | 122 | SEGY | 5163.35 | 479.89 | 192 | SEG/9 | 44.03 | 1275.76 | 262 |SEGI49] -5163.35 | 632.33
53 | AVSS | 145.78 | -1288.71 | 123 | SEG10 | 5163.35 | 556.11 | 193 | SEGB0 | -32.19 | 1275.76 | 263 | SEG150| -5163.35 | 556.11
54 | C2P | 24753 | -1288.71 | 124 | SEG11 | 5163.35 | 632.33 | 194 | SEGBI1 | -108.41 | 1275.76 | 264 | SEGI51| -5163.35 | 479.89
55 C2N 34028 | -1288.71 | 125 | SEG12 | 5163.35 | 70855 | 195 | SEGB2 | -184.63 | 1275.76 | 265 | SEG152| -5163.35 | 403.67
56 | C2N | 451.03 | -1288.71 | 126 | SEG13 | 5164.35 | 784.77 | 196 | SEGB3 | -260.85 | 1275.76 | 266 G153| -5163.35 | 327.45
57 C1P | 552.78 | -1288.71 | 127 | SEG14 | 5163.35 | 860.99 | 197 G84 | -337.07 | 1275.76 | 267 |SEGI54| -5163.35 | 251.23
58 | CIN | 654.53 | -1288.71 | 128 | SEG15 | 5163.35 | 937.21 | 198 | SEGB5 | -413.29 | 1275.76 | 268 | SEG155| -5163.35 | 175.01
59 | CIN | 756.28 | -1288.71 | 129 | SEG16 | 5163.35 | 1013.43 | 199 | SEGB6 | -489.51 | 1275.76 | 269 | SEG156| -5163.35 | 98.79
60 C+ 58.03 | -1288.71 | 130 | SEG17 | 5163.35 | 1089.65 | 200 | SEG87 | -565.73 | 127/5.76 | 270 |SEG157| -5168.35 | 22.57
61 C- | 959.78 | -1288.71 | 131 G18 | 5163.35 | 11656.87 | 201 | SEGBB | -641.95 | 1275.76 | 271 |SEGI58| -5163.35 | -53.65
62 VR 1122.58 | -1288.71 | 132 | SEG19 | 5163.35 | 1242.00 | 202 | SEGBY | -718.17 | 1275.76 | 272 | SEG159| -5163.35 | -129.87
63 | VIL2 [ 122433 | -1288.71 | 133 | SEG20 | 4541.01 | 1275.76 | 203 | SEGO0 | -794.39 | 1275.76 | 273 | SEGI60] -5163.35 | -206.09
64 | VLL3 | 1326.08 | -1288.71 | 134 | SEG21 | 4464.79 | 1275.76 | 204 | SEGY1 | -870.61 | 1275.76 | 274 | COMI6 | -5163.35 | -322.27
65 | VLL4 | 1427.83 | -1288.71 | 135 | SEG22 | 4388.57 | 1275.76 | 205 | SEGO2 | -946.83 | 1275.76 | 275 | COMO | -5163.35 | -398.49
66 | VLL5 | 152958 | -128B8.71 | 136 | SEG23 | 4312.35 | 1275.76 | 206 | SEGO3 | -1023.05 | 1275.76 | 276 | COMI | -5163.35 | -474.71

67 VLL6 | 1631.33 | -1288.71 | 137 4| 423613 | 1275.76 | 207 | SEGO4 | -1099.27 | 1275.76 | 277 | COM2 | -5163.35 | -550.93
68 | OSC1 | 1733.08 | -1288.717 | 138 | SEG25 | 4159.91 | 1275.76 | 20 SEG95 | -1175.49 | 1275.76 | 278 | COM3 | -5163.35| -627.15
69 VCC | 1834.83 [ -1288.71 | 139 | SEG26 | 4083.69 | 1275.76 | 209 | SEGO6 | -1251.71 | 1275.76 | 279 | COM4 | -5163.35 | -703.37
70 | OSC2 | 1936.58 | -1288.71 | 140 | SEG27 | 4007.47 | 1275.76 | 210 EG97 | -1327.93 ] 1275.76 | 280 | COM5 | -5163.35 | -779.59

- 1281 | COM6 | -5163.35 | -855.81

Die Size : 431.5 mil x 129.53 mil 282 | COM7 | -5163.35 | -932.03
283 | ANN1 [ -5163.35 [ -1008.25
Note : Do not connect the NC pin to external circuit 284 | ANNO | -5163.35 | -1084.47

285 BP -5163.35 | -1160.69

MC141535 MOTOROLA
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

LCD Segment/ Common Driver
CMOS

MC141537 is a CMOS LCD Driver which consists of 3 annunciator out-
puts and 136 high voltage LCD driving signals (16 common and 120 seg-
ment). It has parallel interface capability for operating with general MCU.
Besides the general LCD driver features, it has on chip LCD bias voltage
generator circuit such that limited external component is required during ap-
plication.

Single Supply Operation, 2.4V -3.5V

Operating Temperature Range : -30°C to 85°C

Low Current Stand-by Mode (<500nA)

On Chip Bias Voltage Generator

8 bit Parallel Interface

Graphic Mode Operation

On Chip 240 byte Graphic Display Data RAM

Master clear RAM

120 Segment Drivers, 16 Common Drivers

1/16 multiplex ratio

1:5 bias ratio

Re-mapping of Row and Column Drivers

Three stand alone Annunciator driver circuits
Selectable LCD Drive Voltage Temperature Coefficients
16 level Internal Contrast Control

External Contrast Control

Available in TAB (Tape Automated Bonding) Package

® o o ¢ ¢ o 6 0 0 ¢ 0 o ¢ o o o o

REV 6
3/97

MC141537

MC141537T1

m

ORDERING INFORMATION

MC141537T1 TAB
MCC141537 Bare Die

MOTOROLA

MC141537
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BLOCK DIAGRAM

Annun0
to Como to
gp  Amnun2 Comi5  Seg0-Segi19
. I i— Level
Annunciator HV Buffer Cell Level Shifter Selector
Control
Circuit R
U N P : Vi
: o
Vie
16 Bit .
Latch 120 Bit Latch Voc
-——— Vpj
osct Display | | - Ve
Timing -
0sc2 Generator LCD Driving | «—t—— C2P
» Voltage Generator - C2N
Yt
' Tripler, ~5— CiP
N Doubler, ~—f— CIN
\ Voltage Regulator,
Voltage Divider
GDDRAM Contrast Control,
16X 120 Bits Temperature |l —_ C+
Compensation
. _- C-
AVgs
Command Decoder
DVpo —
Command Interface Parallel Interface
RES DIC CS RW Do~D7
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MCC141537 DIE PIN ASSIGNMENT
Refer to the MC141537 Die Pad Coordinate for Pin Name Assignment
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MAXIMUM RATINGS* (Voltages Referenced to Vgg, Ta=25°C)

Symbol Parameter Value Unit
AVpp,DVpp | Supply Voltage -0.3to0 +4.0 \Y
Veo Vgg-0.3to Vgg+10.5| V
Vin Input Voltage Vgg-0.3 to Vpp+0.3 \

[ Current Drain Per Pin Excluding Vpp and Vgg 25 mA

Operating Temperature

Ta1 For Using Internal Oscillator -25to +85 ‘C

Taz For Using External Oscillator -30 10 +85 ‘C

Tstg Storage Temperature Range -65 to +150 ‘C

* Maximum Ratings are those values beyond which damage to the device may occur. Functional

operation should be restricted to the limits in the Electrical Characteristics tables or Pin Descrip-

tion section.

Vss = AVSS = DVSS (DVSS =Vss of Digital circuit, AVSS = Vss of Analogue Circuit)
Vpp = AVpp = DVpp (DVpp =Vppof Digital circuit, AVpp = Vpp of Analogue Circuit)

ELECTRICAL CHARACTERISTICS (Voltage Referenced to Vgg, Vpp=2.4 0 3.5V, Tp=25°C)

This device contains circuitry to protect the inputs
against damage due to high static voltages or elec-
tric fields; however, it is advised that normal precau-
tions to be taken to avoid application of any voltage
higher than maximum rated voltages to this high
impedance circuit. For proper operation it is recom-
mended that Vi, and V,, be constrained to the
range Vgg < or = (Vi or Vo) < or = Vpp. Reliability
of operation is enhanced if unused input are con-
nected to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left
open. This device may be light sensitive. Caution
should be taken to avoid exposure of this device to
any light source during normal operation. This
device is not radiation protected.

Min Typ Max | Unit

Symbol Parameter Test Condition
DVpp | Logic Circuit Supply Voltage Range (Absolute value referenced to Vgg) 24 3.0 3.5 \
AVpp | Voltage Generator Circuit Supply Voltage Range 24 - 3.5 \
lac | Access Mode Supply Current Drain Vpp=3.0V, Internal DC/DC Converter On, Tripler 0 200 300 nA
(AVpp + DVpp Pins) Enabled, Annunciator On/Off, R/W accessing,
Teye=1MHz, Osc. Freq.=38.4KHz, Display On.
Alpp | Display Mode Supply Current Drain Vpp=3.0V, Internal DC/DC Converter On, Tripler 0 70 150 | wA
(AVpp Pin) Enabled,
. Annunciator On/OFF, R/W halt, Osc. Freq.=38.4KHz,
Display On.
Dipp | Display Mode Supply Current Drain 0 6 15 MA
(DVpp Pin) Vpp=3.0V, Internal DC/DC Converter On, Tripler
Enabled, Annunciator On/OFF, R/W halt, Osc.
Freq.=38.4KHz, Display On. .
lsgy | Standby Mode Supply Current Drain : 0 300 500 nA
(AVpp + DVpp Pins) Vpp=3.0V, Display off, Oscillator Disabled, R/W halt.
Isg2 [ Standby Mode Supply Current Drain Vpp=3.0V, External Oscillator, Oscillator Enabled, 0 1 2 MA-
(AVpp + DVpp Pins) Display Off, R/W halt, Ext Osc. Freq.=38.4KHz.
Isgs | Standby Mode Supply Current Drain VDD=3.OV, Internal Oscillator, Oscillator Enabled, 0 5 10 RA

(AVDD + DVDD Pins)

_| Display Off, R/W halt, Int Osc. Freq.=38.4KHz.

Veet | LCD Driving Voltage Generator Output
(Vec Pin)

Veee | LCD Driving Voltage Generator Output

Display On, Internal DC/DC Converter Enabled,
Tripler Enabled, Osc. Freq.=38.4KHz, Regulator -

3AVpp | 105 | V

Enabled, Divider Enabled.

Display On, Internal DC/DC Converter Enabled,

(Vg Pin) Doubler Enabled, Osc. Freq.=38.4KHz, - 2*AVpp 7 '
Regulator Enabled, Divider Enabled.
Vico [|LCD Driving Voltage Input (Vg Pin) Internal DC/DC Convegter Disabled. AVpp - 10.5 \
Vont | Output High Voltage lout=100pA 0.9*Vpp - Vpp \
(D0-D7, Annun0-2, BP, 0SC2)
VoL1 | Output Low Voltage lout=100pA ] - 0.1"Vpp | V
(D0-D7, Annun0-2, BP, OSC2)
VRy | LCD Driving Voltage Source (Vg Pin) Regulator Enabled (VR voltage depends on TC and [o] - Veo \
Int/Ext Contrast Control )
Vg2 | LCD Driving Voltage Source (Vg Pin) Regulator Disable. - Floating - \
MOTOROLA MC141537
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ELECTRICAL CHARACTERISTICS (Voltage Referenced to Vgs, Vpp=2.4 to 3.5V, Ta=25'C)

Symbol : Parameter Test Condition Min Typ Max | Unit
ViHs | Input high voltage 0.8*Vpp - Vop \
(RES, 0SC2, TS, D0-D7, RW, D/C, 0OSC1)
Vi1 |!nput Low voltage 0 - 0.2'Vpp | V
(RES, 0Sc2, TS, Do-D7, RW, D/C, 0OSC1)
Ve | LCD Display Voltage Output Voltage Divider Enabled - Vr - v
Vis MViLe Vis Vs Vira Vie Pins) - 0.8"Vg - v
ViLa - 0.6*Vg - \
VLLS - 0.4'Vn - Vv
vLL2 - 0.2*VR - V
Ve | LCD Display Voltage Input External Voltage Generator, Voltage Divider Disable 0 - Vee \
Vis (Ve Vs Via Vs, Vire Pins) 0 - Vee |V
Vig 0 - Vee |V
Vi 0 - Vee | V
Vi Y - Vee |V
lon | Output High Current Source 50 - - HA
(D0-D7, Annun0-2, BF, 0SC2) Vout=Vpp-0-4V
loo | Output Low Current Drain . - - -50 HA
(D0-D7, Annun0-2, BP, 0SC2) o | Vours0.4V
loz | Output Tri-state Current Drain Source
(D0-D7, 0SC2) -1 - 1 pA
/iy . | Input Current -1 - 1 HA
. (RES, 0SC2, CS, D0-D7, RW, D/C , OSC1)
Ron | Channel resistance between LCD driving signal | During Display on, 0.1V apply between two termi- - - 10 KQ
pins (SEG and COM) and driving voltage input | nals, VCC within operating voltage range
pins (Vi 2 toVy ) ‘
Vgg | Memory Retention Voltage (DVpp) Standby mode, retain all internal configuration and 2 - - \Y
RAM data
Cin | Input Capacitance - 5 7.5 pF
(OSC1, 0SC2, ali logic pins)
Temperature Coefficient Compensation*
PTCO Flat Temperature Coefficient TC1=0, TC2=0, Voltage Regulator Disabled - 0.0 - %
PTC1 Temperature Coefficient 1* TC1=0, TC2=1, Voltage Regulator Enabled - -0.18 - %
PTC2 Temperature Coefficient 2* TC1=1, TC2=0, Voltage Regulator Enabled - -0.22 - %
PTC3 Temperature Coefficient 3* TC1=1, TC2=1, Voltage Regulator Enabled - -0.35 - %
Ven | Internal Contrast Control Regulator Enabled, Internal Contrast control - +18 - %
(Vg Output Voltage) Enabled. (16 Voltage Levels Controlled by Software.
Each level is typically 2.25% of the Regulator Output
Voltage. )
*The formula for the temperature coefficient (TC) is:
/Yy VR at 50°C - VR at0’C 1 '
TC%)= 50C-0C X Vpatasc X100%
MC141537 MOTOROLA

3-224




AC ELECTRICAL CHARACTERISTICS (T5=25°C, Voltage referenced to Vgg, AVpp=DVpp=3V)

Symbol Parameter Test Condition Min Typ Max Unit

Fosc | Oscillation Frequency of Display timing generator | 60Hz Frame Frequency - 38.4 - KHz
Either External Clock Input or Internal Oscillator
Enabled

Fann | Backplane Frequency of Annunciator 50% duty cycle - 30 - Hz

(Annuno0-2, BP) Annunciator on, Fosc=38.4KHz

Feam | Frame Frequency Graphic Display Mode, Timing generator freq. within - 60 - Hz
specification

OSC | Internal Oscillation Frequency with different value | Internal Oscillator Enabled, Vpp within operation See Figure 1 for the relationship

of feedback resistor range

Note: Fppu=Fosc/640
FANN=FOSC/1 280

280k
260k \T
o T T < < < <
70k . D —
Oscillation : \
Frequency '
(Hz) S0k . \
30k e
10k .
100k 500k 1.0M 1.5M 2.0M
Resistor Value between OSC1 and OSC2 (Q)
Figure 1. Internal Oscillator Frequency Relationship with External Resistance
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TABLE 2. Parallel Timing Characteristics (Write Cycle) (Ty=-30 to 85°C, DVpp=2.4 to 3.5V, Vgg=0)

Symbol Parameter Min Typ Max Unit
teycte Enable Cycle Time 1000 - - ) ns
ten Enable Pulse Width 300 - - . ns
tas Address Setup Time 30 - - ns
tps Data Setup Time 350 - - ns
ton Data Hold Time 30 - - ns
tAH Address Hold Time 30 - - ns
tcyg_e
cs ¢ j\
|
ten
RW N /
N Z
: tAS taH
. W N
DIc X X
~ 2
DS toH
D0-D7 Valid Data D—

Figure 3a. Parallel Timing Charaéteristics (Write Cycle)
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TABLE 3. Parallel Timing Characteristics (Read Cycle) (T=-30 to 85°C, DVpp=2.4 to 3.5V, Vgg=0)

Symbol Parameter Min Typ Max Unit
toycle Enable Cycle Time R 1000 - - ns
ten Enable Pulse Width 300 - - ns
tas Address Setup Time 30 - - ns
tbs Data Setup Time = - 350 ns
toH Data Hold Time . 30 . - - ns
taH Address Hold Time 30 oA, et - ns
tz:ycle
cs
N—e
ten
"4 ~
W N
tas TaH
4 N
DIC >§ X
N 7
Do-D7
Figure 3b. Paralle! Timing Characteristics (Read Cycle)
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PIN DESCRIPTIONS

D/C (Data / Command)
This input pin tell the driver the input at DO- D7 is data or com-
mand. Input High for data while input Low for command.

CS (CLK) (Input Clock)
This pin is normal Low clock input. Input on DO-D7 is latched at the
falling edge of CS.

RES (Reset)
An active Low pulse to this pin reset the internal status of the
driver (same as power on reset). The minimum pulse width is 10 ps.

D0-D7
This bi-directional bus is used for data / command transferring.

R/W (Read/Write)

This is an input pin. To read the display data RAM or the internal
status (Busy / Idle), pull this pin High. The R/W input Low indicates a
write operation to the display data RAM or to the internal setup regis-
ters.

OSC1 (Oscillator Input)

For internal oscillator mode, this is an input for the internal low
power RC oscillator circuit. In this mode, an external resistor of cer-
tain value is placed between the OSC1 and OSC2 pins for a range of
internal operating frequencies (refer to Figure 1). For external oscilla-
tor mode, OSC1 should be left open.

0SC2 (Oscillator Output / External Oscillator Input)

This is an output for the internal low power RC oscillator circuit.
For external oscillator mode, OSC2 will be an input pin for external
clock and no external resistor is needed.

VLL6 - VLL2

Group of voltage level pins for driving the LCD panel. They can
either be connected to external driving circuit for external bias supply
or connected internally to built-in divider circuit. For internal Voltage
Divider enabled, a 0.1 puF capacitor to AVgg is required on each pin.

C1N and C1P
If Internal DC/DC Converter is enabled, a 0.1 uF capacitor is
required to connect these two pins.

C2N and C2P

If Internal DC/DC Converter is enable with Tripler enable, a
0.1uF capacitor is required to connect between these two pins. Oth-
erwise, it should be left open.

C+and C- :
If internal divider circuit is enabled a 0.1 pF capacitor is required
to connect between these two pins.

VR and VF o

This is a feedback path for the gain control (external contrast con-
trol) of VLL1 to VLL6. For adjusting the LCD driving voltage, it
requires a feedback resistor placed between VR and VF, a gain con-
trol resistor placed between VF and AVSS, a 10 pF capacitor placed
between VR and AVSS. (Refer to the Application Circuit Section)

COMO0-COM15 (Row Drivers)
These pins provide the row driving signal to LCD panel. They out-
put OV during display off.

SEGU-SEG119 (Column Drivers)
These 120 pins provide LCD column driving signal to LCD panel.
They output OV during display off.

BP (Annunciator Backplane)

This pin combines with Annun0-Annun2 pins to form annunciator
driving part. When the annunciator circuit is enabled, it will output
square wave of Fany Hz. It outputs low when oscillator is disabled.

Annun0 - Annun2 (Annunciator Frontplanes)
These pins are three independent annunciator driving outputs.
The enabled annunciator outputs from its corresponding pin a Fann

. Hz square wave which is 180 degrees out of phase with BP. Disabled

annunciator output from its corresponding pin an square wave in-
phase with BP. When oscillator is disabled, all these pins output OV.

AVDD and AVSS
AVDD is the positive supply to the LCD bias voltage generator.
AVSS is ground.

vce

For using the Internal DC/DC Converter, a 0.1 uF capacitor from
this pin to AVSS is required. It can also be an external bias input pin
if Internal DC/DC Converter is not used. Positive power is supplied to
the LCD Driving Level Selector and HV Buffer Cell with this pin. Nor-
mally, this pin is not intended to be a power supply to other compo-
nent.

DVDD and DVSS
Power is supplied to the digital control circuit of the driver using
these two pins. DVDD is power and DVSS is ground.

MC141537
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OPERATION OF LIQUID CRYSTAL DISPLAY DRIVER

Description of Block Diagram Module

Command Decoder and Command Interface

This module determines whether the input data is interpreted as
data or command.

Data is directed to this module based upon the operating mode of
the part and the status of the D/C line. If D/C High, data is written to
Graphic Display Data RAM (GDDRAM). D/C Low indicates that the
data is interpreted as a Command.

Reset has the same function as Power ON Reset (POR). Once
RES received the POR pulse, all internal circuitry will reset to its ini-
tial status. Refer to Command description section for more informa-
tion.

MPU Parallel Interface

The parallel interface consists of 8 bi-directional data lines (D0-D7)
plus RW and CS. The R/W line High indicates a read of the Graphic
Display Data RAM (GDDRAM). RMW line Low indicates a write to
Display Data RAM or Internal Command Registers depending on the
status of D/C line. The CS line serves as data latch signal (clock).
Refer to AC operation conditions and characteristics section for Par-
allel Interface Timing Description.

Graphic Display Data RAM (GDDRAM)

The GDDRAM is a bit mapped static RAM that holds the bit pak-
tern to be displayed at graphic display mode. The size of the RAM is
determined by number of row times the number of column drivers
(120x16 = 1920 bits). Figure 4 is a description of GDDRAM address
map. For mechanical feasibility, re-mapping on both Segment and
Common outputs are provided.

T T
R T8
83 N
9 Q9 o @
83 638
B B¢
o
S E S E
Es Eg
8 1@ 88
l Com0
Row0 T LSB (com15)
Page 1
MSB
LSB
Page 2
Row15 MSB <«— Comi5
o o (com0)

? =

@ 2

7]

Note : The configuration in parentheses represent the remapping of Commons and Columns
Figure 4. Graphic Display Data RAM Address MAP
MOTOROLA MC141537
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Display Timing Generator

The part is an on chip low power RC oscillator circuitry (figure 5).
The oscillator frequency is selected by external resistor in the range of
15 kHz to 50 kHz. The circuitry can be enabled with software control.

For external clock application, feed clock into OSC2 and leave OSC1
open. ’ '

Ext / Int Oscillator ,

Annunciator Control Circuit
The LCD waveform of the 3 Annunciators and BP are generated by
this block. The 3 independent annunciators are enabled by software
command. Annunciator is also controlled by oscillator circuit. The Oscil-
“lator must be enabled before selecting the annunciator on. Annunciator
display waveform is shown in Figure 6.

Oscillator enable

Loy

CE1 CE2

CE

Oscillation Circuit

Feedback for internal oscillator I
For external CLK input

MC141537

External component

Figure 5. Oscillator Circuitry

: 1 1 1 1 | 1
Annunciator 0 On/ Off 'Off 'on 'On 'on ‘on ‘on / off
Annunciator1  On/Off Off Off On On Off On / Off
Annunciator2 * "On/ Off " Off Off Off On On On/ Off
0SsC Disable Enable Enable Enable Enable Enable Disable
Figure 6. Annunciators and BP display waveform
MC141537
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LCD Drive Voltage Generator

This module generates the LCD voltages needed for display output.
This section should take a single supply input and generate necessary
bias voltage.

It consists of :

1. Voltage Doubler and Voltage Tripler
To generate the Vcc voltage. Doubler is used for LCD panel which
needs lower driving voltage for less power consumption. Tripler is
used for LCD panel which needs higher driving voltage.

2. Voltage Regulator
Feedback gain control for initial LCD display voltage. One can also
use it as an external contrast control. .

3. Voltage Divider
Divide the LCD display voltage (V| 5-Vi¢) from the regulator out-
put. This is a low power consumption circuit which consumes very
little 1 cp current compare with traditional resistor ladder method.

4. Self adjust temperature compensation circuitry g
Provide 4 different compensation grade selections to satisfy the
various liquid crystal temperature grades. This temperature coeffi-
cients can be selected by software control.

5. Contrast Control Block
Software control of 16 voltage levels of LCD display voltage.

All blocks can be individually turned off if external voltage generator
is provided. ) :

LCD Panel Driving Waveform

This is an example of how the Common and Segment drivers may
be connected to a LCD panel. The waveform shown in figure 7a, 7b and
7¢ illustrates the desired multiplex scheme.

16 Bit Latch / 120 Bit Latch

A 136 bit long register which carries the display signal information.
First 16 bits are Common driving signals and other 120 bits are Seg-
ment driving signals. Data will be input to the Level Shifter for bumping
up to the required level.

Level Selector

Level selector is a control of the display synchronization. Display volt-
age can be separated into two sets and used with different cycle. Syn-
chronization is important since it selects the required LCD voltage level
to the HV Buffer Cell for output signal voltage pump.

HV Buffer Cell (Level Shifter)

HV buffer cell works as a level shifter which translates the low voltage
output signal to the required driving voltage. The output is shifted out
with a internal FRM clock which comes from the Display Timing Gener-
ator. The voltage levels are determined by the level selector which is
synchronized with the internal M signal.

Com0
Comf1

+
N

g
TR
Com4 [ H 1
Com5 +._*_._‘_.+
Comé +++_i_.
Com7 l+l+l+l

Figure 7a. LCD Display Waveform
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TIME SLOT

o] o afr-eee| 1

COMo

[TT1

COM1

[T

COM2

coMm3 [

SEGO |

j

'SEG1

SEG2

[TTT

SEG3

Figure 7b. LCD Driving Signal from MC141537
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TIME SLOT

Seg0-Com0

“OFF” Pixel

TTTT

Seg0-Com1

“ON” Pixel

I

Seg2-Com2

-JIIAI

“OFF” Pixel | ‘

TTTT

Seg3-Com2

“ON" Pixel

IIII_—IHI

Figure 7c. Effective LCD waveform on LCD pixel
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Command Description

Set Display On/Off (Display Mode / Stand-by mode)

The Display On command controls the selecting of the LCD output
voltage and has no effect on the annunciator drivers. The Display On
command causes the conversion of data in GDDRAM to the neces-
sary waveforms on the Common and Segment driver outputs. It
enables the on-chip bias generator. (Note : “Set Oscillator On" com-
mand should be issued before “display on”)

The Display Off Command turns the display off and the state of the
L.CD driver are as follow during display off:
1) The Common and Segment driver outputs are fixed at V} 4 (Vgg).
2) The bias voltage generator is turned off.
3) The content of all registers and RAM are retained.
4) IC will accept new commands and data.
5) Annunciators is not affected by this command.
6) Oscillator is not affected by this command.

Set GDDRAM Column Address

This command positions the address pointer on a column bound-
ary. The address can be set to location 00H-77H (120 columns). The
column address will be increased automatically after a read or write
operation. Refer to figure 4, “Address Increment Table” and com-
mand “Set GDDRAM Page Address” for further information.

Set GDDRAM Page Address
This command positions the row address pointer to 1 of 2 possible
positions in GDDRAM. Refer to figure 4.

Master Clear GDDRAM

This command is a MASTER clear of the GDDRAM. The internal
RAM data will be set to Zero after the command is issued. The clear
RAM action will be taken if a dummy Write follows the “Clear
GDDRAM” command.

Set Vertical Scroll Value

When display is turned on, this command maps the selected
GDDRAM row (00H-OFH) to Com0-Com15. With scroll value equal
to 0, Row 0 of GDDRAM is mapped to Com0 and Row 1 through
Row 15 are mapped to Com1 through Com15 respectively. With
scroll value equal to 1, Row 1 of GDDRAM is mapped to ComO, then
Row 2 through Row 15 will be mapped to Com1 through Com14
respectively and Row 0 will be mapped to Com15.

Save / Restore Column Address

With a bit option = 1, the Save / Restore Column Address com-
mand saves a copy of the Column Address of GDDRAM. With a bit
option = 0, this instruction restores the copy obtained from the previ-
ous execution of saving column address. This instruction is very use-
ful for writing idle graphics characters that are larger than 8 pixels
vertically.

Set Column Mapping
This instruction selects the mapping of GDDRAM to Segment
Drivers for mechanically flexibility. There are 2 selected mappings:
1. Column 0 - Column 119 of GDDRAM mapped to Seg0 - Seg119
respectively; '
2. Column 0 - Column 119 of GDDRAM mapped to Seg119 - Seg0
respectively.
See section “Display Output Description by Example” for related
information.

Set Row Mapping : .
This instruction selects the mapping of GDDRAM to Common
Drivers for mechanical flexibility. There are 2 selected mappings:

1. Row O - Row 15 of GDDRAM to Common 0 - Common 15
respectively;

2. Row 0 - Row 15 of GDDRAM to Common 15 - Common 0
respectively.

See section “Display Output Description” for related information.

Set Annunciator Control Signals:
This command is used to control the active states of the 3 stand
alone annunciator drivers.

Set Oscillator Enable / Disable

This command is used to either turn on / off Oscillator. For either
internal or external oscillator, this command should be executed. This
command is not affected by the command “ Set Display On/Off” and
“Annunciator .- On/Off”. See command “Ext/Int Oscillator” for more
information.

Set External / Internal Oscillator

This command is used to select either internal or external oscilla-
tor. When interna) oscillator is being selected, feedback resistor
between OSC1 and OSC2 is needed. For External oscillation circuit,
clock should be input to 0SC2. OSC1 should be left open.

Set Internal DC/DC Converter On/Off

This command selects the Internal DC/DC Converter to generate
the Vg from AVpp. Disable the Internal DC/DC Converter if external
Ve is provided. ’

Set Voltage Doubler /Tripler
This command selects the Voltage Doubler or Tripler when the
Internal DC/DC Converter is enabled.

Set Internal Regulator On/Off

With different bit option values, this command either enables or
disables the regulator which consists of internal contrast control and
temperature compensation circuits.

Set Internal Voltage Divider On/Off

If the Internal Voltage Divider is enabled, an external power supply
should be applied to V- V| 0. !f the divider is enabled, the internal
circuit will automatically generate the 1:5 bias level driving voltage.

Set Internal Contrast Control On/Off

This command is used to turn on or off the internal control of delta
voltage between the bias voltages. If the bit option = 1, the software
selected for delta bias voltage control is enabled. If the bit option =0,
the external contrast control through an external resistor is enabled.
Note: The software contrast control and the external feedback con-
trast controls cannot be both enabled at the same time.

Set Contrast Level

This command is to select one of the 16 contrast levels when inter-
nal contrast control circuitry is in use. After power-on reset, the con-
trast level is the lowest.

Increase / Decrease Contrast Level

If the internal contrast control is enabled, this command is used to
increase or decrease the contrast level within the 16 contrast levels.
The contrast level starts from the lowest value after POR.

Set Temperature Coefficient

This instruction selects 4 different LCD drive voltage temperature
coefficients allowing for various liquid crystal temperature grades.
These temperature coefficients are specified in Electrical Character-
istics Tables.

MC141537
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COMMAND TABLE

Bit Pattern Command Comment
1 | 0000000Xq Set GDDRAM Page Address Set GDDRAM Page Address using X0 as address bit.
. Xo=0: page 1(POR)
Xo=1: page 2
30 |0001X3XoX1Xg Set Contrast Level Enable one of the 16 Internal Contrast Value using X3X2X1X0 as
: data bits. Reset to 0000 during POR.
2 10010000X, Set Voltage Tripler / Doubler Xo=0: tripler enabled (POR)
Xo=1: doubler enabled
3 |0010001Xy Set Column Mapping Xp=0: Col0 to Seg0 (POR)
Xp=1:Col0 to Seg119
4 |0010010Xq Set Row Mapping Xo=0 : RowD to Com0 (POR)
Xp=1: Row0 to Com15
0010011Xq Reserved for Expansion
0010100Xq Set Display On/Off Xo=0: display off (POR)
Xo=1: display on
7 |0010101Xy Set Internal DC/DC Converter Enable | Xo=0: disable generator(POR)
Xo=1: enable generator
8 |0010110Xq Set Internal Regulator On/Off Xo=0: disable regulator (POR)
Xp=1: enable regulator
When application uses a supply with built-in temperature compen-
sation, the regulator should be disabled .
9 |0010111X, Set Internal Voltage Divider On/Off Xo=0: disable voltage divider (POR)
Xo=1: enable voltage divider
When an external bias network is used, the voltage divider should
be disabled.
10 |0011000X0 Set Internal Contrast Control On/Off X,=0: disable contrast control (POR)
Xo=1: enable contrast control
Internal contrast circuits should be disabled if external contrast cir-
cuits is used.
11 | 0011001Xg Reserved for Expansion
12 {0011010X, Save/Restore GDDRAM Column Xo=0: restore address
Address Xo=1:save address
13 (00110110 Master Clear GDDRAM Master Clear GDDRAM
14 |0011100X, Reserved for Expansion
15 |0011101Xg Reserved Xo=0: normal operation (POR)
Xo=1: test mode
(Note: Be sure to set X0=0 during application)
16 [001111X4Xq Reserved for Expansion
17 | 0100X3X2X1Xg Set Vertical Scroll Value Use X3XoX1Xg as scroll amount.
Scroll value = 0 upon POR
18 | 01100AApXo Set Annunciator Control Signals A41A=00: select annunciator O(POR)
A1Ay=01: select annunciator 1
AyAq=10: select annunciator 2
Xo=0: turn selected annunciator off (POR)
Xo=1: turn selected annunciator on
19 [011010X4Xq Reserved for Expansion
20 |011011XXg Set Temperature Coefficient X1Xg=00: 0.00% (POR)
X1X0=01 :-0.18%
X1Xo=10:-0.22%
X1Xg=11:-0.35%
MOTOROLA MC141537
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Bit Pattern Command Comment
21 | 0111000X, Increment/Decrement Contrast Level | X=0: decrement by one level
Xp=1: increment by one level
(Note: increment/decrement wraps around; total 16 contrast lev-
els. Start at the lowest level when POR.)
22 |0111001X, Reserved for Expansion
23 |0111010X, Reserved for Expansion
24 [0111011Xg Reserved Xo=0: normal operation (POR)
Xp=1: test mode select
(Note: Be sure to set X0=0 during application)
25 |0111100X, Reserved for Expansion
26 |0111101X, Set External / Internal Oscillator Xo=0: external oscillator (POR)
Xg=1:internal oscillator
For internal oscillator circuit enabled, place resistor between
OSC1 and OSC2. At external oscillator mode, feed clock to
osca.
27 |0111110Xp Reserved For Expansion
28 [0111111X, Oscillator Enable Xo=0: oscillator disable (POR) .
: Xp=1: oscillator enable. /
This is the master control for oscillator circuitry.
. Issue command 26 before this command.
29 | 1X6X5X4X3X2X1X0 Set GDDRAM Column Address Set GDDRAM Column Address.
Use X6X5X4X3X2X1X0 as address bits
DATA READ/WRITE TABLE
Bit Pattern Command Comment
1] X7XgXsX4X3XoX 1 Xp Data Read / Data Write When RW line low, Data write into GDDRAM. RAM column
address pointer will have increment automatically.
D/C line high
When RW line high, Data read from GDDRAM. RAM column
address pointer will have increment automatically. -
Address Auto increment will not apply if the last command vis Clear
RAM. This is a dummy write.

Address Increment Table (Automatic)

D/C RW |Comment Address Increment Remarks
0 0 Parallel Mode Write Command No
0 1 Parallel Mode Read Command No (invalid mode) 1
1 0 Parallel Mode Write Data Yes 2
1 1 Parallel Mode Read Data Yes -

Address Increment is done automatically after command being sent or data read write. Only the Column address pointer
of GDDRAM is affected.

Remark: 1. Under this condition, the data, not command will be read from RAM.
2. If write data is issued after Command Clear RAM, address inc is not applied.
3. Column Address wraps around.
MC141537 MOTOROLA
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Commands Required for R/W Actions on RAMs

R/W Actions on RAMs Commands Required
Read/Write Data from/to GDDRAM. Set GDDRAM Page Address, (0000000Xp)*
Set GDDRAM Column Address, (1XgX5X4X3X2X1X0)"
Read/Write Data. (X7XeX5X4X3X2X1X0)
Save/Restore GDDRAM Column Address. Save/Restore GDDRAM Column Address. (0011010X,)
Increment GDDRAM Address by one Dummy Read Data (X7XeX5X4X3X2X1X0)
Clear GDDRAM Address. Master Clear GDDRAM, (00110110)
Dummy Write Data. (X7XeX5X4X3X2X1Xg)
Commands Required for Display Mode Setup
Display Mode Commands Required
Graphic Mode Set External / Internal Oscillator, (0111101Xq)*
Set Oscillator Enable, (01111111)*
Set Display On. (00101001)*
Annunciator Display Set External / Internal Oscillator, (0111101Xq)*
Set Oscillator Enable, O1111111)*
Set Annunciator On/Off. (01100A{AgXo)*
Standby Mode 1. Set Display Off, (00101000)*
Set Oscillator Disable. (01111110)*
Standby Mode 2. Set External Oscillator, (01111010)*
Set Display Off, (00101000)*
Set Oscillator Enable. (01111111)*
Set Annunciator On/Off, (01100AAgX0)*
Standby Mode 3. Set Internal Oscillator, (01111011)*
Set Display Off, (00101000)*
Set Oscillator Enable. 01111111y
Set Annunciator On/Off. (01100A1AgX0)*

1. Other Related Command with Graphic Mode :

Set Column Mapping, Set Row Mapping, Set Vertical Scroll Value.

2. Commands Related to Voltage Generator :

Set Oscillator Enable / Disable, Set External / Internal Oscillator, Set Voltage Doubler / Tripler , Set Temperature Coefficient, Set Internal
Regulator On/Off, Set Internal Contrast Control On/Off, Increase / Decrease Contrast Level, Set Contrast Level, Set Internal Voltage

Divider On/Off, Set Display On/Off,
* No need if set already.
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Power Up Sequence (Commands Required) Remarks :
Command Required POR Status Remarks *1 -- Required only i desired status differ from POR.
Set External / Internal Oscillator External “1 *2 .- Effective only if Internal Contrast Control is enabled.
Set Voltage Tripler / Doubler Tripler “ *3 -- Effective only if Regulator is enabled.
Internal DC/DC Converter Enable Off "1
Set Internal Regulator On Off “1
Set Temperature Coefficient TC=0% “1,"3
Set Internal Contrast Control On Off *1,*3
Set Contrast Level Contrast Level =0 *1,%2,*3
Set Internal Voltage Divider On Off . 1
Set Column Mapping Seg.0=Col.0 *1
Set Row Mapping Com. 0 =Row 0 *1
Set Vertical Scroll Value Scroll Value = 0 *1
Set Oscillator Enable Disable
Set Annunciator Control Signals All Annunciators off | *1
Master Clear RAM Random
Dummy Write Data
Set Display On Off

Display Output Description by Example

This an example of output pattern on the LCD panel. Figure 8a, 8b and 8c are
data map of GDDRAM and the output pattern on the LCD display with different
command enabled. (Scrolling, Column Re-map and Row Re-map)

COMO —
COM16 —|
SEGO SEG119
Figure 8a
Content of GDDRAM
PAGE 1 5A5A5A---00000TU0
S A5A5A---000000
PAGE 2 33 CccCc33---¢CccCc33¢cCcc
33¢c¢c33---cCC33¢CcC
Figure 8b
H B = = £
Graphic Mode Graphic Mode Graphic Mode

Column remap disable
Row remap disable

Column remap enable

Row remap disable

Column remap disable
Row remap enable

Figure 8c

[RERARINERINANI
[NUNSRINNRERIE]
[RURIRERRRINEN!

I
1
1

Graphic Mode
Column remap disable
Row remap disable
Scroll Value = OFH
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PACKAGE DIMENSIONS

MC141537T1
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MC141537T1 TAB PACKAGE DIMENSION

Millimeters Inches Millimeters ~ Inches
Dim ~ Min Max ~ Min Max Dim Min’ Max — Min Max
A 47.000 48.000 1.8504 1.8898 AJ 5.537 5.637 0.2180 0.2219
B 34.775 35.175 1.3691 1.3848 AK 0.850 0.950 0.0335 0.0374
(o] 28.927 29.027 1.1389 1.1428 AL 10.550 10.650 0.4154 0.4193
D 4.720 4.780 0.1858 0.1882 AM 7.737 7.837 0.3046 0.3085
E 1.951 2.011 0.0768 0.0792 AN ~ 0.850 0.950 0.0335 0.0374
F 1.951 2.011 0.0768 0.0792 AP 3.500 4.500 0.1378 0.1772
G 22.900 23.000 0.9016 0.9055 AR 13.750 13.850 0.5413 0.5453
H 22.900 23.000 0.9016 0.9055 AS 13.750 13.850 0.5413 0.5453
J 22.275 22.375 0.8770 0.8809 AT 15.000 15.100 0.5906 0.5945
K 22.275 22.375 0.8770 0.8809 AU 15.000 15.100 0.5906 0.5945
L 21.975 22.075 0.8652 0.8691 AV 17.000 17.100 0.6693 0.6732
M 21.975 22.075 0.8652 0.8691 AW 17.000 17.100 0.6693 0.6732
N 21.407 21.493 0.8428 0.8462 AX 20.450 20.550 0.8051 0.8091
P 21.407 21.493 0.8428 0.8462 AY 20.450 20.550 0.8051 0.8091
R 0.790 0.810 0.0311 0.0319 AZ 20.500 21.500 0.8071 0.8465
S 0.330 0.370 0.0130 0.0146 BA 21.750 22.750 0.8563 0.8957
T 12.050 12.150 0.4744 0.4783 BB 0.950 1.050 0.0374 0.0413
U 11.450 11.550 0.4508 0.4547 BC 0.450 0.550 0.0177 0.0217
v 9.500 10.500 0.3740 0.4134 BD 1.950 2.050 0.0768 0.0807
w 4.950 5.050 0.1949 0.1988 BE 0.350 0.450 0.0138 0.0177
X - 8.643 - 0.3403 BF 0.350 0.450 0.0138 0.0177
Y - 7.814 - 0.3076 BG 1.230 1.270 0.0484 0.0500
z 10.180 10.280 0.4008 0.4047 BH 0.630 0.670 0.0248 0.0264
AA - 0.200 - 0.0079 BJ 0.918 1.018 0.0361 0.0401
AB 0.686 0.838 0.0270 0.0330 BK 0.100 0.200 0.0039 0.0079
AC 0.068 0.083 0.0027 0.0032 BL 0.290 0.310 0.0114 0.0122
AD 0.579 0.629 0.0228 0.0248 BM 0.130 0.170 0.0051 0.0067
AE 1.600 2.600 0.0630 0.1024 BN 1.750 1.850 0.0689 0.0728
AF 1.500 2.500 0.0591 0.0984 BP 0.450 0.550 0.0177 0.0217
AG 1.950 2.050 0.0768 0.0807 BR 0.850 0.950 0.0335 0.0374
AH 9.550 9.650 0.3760 0.3799
NOTES:
1. Dimensioning and tolerancing per ANSI Y14.5M, 1982.
2. Controlling dimension: millimeter.
3. Copper thickness: 10z
4. Tin plating thickness: 0.4um.
5. 10 sprocket hole device.
Reference : 98ASLO0159A Issue O
MOTOROLA MC141537
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Application Circuit: (All Internal Analog Block Disabled, External Voltage Generator used)

ToLCD

V
Voo T
— AN
0.1uF _I_
AVss DVss Vo Vus Vs Vs Vus  Vee
AVDD COMO to
DVop COM15
——————|RES
CMOS RW SEGO to
MC141537
MPU/MCU TS SEG119 [_' Panel
—|D/IC
Annun 0-2 ,
Do-b7 and BP
0SC2 0SCt1 C+ C- VF VR C2P C2N C1P CiIN
1717 17 1 1T 1
EPROM
Remark :
1. Resistor value design refer to LCD panel characteristic.
Oscillation 2. RES, CS, RW and D/C should be at a known state.
RAM Circuitry 3. TS line low at Standby Mode.

Application Circuit: (All Internal Analog Block Enabled)

Voo
||
LI
e I T I I T 1
0.1pF|0.1pF 0.1p;[0.1pf;|:).1uF 0.1uF
AVss DVgs Vi Vs Ve Vs Vue Vee
AVop COMO to
DVpp comis [
RES
emos L . |rw
MPU/MCU s SEGO to ToLCD
> MC141537 SEG119 Panel
DIC
Do~-D7 Annun 0-2
and BP
0SC20S8C1 C+ C- VF VR C2P C2NC1P CiIN
EPROM
i 760KQ i -
R3 o | Ll oauFs1 0w
1MQ *2 200KQ§ 560pF |4.7uF
RAM =
Remark :

1. Capacitor between C2N and C2P can be omitted only if doubler is enable.

2. R3 can be omitted for external oscillator.

3. VR and VF can be left open for Regulator disable, TC = 0% and Contrast Disable.

4. RES, CS, R/W and D/C should be at a known state.

5. CS line low at Standby Mode.

MOTOROLA
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MC141537 Die Pad Coordinate

~Pin Name X (um) y {um) | Pin Name X (umy | y({um) | Pin Name x(um) [ y(um) [ Pin [ Name | x(um) T y (um)
1 COM9 -2900.06 [-1958.41| 59 | SEG109 | 2953.34 |-1723.46| 94 | DUMMY |2705.44| 2035.37 | 148 | SEG28-2953.71| 1780.81
2 COM8™ | -2798.31 [-1958.47| 60 | SEG108 | 2953.34 [-1621.71| 95 | DUMMY |2603.69 | 2035.37 | 149 | SEG27 (-2953.71| 1679.06
3 COM7 | -2696.56 |-1958.41| 61 | SEG107 | 2953.34 |-1519.96( 96 | DUMMY | 2501.94 | 2035.37 | 150 | SEGZ6 [-2953.71 1577.3
4 COMe6 -2594.81 [-1958.41| 62 | SEG106 [ 2953.34 [-1418.21] 97 | DUMMY |2400.19 | 2035.37 { 151 | SEG25[-2953.71| 1475.56
5 COM5™ | -2493.06 |-1958.41| 63 | SEG105 | 2953.34 [-1316.46| 98 | SEG74 |[2289.19| 1958.41 | 152 | SEG24|-2953.71] 1373.81
6 COM4 -2391.31 [-1958.41] 64 [ SEG104 | 2953.34 |-1214.71] 99 SEG73 | 2187.44 | 1958.41] 153 [ SEG23{-2953.71[ 1272.06
7 COM3 | -2289.56 |-1958.41| 65 | SEG103 | 2953.34 [-1068.19( 100 | SEG72 | 2085.69 | 1958.41 | 1564 | SEG22[-2953.71( 1170.31
8 COM2 | -2187.81 [-1958.41| 66 | SEG102 | 2953.34 | -966. 101 | SEG71 [1983.94 | 1958.41| 155 | SEG21|-2953.71| 1068.56
9 COM1 -2086.06 |-1958.41| 67 | SEG101 | 2953.34 | -864.69 | 102 | SEG70 | 1882.19| 1958.47 | 156 | SEG20|-2953.71| 966.81
10 COMO -1984.31 [-1958.41| 68 | SEG100 | 2953.34 | -762.94 | 103 | SEG69 | 1780.44 | 1958.41 | 157 | SEG19[-2953.71| 865.06
11 |DUMMY2[ -1882.56 [-1958.41| 69 SEGO9 |2953.34 | -661.19 | 104 | SEG68 | 1678. 1958.41 1 158 | SEG18(-2953.71| 763.31
12 0SC2 -1780.81 [-1958.41| 70 SEG98 |2953.34 | -559. 105 | SEG67 [ 1576.94| 1958.41 | 159 | SEG17[-2953.71| 661.56
13 AVSS -1679.06 [-1958.41| 71 | SEGY7 |2953.34| -457.69 | 106 | SEG66 | 1475.19| 1958.417 | 160 | SEG16[-2053.71| 559.81
14 VR -1577.31 [-1958.41] 72 | SEGS96 [2953.34| -355. 107 | SEG 1373.44 [ 1958.47 | 161 | SEGT5[-2053.77 458.06 |
15 VF -1475.56 |-1958.41| 73 | SEG95 | 2953. -254, “SEG64 | 1271.69 | 1958.47 | 162 | SEG14 [-2953.71| 356.31 |
16 VCC -1373.81 |-1958.47| 74 | SEGO4 | 2953.34 | -152.44 | 109 | SEG63 | 1160.04 | 1958.47 | 163 [SEG13|-2953. 254.5
17 C- -{272.06 |-1958.41( 75 | SEGO3 |2953.34 | -50.69 | 110 | SEG62 | 1068.19 | 1958.41 | 164 | SEG12([-2053.71| 152.81
18 C+ -1170.37 |-1958.471| 76 | SEGD92 |2953.34| 51.06 | 111 | SEG61 | 966.44 | 1958.47 | 165 | SEGT1{-2953.71| 51.06
19 VLL6 -1068.56 |-1958.41| 77 | SEGO1 |2953.34 | 152.81 | 112 | SEG60 | 864.69 | 1958.41 | 166 | SEG10|-2953.71| -50.69 |
20 VL5 -966.81 [-1958.47| 78 | SEGQY0 |2953.34( 25456 | 113 | SEGH9 | 762.94 | 1958.41( 167 | SEGY |-2953.71( -152.44
21 VL4 -865.06 [-1958.41| 79 | SEGBO |2953.34 | 356.31 | 114 | SEG58 | 661.19 | 1958.47 | 168 | SEGB (-2953.71| -254.19 |
22 OSC1 -763.31 [-1958.41] 80 | SEGB8 [2953.34 | 458.06 | 115 | SEG57 | 559.44 | 1958.47| 169 | SEG7 |-2953.71| -355.94
23 VL3 -661.56 |-1958.47| 81 | SEGB7 |2953.34 | 559.81 | 116 | SEG56 | 457.69 | 1958.47| 170 | SEG6E |-2953.71| -457.69
24 VLL2 -559.817 |-195847| 82 | SEG86 | 2953.34 | 661.56 | 117 | SEGH5 | 355.94 | 1958.41| 171 | SEGS |-2953.71| -559.44
25 CiN -458.06 |-1958.47| 83 | SEGB5 |2053.34 | 763.31 | 118 | SEGH4 | 254.19 | 1958.47 | 172 | SEG4 [-2953.71] -661.1
26 CTP | -356.317 |-1958.41| 84 | SEG84 |2953.34 | 865.06 | 119 | SEGS3 | 152.44 | 1958.41 | 173 | SEG3 |-2953.71| -762.94
27 C2N -254.56 |-1958.41 SEG83 | 2953.34 | 0966.81 | 120 | SEG52 | 50.69 | 1958.47| 174 | SEG2 |-2953.71| -864.69 |
28 C2P -152.81 |-1958.41| 86 | SEGB2 |2953.34 | 1068.56 | 121 | SEGH1 | -51.06 | 1958.41 | 175 | SEGT |-2953.71] -966.44
29 | AVDD -51.06 [-1958.47| 87 | SEGB1 |2953.34 | 1170.31| 122 | SEG50 | -152.817 | 1958.47| 176 | SEGO (-2953.71(-1068.19]
30 D7 50.69 |-1958.47( 88 | SEG80 |2953. 1272. 123 | SEG49 | -254.56 | 1958.41 | 177 |COM15[-2953.71(-1214.71
31 D6 15244 [-1958.41| 89 | SEG79 [2953.34 | 1373.81| 124 | SEG48 | -356.31 | 1958.41 | 178 |COMT14|-2953.71(-1316.4
32 D5 25419 |-1958.41( 90 | SEG/8 |2953.34 | 1475.56 | 125 | SEG47 | -458.06 | 1958.41 | 179 |COM13]-2953.77]-1418.27
33 D4 355.94 [-1958.41| 91 | SEG77 | 2953.34 [1577.31 | 126 | SEG46 | -559.81 | 1958.47 | 180 [COM12{-2953.71(-1519.96
34 D3 457.69 [-1958.41| 92 | SEG76 |2953.34 [ 1679.! 127 | SEG45 | -661.56 | 1958.41 | 181 |[COMT1|-2953.71]-1621.71
35 D2 559.44 [-1958.41] 93 | SEG75 | 2953.34 | 1780.81( 12 SEG44 | -763.31 | 1958.41 | 182 [COMT0[-2953.71(-1723.46
36 D1 661.19 [-1958.41 - 129 | SEG43 | -865.06 | 1958.41
37 Do 762.94 |-1958.41 130 | SEG42 | -966.81 | 1958.41
38 DVSS 864.69 [-1958.41 31 | SEG41 |-1068.56| 1958.41
39 CS 966.44 [-1958.41 132 | SEG40 [-1170.31[ 1958.41
40 RW 1068.19 |-1958.41 133 | SEG39 [-1272.06] 1958.41
41 D/IC 1169.94 [-1958.41 134 | SEG38 [-1373.81] 1958.41
42 RES 1271.69 [-1958.41 1 SEG37 |-1475.56( 1958.41
43 DVDD 1373.44 |-1958.41 136 | SEG36 |-1577.31] 1958.41
44 BP 1475.19 |-1958.41 137 | SEG35 [-1679.06] 1958.41
45 |DUMMY1| 1576.94 |-1958.41 138 | SEG34 |-1780.81] 1958.41
46 | ANNUNZ'| 1678.69 |-1958.41 139 | SEG33 |-1882.56 1958.41
47 | ANNUNT | 1780.44 [-1958.41 740 | SEG32 |-1984.37 1958.41
48 [ANNUNO | 188219 |-1958.41 147 | SEG31 |-2086.06| 1958.41
49 | SEGT19| 1983.94 [-1958.41 142 | SEG30 [-2187.81( 1958.41
50 | SEG118 | 2085.69 [-1958.41 143 | SEG29 [-2289.56] 1958.41
51 | SEGT117 | 2187.44 [-1958.41 144 | DUMMY [-2400.56| 2035.37
52 | SEGT16 | 2289.19 [-1958.41 145 | DUMMY [-2502.31] 2035.37
53 | SEG115 | 2390.94 [-1958.41 146 | DUMMY [-2604.06| 2035.37
54 | SEG114 | 2492.69 [-1958.41 147 | DUMMY |-2705.81] 2035.37
55 | SEGT13 | 2594.44 [-1958.41
56 | SEGT12 | 2696.19 [-1958.41
57 | SEGI11 | 2797.94 [-1958.41
58 | SEG110 | 2899.69 [-1958.41
Die Size is 254 mil x 180 mil
MC141537 MOTOROLA
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

MC141539

LCD Segment / Common Driver
CMOS

MC141539 is a CMOS LCD Driver which consists of 4 annunciator out- TAB

“puts and 152 high voitage LCD driving signals (32 commons and 120 seg-
ments). It has parallel interface capability for operating with general MCU.
Besides the general LCD driver features, it has on chip LCD bias voltage
generator circuit such that fewer external components are required during
application.

Single Supply Operation, 2.4V -3.5V
Operating Temperature Range : -30 to 85°C
Low Current Stand-by Mode (<500nA)

On Chip Bias Voltage Generator

8 Bit Parallel Interface ORDERING INFORMATION
Graphic Mode Operation i )
On Chip 480 Byte Graphic Display Data RAM : MC141539T1 TAB

120 Segment Drivers, 32 Common Drivers MC141539T2 TAB
Selectable 1/16 or 1/32 Multiplex Ratio MCC141539Z Gold Bump Die
Selectable on Chip Voltage Doubler and Tripler
Selectable 1:5 or 1:7 Bias Ratio .
Re-mapping of Row and Column Drivers

Four Stand Alone Annunciator Driver Circuits

Selectable LCD Driving Voltage Temperature Coefficients

16 Level Internal Contrast Control

External Contrast Control Provided

Master Clear RAM

Standard TAB Package

REV 6
3/97

MOTOROLA MC141539
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Block Diagram‘ .

" Annun0
An:)?.lna - Com0Oto
BP Com3t Seg0~Seg119
) . Level
Annunciator HV Buffer Cell Level Shifter Selector
Control
Circuit
U N - VLL6
: fig: 120 Bit Latch VL2
o | ‘ vcC
' - Timing ) VF
osc2 . Generator LCD Driving c2p
Voltage Generator C2oN
Tripler, . C1P
~ Doubler, CIN
Voltage Regulator, .
o Voltage Divider, DUM?_
GDDRAM Contrast Control, - DUM1
32 X 120 Bits - Temperature G+
Compensation
C-.
AVDD
AVSS
Command Decoder
DVSS <o
pvbb —p—
Command Interface Parallel Interface
RES D/C CS(CLK) CE RW D0~D7
MC141539 MOTOROLA
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MC141539 Die Pad Assignment
Refer to the MC141539 Die Pad Coordinate for Pin Name Assignment
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MAXIMUM RATINGS* (Voltages Referenced to Vgg, Ta=25'C)

Symbol Parameter Value Unit
AVpp,DVpp | Supply Voltage -0.3t0 +4.0 v
Vee Vgs-0.3 to Vgg+10.5 Vg
Vin Input Voltage Ves0.3toVpp+03 [ V|
| Current Drain Per Pin Excluding Vpp and Vgg 25 mA
Operating Temperature
Ta1 For Using Internal Oscillator -251t0 +85 ‘C
Ta2 For Using External Oscillator -30 to +85 C
Tetg Storage Temperature Range -65 to +150 ‘C

* Maximum Ratings are those values beyond which damage to the device may occur. Functional
operation should be restricted to the limits in the Electrical Characteristics tables or Pin Descrip-
tion section.
Vgs = AVgg = DVgg (DVsg = Vgg of Digital circuit, AVgg = Vgg of Analogue Circuit)
Vpp = AVpp = DVpp (DVpp = Vpp of Digital circuit, AVpp = Vpp of Analogue Circuit)

ELECTRICAL CHARACTERISTICS (Voltage Referenced to Vgg, To=25'C)

This device contains circuitry to protect the inputs
against damage due to high static voltages or elec-
tric fields; however, it is advised that normal precau-
tions to be taken to avoid application of any voltage
higher than maximum rated voltages to this high
impedance circuit. For proper operation it is recom-
mended that Vi, and V,, be constrained to the
range Vgg < or = (Vi or Vo) < or = Vpp. Reliability
of operation is enhanced if unused input are con-
nected to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left
open.This device may be light sensitive. Caution
should be taken to avoid exposure of this device to
any light source during normal operation. This
device is not radiation protected.

Symbol Parameter Test Condition Min Typ Max | Unit
Supply voltage (Absolute value Referenced to Vgg)
DVpp Operating Range of Logic Circuit Supply DVpp 2.4 3.15 3.5 A
AVpp Operating Range of Voltage Generator Circuit DVpp 3.15 3.5 \
Supply AVpp
Supply Current (Measure with Vpp fixed at 2.8V)
lac Access Mode Supply Current Drain from Pin AVDD | Internal DC/DC Converter On, Display On, Tripler 0 200 300 HA
and DVDD. Enable, R/W Accessing, Tcyc=1MHz, Osc.
. . Freq.=50kHz, 1/32 Duty Cycle,1/7 Bias. ,
Ippy Display Mode Supply Current Drain from Pin AVDD | Internal DC/DC Converter On, Display On, Tripler 0 76 115 pA
and DVDD. Enable, R/W Halt, Osc. Freq.=50kHz, 1/32 Duty :
Cycle,1/7 Bias.
Ipp2 Display Mode Supply Current Drain from Pin AVDD | Internal DC/DC Converter On, Display On, Tripler 0 55 75 HA
and DVDD Enable, R/W Halt, Osc. Freq.=38.4kHz, 1/32 Duty
Cycle,1/7 Bias.
lsg1 Stand-by Mode Supply Current Drain from Pin Display Off, Oscillator Disabled, R/W Halt 0 300 500 nA
’ AVDD and DVDD
Isp2 Stand-by Mode Supply Current Drain from Pin Display Off, Oscillator Enable, R/W Halt, External 0 25 5 uA
AVDD and DVDD. Oscillator and Frequency = 50kHz.
Isgs Stand-by Mode Supply Current Drain from Pin Display Off, Oscillator Enable, R/W Halt, Internal 0 5 10 A
AVDD and DVDD. Oscillator and Frequency = 50kHz.
VLCD Voltage (Absolute Value Refer to Vgg)
Vees LCD Driving Voltage Generator Output Voltage at | Display On, Internal DC/DC Converter Enabled, - 3*AVpp 10.5 v
PinVge. Tripler Enable, Osc. Freq. = 50kHz, Regulator
Enabled, Divider Enabled lout <= 100uA
Veea LCD Driving Voltage Generator Output Voltage at | Display On, Internal DC/DC Converter Enabled, - 2*AVpp 7 \
Pin Vee. Doubler Enable, Osc. Freq. = 50kHz, Regulator
Enabled, Divider Enabled lout <= 100pA
Vico LCD Driving Voltage input at pin Vg, Internal DC/DC Converter Disabled. AVpp - 10.5 \
Output Voltage
Von1 Qutput High Voltage at Pins D0-D7, Annun0-3, BP | lo,=100¢tA 0.8*Vpp - Voo \
and OSC2.
Vo1 Output Low Voltage at Pins D0-D7, Annun0-3, BP | |,4.=100uA 0 - 02'Vpp | V
and OSC2.
Vg, L.CD Driving Voltage Source at Pin VR Regulator Enabled, loy=50pA 0 - Vee \
VRa LCD Driving Voltage Source at Pin VR Regulator Disabled, loy=50pA. - Floating - \
Input Voltage
Vini Input High Voltage at Pins, RES, CE, C§, D0-D7, 0.8*Vpp - Voo \Y
R/W, D/C, OSC1 and 0SC2. .
Vi Input Low Voltage at Pins, RES, CE, TS, D0-D7, 0 - 02*Vpp | V
R/W, D/C, OSC1 and OSC2. .
MC141539 MOTOROLA
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ELECTRICAL CHARACTERISTICS (Voltage Referenced to Vgg, DVpp=2.4-3.15V, Tx=25°C)

Symbol Parameter Test Condition Min Typ Max | Unit
LCD Display Voltage. (LCD Driving Voltage Qutput from | 1/5 Bias Ratio, Voltage Divider Enabled, Regula-
Vi |Pins VLLG, VLLS, VLL4, VLL3 and VLL2.) tor Enabled. - Vg - v
Vi - 0.8V - \
VLL4 - O.G'VR - \
VLLS - O.4’VR - V
VLL2 - O.Z'VH e V
Vi 1/7 Bias Ratio, Voltage Divider Enabled, Regula- - Vr - \
Vi tor Enabled - 6/7*Vp - \
Vi - 5/7*Vg - \
DUM2 - 4/7*Vg - \Y
DUM1 - 3/7*Vg - \
Vis - 2/7*Vg - \
VLL2 . A' 1/7'VH - v
Ve External Voltage Generator, Voltage Divider Dis- | 0.5Vgg - Ve |V
VLL5 able 0.5Vcc - VCC v
Vi 0.5Vee - Vee v
Vi ‘ Vss - 05Vee | V
Output Current .
lon Output High Current Source from Pins D0-D7, Vout=vVDD-0.4V 100 - - HA
Annun@-3, BP and OSC2. ’ )
loL Output Low Current Drain by Pins D0-D7, Annun0- { V,;=0.4V - - -100 HA
3, BP and OSC2.
loz Qutput Tri-state Current Drain Source at pins DO- -1 - 1 HA
D7 and OSC2
W/l | Input Current at pins RES, CE, CS, D0-D7, RIW, D/IC -1 - 1 pA
. 0OSC1 and OSC2.
Ron | On Resistance During Display on, 0.1V Apply between Two Ter- - - 10 kQ
' Channel Resistance between LCD Driving Signal | minals, V¢ within Operating Voltage Range
Pins (SEG and COM) and Driving Voltage Input
Pins (V|_|_2 to V|_|_5). .
Vgg | Memory Retention Voltage (DVpp) 1.8 = = \
Standby Mode, Retained All Internal Configuration
and RAM Data
Cin | Input Capacitance - .5 75 pF
OSC1, OSC2 and All Control Pins
Temperature Coefficient Compensation
PTCO Flat Temperature Coefficient TC1=0, TC2=0, Voltage Regulator Disabled - 0.0 - %
PTC1 Temperature Coefficient 1* .| TC1=0, TC2=1, Voltage Regulator Enabled . - -0.18 - %
PTC2 Temperature Coefficient 2* TC1=1, TC2=0, Voltage Regulator Enabled - -0.22 - %
PTC3 Temperature Coefficient 3* TC1=1, TC2=1, Voltage Regulator Enabled - -0.35 - %
Ven | Internal Contrast Control Regulator Enabled, Internal Contrast Control - +18 - %
VR Output Voltage with Internal Contrast Control | Enabled
Selected. 16 Voltage Levels Controlled by Soft-
ware. Each Level is Typical of 2.25% of the Regu-
lator Output Voltage.
* The formula for the temperature coefficient is:
0. VRat50'C-VRat0'C 1
TCC%)= 50C-0C X VRatzsg X100%
MOTOROLA MC141539
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ELECTRICAL CHARACTERISTICS (Voltage Referenced to Vgg, AVpp=DVpp=2.4 to 3.5V, Tp=25°C)
Total variation of VR AVgr is affected by the following factors :
Process variation of Regulator AVg
External Vpp Variation contributed to Regulator AVypp
External resistor pair Ra/Rf contributed to Regulator AV

2 2 2
where AV pp = ﬂAVR) +(AVy, ) +(AV,,)

Assume external Vpp variation is +-6% at 3.15V and 1% variation resistor used at application

TC Level AVypp (%) AVR (%) AVyes (%) AVgr (%)
TCO 16.0 +6.652
Reference TC1 : +4.0 +4.924
Generator TC2 125 25 414 3.805
TC3 1.4 +3.195
AC ELECTRICAL CHARACTERISTICS (Ta=25"C, Voltage referenced to Vgg, Vpp=2.4 to 3.15V)
Symbol Parameter Test Condition Min Typ Max | Unit
Oscillation Frequency. Set Clock Frequency to Low
Fosct Oscillation Frequency of Display Timing Genera- - 38.4 - kHz
tor with 60Hz Frame Frequency. .
Fannt Annunciator Display Frequency (with 50% duty - 18.75 - Hz
cycle) from Pins Annun0-3 and BP
Fermi LCD Driving Signal Frame Frequency. Either External Clock Input or Internal Oscillator - 66 - Hz
Enable, Either 1/32 or 1/16 Duty Cycle, Graphic
Display Mode
Oscillation Freq. Set Clock Frequency to High
Foscy Oscillation Frequency of Display Timing Genera- - 50 - kHz
tor with 60Hz Frame Frequency.
Fannz Annunciator Display Frequency (with 50% duty - 244 - Hz
' cycle) from Pins Annun0-3 and BP . )
Fermz2 LCD driving Signal Frame Frequency. Either External Clock Input or Internal Oscillator - 65 - Hz
Enable, Either 1/32 Duty Cycle
0sC Internal Oscillation Frequency
Internal OSC Oscillation Frequency with Differ- | Internal Oscillator Enabled. Vpp within Operation | See Figure 1 for the relationship
ent Value of Feedback Resistor. Range -

Set Clock Frequency to Slow : Fgam1=Fosc1/576
Set Clock Frequency to Normal : Feguo=Fosc2/768

220k -
200k \\
90k <. ~4 \‘\» < > > >
70k . =
Oscillation . \
Frequency !
(Hz) 50k . \
: \
30k : \\
10k '
100k 500k 1.0M 1.5M 2.0M
Resistor Value between OSC1 and OSC2 (Q)
Figure 1. Internal Oscillator Frequency Relationship with External Resistor Value
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COMx

COMy

Internal M Signal

BP, Annun0-3

1/Ferm

1/FANN

1/Ferm

Figure 2. LCD Driving Signal Timing Diagram

VLLE
VLLS
VLL4
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VLL2
VLL1
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TABLE 2a. Paralle!l Timing Characteristics (Write Cycle) (Tpy=-10 to 60°C, DVpp=2.4 to 3.15V, Vgg=0V)

Symbol Parameter Min Typ Max Unit
teycle Enable Cycle Time 1000 - - ns
ten Enable Pulse Width . 290 - - ns
tas Address Setup Time : 0. B - ns
tos Data Setup Time 290 - - ns
toH Data Hold Time 0 - - ns
tan Address Hold Time 5. - - ns
' A . N K
c« ./ N
. o . toyele .
R ' 1 .
_/ \ X;_‘
. EH :
N 2
fas TaH
. xE
Dic - >§‘ X 5
N 7
DS ton
Do-D7 Valid Data
Figure 3. Timing Characteristics (Write Cycle)
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TABLE 2b. Parallel Timing Characteristics (Read Cycle) (Tp=-10 to 60°C, DVpp=2.4 to 3.15V, Vgg=0V)

Symbol Parameter Min Typ Max Unit
teycle Enable Cycle Time 1000 - - ns
ten Enable Pulse Width 375 - H ns
tas Address Setup Time 0 - - ns
tps Data Setup Time - 350 ns
ton Data Hold Time 7 - - ns
tan Address Hold Time 5 - - ns
74 N
CE / N\
| tcycle
Ts 7
I N
ten
A
RW ____/‘ N
Tas TAH
- 4 B N
N 7
Figure 4. Timing Characteristics (Read Cycle)
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PIN DESCRIPTIONS

D/C (Data / Command)
This input pin acknowledge the driver the input at DO-D7 is data or
command. Input High for data while input Low for command.

CS (CLK) (Input Clock)
This pin is normal Low clock input. Data on D0-D7 is latched at the
falling edge of CS.

RES (Reset)
An active Low pulse to this pin reset the internal status of the
driver (same as power on reset). The minimum pulse width is 10 ps.

CE (Chip Enable)
HIGH input to this pin to enable the control pins on the driver.

DO-D7
This bi-directional bus is used for data / command transferring.

R/W (Read/Write)

This is an input pin. To read the display data RAM or the internal
status (Busy / Idle), pull this pin High. The R/W input Low indicates a
write operation to the display data RAM or to the internal setup regis-
ters.

0OSC1 (Oscillator Input)

For internal oscillator mode, this is an input for the internal low
power RC oscillator circuit. In this mode, an external resistor of cer-
tain value is placed between the OSC1 and OSC2 pins for a range of
internal operating frequencies (refer to Figure 1). For external oscilla-
tor mode, OSC1 should be left open.

0SC2 (Oscillator Output / External Oscillator Input)

This is an output for the internal low power RC oscillator circuit.
For external oscillator mode, OSC2 will be an input pin for external
clock and no external resistor is needed.

VLL6 - VLL2

Group of voltage level pins for driving the LCD panel. They can
either be connected to external driving circuit for external bias supply
or connected internally to built-in divider circuit. For internal Voltage
Divider enabled, a 0.1 pF capacitor to AVgg is required on each pin.

DUM?1 and DUM2

If internal Voltage Divider is enabled with 1/7 bias selected, a 0.1
uF capacitor to AVgg is required on each pin. Otherwise, pull these
two pin to AVgg

CiNand C1P
If Intemal DC/DC Converter is enabled, a 0.1 pF capacitor is
required to connect these two pins.

C2N and C2P

If 32 Mux is selected and Internal DC/DC Converter is enabled, a
0.1 pF capacitor is required between these two pins. Otherwise,
leave these pin open.

C+and C-
If internal divider circuit is enabled, a 0.1 pF capacitor is required
to connect between these two pins.

VR and VF

This is a feedback path for the gain contro! {external contrast con-
trol) of VLL1 to VLL6. For adjusting the LCD driving voltage, it
requires a feedback resistor placed between VR and VF, a gain con-
trol resistor placed between VF and AVSS, a 10 uF capacitor placed
between VR and AVSS. (Refer to the Application Circuit Section)

COMO0-COM31 (Row Drivers)

These pins provide the row driving signal to LCD panel. Com0-
Com31 are used in 32 mux configuration. Com0-Com15 are used in
16 mux configuration. They output OV during display off.

SEG0-SEG119 (Column Drivers)
These 120 pins provide LCD column driving signal to LCD panel.
They output 0V during display off.

BP (Annunciator Backplane)

This pin combines with Annun0-Annun3 pins to form annunciator
driving part. When the annunciator circuit is enabled, it will output
square wave of Fannn Hz. It outputs low when oscillator is disabled.

Annun0 - Annun3 (Annunciator Frontplanes)

These pins are four independent annunciator driving outputs. The
enabled annunciator outputs from its corresponding pin a Fannn Hz
square wave which is 180 degrees out of phase with BP. Disabled
annunciator output from its corresponding pin an square wave in-
phase with BP. When oscillator is disabled, all these pins output OV.

AVDD and AVSS
AVDD is the positive supply to the LCD bias voltage generator.
AVSS is ground.

vce

For using the Internal DC/DC Converter, a 0.1 pF capacitor from
this pin to AVSS is required. It can also be an external bias input pin
if Internal DC/DC Converter is not used. Positive power is supplied to
the LCD Driving Level Selector and HV Buffer Cell with this pin. Nor-
mally, this pin is not intended to be a power supply to other compo-
nent.

DVDD and DVSS
" Power is supplied to the digital control circuit of the driver using
these two pins. DVDD is power and DVSS is ground.

MC141539
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OPERATION OF LIQUID CRYSTAL DISPLAY DRIVER

Description of Block Diagram Module

Command Decoder and Command Interface

This module determines whether the input data is interpreted as data
or command.

Data is directed to this module based upon the input of the D/C pin. If
D/C high, data is written to Graphic Display Data RAM (GDDRAM). D/C
low indicates that the input at D0-D7 is interpreted as a Command.

CE is the master chip selection signal. A High input enable the input
lines ready to sample signals. Reset is of same function as Power ON
Reset (POR). Once RES received the reset pulse, all internal circuitry
will back to its initial status. Refer to Command Description section for
more information.

Column address 00H
(or column address 77H)

MPU Parallel Interface

The parallel interface consists of 8 bi-directional data lines (D0-D7),
R/W, and the CS. The R/W input High indicates a read operation from
the Graphic Display Data RAM (GDDRAM). R/W input Low indicates a
write to Display Data RAM or Internal Command Registers depending
on the status of D/C input. The CS input serves as data latch signal
(clock). Refer to AC operation conditions and characteristics section for
Parallel Interface Timing Description.

Graphic Display Data RAM (GDDRAM)

The GDDRAM is a bit mapped static RAM holding the bit pattern to
be displayed. The size of the RAM is determined by number of row
times the number of column (120x32 = 3840 bits). Figure 5 is a descrip-
tion of the GDDRAM address map. For mechanical flexibility, re-map-
ping on both Segment and Common outputs are provided.

Column address 77H
(or column address 00H)

Row 0 Com0
Ls8 (Com31)
Page 1
MSB
LSB
Page 2
MSB
LSB
Page 3
\
MSB
LSB
Page 4
Y
Row 31 MSB Com3t
o P (Com0)
2 -
o &
Note : The configuration in parentheses represent the remapping of Commons and Columns &
Figure 5. Graphic Display Data RAM (GDDRAM) Address Map
MOTOROLA . MC141539
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Display Timing Generator

This module is an on chip low power RC oscﬂla\or circuitry (Figure
6). The oscillator frequency can be selected in the range of 15 kHz to
50 kHz by external resistor. One can enable the circuitry by software
command. For external clock provided, feed the clock to OSC2 and
leave OSC1 open.

 Annunciator Control Circuit

The LCD waveform of the 4 annunciators and BP are generated
by this module. The 4 independent annunciators are enabled by soft-
ware command. Annunciator is also controlled by oscillator circuit
too. the annunciators pins output OV when oscillator is disabled.
Annunciator output waveform shown in Figure 7.

Internal Oscillator Selected l

Oscillator enable

enable1 enable2
Oscillation Circuit

enable
Buffer

MC141539

AN
Feedback for internal oscillator

For external CLK input

|

Figure 6. Oscillator Circuitry

- - DVpp

BP I | l I I | l | | I | |
DVgsg

r- ! : - . DVpp
ANNUNT 1 ! yo
L DVsg

- ANNUN2 1 : I I

"ANNUN1 OFF oN
ANNUN2 oFF OFF

ON

i
|
!
]
I
|
! ON
)

m o
- . |
DVgg

o
z
o
z
o]
il
il

Figure 7. Annunciators and BP Display Waveform

LCD Driving Voltage Generator
This module generates the LCD voltage needed for display output.

It takes a single supply input and generate necessary bias voltages.
It consists of
. Voltage Doubler and Voltage Tripler

To generate the Vce voltage Either Doubler or Tripler can be

enabled.
. Voltage Regulator
Feedback gain control for mmal LCD voltage. It can also be used
with external contrast control.
Voltage Divider
Divide the LCD display voltage (VLLg'VLLs) from the regulator out-

e

N

@

put. This is a low power consumption circuit which can save the -

most display current compare with . traditional resistor ladder
method.

4. Self adjust temperature compensation circuitry
Provide 4 different compensation grade selections to satisfy the
various liquid crystal temperature grades. The grading can be
selected by software control.

5. Contrast Control Block
Software control of 16 voltage levels of LCD voltage.

6. Bias Ratio Sefection circuitry
Software control of 1/5 and 1/7 bias ratio to match the characteris-
tic of LCD panel.
All blocks can be individually turned off if external voltage genera-

tor is employed

32 Bit Latch / 120 Bit Latch )

A 152 bit long register which carries the display signal information.
First 32 bits are Common driving signals and other 120 bits are Seg-
ment driving signals. Data will be input to the HV-buffer Cell for
bumpmg up to the requued level.

Level Selector

Level Selector is a control of the display synchromzanon Display
voltage can be separated into two sets and used with different
cycles. Synchronization is important since it selects the required LCD
voltage level to the HV Buffer Cell for output signal voltage pump.

HV Buffer Cell (Level Shift-er)

HV Buffer Cell works as a level shift-er which trans|ates the low
voltage output signal to the required driving voltage. The output is
shifted out with an internal FRM clock which comes from the Display
Timing Generator. The voltage levels are given by the level selector
which is synchronized with the internal M signal.

. Reference Generator

Two reference generators on chip to provide reference voltage to the
regulator circuitry. The VR (LCD driving voltage) stability is affected
by the performance of the reference voltage. For details on it's perfor-
mance, please refer to electrical characteristic.

MC141539
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LCD Panel Driving Waveform

The following is an example of how the Common and Segment driv- COMO
ers may be connected to a LCD panel. The waveforms shown in Figure COoM1
8a, 8b and 8c illustrate the desired multiplex scheme. coM2

CcoM3
com4
COM5
COMs6
com7

Figure 8a. LCD Display Example “0”
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COMo

COoM1

SEGO

SEG1

Seg0-Com0
“OFF” Pixel

Seg0-Com1
“ON” Pixel

TIME SLOT

Figure 8b. LCD Driving Signal from MC141539

TIME SLOT
elalal-]1|

2| o] o] -

L1111

L1t

LI

[

Figure 8c. Effective LCD waveform on LCD pixel

VLL6
VLLS
VLL4
VLL3
VLL2
VLL1

VLL6
VLL5
VLL4
VLL3
vLL2
VLL1

VLL6
VLL5
VLL4
VLL3
VLL2
VLL1

VLL6
VLLS
VLL4
VLL3
VLL2
VL1

VLL6
VLL5
VLL4
VLL3
VLL2
VLL1
-VLL2
-VLL3
-VLL4
-VLLS
-VLL6

VLLE
VLLS
VLL4
VLL3
vLL2
VLL1
-VLL2
-VLL3
-VLL4
-VLL5
-VLL6
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Command Description

Display On/Off (Display Mode / Stand-by Mode)

The Display On command turns the LCD Common and Segment
outputs on and has no effect to the annunciator output. This com-
mand causes the conversion of data in GDDRAM to necessary
waveforms on the Common and Segment driving outputs. The on-
chip bias generator is also turned on by this command. (Note : “Oscil-
lator On” command should be sent before “Display On” is selected)

The Display Off command turns the display off and the states of
the LCD driver are as follow during display off :
1. The Common and Segment outputs are fixed at Vi1 (Vss)-
2. The bias Voltage Generator is turned off.
3. The RAM and content of all registers are retained.
4. 1C will accept new commands and data.

The status of the Annunciators and Oscillator are not affected by
this command.

Set GDDRAM Column Address

This command positions the address pointer on a column location.
The address can be set to location 00H-77H (120 columns). The col-
umn address will be increased by one automatically after a read or
write operation. Refer “Address Enlacement Table” and command
“Set GDDRAM Page Address”.

Set GDDRAM Page Address
This command positions the row address to 1 of 4 possible posi-
tions in GDDRAM. Refer to figure 5. ‘

Master Clear GDDRAM

This command is to clear the 480 byte Display Data RAM by set-
ting the RAM data to zero. Issue this command followed by a dummy
write command.

Set Vertical Scroll Value

This command is used to scroll the screen vertically with scroll
value 0 to 31. With scroll value equals to 0, Row 0 of GDDRAM is
mapped to Com0 and Row 1 through Row 31 are mapped to Com1
through Com31 respectively. With scroll value equal to 1, Row 1 of
GDDRAM is mapped to Com0, then Row 2 through Row 31 will be
mapped to Com1 through Com30 respectively and Row 0 will be
mapped to Com31.

Save / Restore Column Address

With bit option = 1 in this command, the Save / Restore Column
Address command saves a copy of the Column Address of
GDDRAM. With bit option = 0, this command restores the copy
obtained from the previous execution of saving column address. This
instruction is very useful for writing full graphics characteré that are
larger than 8 pixels vertically.

Set Column Mapping
This instruction selects the mapping of GDDRAM to Segment driv-
ers for mechanical flexibility. There are 2 mappings to select:
1. Column 0 - Column 119 of GDDRAM mapped to Seg0-Seg119
respectively;
2. Column 0 - Column 119 of GDDRAM mapped to Seg119-Seg0
respectively.
Detail information please refer to section “Display Output Descrip-
tion”.

Set Row Mapping

This instruction selects the mapping of GDDRAM to Common
Drivers for mechanical flexibility. There are 2 selected mappings:
1. Row O - Row 31 of GDDRAM to Com0 - Com31 respectively;

2. Row 0 - Row 31 of GDDRAM to Com31 - Com0 respectively.
See section “Display Output Description” for related information.

Set Annunciator Control Slgnals
This command is used to control the active states of the 4 stand
alone annunciator drivers.

Set Oscillator Enable / Disable

This command is used to either turn on / off Oscillator. For using
internal or external oscillator, this command should be executed. The
setting for this command is not affected by command “Set Display
On/Off” and “Set Annunciator On/Off", See command “Ext/Int Oscilla-
tor” for more information

Set External / Internal Osclllator

This command is used to select either internal or external oscilla-
tor. When internal oscillator is selected, feedback resistor between
OSC1 and OSC2 is needed. For external oscillation circuit, feed
clock input signal to OSC2 and leave OSC1 open.

Set Clock Frequency

Use this command to choose from two different oscillation fre-
quencies (50kHz or 38.4kHz) to get the 60 Hz frame frequency. With
frequency high, 50 kHz clock frequency is preferred. 38.4kHz clock
frequency (low frequency) enable for power saving purpose.

Set Internal DC/DC Converter On/Off

Use this command to select the Internal DC/DC Converter to gen-
erate the Vg from AVpp. Disable the Internal DC/DC Converter if
external Vce is provided.

Set Voltage Doubler / Tripler
Use this command to choose Voltage Doubler or Tripler when the
Internal DC/DC Converter is enabled.

Set Internal Regulator On/Off

Choose bit option 0 to disable the Internal Regulator. Choose bit
option 1 to enable Internal Regulator which consists of the internal
contrast control and temperature compensation circuits.

Set Internal Voltage Divider On/Off

If the Internal Voltage Divider is disabled, external bias can be
used for Vi g to Vi, If the Internal Voltage Divider is enabled, the
internal circuit will automatically select the correct bias level accord-
ing to the number of multiplex. Refer to command “Set Bias Ratio ".

Set Duty Cycle

This command is to select 16 mux or 32 mux display. When 16
mux is enabled, the unused 16 common outputs will be swinging
between VLL2 and VLLS for dummy scan purpose and doubler will
be used.

Set Bias Ratlo
This command sets the 1/5 bias or 1/7 bias for the divider output.
The selection should match the characteristic of LCD Panel.

Set Internal Contrast Control On/Off

This command is used to turn on or off the internal control of delta
voltage of the bias voltages. With bit option = 1, the software selec-
tion for delta bias voltage control is enabled. With bit option =0, inter-
nal contrast control is disabled.

Increase / Decrease Contrast Level
if the internal contrast control is enabled, this command is used to
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increase or decrease the contrast level within the 16 contrast levels.
The contrast level starts from lowest value after POR.

Set Contrast Level
This command is to select one of the 16 contrast levels when
internal contrast control circuitry is in use.

Read Contrast Value

This command allows the user to read the current contrast level
value. With RW input high (READ), D/C input low (COMMAND) and
D7 D6 D5 D4 are equal to G 0 0 1, the value of the internal contrast
value can be read on D0-D3 at the falling edge of CS.

Set Temperature Coefficient

A temperature gradient selector circuit controlled by two control
bits TC1 and TC2. This command can select 4 different LCD driving
voltage temperature coefficients to match various liquid crystal tem-
perature grades. Those temperature coefficients are specified'in
Electrical Characteristics Tables.

MC141539
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COMMAND TABLE

Bit Pattern

Command

Comment

000000X; X,

Set GDDRAM Page Address

Set GDDRAM Page Address using X;Xg as address bits.
X1Xo=00 : page 1 (POR)

X1X=01 : page 2

X4Xo=10: page 3

X1Xp=11 : page 4

0001X3XX1Xg

Set Contrast Level

Set one of the 16 available values to the internal contrast register,
using X3XoXXq as data bits. The contrast register is reset to 0000
during POR.

0001XX,X1Xg

Read Contrast Value

With D/C pin input Low, R/W pin input high, and D7 D6 D5 D4 pins
equal to 0001 at the rising edge of CS, the value of the internal
contrast register will be latched out at D3 D2 D1 DO pins, i.e.
XgXoX1Xg, at the rising edge of CS.

0010000X,

Set Voltage Doubler / Tripler

Xo=0: Select Voltage Tripler (POR)
Xo=1: Select Voltage Doubler

0010001X,

Set Column Mapping

X¢=0 : Col0 to Seg0 (POR)
Xg=1:Col0 to Seg119

0010010X,

Set Row Mapping

With duty cycle is 1/32
Xo=0 : Row0 to ComO (POR)
Xo=1: Row0 to Com31

With duty cycle is 1/16
Xo=0 : Row0 to Com0
Xo=1:Row0 to Com15

0010011X,

Reserved

0010100X,

Set Display On/Off

X=0: display off (POR)
Xo=1:display on

0010101X,

Set Internal DC/DC Converter On/Off

Xo=0: Internal DC/DC Converter off (POR)
Xo=1: Internal DC/DC Converter on

0010110X,

Set Internal Regulator On/Off

Xg=0: Internal Regulator off (POR)

Xg=1: Internal Regulator on

When the application employs external contrast control, the inter-
nal contrast control, temperature compensation and the Regulator
must be enabled.

0010111X,

Set Internal Voltage Divider On/Off

Xg=0: Internal Voltage Divider off (POR)

Xg=1: Internal Voltage Divider on

When an external bias network is preferred, the voltage divider
should be disabled.

0011000X,

Set Internal Contrast Control On/Off

Xo=0: Internal Contrast Control off (POR)

Xo=1: Internal Contrast Control on

Internal contrast circuits can be disabled if external contrast cir-
cuits is preferred.

0011001X,

Set Clock Frequency

Xg=0 : low frequency (38.4kHz) (POR)
Xg=1 : high frequency (50kHz)

0011010X,

Save/Restore GDDRAM Column
Address

Xp=0: restore address
Xo=1: save address

0011011,

Master Clear GDDRAM

Master clear entire GDDRAM

0011100X,

Set Bias Ratio

Xo=0: set 1/7 bias (POR)
Xo=1: set 1/5 bias

0011101X,

Reserved.

Xo=0: normal operation (POR)
Xp=1:test mode
{Note: Make sure to set Xy=0 during application)

001110X;Xg

Reserved

X1Xo=00: Reserved
X1Xo=01: Reserved (POR)
X1Xo=10: Reserved
X1Xp=11: Reserved
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Bit Pattern

Command

Comment

010X, X3XX1Xg

Set Vertical Scroll Value

Use X4X3X2X X as number of lines to scroll.
Scroll value = 0 upon POR

01100A;Ag%o

Set Annunciator Control Signals

A1A=00: select annunciator 1 (POR)
A;Ap=01: select annunciator 2

A1Ag=10: select annunciator 3

AqAp=11: select annunciator 4

Xp=0: turn selected annunciator off (POR)
Xo=1: turn selected annunciator on

0110100X,

Set Duty Cycle

Xo=0: 1/32 duty and tripler enabled (POR)
Xg=1: 1/16 duty and doubler enabled

0110101,

Reserved

Xo=0: Reserved
Xo=1: Reserved

011011%: %o

Set Temperature Coefficient

X1Xo=00: 0.00% (POR)
XqXg=01: -0.18%
X1Xg=10:-0.22%
X1Xg=11: -0.35%

0111000Xg

Increase / Decrease Contrast Value

Xo=0: Decrease by one level
Xo=1: Increase by one level
(Note: increment/decrement wraps round among the 16 contrast

- | levels. Start at the lowest level when POR.

0111001

Reserved

0111010X,

Reserved

0111011%,

Reserved

Xop=0: normal operation (POR)
Xo=1: test mode select
(Note: Make sure to set Xy=0 during application)

0111100X,

Reserved

0111101X,

Set Internal / External Oscillator

Xo=0: internal oscillator(POR})

Xo=1: external oscillator

Internal oscillator circuit is automatically enabled if resistors are
placed at OSC1 and OSC2. For external oscillator, simply feed
clock in OSC2.

0111110X,

Reserved

0111111X,

Set Oscillator Disable / Enable

Xo=0: disable oscillator (POR)

Xo=1: enable oscillator.

This Is the master control fro oscillator circuitry. This command
should be issued after the “Set External / Internal Oscillator” com-
mand.

1XgXsXaX3X2X1Xo

Set GDDRAM Column Address

Set GDDRAM Column Address.
Use XgX5X4X3XoX1 X as address bits.

Data Read / Write

Jo read data from the GDDRAM, input High to R/W pin and D/C pin. Data is valid at the falling edge of CS. And the GDDRAM column
address pointer will be increased by one automatically.

To write data to the GDDRAM, input Low to R/W pin and High to D/C pin. Data is latched at the falling edge of _S And the GDDRAM column

address pointer will be increased by one automatically.
No auto address pointer increment will be performed for the Dummy Write Data after Master Clear GDDRAM. (Refer to the “Commands
Required for R/W Actions on RAM” Table) )

MC141539
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Address Increment Table (Automatic)

DIC RW |Comment Address Increment Remarks
0 0 Write Command No
0 1 Read Command No "1
1 0 Write Data Yes *2
1 1 Read Data Yes

Address Increment is done automatically data read write. The column address pointer of GDDRAM™ is affected.

Remarks :

*1. Refer to the command “Read Contrast Value™.

*2. If write data is issued after Command Clear RAM, Address increase is not applied.
*3. Column Address will be wrapped round when overflow.

Power Up Sequence (Commands Required)

Commands Required for Display Mode Setup

*1 -- Required only if desired status differ from POR.
*2 -- Effective only if Internal Contrast Control is enabled.

Command Requlred POR Status Remarks

Set Clock Frequency Low "1

Set Oscillator Enable Disable Remarks :
Set Annunciator Control Signals All annunciators off | *1

Set Duty Cycle 1/32 duty "1

Set Bias Ratio 1/7 bias “1

Set DC/DC Converter On off ‘1 *3 .- Effective only if Regulator is enabled.
Set Internal Regulator On off "1

Set Temperature Coefficient TC=0% *1,*3

Set Internal Contrast Control On Off *1,*3

Increase Contrast Value ContrastValue=0 |*1,*2,*3

Set Internal Voltage Divider On Off

Set Segment Mapping Seg.0=Col.0

Set Common Mapping Com. 0 =Row 0

Set Vertical Scroll Value Scroll Value = 0

Set Display On Off

Display Mode Commands Required

Display Mode Set External / Internal Oscillator, (0111101Xp)*
Set Oscillator Enable, 01111111)*
Set Display On. (00101001)*

Annunciator Display Set External / Internal Oscillator, (0111101Xp)*
Set Oscillator Enable, o1111111)
Set Annunciator Control Signals. (01100A1AX0)*

Standby Mode 1. Set Display Off, (00101000)*
Set Oscillator Disable. (01111110)"

Standby Mode 2. Set External Oscillator, (01111101)*
Set Annunciator Control Signals, (01100A1A5X0)"
Set Display Off, (00101000)*
Set Oscillator Enable. O1111111)*

Standby Mode 3. Set Internal Oscillator, (01111100)*
Set Annunciator Control Signals, (01100A1AX0)"
Set Display Off, (00101000)*
Set Oscillator Enable. 01111111)*

Other Related Command with Display Mode : Set Duty Cycle, Set Column Mapping, Set Row Mapping, Set Vertical Scroll Value.

Commands Related to Voltage Generator :

Set Oscillator Disable/Enable, Set Internal Regulator On/Off, Set Duty Cycle, Set Temperature Coefficient, Set Internal Contrast Control On/Off,
Increase/Decrease Contrast Level, Set Internal Voltage Divider On/Off, Set Bias Flatno Set Display On/Off, Set Reference Voltage Generator,

Set VDD Reference, Set Contrast Level

* No need to resend the command again if it is set previously

MOTOROLA




Commands Required for R/W Actions on RAM

R/W Actions on RAMs

Commands Required

Read/Write Data from/to GDDRAM. Set GDDRAM Page Address (000000X1Xp)*
Set GDDRAM Cofumn Address (1XgXgX4X3XaX1 X0)*
. Read/Write Data (X7XgXsX4XaX2X1X0)
Save/Restore GDDRAM Column Address. Save/Restore GDDRAM Column Address. (0011010Xp)
Increase GDDRAM Address. Dummy Read Data (X7XeX5X4X3X2X 1 X0)
Master Clear GDDRAM Master Clear GDDRAM (00110110)
Dummy Write Data (X7XeX5X 4X3X2X1X0)

* No need to resend the command again if it is set previously.

Display Output Description by Working Example
This is an example of output pattern on the LCD panel. Figure 9b and
9c¢ are data map of GDDRAM and the output pattern on the LCD display

with different command enable.

COM0 —

Content of GDDRAM .
PAGE 1 | UpperNibble [SAS5A5A5A5A----------=--=--= SA5A5A5AS5A
Lower Nibble [5ASASASASA- -~ -=---=--=--=-- 5A5A5A5A5A
PAGE2 | UpperNibble [33CcCc33CC33--~------mcoomoo cc33ce33cc
LowerNibble (33CC33CC33-=---=-=---==--=-=--=-- cc33ce33c¢ce
PAGE 3| UpperNibble |00 00FFFFO00--~--~--=------=---- FFOOOOFFFF
LowerNibble |[FFFFOOOOFF-=-~-----------o-- OOFFFF0000
PAGE 4 | UpperNibble |FFFFFFFFO00 =~ - === === === ===~ FF00000000
LowerNibble |[FFFFFFFFO00 - =~ - == - == === ==-- FF00000000
COM31 —
SEGO . SEG119
Figure 9a
Figure 9b
sz nn Tziz
:::::E ] Iz

[RERRERENN]
[NERERNERN]
1rrrrsnnn

Column remap disable
Row re-map disable

Column remap enable

Column remap disable
Row re-map enable

Row re-map disable

1L
[NERRE]
IERENR]
i

Column remap disable
Row re-map disable
Scroll Value = 31

Figure 9c. Examples of LCD display with different command enabled

MC141539
3-266
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PACKAGE DIMENSIONS
MC141539T1
TAB PACKAGE DIMENSION - 1

34.975+0.500

DETAIL B

57.00020.200
27,300
26,500 26.500
25.400 25400
4775 24,775
23.400 23.400
8.471 MAX,
DETALL A
= 8 J
g bk o o
3,8 28 &
1 gl g g&g =
9ol g g8 2
@0 Y o g 4™
. ¢
9 =)
? / SRS
o~ | % R o o
g g /dur’]/h T \éfy O TOROLA He141538T1, 577 fB\ o @ 3= 9
o % /\/ N ._/;/f,Q S w& \ g;
Xl TS
!
e — T == porsseperepsien oy
e EEEEE
1
% 42X 0.35040.020 %e
o S 41X _0.800£0.020] | - - b & QL DETAL C
,ﬁoﬁ/ % - REEL
7.275£0.020 10.0750.020
17.350 17.350
18.600 18,600
20.600 20.600 @
22,500 22.500
26,500 6.500

0.8636 MAX.
0.5334+0.025

.|

COPPER SIDE  PATTERN SIDE |
(COPPER SIDE)\

L

NOTES FOR ALL PAGES

NOO AW —

MAGNIFIED VIEW

. DIMENSIONING AND TOLERANCING PER ANSI Y14.5M, 1982.
. IF NOT SPECIFIED, SIZE IN MILLIMETER
. UNSPECIFIED DIMENSION TOLERANCE IS £0.05
. BASE MATERIAL: 75 MICRON UPILEX—=S

COPPER TYPE: 3/4 OZ COPPER (THICKNESS TYP. 25 MICROMETER, MIN 18 MICROMETER)
. OPTIONAL FEATURE FOR SPS INTERNAL USE ONLY WHICH MAY BE REPLACED BY ¢ 2.0 MM HOLE.
. 12 SPROCKET HOLES DEVICE

0.075£0.0075

TAPE ORIENTATION

MOTOROLA

MC141539
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PACKAGE DIMENSIONS
MC141539T1
TAB PACKAGE DIMENSION - 2

157x 0.30040.020

™~ 4X_DUMMY 0.350+0.020
Q)
0.100+0.020 8 §
Q| —
0.400 | 14z
h |¢ oo o
|
I =
el R
I|| ":
o $ -L!u-‘. 1.750 S
:ﬂ;::ﬂ::n
,_,_I_i,
| ]
A
158X_0.150+0.020 I

= 0.250+£0.020

DETAIL C T IX DummY

DETAIL A

DETAIL B

MC141539 MOTOROLA
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PACKAGE DIMENSIONS
MC141539T2

TAB PACKAGE DIMENSION - 1
98ASL00244A ISSUEO

57.00040.200

26.500 26.500
<}:| 25.375
25.050 25.375
LEADING DIRECTION 24.375 24.375
23.400 23.500
21.500 23.400
1.40040.500 | DETAIL A
7.771 MAX. :
W00 000000000l ..
DETAIL D T
2 ji i f / ,
o 4 AR e i []
o N b L‘ i I 1| °
= o] i [e]
= N g 95
g = o MR DN ol 2 ol ¢
0 ™~ Y=t gl = b
b NIRHZD - o]
e} 867
~ @) » WOTOROLA
o)} g 8 . HEL4L4535T2 () o
D IS L PSS e 8 8 8
© olgle e S = =
o &=l I 2 = o
— S * —
N~ b f ] 5 N i
a|™
0 , I ﬁ 4 V| JL e
0o OO oo / UJ {E] O O [ 8
. N
/ / 0.350+0.020 || [ 15,425 {1]].0.700£0.020 o
NOTES 6 6.675 [ 8.22 - DETAIL C
08 7.27540.020 10.07540.020 <
N 2373 | | ! 2
OETALL B 15.900 9.475 13.100
23.575
49 24.125 [ 23.575
Il e
= 9 %%C 1,500~ / ¢ J
O <
2 3 DO4x4 J4%%C 1.500 COPPER SIDE
00 W)
3| o PATTERN SIDE
- N
. /, 1 I\ I *
!
| ©
~
¢ 3
MAGNIFIED VIEW &
H TAPE ORIENTATION
S
NOTES FOR ALL PAGES 5]
1. DIMENSIONING AND TOLERANCING PER ANSI Y14.5M, 1982.
2. IF NOT SPECIFIED, SIZE IN MILLIMETER
3. UNSPECIFIED DIMENSION TOLERANCE IS +0.05
4. BASE MATERIAL: 75 MICRON UPILEX-S
5. COPPER TYPE: 3/4 OZ COPPER (THICKNESS TYP. 25 MICROMETER, MIN 18 MICROMETER)
6. OPTIONAL FEATURE FOR SPS INTERNAL USE ONLY WHICH MAY BE REPLACED BY ¢ 2.0 MM HOLE.
7. 12 SPROCKET HOLES DEVICE
MOTOROLA MC141539
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PACKAGE DIMENSIONS
MC141539T2
TAB PACKAGE DIMENSION - 2

157%x _0.30040.020 _,

2X_DUMMY 0.350£0.020

0.100£0.020
0.400

T H%_{

DETAIL D

158X 0.150+0.020 _||

0.250£0.020
RN iy ST AL
DETAIL C . 7X DUMMY

DETAIL A

MAX. 0.7

/CU FoIL

0.0254+0.020

{ ‘
>PI—RST

0.0454£0.020

0.500

ﬁ DETAIL B

\ PI—FILM

FLEX MATERIAL DETAIL

MC141539

MOTOROLA
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Application Circuit

32 MUX Display with Analog Circuitry enabled, Tripler enabled and 1/7 bias

DVpp AVpp

0.1uF 0.1nF 0.1uF OARF 0.1pF 0.1uF O.1uF O.1uF O1pF O.1pF

l——l M1 T I I I I 1

’ [ L] 1 [ ] 1]

DVSS DVDD AVDD AVSS VLL2 VLL3 DUM2 DUM1 VLL4 VLLS VLL6 VCC
COMO to
RES COM31 ’
DIC
SEGO to To LCD
CMOS cs MC141539 SEG119 [~ [ Panel
MPU/
MCU with CE
Parallel
_ Annun 0-3
Interface RW andBP [
] DO~D7
0sC2 0SC1 C+ C-VF VRC2P C2N C1P CiIN
EPROM RAM [MJ LJ ' ;I I__“__'
: 1MQ 0.1uF = 0.1pF 0.1uF
4.7uF
200kQ
Remark :
1. VR and VF can be left open Regulator Disable.
2. TS pin low at Standby Mode.
MOTOROLA MC141539
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Application Circuit

16 MUX Display with Analog Circuitry enabled, Tripler disabled and 1/5 bias

DVpp AVpp
_°'|1“F 0-1uF 0.1uF O.1pF O.1pF 0.14F O.1uF 0.1pF
I
| =1 1 L 1L L L
DVSS DVDD AVDD AVSS VLL2 VLL3 DUM2 DUM1 VLL4 VLLS VLL6 VCC
COMO to
RES COMB31
D/C
SEGO to ToLCD
CMOS cs MC141539 SEG119 [~ [ Panel
MPU/
MCU with CE
Parallel g
Interface RW An:ﬁz%g —
DO0~D7
0SC2 0SC1 C+ G- VF VRC2P C2N C1P CiN
EPROM RAM I | L J | | L J
External Clock 0.1uF = 0.1pF
4.7uF
200kQ2
Remark :
1. VR and VF can be left open Regulator Disable.
2. CS pin low at Standby Mode.
MC141539 MOTOROLA
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Application Circuit

16/32 MUX Display with Analog Circuitry disabled

DVop  AVpp Vee
0.1uF 0.1uF
- o1 §—J
I AN
DVSS DVDD AVDD AVSS VLL2 VLL3 DUM2 DUM1 VLL4 VLL5 VLL6 VCC
COMO to
AES COM31 >
DT
SEGO to To LCD
CMOS cs MC141539 SEG119 [ [ Panel
MPU/
MCU with CE
Parallel
- Annun 0-3
Interface RW and BP e
Do~D7
0sCc2 0OSCt1 C+ C- VF VR C2P C2N CtiP CiIN
EPROM RAM
External Clock
Remark :
1. VR and VF can be left open Regulator Disable.
2, C3 pin low at Standby Mode.
MOTOROLA MC141539
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64 Lines 32 MUX Display Application - 1

DVpp AVpp
0.1uF O.1pF
1
1 I—‘r——_]_
DVSS DVDD AVDD AVSS VLL2 VLL3 DUM2 DUM1 VLL4 VLLS VLL6 VCC
To LCD Pan~
COMO0~COM31
,——— RES
|——1 DIC
cs! MC141539 SEGO0~-SEG119
CE™
| ———— RW
Annun0-3 and BP
D0~D7
0SC108C2C+ C- VF VR C2P C2N CiP CiIN
DVpp AVpp
0.1pF 0.1uF = | 0.1uF 0.1uF 0.1uF 0.1pF 0.1pF 0.1uF 0.1pF 0.1pF
. . 1 1 1L L 1 111
- T 1T 11T
Y V 4
DVSS DVDD AVDD AVSS VLL2 VLL3 DUM2 DUM1VLL4 VLL5 VLL6 VCC
To LCD Panel
COMO0~COM31 p——>
-4 RES
CMOS D/C
MPU/ 4 o5 MC141539 SEGO-SEG119 |—>
MCU with w2
Parallel CE
Interface 4 RW
Annun0-3 and BP [——>
Do-~D7
\l 0osc2 QsC1C+ C- VRC2P C2N Ci1P CiIN
760kQ
EPROM = W\,_I L] |—”—| l—“—l
0.1pF 0.1uF 0.1uF
560pF —=4.7yF
RAM 200kQ
Remark :
1. CS pin low at Standby Mode.
2. Two CE signal are needed
MC141539 MOTOROLA
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64 Lines 32 MUX Display Application - 2

64 lines 32 MUX Display Operation

Master Chip -- analog circuitry enabled,
Slave Chip -- analog circuitry disable.

L.CD Driver 1 7 LCD Driver 2
- L I —
LCD Panel
Al SEG . COM
!nnu!n LCD Driver 1 | l
E —
/]
)
L]
L]
LCD Panel .
64 x 120 pixel —
Split Panel with 32 =
Rows each and total :
8 annunciators R
L]
§ )
I\
Annun SEG ~ LCDDrver2 oy
ST — . " — LCD Driver 1
LCD Driver 2 o

LCD Panel
Heat Seal Cable
Annun SEG

{g { } LCD Driver 1 {COM}

LCD Panel
64 x 120 pixel

Split Panel with 32
Rows each and total
8 annunciators

LCD Driver 2 l l

COM SEG Annun

MOTOROLA

MC141539
3-275



MC141539 Die Pad Coordinate

5

Name x {um) y (um) in Name x (um) y (um) Pin Name X umy y (um) Pin Name x (um) y (um)

{l

7| DUMMY | -2730.23 | -1862.5 53 | DUMMY | 2986.27 | -1763.79 | 95 | DUMMY | 294372 | 171532 | 173 | DUMMY | -3098.75 | 1470.75
2 | DUMMY | -2569.28 | -1862.58 | 54 | COMO | 2986.27 | -1687.2 | 96 | OEG6 | 2857.51 1715.32 | 174 | DUMMY | -3098.75 | 1351.24 |
3 0| 241388 | -1750.84 | 55 | COMT | 2986.27 | -1610.98 7 | 278129 | 171532 | 175 | DUMMY | -3098.75 | 1275.02 |
3 NUNT | %@_Tﬂﬁ 175084 | 56 | COM2 | 2986.27 | -1504.76 | 98 | OEGB | 270507 | 171532 | 176 | OEGB2 | -2986.27 | 1150.7 |
5 2 | 221112 | -1750.84 | 57 COM3 | 2986.27 | -145854 | 99 | OEGD | 2628.85 | 1715. 177 | SEGB3 | -2086.27 | 107448 |
3 N3 [ -2109.74 | -1750.84 | 58 | COM4 | 298627 | -1362.32 | 100 | SEGI0 | 255263 | 171502 | 178 | SEGA4 | -2986.27 | 998.26 |
7 BP -2008.36 | -1750.84 | 59 _C'ms_‘ 2986.27 13061 101 i1 | 247641 1715.32 | 179 | SEGO5 | -2986.27 | 922.04 |
B DVDD | -1906.98 | -1750.84 | 60 | COM6 | 2986.27 | -1229.88 | 102 12 | 240019 | 1715.32 | 180 | SEG86 | -2986.27 | 84582 |
9 % | -1805.6 | -1750.84 | 61 COM7 | 2986.27 | -115366 | 103 13 | 232397 | 171532 | 181 | SEGB7 | -2086.27 | 7696 |
10 DVSS | -1704.22 | -175084 | 62 | COMS | 2986.27 | -1077.44 | 104 | SEG14 | 2247.75 | 171582 | 182 | SEGA8 | -2986.27 | 693.38 |
11 DICH -1602.84 | -1750.84 | 63 TOM9 | 298657 | -1001.22 | 105 | SEGI5 | 217153 7715.32 | 183 9 | -2986.27 617.16

12 RW# | -1501.46 | -1750.84 | 64 | COMI 2986.27 925 | 106 | SEGI6 | 209531 171532 | 184 | SEGO0 | -2986.27 | 540.94
13 CSH —1400.08 | 175084 | 65 | COMI1 | 2986.27 | -848.78 | 107 | SEG17 | 201908 | 171532 | 185 | SEGA1 | -2086.27 | 464.72 |
14 DVSS [ -1298.7 175084 | 66 | COMi2 S 772.56 708 | SEGI8 | 194287 1715.32 186 | SEGO2 | -2986.27 3885

15 DO -1197.32 | -1750.84 | 67 [ COMI 86.27 | -096.94 700 | SEGI10 | 1666.65 | 171592 | 187 | SEG93 | -2986.27 | 912.28 |
16 D1 109594 | -1750.84 | 68 | COMI4 | 2986.27 620.12 | 110 | SEG20 | 179043 | 171532 | 188 | SEGO4 | -2986.27 | 236.06
17 D2 9945 175084 | 69 | COMi5 | 2986.27 -543.9 111 21 | 1714.21 171532 | 180 | SEGO5 | -2986.27 | 15984 |
18 D3 893.18 | -1750.84 | 70 | COMI6 | 2986.27 | 7.6 112 1637.99 | 171532 | 190 | SEGO6 | -2986.27 | 6362 |
19 D4 7918 175084 | 71 | COMIi7 | 2986.27 | -391.46 | 113 23 | 1561.77 | 171532 | 191 | SEG@/ | -2986.27 74
20 D5 690 175084 | 72 | COMI8 | 2986.27 31524 | 114 | SEG24 | 148555 | 171532 | 192 | SEG98 | -2986.27 | -68.82 |
21 D6 -589.04 | -1/75084 | 73 | COMI9 | 298627 | -239.02 115 25 | 1409.33 1715.32 | 193 | 298627 | -145.04
22 b7 ~487.66 | -1750.84 | 74 | COM20 | 2986.27 -162.8 116 | SEG26 | 133311 | 171532 | 194 100 | -2086.27 | -221.26 |
23 CE -386.28 | -175084 | 75 | COM21 | 2986.27 | -86.58 17 27 | 125837 | 171532 | 195 | SEGI01 | -2986.27 | -297.48 |
24 AVSS | 2849 | -1750.84 | 76 | COM22 | 2986.27 | -10.36 718 | ~718067 | 171532 | 196 | SEGI02 | -2086.27 | -373.7

25 AVDD 18352 | -1750.84 | 77 | COM23 | 2986.27 65.86 119 9 | 110445 | 171532 | 197 | SEGI03 | -2986.27 | -449.
726 | CiP 8214 175084 | 78 | COM24 | 2986.27 142.08 720 | SEGA0 | 102823 | 1715.32 | 198 | SEG104 | -2086.27 | -526.14 |
27 CiIN_| 1924 175084 | 79 | COM25 | 2986.27 2183 121 | SEGal | 952.01 7715.32 | 199 | SEGI05 | -2986.27 | -602.36 |
|28 | C2P | 12062 | -175084 | 80 | COM26 | 298627 | 29452 | 122 | 32 | 875.79 171582 | 200 106 | -2986.27 | -678.58 |
29 | CoN 222 175084 | 81 | COM27 | 2986.27 370.74 | 123 | 79957 | 171532 | 201 | SEGI07 | -2986.27 7548
30 VIZ X 175084 | 62 | COM28 | 2986.27 | 446.96 124 | OEGA34 | 72335 | 1715. 202 108 | -2986.27 | -831.02
31 VLT3 42476 | -1750.84 | 83 | COM29 | 2986.27 | 523.18 | 125 | 35 | 64713 1715.32 | 203 | SEGI09 | -2986.27 | -907.24 |
32 | AVSS | 52614 | -i75084 | 84 | COM30 | 298627 5994 | 126 36 | 57001 | 171532 | 204 | SEGI10 | -2986.27 | 98346 |
33 VS5 62752 | -1750.84 | 85 | COM3i | 2986.27 675. 127 | SEGA7 | 494.69 1715.02 | 205 117 | -2986.27 | -1059.68
34 T4 728.9 175084 | 86 | SEGO | 2986.27 | 7606 | 128 | OEGa8 | 41847 171502 | 206 | SEGI112 | 2986.27 | -1135.9
35 15 | 63028 | -175084 | 87 T | 2986.27 | 84582 | 129 | SEGA9 | 342.25 | 171532 | 207 | SEG113 | -2986.27 | -121231
736 | VL6 93166 | -175084 | 88 | OSEG2 | 2986.27 922.04 130 | SEGA0 | 266.03 | 171532 | 208 | SEG114 | -2986.27 | -1288.34 |
37 DUMT 7033.04 | -175084 | 89 | SEG3 | 2986.27 | 998.26 131 a1 169.81 171532 | 209 | SEGI15 | -2986.27 | -1364.56
13T__|"‘0‘§C1 113442 | -175084 | 90 | SEG4 | 2086.27 | 107448 | | SEGA2 | 11350 | 171532 | 210 | SEGI16 | -2986.87 | -1440.78
g | DUMZ2 | 12358 1750.84 Ll SEGS | 2986.27 1150.7 133 | SEG43 37.37 715,32 | 211 | SEGI17 | -2986.27 517
340 | CPLUS | 1337.18 | -1750.84 | 92 | DUMMY | 3098.75 127502 | 134 | SEG44 38.85 171532 | 212 118 | -2986.27 | -1593.22 |
3} SMINUS | 143856 | -1750.84 | 93 | DUMMY | 3098.75 | 1351.24 | 135 | SEGA45 | -115.07 1715 213 119 | -2986.27 | -1669.44 |
42 VCC 1539.94 | -1750.84 | 94 | DUMMY | 3096.75 1470.75 | 136 | SEGA46 | -191.29 171532 | 214 | DUMMY | -2986.27 | -1746.03 |
43 VF 1641.32 | -1750.84 137 | SEGA7 | -267.51 1715.32
44 R 1742.7 | 175084 138 | SEGA8 | -343.73 | 171532
35 | AVSS | 184408 | -1750.84 ~130 | SEG49 | -419.95 | 1715.32
46 | O5C2 | 194546 | -1750.84 140 | SEG50 | -496.17 | 1715.32
a7 AVSS | 2046.84 | -1750.84 147 51 | -572.39 | 171532
48 AVSS | 214822 | -1750.84 142 | SEG52 | -64B.61 1715.32
49 AVSS | 22496 -1750.84 143 53 | -724.8: 1715.32
50 AVSS | 235008 | -175084 144 | -801.05 | 1715.32
57 | DUMMY | 2669.65 | -1867.39 745 | SEGS5 | -877.27 | 17153
52 | DUMMY | 27306 | -1867.39 146 56 | 95349 | 1715.32
147 57 | -1029.71 | 171532
148 | SEGS58 | -110593 | 171532
149 | SEG59 | -1182.15 | 171532
150 SEGE0 -1256.37 171532
151 | SEG61 | -1334.59 | 171532
152 62 | -1410.81 | 171532
153 | SEG63 | -1487.03 | 171532
154 | SEG64 | -1563.25 | 1715.32
155 | SEG65 | -1639.47 | 171532
756 | SEGO6 | -171569 | 171532
157 7 | -1791.91 | 1715.32
158 | OEG68 | -1868.13 | 1715.32
160 | SEG70 | -2020.57 | 1715.32
161 71 | -2096.79 | 171532
762 | SEG72 | -2173.01 | 171532
163 | SEG/3 | -0249.23 | 171532
164 | SEG74 | 232545 | 171502
165 | SEG5 | -2401.67 | 171532
166 | SEG76 | -2477.89 | 1715.32
167 | SEG77 | -2554.1 715,32
%&;”"S‘EWWS 1715.32
Bump Size : 75um x 75 um for 1 - 52 [ SEG79 | 270655 | 171532
49um x 107um for 95 - 172 170 | SEGB0 | -2782.77 | 1715.32
107 um x 49 um for 54 - 94, 173 - 214 771 1 | -2858.99 | 1715.32
Die Size: 260 x 164 mil (6604.13 x 4165.60 um) 172 UMMY | -2943.72 7715.32
MC141539 MOTOROLA
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Product Preview

LCD Segment/ Common Driver
CMOS

MC141800A is a CMOS LCD Driver which consists of 193 high voltage
LCD driving signals to drive 128 Segment and 65 Common display. It has
6800-series parallel, IIC serial interface and Serial Peripheral interface (SPI)
capability for operating with general MCU. Besides the general LCD driver
features, it has on chip LCD Smart Bias Divider circuit such that minimize
external component required in applications.

MC141800AT : TAB (Tape Automated Bonding)

MCC141800AZ : Gold Bump Die

Single Supply Operation, 2.4V -3.5V

Maximum 16.5V LCD Driving Output Voltage

Low Current Stand-by Mode (<1uA)

On Chip Internal DC/DC Converter / External Power Supply
Smart Bias Divider

4X / 5X DC-DC Converter

8 bit 6800-series Parallel Interface, 1MHz IIC Serial Interface and
Serial Peripheral Interface (SPI)

On chip Oscillator

Graphic Mode Operation

On Chip 128 x 65 Display Data RAM

Master Clear RAM

Low Power Smart lcon Mode (128 icons, <25uA)

Display Masks for Implementation of Blinking Effect

1 to 65 Selectable Multiplex Ratio

1:7/ 1:9 Bias Ratio

Re-mapping of Row and Column Drivers

16 level Internal Contrast Control

External Contrast Control

Built-in Temperature Compensation Circuit

Selectable Display Waveform : Type B or Type C Waveform
2V Icon Mode Display On

e o o o o o o

MC141800A

MC141800AT
TAB

MCC141800AZ
Gold bump die

ORDERING INFORMATION

MC141800AT 70 mm TAB
MCC141800AZ Gold BumpDie

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice.

REV 0
2/97

MOTOROLA

MC141800A
3-277



Block Diagram

Seg0~Seg127

HV Buffer Cell Level Shifter Level
Selector
b1
__________ - VLLE
128 Bit Latch VLL2
vCC
0SC1 Display | l VR
Timing LCD Driving VF
0sc2 Generator Voltage Generator
Ci1P
4x and 5x chp
DC/DC Converter,
Voltage Regulator, :
Smart Bias Divider, CiN
Contrast Control, C!BN
Temperature
GDDRAM !
65 x 128Bits Compensation
AVDD
AVSS
Command Decoder
DVSS <
DVDD —f————>
Command Interface Parallel / Seria! Interface
RES CE DIC RW CLK DO~D7
MC141800A MOTOROLA
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DVDD
S/P
RES
D/C

RW
D7/IC/SPI
D6

D5
D4/Dout
D3/Din| 10
D2/A2| 11
D1/A1] 12
DO/SDA| 13
CLK| 14
CE| 15
VF| 16
vR| 17
c1p| 18
CiN| 19
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207
206
205
204
203
-202
201
200
199

142
141
140
139
138
137

COM31
COM30
COM29
Ccomzs
Ccom27

Com2
CoM1
COMOo
COoM64B
SEG127
SEG126
SEG125
SEG124
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MAXIMUM RATINGS* (Voltages Referenced to Vgg, Ta=25'C)

Symbol Parameter Value Unit
AVpp.DVpp | Supply Voltage -0.3t0 +4.0 v
Vee Vss-0.3toVgg+16.5| V
Vin Input Voltage Vgg-0.3 to Vpp+0.3 \
Current Drain Per Pin Excluding Vpp and Vgg 25 mA
Ta Operating Temperature ‘ -30 to +85 'C
Tag Storage Temperature Range -65 to +150 ‘c

* Maximum Ratings are those values beyond which damage to the device may occur. Functional
operation should be restricted to the limits in the Electrical Characteristics tables or Pin Descrip-
tion section.
Vgg = AVgg = DVgg (DVgg = Vgg of Digital circuit, AVgg = Vgg of Analogue Circuit)
Vpp = AVpp = DVpp (DVpp = Vpp of Digital circuit, AVpp = Vpp of Analogue Circuit)

This device contains circuitry to protect the inputs
against damage due to high static voltages or elec-
tric fields; however, it is advised that normal precau-
tions to be taken to avoid application of any voltage
higher than maximum rated voltages to this high
impedance circuit. For proper operation it is recom-
mended that Vi, and V,, be constrained to the
range Vgg < or = (Vi or Vgy) < or = Vpp. Reliability
of operation is enhanced if unused input are con-
nected to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left
open. This device may be light sensitive. Caution
should be taken to avoid exposure of this device to
any light source during normal operation. This
device is not radiation protected.

ELECTRICAL CHARACTERISTICS (Voltage Referenced to Vg, Vpp=2.4 to 3.5V, Tp=25C)

Symbol Parameter Test Condition Min Typ Max | Unit
DVpp | Logic Circuit Supply Voltage Range (Absolute value referenced to Vgg) 2.4 3.0 35 \
AVpp | Voltage Generator Circuit Supply Voltage Range 2.4 . 35 \

lac | Access Mode Supply Current Drain Vpp=3.0V, Internal DC/DC Converter On, 5X DC/DC - 500 TBD pA
(AVpp + DVpp Pins) Converter Enabled, R/W accessing, Teye=1MHz,
Osc. Freq.=50KHz, Display On.
Ipp Display Mode Supply Current Drain Vpp=3.0V, Internal DC/DC Converter On, 5X Con- - 300 TBD pHA
(AVpp + DVpp Pins) verter Enabled, R/W Halt, Osc. Freq.=50KHz, Dis-
play On.
Isg | Standby Mode Supply Current Drain Vpp=3.0V, Display off, Oscillator Disabled, R/W halt. - TBD 1 HA
(AVpp + DVpp Pins)
licon [ !con Mode Supply Current Drain Vpp=3.0V, Internal Oscillator, Oscillator Enabled, Dis- - TBD 25 HA
(AVpp + DVpp Pins) play On, Icon On, R/W halt, Freq.=50KHz.
Vee | LCD Driving internal DC/DC Converter Output Display On, DC/DC Converter Enabled, Osc. Freq.= 7 15 16.5 \
(Vg Pin) 50KHz, Internal Regulator Enabled, Divider Enabled.
Vico LCD Driving Voltage Input (V¢ Pin) Internal DC/DC Converter Disabled. 7 15 16.5 \
Vicon | Low Power Icon mode Voltage - 2 - \
Voni1 | Output High Voltage lou=100pA 0.9*Vpp i Voo \
(D0-D7, 0SC2)
VoLt |Output Low Voltage loyt=100pA 0 - 0.1*Vpp | V
(D0-D7, OSC2)
Vgy | LCD Driving Voltage Source (Vg Pin) Internal Regulator Enabled (Vg voltage depends on 0 - Vee05 | V
Int/Ext Contrast Control )
Vgo | LCD Driving Voltage Source (VR Pin) Internal Regulator Disable. - Floating - \
MOTOROLA MC141800A
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ELECTRICAL CHARACTERISTICS (Voltage Referenced to Vgs, Vpp=2.4 to 3.5V, Tpy=25°C)

Symbol Parameter Test Condition Min Typ Max | Unit
Viy: | Input high voltage 0.8"Vpp - Voo \
(RES, 0SC2, CLK, CE, D0-D7,RW, D/C, S/F,
0OSCH1)
Vi3 |Input Low voltage 0 - 02*Vpp | V
: (RES, 0SC2, CLK, CE, D0-D7, RW, D/C, S/P,
OSCH1)
Vs |LCD Display Voltage Output Smart Bias Divider Enabled, 1:9 bias ratio - ' - \
Vus (Ve Vs Vis Vs Vie Pins) - 8/9"Vp - v
ViLe - 7/9*Vg - \
Vi - 2/9*Vg - Vv
Vi - 1/9*Vg - \
Vie [LCD Display Voltage Output Smart Bias Divider Enabled, 1:7 bias ratio - Vg - v
Vs (Ve Vis: Vi, Vis, Vio Pins) - 6/7"Vg - v
VLL4 - 5/7*VH - V
VLLS - 2/7'VR - V
VLL2 - 1/7*VH - . V
Vis |LCD Display Voltage Input External Voltage Generator, Smart Bias Divider Dis- 7 - Vee \
Vis (Ve Vis: Vias Vias Ve Pins) able 0 - Vs | V
Vi 0 - Vs | V
Vs 0 - Ve |V
Vi 0 - Vs |V
loy | Output High Current Source Vout=Vpp-0.4V 50 - - uHA
(D0-D7, OSC2) '
lor | Output Low Current Drain Vour=0.4V - - -50 nA
(D0-D7, OSC2)
loz | Output Tri-state Current Drain Source -1 - 1 HA
(D0-D7, OSC2)
I/l - | Input Current -1 - 1 HA
(RES, 0SC2, CLK, D0-D7, RW, D/C , S/P,
OSC1)
Ciy | Input Capacitance - 5 7.5 pF
(OSC1, OSC2, all logic pins)
Ven | Internal Contrast Control Internal Regulator Enabled, Internal Contrast control - +12 - %
(VR Output Voltage) Enabled. (16 Voltage Levels Controlled by Software.
Each level is typically 1.5% of the Internal Regulator
Output Voltage. )
Temperature Coefficient Compensation
PTCO Flat Temperature Coefficient (TC1=0, TC2=0, Internal Regulator Disabled.) - 0.0 - %
PTC1 Temperature Coefficient 1* (TC1=0, TC2=1, Internal Regulator Enabled.) - -0.18 - %
PTC2 Temperature Coefficient 2* (TC1=1, TC2=0, Internal Regulator Enabled.) - -0.22 - %
PTC3 Temperature Coefficient 3* (TC1=1,TC2=1, Internal Regulator Enabled.) - -0.35 = %
* The formula for the temperature coefficient is:
o_ VRat50°C-VRat0'C
TCCR)= 50C-0C X YRaizsc X100%
MC141800A MOTOROLA
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AC ELECTRICAL CHARACTERISTICS (T5=25C, Voltage referenced to Vgg, AVpp=DVpp=3V)

Symbol Parameter Test Condition Min Typ Max Unit
Fosc | Oscillation Frequency of Display timing generator | 60Hz Frame Frequency 45 60 55 KHz
’ Either External Clock Input or Internal Oscillator
Enabled
Ferm | Frame Frequency Graphic Display Mode, Normal Frequency Mode, - Fosc | - Hz
/’657719 MU)C\\.\_ 15 * MUX
Graphic Display Mode, Half Frequency Mode, = Fosc - Hz
65 - 49 MUX 30 * MUX]
Graphic Display Mode, Normal Frequency Mode, - Fosc - Hz
48 - 33 MUX 23 * MUX
Graphic Display Mode, Half Frequency Mode, - _FC}S_C_ - Hz
48 - 33 MUX 46 * MUX
Graphic Display Mode, Normal Frequency Mode, - Fosc - Hz
32 -2 MUX 30 MUX
Graphic Display Mode, Half Frequency Mode, - F?i - Hz
32 2 MUX 60 " MUX
6-Phase Low Power Icon Mode, Normal Frequency - Fosc - Hz
Mode : 960
6-Phase Low Power Icon Mode, Half Frequency - Fosc - Hz
Mode 1920
4-Phase Low Power Icon Mode, Normal Frequency - Fosc - Hz
Mode 1024
4-Phase Low Power Icon Mode, Half Frequency - Fosc - Hz
Mode 2048
OSC | Internal Oscillation Frequency with different value | Internal Oscillator Enabled, Vpp within operation See Figure 1 for the relationship
of feedback resistor range
280k -
;\\
90K <, ~ N e - > e -
70k : .
Oscillation . \
Frequency !
H2) 50k . \
30k :
. ——
10k .
100k 500k 1.0M 1.5M 2.0M
Resistor Value between OSC1 and OSC2 (Q)
r
Figure 1. Internal Oscillator Frequency Relationship with External Resistor Value
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- TABLE 3. Parallel Timing Characteristics (T=-30 to 85°C, DVpp=2.4 to 3.5V, Vgg=0V)

Symbol Parameter Min Typ Max Unit
teycle Clock Cycle Time 1000 - - ns
tas Address Setup Time 90 - - ns
tan Address Hold Time 60 - - ns
tosw Write Data Setup Time 210 - - ns
touw Write Data Hold Time 75 - - ns
tosk Read Data Setup Time 250 - - ns
toHR Read Data Hold Time 75 - - ns
tace Access Time - - 250 ns
PWg, Enable Low Pulse Width 390 - - ns
PWey Enable High Pulse Width 390 - - ns
1 Rise Time = - 45 ns
te Fall Time - - 45 ns
4
RW X(
o _X
D/C <
__ t
@ N LN
tf:yc:le
PW
CLK %0 N EL
(=) —_— tF -
—t»{ toHw
Do-D7 )
(Write data to driver) >$ o
I tosw
tacc | tosn towr
Do-D7 -
(Read data from drivef] i‘ Valid Data jlz
Figure 2. Parallel 6800-series Interface Timing Characteristics
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TABLE 4. lIC Serial Timing Characteristics (T5=-30 to 85°C, DVpp=2.4 to 3.5V, Vgg=0V)

100kHz 400kHz 1MHz

Symbol Parameter Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit

teyle | Clock Cycle Time 10 - - 25 - . 1 - - us
tystaRT | Start condition Hold Time 4.0 - - 0.6 - - 0.3 - - us

tip Data Hold Time 500 - - 300 - - 150 - - ns

tsp Data Setup Time 250 - - 100 - - 50 - - ns
tssTaRt | Start condition Setup Time (Only relevant for a 4.7 - - 0.6 - - 0.3 - - us

repeated Start condition)
tsstop | Stop condition Setup Time 4.0 - - 0.6 - - 0.3 - - us
tr Rise Time for data and clock pin - - 1000 - - 300 - - 150 ns
te Fall Time for data and clock pin - - 300 - - 300 - - 150 ns
tpLe | ldle Time before a new transmission can start 4.7 - - 1.3 - - 0.6 - - us
SDA /( 35( """ ff--m---- - df--- Y
X A AN A \—
. ‘HJ tioLe
: t tSSTART
HSTART t F | tsp tssToP
ck™ X /N X /y°°°77T Tt
tcycls
Figure 3. lIC Serial Interface Timing Characteristics
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Y
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Figure 4. [IC Serial Interface Input Protocof (Write Data to Driver)

S o o SS ______ .
(From c?o?)e'oller) _‘__J ‘(—X_y Ss —\__/— . _\_/(—

----- (Jp— e B
(Fromsgfi\ver) \——/-————— -—--TL ------

CLK s 1 | 2\ [3\ [4\ [5\ [e\ [7\ [8\ [9 ._-1$§5;_W--SS-__\_/—\_F_

START A2 A1l DT RW ACK DATA ACK ACK STOP
CONDITION  \_ J (A0) CONDITION

Y
ADDRESS

Figure 5. liC Serial Interface Output Protocol (Read Data from Driver)



TABLE 5. SPITiming Characteristics (Tx=-30 to 85°C, DVpp=2.4 to 3.5V, Vgg=0V)

Symbol Parameter Min Typ .Max Unit
teycle Clock Cycle Time 1000 - - ns
tLeaD Enable Lead Time 500 - - ns
taG Enable Lag Time 500 - - ns
tosw Write Data Setup Time 100 - - ns
toHw Write Data Hold Time 100 - - ns
tovr Read Data Valid Time - - 240 ns
toHR Read Data Hold Time .10 - - ns
tacc Access Time - - : 120 ns

tois Disable Time - - 240 ns
toLkL Clock Low Time 380 - - ns
toLkH Clock High Time 380 - - ns
tr Rise Time - - 100 ns
te Fall Time - - 100 ns
CE N
tieap
CLK
torkH
Dot —] 4
g .
Acc tosw toHw . toHr ’ tois
Din 4 MSB % >< ' LSB X o
Figure 6. SPI Timing Characteristics
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PIN DESCRIPTIONS

S/P (Serial / Parallel Interface)

This pin is an input pin. The pin is sampled out when reset to
determine what type of interface is desired. The S/P pin input HIGH
for serial interface while input LOW for parallel interface.

D/C (Data / Command) ]

If parallel interface is selected, this input pin acknowledges the
LCD driver the input at D0-D7 is data or command. Input High for
data while input Low for command. If serial interface is selected, float
this pin.

CLK (Input Clock) )

This pin is normal Low clock input. If parallel interface is selected,
data on DO-D7 are latched at the falling edge of CLK. If IIC serial
interface is selected, data on SDA is latched at the falling edge of
CLK. If SPI is selected, data on Din and Dout are latched at the fall-
ing edge of CLK.

RES (Reset)
A Low input pulse to this pin resets the internal status of the driver
(same as power on reset). The minimum pulse width is 10 ps.

CE (Chip Enable)

If parallel interface s selected, this input pin is used for chip
enable. If IIC serial interface is selected, leave this pin float and it will
be internally tied to VDD.

DO - D7 (Data)

This bi-directional bus is used for data / command transferring. If
parallel interface is selected, DO - D7 are connected directly to MCU
for data transfer. When serial interface is selected, D7 (IIC/SPI) is an
input pin to determine which type of serial interface is desired»The
IIC/SPI pin HIGH indicates lIC interface is used. The IIC/SPI pin
LOW indicates SPI is used.

When IIC serial interface is selected, DO (SDA) is connected
directly to MCU for data transfer, D1 (A1) and D2 (A2) are used to
define the 2 bit programmable address. The address of this device is
0111xyab where x, y, a, b represent A2, A1, D/C and RW respec-
tively.

When SPI is selected, D3 (Din) is used to write data / command
from MCU to driver and D4 (Dout) is used to read data / command to
MCU from driver.

R/W (Read / Write)

If parallel interface is selected, this is an input pin. To read the dis-
play data RAM or the internal status (Busy / Idle), pull this pin High.
The R/W input Low indicates a write operation to the display data
RAM or to the internal setup registers. If serial interface is selected,
let this pin float.

0SCH1 (Oscillator Input)
For internal oscillator mode, this is an input for the internal low
power RC oscillator circuit. In this mode, an external resistor of cer-

tain value should be connected between the OSC1 and OSC2 pins .

for a range of internal operating frequencies (refer to Figure 1). For
external oscillator mode, OSC1 should be left open.

0SC2 (Oscillator Output / External Oscillator Input)

.. For internal oscillator mode, this is an output for the internal low

power RC oscillator circuit. For external oscillator mode, OSC2 will
be an input pin for external clock and no external resistor is needed.

VLL6 - VLL2

Group of voltage level pins for driving the LCD panel. They can
either be connected to external driving circuit for external bias supply
or connected internally to built-in divider circuit if internal-divider is
enable. ' )

C1N and C1P, C2N and C2P, C3N and C3P
If Internal DC/DC Converter is enabled, a 0.1 pF capacitor is
required to connect these three pair of pins.

. VR and VF

This Is a feedback path for the gain control (external contrast con-
trol) of VLL1 to VLL6. For adjusting the LCD driving voltage, it
requires a feedback resistor placed between Vg and Vg, a gain con-
trol resistor placed between Vi and AVSS, a 10 pF capacitor placed -
between Vg and AVSS. (Refer to the Application Circuit)

COMO0-COM63, COM64A and COM64B (Row Drivers)

These pins provide the row driving signal to LCD panel. Output is
OV during display off. COM64A and COM64B are icon lines with
same signal output so as to provide the flexability to have the icon
line on top or bottom of panel, or both top and bottom of the panel.
COM64A/B also serves as the common driving signal in the icon
mode.

COMB4A/B is special design icon line (128 icons). There are some
special commands to program it separately (e.g. Set lcon Mask,
Smart lcon Mode, Low Power lcon Mode)

SEG0-SEG127 (Column Drivers) - .
These 128 pins provide LCD column driving signal to LCD panel.
They output OV during display off.

AVDD and AVSS
AVDD is the positive supply to the LCD bias Internal DC/DC Con-
verter. AVSS is ground.

vcC .

For using the Internal DC/DC Converter, a 0.1 puF capacitor from
this pin to AVSS is required. It can also be an external bias input pin
if Internal DC/DC Converter is not used. Power is supplied to the
LCD Driving Level Selector and HV Buffer Cell with this pin. Nor-
mally, this pin is not intended to be a power supply to other compo-

nent.

DVDD and DVSS
Power is supplied to the digital control circuit of the driver using
these two pins. DVDD is power and DVSS is ground.

MC141800A
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OPERATION OF LIQUID CRYSTAL DISPLAY DRIVER

Description of Block Diagram Module

Command Decoder and Command Interface

This module determines whether the input data is interpreted as
data or command. Data is directed to this module based upon the
input of the D/C pin. If D/C high, data is written to Graphic Display
Data RAM (GDDRAM). D/C low indicates that the input at D0-D7 is
interpreted as a Command.

Reset is of same function as Power ON Reset (POR). Once RES
received the reset pulse, all internal circuitry will back to its initial sta-
tus. Refer to Command Description section for more information.

MPU Parallel 6800-series Interface

The parallel interface consists of 8 bi-directional data pins (DO-
D7), R'W, D/C, CE and the CLK. The RW input High indicates a
read operation from the Graphic Display Data RAM (GDDRAM). R/
W input Low indicates a write operation to Display Data RAM or
Internal Command Registers depending on the status of D/C input.
The CLK input serves as data latch signal (clock). Refer to AC oper-
ation conditions and characteristics section for Parallel Interface Tim-
ing Description.

MPU Serial IIC Interface

The IIC interface consists of two communication bus : data pin
SDA and clock pin CLK. The CLK input serves as data latch signal
(clock). Before communication begins, a start condition must be
setup on the bus by the controller. To establish a start condition, the
controller must pull the data pin low while the clock pin is high.

After the start condition has been established for tysrtagt, an
eight-bit address should be sent. The six most significant bits of the
address (0111xy) are used to uniquely define devices on the bus, the
7th bit is used as a data / command control: if it is 0, then the signal
on SDA is interpreted as a command; if it is 1, then data SDA is writ-
ten to GDDRAM. The least significant bit is a data direction read /
write control; if it is 0, then the controller writes data / command to the
driver; if it is 1, then the controller reads data / command from LCD
driver.

Data is transferred with the most significant bit first. Each byte has
to be followed by an acknowledge bit. The transmitter releases the
SDA high during the acknowledge clock pulse. The receiver has to
pull down the SDA during the acknowledge clock pulse.

To end communication, a stop condition should be set up on the
bus. A low to high transition of data pin while the clock pin is high
defines a stop condition. However, if a master still wishes to commu-
nicate on the bus, another start condition and address can be gener-
ated without a stop condition. Refer to AC operation conditions and
characteristics section for 1IC Serial Interface Timing Description.

MPU Serial Peripheral Interface

The SPI consists of 4 communication bus : data input pin Din, data
output pin Dout, clock pin CLK and chip enable pin CE. The CLK
input serves as data latch signal (clock).

Data is transferred serially with most significant bit first, least sig-
nificant bit last. During the communication, the controller must input
Low CE before data transactions and must stay low for the rest of the
transaction. By default, the LCD driver will receive command from
MCU. If messages on the data pin are data rather than command,
MCU should send Data Direction command (0100100X,) to control
the data direction and then one more command to define the number
of data bytes will be read / write. After these two continuous com-
mands are send, the following messages will be data rather than
command. For read operation (Xg = 1), MCU reads a group of data
from LCD driver through Dout pin. For write opearion (Xq = 0), MCU
writes a group of data to the LCD driver through Din pin. Refer to AC
operation conditions and characteristics section for Serial Peripheral
Interface Timing Description.
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vCqumn address 00H Column address 7FH

l

Row O Com0
LSB (Com63)
Page 1
MSB
LSB
Page 2
Y
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Page 8
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Row 63 (Com0)
Rowed LSB [ | [ [T [ T T T T I J=— Com64 (icon)
Page 9 =) N~
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Note : The configuration in parentheses represent the remapping of Rows and Columns in 65 MUX mode
Figure 7. Graphic Display Data RAM (GDDRAM) Address Map
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Graphic Display Data RAM (GDDRAM)

The GDDRAM is a bit mapped static RAM holding the bit pattern
to be displayed. The size of the RAM is determined by number of
row times the number of column (128x65 = 8320 bits). Figure 7 is a
description of the GDDRAM address map. For mechanical flexibility,
re-mapping on both Segment and Common outputs are provided.

Display Timing Generator

This module is an on chip low power RC oscillator circuitry (Fig-
ure 8). The oscillator frequency can be selected in the range of
15kHz to 250kHz by external resistor. One can enable the circuitry
by software command. For external clock provided, feed the clock to
0OSC2 and leave OSC1 open.

Internal Oscillator selected l ‘

Oscillator enable

enablel enable2
Oscillation Circuit

enable|
Buffer

MC141800A

Feedback for internal oscillator

For external CLK input

]

Figure 8. Oscillator Circuitry

LCD Driving Voltage Generator and Internal Regulator
This module generates the LCD voltage needed for display output.
It takes a single supply input and generate necessary bias voltages.
It consists of :
.4X and 5X DC-DC Converter
To generate the Vce voltage. 4X DC-DC converter is used for LCD
panel which needs lower driving voltage for less power consump-
tion. 5X DC-DC converter is used for LCD panel which needs
higher driving voltage.
Internal Regulator
Feedback gain control for initial LCD voltage. it can also be used
with external contrast control.
3. Smart Bias Divider
Divide the LCD display voltage (V| 2-V| ) from the Internal Regu-
lator output. This is a low power consumption circuit which can
save the most display current compare with traditional resistor lad-
der method.
4. Contrast Control Block
Software control of 16 voltage levels of LCD voltage.
All blocks can be individually turned off if external voltage genera-
tor is employed
. Bias Ratio Selection circuitry
Software contro! of 1/7 and 1/9 bias ratio to match the characteris-
tic of LCD panel.

-

[

o

LCD Panel Driving Waveform

The following is an example of how the Common and Segment
drivers may be connected to a LCD panel. The waveforms shown in
Figure 9a, 9b and 9c illustrate the desired multiplex scheme.

In order to reduce the crosstalk effect, invert the polarities of the
pixel-driving waveforms every 2 or 4 or 8 or 65 lines according to the
selected waveforms. In the power-up state, the default waveform will
be type “B”.

6. Self adjust temperature compenisation circuitry
Provide 4 different compensation grade selections to satisfy the
various liquid crystal temperature grades. The grading can be
selected by software control.

65 Bit Latch / 128 Bit Latch

A register carries the display signal information. First 65 bits are
Common driving signals and other 128 bits are Segment driving sig-
nals. Data will be input to the HV-buffer Cell for bumping up to the
required level.

Level Selector

Level Selector is a control of the display synchronization. Display
voltage can be separated into two sets and used with different
cycles. Synchronization is important since it selects the required LCD
voltage level to the HV Buffer Cell for output signal voltage pump.

HV Buffer Cell (Level Shifter)

HV Buffer Cell works as a level shifter which translates the low
voltage output signal to the required driving voltage. The output is
shifted out with an internal FRM clock which comes from the Display
Timing Generator. The voltage levels are given by the level selector
which is synchronized with the internal M signal.

COoMo

COM1

com2

COM3

——

com4

COM5

COMe6

com7
[ R e Y B
[OONONONO]
W owowow o
nnunwnwn

Figure 9a. LCD Display Example “0”

MOTOROLA

MC141800A
3-291




COMo

comi
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TIME SLOT

|1]2]3)4]s|6l7]8]o] --- es|1]2]|3|4ls|6}7]e]e| --- es|1]2|3[4|s|6]7]8]g] --- es|1]|2|3]a]s|s}7]8]g] --- 65|

Figure 9b. LCD Driving Signal from MC141800A (Waveform B)
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Figure 9c. LCD Driving Signal from MC141800A (Waveform C with polarity inversion évery 2 lines)
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Command Description

Set Display On / Off (Display Mode / Stand-by Mode)

The Display On command turns the LCD Common and Segment out-
puts on. This command starts the conversion of data in GDDRAM to
necessary waveforms on the Common and Segment driving outputs.
The on-chip bias generator is also turned on by this command. (Note :
“Oscillator On” command should be sent before “Display On” is
selected) .

The Display Off command turn the display off and the states of the

LCD driver are as follow during display off :
1. All the Common and Segment outputs are fixed at V| 1 (Vsg).
2. The bias Internal DC/DC Converter is turned off.
3. The RAM and content of all registers are retained.
4. IC will accept new commands and data.
The Oscillator is not affected by this command.

Set GDDRAM Column Address :

This command positions the address pomter on a column Iocatlon
The address can be set to location 00H-7FH (128 columns). The col-
umn address will be increased automatically after a read or write opera-
tion. Refer to “Address Increment Table” and command “Set GDDRAM
Page Address” for further information. - :

Set GDDRAM Page Address

This command positions the row address to 1 of 9 possible posmons '

in GDDRAM. Refer to figure 7.

Master Clear GDDRAM

This command is to clear the content of the Display Data. RAM to
zero. Issue this command followed by a dummy write command The
RAM for icon line wﬂl not be affected by 1h|s command.

Master Clear Icon

This command is a MASTER clear of the Icon Data RAM. After set-
ting the page pointer to icon page (page 9), the internal icon RAM data
will be set to Zero after the command is issued. Before using this com-
mand, set the page address to page 9 by the command “Set GDDRAM

Page Address”. A dummy write data is also needed after the “Master .

Clear Icon” command to make the clear icon action effective.

Set Page Mask (Display Mask)

The following command will be written to the Page Mask Register.
Page Mask is an 8-bit register. Each bit represents one of the 8 pages :
page mask bit 0 represents Page 1, page mask bit 1 represents Page
2,...etc. . : . g

Page Mask

When the Page Mask is enabled, the display of those pages, with
page mask bit set, will be cleared. Meanwhile, the data in the display
RAM is retained.

Icon Mask
When the Icon Mask is enabled, the display of the icons will be
cleared. Meanwhile, the data in the icon display RAM is retained.

Set Display Mode

This command switch the driver to full display mode or icon display
mode. In low power icon mode, only icons (driven by COM64) are dis-
played. Display on row 0 to row 63 will be disabled. The DC-DC con-
verter and the Internal Regulator are off. All VCC, VLLs pins do not have
external bias voltage supply in the low power icon mode. In normal dis-
play mode, COMO to COM64 will be turned on.

Set Display Frequency
In half display frequency mode, the display frame frequency will be

‘halved. Also, the operation frequency of analog circuitries will be halved

for power saving purpose.

Save / Restore Column Address
Save Column Address command saves a copy of the Column
Address of GDDRAM. Restore Column Address command restores the

* copy obtained from the previous execution of saving column address.
. This instruction is very useful for wntlng full graphics characters that are
" larger than 8 pixels venlcally :

Set Column Mapping
This instruction selects the mapping of Display Data RAM to Seg-
ment drivers for mechanical flexibility. There are 2 mappings to select:
1. Column 0 - Column 127 of GDDRAM mapped to Seg0-Seg127
respectively;

" 2. Column 0 - Column 127 of GDDRAM mapped to Seg127-Seg0

respectively.
COM64 will not be affected by this command. Detail information
please refer to section “Display Output Description”.

Set Row Mapping
. This instruction selects the mapping of Display Data RAM to Com-
mon Drivers for mechanical flexibility. There are 2 selected mappings:
1. Row 0 - Row x of GDDRAM to Common 0 - Common x respec-
tively;
2. Row 0 - Row x of GDDRAM to Common x - Common 0 respec-
tively.
(x+2 is the multlplex ratio)
COMB64 will not be affected by this command. See section “Display
Output Description” for related information.

. Set MUX Ratio

This command is to select any a ratio from 2 to 65. Row 64 (icon line)
is not affected by this command and it would be turned on for normal
display. This command contain two commands bytes, the first byte
inform the driver that the second byte will be the no. of mux ratio.

e.g. second byte = OH to turn on Row 0 and 64 (2 MUX)

second byte = 63H to turn on Row 0 to 64 (65 MUX)
The unused common pins output non-scanning signals.

Set Bias Ratio
This command sets the 1/7 bias or 1/9 bias for the divider output.

' The selection should match the characteristic of LCD Panel.

Set Oscillator Disable / Enable

This command is used to either turn on / off Oscillator. For using
internal or external oscillator, this command should be executed. The
setting for this command is not affected by command “Set Display On/
Off". See command “Ext/Int Oscillator” for more information. .

Set Internal / External Oscillator

This command is used to select either internal or external oscillator.
When internal oscillator is selected, feedback resistor between OSC1
and OSC2 is needed. For external oscillation circuit, feed clock input
signal to OSC2 and leave OSC1 open.

Set Internal DC/DC Converter Enable

Use this command to select the Internal DC/DC Converter to gener-
ate the V¢ from AVpp. Disable the Internal DC/DC Converter if exter-
nal Vce is provided.

MC141800A
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Set 4X/5X DC/DC Converter
This command selects the usage of 4X or 5X Converter when the
Internal DC/DC Converter is enabled.

Set Temperature Coefficient

A temperature gradient selector circuit controlled by two control bits
TC1 and TC2. This command can select 4 different LCD driving voltage
temperature coefficients to match various liquid crystal temperature
grades.

Set Internal Regulator On/Off

Choose bit option 0 to disable the on chip Internal Regulator. Choose
bit option 1 to enables Internal Regulator which consists of the internal
contrast control circuits.

Set Smart Bias Divider On/Off

If the Smart Bias Divider is disabled, external bias can be used for
Vs to Vo, If the Smart Bias Divider is enabled, the internal circuit will
generated the 1:7 or 1:9 bias driving voltage.

End of Command

This command is used as extra write end command follows the last
byte of data / command written. This command is not available if serial
mode is selected.

Set Internal Contrast Control Enable

This command is used to adjust the delta voltage of the bias valt-
ages. With bit option = 1, the software selection for delta bias voltage
control is enabled. With bit option = 0, internal contrast control is dis-
abled.

COMMAND TABLE

Increase / Decrease Contrast Level

If the internal contrast control is enabled, this command is used to
increase or decrease the contrast level within the 16 contrast levels.
The contrast level starts from lowest value after POR.

Set Contrast Level

This command is to select one of the 16 contrast levels when internal
contrast control circuitry is in use. After power-on reset, the contrast
level is lowest.

Set Smart Icon Mode

This command is to set 4-Phase or 6-Phase smart icon modes which
for lower VDD or higher Von of panel. Refer to Smart Icon Mode Output
Description for detail.

Set Display Waveform Type :

This command will select the number of lines for the polarity inver-
sion of the driving waveform. Four types of waveform types are avail-
able. Refer to Figure 9.

Set Data Direction

This command is used in SPI mode only. It will be two continuous
commands, the first byte control the data direction and inform the LCD
driver the second byte will be number of data bytes will be read /- write.
After these two commands sending out, the following messages will be
data.

Bit Pattern Command

Comment

0000X3X5X1Xg Set GDDRAM Page Address

Set GDDRAM Page Address using XaXoX1Xq as address bits.
X3X2X1X=0000 : page 1 (POR)

X3X5X1X¢=0001 : page 2

X3XoX1Xo=0010 : page 3

X3XoX1X=0011 : page 4

X3X2X1Xp=0100 : page 5

X3XoX1Xo=0101:page 6

X3X2X1Xp=0110 : page 7

X3XoX1Xo=0111 : page 8

X3X2X1Xp=1000 : page 9

0001X3XX1Xp Set Contrast Level

With R/W pin input low, set one of the 16 available values to the
internal contrast register, using X3XoX; X, as data bits.
The contrast register is reset to 0000 during POR.

0010000X, Set 4X/5X DC-DC Converter

Xo=0: enable 4X Converter (POR)
Xo=1: enable 5X Converter

0010001X, Set Segment Mapping

Xp=0: ColO to Seg0 (POR)
Xo=1: Col0 to Seg127

0010010X, Set Common Mapping

Xp=0: Row0 to Com0 (POR)
Xo=1: Row0 to Com63

0010100X, Set Display on/off

Xo=0: display off (POR)
Xp=1: display on

0010101X%, Set Internal DC/DC Converter On/Off

Xo=0: Internal DC/DC Converter Off (POR)
Xp=1: Internal DC/DC Converter On

0010110X, Set Internal Regulator On/Off

Xp=0: Internal Regulator Off(POR)
Xo=1: Internal Regulator On

0010111X, Set Smart Bias Divider On/Off

Xo=0: Smart Bias Divider Off (POR)

Xo=1: Smart Bias Divider On

When an external bias network is preferred, the Smart Bias
Divider should be disabled.
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MC141800A
3-295




COMMAND TABLE

Bit Pattern Command Comment
0011000Xq Set Internal Contrast Control On/Off =0: Internal Contrast Control Off(POR)
Xo=1: Internal Contrast Control On
Internal contrast circuits can be disabled if external contrast cir-
cuits is preferred.
0011001X, Set Display Frequency Xo=0 : normat display frequency (POR)
Xo=1: half display frequency
0011010X, Save/Restore GDDRAM Column Xo=0 : restore address
Address Xo=1: save address
00110110 Master Clear GDDRAM Master clear GDDRAM (64 x 128 bits), row 64 (icon line) will not
be cleared
00110111 Master Clear Icons Master Clear of Icons
0011100X, Set Bias Ratio Xo=0:bias = 1:9 (POR)
Xo=1:bias=1:7
0011101X, Reserved Xo=0 : Normal Operation (POR)
Xo=1:Test Mode 1 Select
(Note : Make sure to set Xo=0 during application)
00111100 End of Command Write commnd to identify end of data frame
0011111X, Set Display Mode Xo=0 : low power icon display mode
Xo=1: normal display mode (POR)
01000000 Set Multiplex Ratio next command will define no. of MUX, 00X5X4X3X2X1XD
no. of mux=00111111 upon POR (65 MUX)
01000001 Set Page Mask next command will be written to page mask register
page mask register=0 upon POR
0100010X, Page Mask Xo=0 : disable page mask (POR)
Xo=1: enable page mask
0100011Xq lcon Mask Xo=0 : disable icon mask (POR)
Xo=1 : enable icon mask
0100100Xq Set Data Direction Xp=0 : Write Data (POR)
(for SPI mode only) Xo=1: Read Data
next command will define the total number of data bytes will be
read / write
. e.g. no. of data bytes = 01111111 for 128 bytes
0100101X, Reserved Xp=0 : Select Switch Resistor as HV divider (POR)
Xo=1: Select Buffer as HV dividier
0100110X, Reserved Xo=0 : Select 5000hm in switch resistor divider (POR)
Xo=1: Select 1kohm in switch resistor divider
01010100 Reserved next command will define Smart Divider value, 000X4X3X>X1Xo
0101001X, Reserved Xo=0 : Use diode approach for temperature compensation (POR)
Xo=1 : Use band gap technique for temperature compensation
011001X1Xq Set Display Waveform Type X Xo=00 : Waveform Type B (POR)
X1Xp=01 : Waveform Type C with polarity inversion every 8 lines
X1Xo=10 : Waveform Type C with polarity inversion every 4 lines
X1Xo=11 : Waveform Type C with polarity inversion every 2 fines
0110100X, Set Smart Icon Mode Xo=1:4-Phase Smart Icon
Xg=0 : 6-Phase Smart Icon (POR)
011011X4Xq Set Temperature Coefficient X1Xo=: 0.00% (POR)
X1Xp=:-0.18%
X1Xo=: -0.22%
X1Xo=: -0.35%
0111000X, Increase / Decrease Contrast Level Xo=0: Decrease by one level
Xo=1: Increase by one level '
(Note: increment/decrement wraps round among the 16 contrast
levels. Start at the lowest level when POR.
MC141800A MOTOROLA
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COMMAND TABLE
Bit Pattern Command Comment

0111011%, Reserved X=0: Normal Operation (POR)
Xo=1: Test Mode 2 Select
(Note : Make sure to set Xy=0 during application)

0111101X, Set Internal / External Oscillator Xo=0: Internal oscillator (POR)
Xo=1: External oscillator.
For internal oscillator place a resistor between OSC1 and OSC2.
For external oscillator mode, feed clock input to OSC2.
0111111X, Set Oscillater On/Off Xo=0: oscillator Off (POR)

Xg=1: oscillator On.

This is the master control for oscillator circuitry. This command
should be issued after the “Set Internal / External Oscillator” com-
mand.

Set GDDRAM Column Address.
Use XgX5X4X3X2X1Xg as address bits.

1XgXsX4X3XoX 1 Xg Set GDDRAM Column Address

Data Read / Write

To read data from the GDDRAM, input High to R/W pin and D/C pin in parallel mode or pull high at the 7th and 8th bit of the address in lIC
serial mode or send Data Direction command 01001001 in SPI mode. Data is valid at the falling edge of CLK. And the GDDRAM column
address pointer will be increased by one automatically. .

To write data to the GDDRAM, input Low to R/W pin and High to D/C pin in parallel mode or pull low 7th bit and high 8th bit of the address in
1IC serial mode or send Data Direction command 01001000 in SPI mode. Data is latched at the falling edge of CLK. And the GDDRAM column
address pointer will be increased by one automatically. If parallel interface is selected, End of command should be followed after all data are
send out.

No auto address pointer increment will be performed for the Dummy Write Data after Master Clear GDDRAM. (Refer to the “Commands
Required for RAW Actions on RAM” Table)

Address Increment Table (Automatic)

D/C RW [Comment Address Increment ‘ Remarks
0 ] Write Command No
0 1 Read Command No (invalid mode) "
1 0 Write Data Yes 2
1 1 Read Data Yes

Address Increment is done automatically data read write. The column address pointer of GDDRAM™ is affected.
Remarks : *1. Only data is read from RAM.

*2. If write data is issued after Command Clear RAM, Address increase is not applied.

*3. Column Address will wrap round when overflow.

Commands Required for R/W Actions on RAM

R/W Actions on RAMs Commands Required
Read/Write Data from/to GDDRAM. Set GDDRAM Page Address (0000X3XoX 4 Xg)*
Set GDDRAM Column Address (1XeXsX4X3XoX1Xo)*
Read/Write Data (X7XX5X4X3X2X1X0)
End of command (00111100)
Save/Restore GDDRAM Column Address. Save/Restore GDDRAM Column Address (0011010Xp)
End of command (00111100)
Master Clear GDDRAM Set Clear Page GDDRAM (64 x 128 bits) (00110110)
Dummy Write Data (X7XeX5X4X3X2X1Xp)
Master Clear Icon RAM Set GDDRAM Page Address to Page 9 (00001000)
Master Clear Icon RAM (128 bits, row 64) (00110111)
Dummy Write Data (X7XeX5X4X3X2X1X0)

* No need to resend the command again if it is set previously.

The read / write action to the Display Data RAM does not depend on the display mode. This means the user can change the RAM content
whether the target RAM content is being displayed.

MC141800A
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Display Output Description

This is an example of output pattern on the LCD panel. Figure 10b and 10c are data map of GDDRAM and the output pattern on the LCD
display with different command enabled.

COM0O ——]
Content of GDDRAM
PAGE 1 UpperNibble |5A5A5A5A5A--------- SAS5AS5A5AS5A
Lower Nibble [5A5A5A5A5A--------- SAS5AS5A5A5A
PAGE2 UpperNibble [33CcC33CC33~---~-----~ cc33cc33cce
Lower Nibble |[33cCc33CC33----~--=--~ cc33cc33cc
PAGE 3 Upper Nibble [0 000FFFFO00 --~~~~--- FFOOOOFFFF
Lower Nibble |FFFFOOO0OOFF - - - - - - - - = QOFFFFO0000
PAGE 4 UpperNibble |[FFFFFFFFO00 - - - - -~ -~ - FF00000000
Lower Nibble |[FFFFFFFFO00-------- - FF00000000
COM83 et o IRRRRNAN ) . :
Comea ——FHAE = = = = A _
PAGE 9 Upper Nibble |0000000000--~-----*+- 0000000000
Lower Nibble [0001110000-------~- 0000111000
SEGO SEG127
Figure 10b
Figure 10a 9

Icon Line T T TTHENIT] OTEETT TTEETN
Column remap disable Column remap enable Column remap disable
Row re-map disable Row re=map disable Row re-map enable

Figure 10c. Examples of LCD display with different command enabled
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Power Up Sequence (Commands Required)

Command Required POR Status Remarks

Set Display Frequency Normal "1

Set Oscillator Enable Disable *1

Set MUX Ratio 65 MUX *1 Remarks :

Set Bias Ratio 1/9 bias "1

Set Internal DC/DC Converter 4X Converter "1 *1 -- Required only if desired status differ from POR.
Set Internal Regulator On Off *1 *2 -- Effective only if Internal Contrast Control is enabled.
Set Temperature Coefficient TC=0% *1,*3 *3 -- Effective only if Internal Regulator is enabled.
Set Internal Contrast Control On Off *1,"3

Set Contrast Level Contrast Level =0 *1,*2,*3

Set Smart Bias Divider On Ooff 1

Set Segment Mapping Seg.0=Col.0

Set Common Mapping Com.0=Row0

Set Display On Off

Smart Icon Mode Output Description

There are two driving schemes of Smart Icon Mode for panel with different \j,,/V or Vpp :
1) 4 - Phase Smart Icon : 1/4 ~ 3/4

Vo" > VDD * sqrt (1/4)
Von < Vpp * sqrt (3/4)
2) 6 - Phase Smart Icon : 1/6 ~ 3/6
Voff > VDD * sqrt (1/6)
Von < Vpp * sart (3/6)
II\I\Illl\III\\II’\DVDD
COM (non i | I
(non icon) EEERRNE ||\\|DvsS
HHHIH!!HIHDVDD
COMB&4(icon ‘ | |
e “::\::::\l:|::\||}°"ss
DVDD
SEG(on
(o) NN EREE R EEEE e
| f) P | ovop
| RN
(I |

P
SEG(off) LT
[ [

| [ | [ | |
COM (non icon) | T | L [
I T b T e
COM64(icon) [ 1] [T T T T e
| Lt
SEG(on) R [y
[ |l l \ |
SEG(off) N EREEEE BN |
| [ I I

Figure 11b. LCD Driving Signal for 6 - Phase Smart Icon Mode
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Application Circuit:
All Internal Analog Circuitry disabled at 1IC Serial mode operation

DVpp  AVpp Ve

0.1uF 0.4pF
J_——H I———r!—

Vop DVSS DVDD AVDD AVSS VLL2 VLL3 VLL4 VLLS VLL6 VCC ,
DA ‘_>IIC Add
CMOS R R Doe Ly ress
MPU/MCU :
scL CLK ooMolo |
COMe64
SDA DO/SDA MC141800A ;::;ng
RES SEGO 1o
Voo SEG127 [
D7/IC/SPI
S/ 0sc2 0sci VF VR C3P C3N_C2P C2N CiP CiN
R3
RAM
Remark :
1. R3 can be omitted for external oscillator.
2. RES should be at a known state.
3. VLL2 - VLL6 can be left open for internal divider is enable.
4. R'W, CE, D/C and D3-D6 can be open for lIC serial mode.
5. D1/A1 and D2/A2 should be at predefined state for device identification.
6. Ris pull up resistance, R < 5 ,téb (R =300 ohm for 1MHz, assume Cy,,5 = 200pF)
us
MOTOROLA
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All Internal Analog Circuitry enabled at IIC Serial mode operation

DVop  AVpp
0.1pF 0.1uF
| = _l_ o) o] o o]
= 0.1pF
v DVSS DVDD, AVDD AVSS VCC VLL2 VLL3 VLL4 VLS VLL6
DD .
DAt 1IC Add
ress
CMOS R ] D2/A2
MPU/MCU com
0 to
SCL CLK comss [
SDA DO/SDA MC141800A ToLCD
AES Panel
Voo Seatzr
D7/IC/SPI
s/F  0SC2 0SC1 VF VR C3P C3N C2P C2N CiP CiN
EPROM ' I I
R3 ! L 0.l1. uF 0.1pF 0..1. WF
() | .
Remark :
1. R3 can be omitted for external oscillator.
2. VR and VF can be left open for Internal Regulator disable and Contrast Disable.
3. RES should be at a known state. '
4. RW, CE, D/C and D3-D6 can be open for IIC serial mode.
5. D1/A1 and D2/A2 should be at predefined state for device identification.
6. Ris pull up resistance, R < 5 .téb (R = 300 ohm for 1MHz, assume Cy,,5 = 200pF)
us
MOTOROLA MC141800A
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All Internal Analog Circuitry disabled at SPI Serial mode operation

DVpp  AVpp Vee
0.1uF 0.1pF
| — <
DVSS DvDD AVDD AVSS VLL2 VLL3 VLL4 VLL5 VLL6 VCC
CMOS
MPU/MCU
RES X
. CE COMO to
M64
SCK CLK MC141800A co ToLCD
MOSI D3/Din Panel
MISO D4/Dout SEGO to
SEG127
D7/lIC/S_
S/P__ 0SC2 0SC1 VR C3P C3N C2P C2N Ci1P CiN

Remark :

1. R3 can be omitted for external oscillator.

2. RES should be at a known state.

3. VLL2 - VLL6 can be left open for internal divider is enable.

4. R/W, D/C, D0-2 and D5-6 can be open for SPI serial mode.

MC141800A MOTOROLA
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All Internal Analog Circuitry enabled at SPI Serial mode operation

DVpp  AVop
0.1yF 0.1pF
T T
= ‘ o.mfl' T
DVSS DVDD AVDD AVSS VCC VLL2 VLL3 VLL4 VLL5 VLL6
CMOS
MPU/MCU
RES
CE COMO to
ScK CLK MC141800A Ccome4 ToLCD
MOSI D3/Din Panel
MISO D4/Dout SEGO to
SEG127 [
D7/IC/SPI
S/F___0osc20sct VF VR C3P C3N C2P C2N CiP CiN
Vop
EPROM
A3 [ 1 O1pF 0.1yF 0.AuF
Remark :
1. R3 can be omitted for external oscillator.
2. VR and VF can be left open for Internal Regulator disable and Contrast Disable.
3. RES should be at a known state.
4. R/W, D/C, D0-2 and D5-6 can be open for SPI serial mode.
MOTOROLA MC141800A
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All Internal Analog Circuitry disabled at Parallel mode operation

DVpp  AVpp Ve
0.1uF 0.1yF : é |
T g '
DVSS DVDD AVDD AVSS VLL2 VLL3 VLL4 VLLS VLL6 VCC
cMOoS RES
MPU/MCU CE
with orc COMO to
—
Parallel RW MC141800A COMe4 ToLCD
Interface CLK Panel
SEGOto | .
. SEG127 [
D0 ..D7 .
Sl 0802 0SsC1 VF VR C3P C3N C2P C2N CIP CIN
RAM

Remark :

1. R3 can be omitted for external oscillator.

2. RES should be at a known state.

3. VLL2 - VLL6 can be left open for internal divider is enable.
MC141800A MOTOROLA
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All Internal Analog Circuitry enabled at Parallel mode operation

DVpp  AVpp
0.14F 0.14F

T aE!

1 |

DVSS DVDD AVDD AVSS VCC VLL2 VLL3 VLL4 VLL5 VLL6
cMos 2;5
MPU/MCU
with D/C COMO to
COMé64 >
Parallel RW MC141800A ToLCD
Interface CLK Panel
SEGO to
SEG127 [
DO ..D7
S/P___0SC20sCt VF VR C3P _C3N C2P C2N CiP_CiIN
EPROM l ‘
= R3 1 0.1uF 0.1uF 0.1RF
RAM ——L.,
Remark :
1. R3 can be omitted for external oscillator.
2. VR and VF can be left open for Internal Regulator disable and Contrast Disable.
3. RES should be at a known state.
MOTOROLA MC141800A
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PACKAGE DIMENSIONS
MC141800AT

TAB PACKAGE DIMENSION - 1
(DO NOT SCALE THIS DRAWING)

LEADING DIRECTION

69.95040.500

29.900

24,938

24.775

12,627 MAX.

b

FLEX—\ J <| § 8-
~|a|~
] —
o el
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0 T T
g - - £
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-
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o
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20.000 20.000
27.000 26.000
27.900 27.800
30.500 30.500
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O
z bt coPPERSIDE  TATTERN SIDE
+H
d 3 (COPPER SIDE)
o 3
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J
¢ TAPE ORIENTATION

NOTES FOR ALL PAGES

. DIMENSIONING AND TOLERANCING PER ANS| Y14.5M, 1982.
. IF NOT SPECIFIED, SIZE IN MILLIMETER

. UNSPECIFIED DIMENSION TOLERANCE IS £0.05
. BASE MATERIAL: 75 MICRON UPILEX-S

COPPER TYPE: 3/4 OZ COPPER (THICKNESS TYP. 25 MICROMETER, MIN 18 MICROMETER)
. 5 SPROCKET HOLES DEVICE

. OPTIONAL FEATURE FOR SPS INTERNAL USE ONLY WHICH MAY BE REPLACED BY ¢ 2.0 MM HOLE.

NoOUALN =

MAGNIFIED VIEW

) Reference : 98ASLUUZ69A

Issue "0" reléased on 11 Feb 97
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PACKAGE DIMENSIONS

MC141800AT
TAB PACKAGE DIMENSION - 2

(DO NOT SCALE THIS DRAWING)
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& DETAIL D
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Die Pad Coordinate of MC141800A

X(um)

Pad |Name X(um) [Y(um) [Pad|Name X(um} [Y(um) [Pad{Name X(um} [Y(um) [Pad|Name Y(um) |PadName X{um) |Y(um)
1 COM(22) (-4826.0 |-807.6 |61 |C3P 1198.4 |{-857.8 [121 |SEG(0) |4826.0 |807.6 |181 [SEG(60) (266.0 |807.6 |241 |SEG(120) |-4294.0 [807.6
2 COM(23) (-4750.0 |-807.6 |62 |C3N 1304.4 |-857.8 |122 |SEG(1) |4750.0 |807.6 {182 [SEG(61) (190.0 |807.6 [242 |SEG(121) (-4370.0 (807.6
3 COM(24) [-4674.4 |-811.8 (63 |VLL2: 14104 |-857.8 (123 [SEG(2) |(4674.0 (807.6 (183 {SEG(62) [114.0 |807.6 243 |SEG(122) (-4446.0 (807.6
4 COM(25) |-4598.0 |-807.6 |64 |VLL2: 1516.4 |-857.8 (124 [SEG(3) |4598.0 |807.6 |184 [SEG(63) |38.0 807.6 [244 |SEG(123) [-4522.0 (807.6
5 COM(26) |-4522.0 (-807.6 [65 [VLL3: 16224 |-857.8 |125 |SEG(4) |4522.0 |807.6 |185 |SEG(64) |-38.0 |807.6 |245 |SEG(124) |-4598.0 |807.6
6 COM(27) (-4446.0 |-807.6 |66 |VLL3: 1728.4 |-857.8 |126 |SEG(5) |4446.0 [B07.6 (186 |SEG(65) |(-114.0 |807.6 |246 |SEG(125) (-4674.0 (807.6
7 COM(28) [-4370.0 |-807.6 |67 |VLL4: 1834.4 |-857.8 |127 |SEG(6) |4370.0 [807.6 [187 |[SEG(66) |-190.0 |807.6 |247 |SEG(126) (-4750.0 |807.6
8 COM(29) |-4294.0 |-807.6 |68 |VLL4: 1940.4 |-857.8 (128 [SEG(7) [4294.0 (807.6 |1B8 [SEG(67) |-266.0 [807.6 [248 |SEG(127) [-4826.0 (807.6
9 COM(30) |-4218.0 [-807.6 [69 [VLLS: 2046.4 -857.8 129 |SEG(8) |4218.0 |807.6 [189 |SEG(68) |-342.0 |807.6 |249 (COME4B |-5328.4 |835.4
10 |COM(31) [-4142.0 |-807.6 (70 [VLLS: 21524 |-857.8 |130 [SEG(9) [4142.0 |BO7.6 (190 |SEG(69) [-418.0 (807.6 [250 |COM(0) |-5328.4 (759.4
11 |DVDD: (-4042.2(-857.8 (71 |VLLE: 2258.4 (-857.8 [131 [SEG(10) |4066.0 |807.6 |191 |SEG(70) |-494.0 [807.6 [251 |COM(1) |-5328.4 |683.4
12 [s/P -3940.6 |-857.8 |72 |VLLE: 2364.4 |-857.8 |132 |SEG(11) [3990.0 |807.6 [192 |SEG(71) |[-570.0 |807.6 |252 [COM(2) |-5328.4 |607.4
13 |RES -3839.0 [-857.8 |73 [DVSS: (24704 |-857.8 (133 |[SEG(12) (3914.0 (807.6 |193 [SEG(72) |(-646.0 (807.6 |253 |COM(3) |[-5328.4 [531.4
14 |DIC -3737.4|-857.8 |74 |OSC1 2576.4 |-857.8 134 |SEG(13) |3838.0 (807.6 [194 |SEG(73) (-722.0 (807.6 [254 |COM(4) |-5328.4 (455.4
15 |DVSSs: -3569.0 {-857.8 (75 |DVSS: 2682.4 |-857.8 (135 [SEG(14) (3762.0 (807.6 |195 SEG(74) |-798.0 (807.6 (255 |COM(5) [-5328.4({379.4
16 [DVSS: -3467.4|-857.8 |76 |DVSS: 2788.4 |-857.8 |136 |SEG(15) |3686.0 |807.6 |196 |SEG(75) |(-874.0 [807.6 [256 |COM(6) |-5328.4 1303.4
17 |DVSS: |[-3365.8|-857.8 |77 |VCC: 2894.4 |-857.8 |137 {SEG(16) |3610.0 |807.6 [197 |SEG(76) |-950.0 |807.6 |257 [COM(7) |-5328.4|227.4
18 |Dvss: |[-3264.2|-857.8 |78 [VCC: 3000.4 |-857.8 |138 |SEG(17) |3534.0 |807.6 [198 |SEG(77) |[-1026.0|807.6 |258 |COM(8) |-5328.4 |151.4
19 |DVSs: |[-3162.6|-857.8 |79 |AVSS: [3106.4 |-857.8 |139 |SEG(18) |3458.0 |807.6 |199 |[SEG(78) [-1102.0(807.6 [259 [COM(9) |-5328.4(75.4
20 |DVss: -3061.0 |-857.8 |80 |OSC2 3212.4 |-857.8 |140 |SEG(19) |3382.0 |807.6 [200 |SEG(79) (-1178.0|807.6 |260 |COM(10) |-5328.4 |-0.6
21 |DVSS: |-2959.4(-857.8 (81 |AVDD: |3318.4 (-857.8 (141 [SEG(20) (3306.0 (807.6 [201 [SEG(80) |-1254.0(807.6 [261 |COM(11) (-5328.4 |-76.6
22 |DVSS: |-2857.8|-857.8 [82 |[DVSS: |3493.0 [-857.8 [142 |SEG(21) [3230.0 [807.6 [202 |SEG(81) |[-1330.0|807.6 |262 |COM(12) |-5328.4 |-152.6
23 |DVSS: |-2756.2 |-857.8 |B3 [DVSS: |3594.6 |-857.8 [143 [SEG(22) |3154.0 (807.6 |203 [SEG(82) |-1406.0 (807.6 (263 |COM(13) [-53284 |-228.6
24 |DVSS: -2654.6 |-857.8 |84 |DVSS: 3696.2 (-857.8 [144 |SEG(23) [3078.0 |807.6 |204 |SEG(83) |[-1482.0(807.6 |264 [COM(14) |-5328.4 |-304.6
25 |DVSS: -2553.0 |-857.8 |85 |DVSS: 3797.8 |-857.8 |145 |SEG(24) |3002.0 |807.6 |205 |SEG(84) |(-1558.0|807.6 [265|COM(15) (-5328.4 |-380.6
26 (DVSS: (-2451.4(-857.8 (86 |DVSS: [3899.4 '-857.8 |146 |SEG(25) |2926.0 |1807.6 ]206 |SEG(85) |-1634.0)807.6 |266 |COM(16) |-5328.4 |-456.6
27 |DVSS: |-2349.8|-857.8 |87 [DVSS: |4001.0 |-857.8 |[147 |SEG(26) |2850.0 (807.6 |207 |SEG(86) |-1710.0(807.6 (267 |COM(17) [-5328.4 |-532.6
28 |DVSS: |-2248.2|-857.8 (B8 [COMB4A |4142.0 |-807.6 |148 [SEG(27) (2774.0 (807.6 |208 [SEG(87) [-1786.0(807.6 |268 |COM(18) |-5328.4 |-608.6
29 |Dvss: -2146.6 |-857.8 |89 |COM(63) 14217.0 |-806.2 |149 |SEG(28) |2698.0 |807.6 |209 [SEG(88) (-1862.0|807.6 [269 |COM(19) (-5328.4 |-684.6
30 |DVSS: |[-2045.0(-857.8 |90 |COM(62) |4293.0 (-806.2 [150 SEG(29) (2622.0 (807.6 (210 (SEG(89) (-1938.0(807.6 (270 |{COM(20) {-5328.4 |-760.6
31 |DVSS: |-19434|-857.8 [91 [COM(61) |4369.0 |-806.2 [151 [SEG(30) |2546.0 (807.6 |211 [SEG(90) |-2014.0|807.6 }271 |COM(21) |-5328.4 (-836.6
32 |DVSS: |-1841.8|-857.8 (92 |COM(E0) |4445.0 |-806.2 [152 [SEG(31) |2470.0 [807.6 [212 [SEG(91) |-2090.0 (807.6
33 |DVSS: |-1740.2 (-857.8 (93 |COM(S9) [4521.0 |-806.2 [153 [SEG(32) |2394.0 [807.6 [213 [SEG(92) |-2166.0 |807.6
34 |RW -1638.6 |-857.8 (94 |COM(58) [4597.0 [-806.2 (154 |SEG(33) [2318.0 |807.6 (214 |SEG(93) |[-2242.0(807.6
35 |D7 -1537.0 |-857.8 |95 |COM(57) [4673.0 |-806.2 |155 |SEG(34) |2242.0 |807.6 {215 |SEG(94) |-2318.0(807.6
36 D6 "|-1435.4 |-857.8 |96 |COM(S6) [4749.0 |-806.2 |156 |SEG(35) |2166.0 |807.6 [216 [SEG(95) |-2394.0 |807.6
37 |05 -1333.8 |-857.8 [97 |COM(55) [4826.0 |-807.6 [157 |SEG(36) [2090.0 [807.6 |217 |SEG(96) |-2470.0|807.6
38 |D4 -1232.2|-857.8 98 |COM(54) [5328.4 -836.6 (158 |SEG(37) [2014.0 |807.6 [218 |SEG(97) |[-2546.0|807.6
39 |D3 -1130.6 |-857.8 (99 |COM(S3) [5328.4 |-760.6 |159 |SEG(38) |1938.0 |807.6 |219 |SEG(98) |-2622.0(807.6
40 |D2 -1029.0 |-857.8 (100 |COM(52) [5328.4 |-684.6 |160 |SEG(39) |1862.0 |807.6 |220 |SEG(99) |-2698.0|807.6
41 (D1 -927.4 1-857.8 1101 |COM(51) 15328.4 |-608.6 [161 |SEG(40) [1786.0 |807.6 )221 |SEG(100) |-2774.0 |807.6
42 |DO -825.8 |-857.8 |102 |COM(50) |5328.4 |-532.6 |162 |SEG(41) [1710.0 (807.6 [222 [SEG(101) |-2850.0 |807.6
43 (DO <7242 |-857.8 |103 |COM(49) [5328.4 |-456.6 |163 |SEG(42) {1634.0 |807.6 |223 |SEG(102) |-2926.0 |807.6
44 |CLK -622.6 |-857.8 |104 |COM(48) [5328.4 |-380.6 |164 |SEG(43) |1558.0 |807.6 |224 |SEG(103) |-3002.0 |807.6
45 |CLK 521.0 |-857.8 |105 |[COM(47) [5328.4 |-304.6 (165 |SEG(44) |1482.0 (807.6 (225 SEG(104) {-3078.0(807.6
46 |CE -419.6 1-857.8 [106 |COM(46) (5328.4 |-228.6 166 |SEG(45) |1406.0 |807.6 |226 |SEG(105) |-3154.0 |807.6
47 |DVDD: |-317.8 |-857.8 [107 [COM(45) |5328.4 |-152.6 |167 [SEG(46) |1330.0 |807.6 [227 [SEG(106) |-3230.0 [807.6
48 |DVDD: |-216.2 (-857.8 |108 |COM(44) |5328.4 |-76.6 (168 {SEG(47) |1254.0 [807.6 (228 SEG(|0‘7) -3306.0 (807.6
49 |DVSS: |-114.6 (-857.8 (109 |COM(43) |5328.4 |-0.6 169 |SEG(48) |1178.0 |807.6 |229 [SEG(108) |-3382.0 (807.6
50 |DVSS: |-13.0 |-857.8 |110 [COM(42) |5328.4 |75.4 170 [SEG(49) |1102.0 |807.6 |230 [SEG(109) |-3458.0 |807.6
51 |AVDD: 1384 [-857.8 [111 [COM(41) |5328.4 [151.4 |171 |SEG(50) [1026.0 [807.6 |[231 |SEG(110) |-3534.0 [807.6
52 |AVDD: 2444 )-857.8 |112 |COM(40) |5328.4 |227.4 [172 |SEG(51) |950.0 |807.6 |232 |SEG(111) |-3610.0|807.6
53 |AVSS: (3504 {-857.8 |113 |COM(39) |5328.4 |303.4 |173 |SEG(52) |874.0 |807.6 [233 |SEG(112) |-3686.0|807.6
54 |AVSS: |456.4 |-857.8 [114 |COM(38) |5328.4 |379.4 [174 [SEG(53) |798.0 |807.6 |234 [SEG(113) |-3762.0 (807.6
55 |VF 562.4 |-857.8 115 |COM(37) (53284 |455.4 |175 [SEG(54) |722.0 |807.6 |235 |SEG(114) |-3838.0|807.6
56 |VR 668.4 |-857.8 (116 [COM(36) |15328.4 |531.4 |176 |SEG(55) |646.0 |807.6 236 |SEG(115) |-3914.0|807.6
57 |C1P 7744 |-857.8 |117 |COM(35) [5328.4 |607.4 |177 |SEG(56) |570.0 |807.6 |237 |SEG(116) |-3990.0 |807.6
58 |CIN 880.4 |-857.8 |118 |COM(34) (5328.4 |683.4 |178 |SEG(57) |494.0 (807.6 |238 |SEG(117) |-4066.0)|807.6
59 |C2P 986.4 |-857.8 |119 [COM(33) |5328.4 (759.4 |179 [SEG(58) |418.0 |807.6 |239 [SEG(118) |-4142.0|807.6
60 [C2N 1092.4 [-857.8 [120 [COM(32) (5328.4 [835.4 (180 |SEG(59) [342.0 [807.6 (240 (SEG(119) |-4218.0(807.6
Note : *Power and ground die pads should be bonded correspondingly in COG application
Die Pad 15 - 33, 43, 45, 47 -54, 64, 66, 68, 70, 72 - 73, 76, 78 and 82 - 87 are multiple pads of critical signal
(Basically, these are DO, CLK, DVDD, DVSS, AVDD, AVSS, VCC and VLL2-VLL6 which special design for COG)
Bump Size : Pad X(um) Y{um) Die Size (including scribe) :  11226.8 x 2286 (um)

1-10 42 100

11-87 65 65

88-97 42 100

98-120 100 42

121-248 42 100

249-271 100 42

MC141800A MOTOROLA
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

LCD Common (Row) Driver
CMOS

The MC141562 is a high volt, high MUX passive LCD common driver.
It is a low power silicon-gate CMOS LCD driver chip which consists of 100-
channel common driving outputs for a high MUX (up to 300 MUX) large dot

matrix passive LCD panel.

This chip can be configured as 100CH X 1 or 50CH X 2 mode of op-
eration. The 28 V high voltage output driving cells can be controlled by low

voltage (3.0 volts) logic input.

The MC141562 will provide the best performance in combination with

the MC141563 (segment driver).

* Operating Supply Voltage Range -
Control Logic, Shift Register (VDD): 2.7V to 5.5V
Common Drivers (VLCD): 10 Vto 28 V

* Operating Temperature Range: -20 to 70°C

MC141562

MC141562T

ORDERING INFORMATION

+ 100 LCD Common Driving Outputs. MC141562T
¢ Driving Duty Cycle (MUX) : 1/100 to 1/300.
* Bi-directional Shift Register with 100CH X 1 or 50CH X 2 Mode of
Operation.
* Interchangeable Carry-in / Carry-Out Terminals.
« Left / Right Shift Mode Selection.
* Cascadable.
* Maximum Shift Clock Frequency = 1.0 MHz
* Available in TAB (Tape Automated Bonding), 115 pins -
BLOCK DIAGRAM
301 E&)Z ) EIO3 EIO4
SCLK =P 50-Stage 50-Stage
Bi-Directional Bi-Directional
-_— Shift Register Shift Register
L/R ———|
‘ 150 ,1r 50
DIS-OFF ~——— Voltage Select Voltage Select
Logic & Logic &
M > Level Shifters Level Shifters
HV HV
Pass Gate Pass Gate
< S Control ~ . ZControl
Vi ———
50 HV 50 HV
vz ————— Common Common
VLS ————p Driver Cell Driver Cell
vLg ————
588 228 g 388
S=> =5= =S= s32
=
888 3888 883 883
REV 4
10/96
MOTOROLA MC141562
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DuMMY

EIO1
VSSs
SCLK
VDD
VEE

DIS-OFF

M
LR
ElO2
EIO3
v
VL2
VL5
VL6

EIO4

DUMMY

115 | comi
= 114 | com2
' 113 | COM3

diHO 29SO

COm98
COM99
COoM100

Figure 1. TAB Package Contact Assignment (Copper View)

MC141562
3-310

MOTOROLA



MAXIMUM RATINGS*(Voltages Referenced to Vgg)

Symbol Parameter Value Unit
Vpop Supply Voltage -0.3t0 +6.0 \
Vee -0.3t0-24.0 v
Vico DC Supply Voltage (Vpp - Veg) Vpp to +30 v

Input Voltage
Vbin All Digital Input Vgs-0.3 to Vpp+0.3 \
Vain Vicp Leve! Input Vee-0.3 to Vpp+0.3 \
| Current Drain Per Pin Excluding Vpp and Vgg 25 mA
Ta Operating Temperature Range -20to 70 ‘C
Tstg Storage Temperature Range -65 to +150 ‘C

* Maximum Ratings are those values beyond which damage to the device may occur. Functional
operation should be restricted to the limits in the Electrical Characteristics tables or Pin Descrip-

tion section.

ELECTRICAL CHARACTERISTICS (Voltage Referenced to Vgg, Tp = 25°C)

This device contains circuitry to protect the inputs
against damage due to high static voltages or elec-
tric fields; however, it is advised that normal precau-
tions to be taken to avoid application of any voltage
higher than maximum rated voltages to this high
impedance circuit. For proper operation it is recom-
mended that Vi, and V,; be constrained to the
range Vgg < or = (Vi or Vo) < or = Vpp. Reliability
of operation is enhanced if unused input are con-
nected to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left
open. This device may be light sensitive. Caution
should be taken to avoid exposure of this device to
any light source during normal operation. This
device is not radiation protected.

Symbol Parameter Test Condition Min Typ Max Unit
Operating Voltage \'
Voo Supply Voltage (reference to Vgg) 2.7 - 5.5 \
VLCD LCD SUpp'y Voltage ( VDD - VEE) ; 10.0 - 28.0
Supply Current (Vpp Pin) Vpp=5.5V, Vgg=-23V .
Ipp Display Mode SCLK = 200KHz, M=2KHz - 40 100 HA
lsg Standby Mode - 0.3 2 HA
Supply Current (Vpp Pin) Vpp=2.7V, Vgg=-23V ; _
lop Display Mode SCLK = 200KHz, M=2KHz - . 20 - uA
lsg Standby Mode ) -, 0.3 - HA
leg Supply Current at Vgg No Load - 30 150 pA
Common Output Voltage lload = 150pA
VOL VL5,6=VEE R - VEE+0.3 \"
Vo VL1,2=Vpp Vpp-0.3 - - \'
COM1-COM100
Vou Output High Voltage Vpp=5.0V, lload=1mA Vpp-1.0 - - \
VoL Output Low Voltage . - - Vgs+1.0 \
EIO1, EIO2, EIO3, EIO4
Vin Input High Voltage 0.7xVpp - Voo \
ViL Input Low Voltage Vss - 0.2xVpp \
SCLK, L/R, EIOf1, EIO2, EIO3,
ElO4, M, DIS-OFF
lin Input Current - 0.5 +1 HA
SCLK, L/R, EIO1, EI02, EIO3,
ElO4, M, DIS-OFF
Cin Capacitance - 5 10 pF
SCLK, LR, EIO1, El02, EIO3, ’
ElO4, M, DIS-OFF
'OHX, |o|_x Common Output Current VOH= VDO - 0.3V, VOL=VEE +0.3V +150 - - llA
COM1-COM100
loHc, loLc | Carry Output Current Von=Vpp - 1.0V, Vo =Vgg +1.0V 1.0 - - mA
EIO1, EIO2, EIO3, EIO4
Ron Common Output Impedance Vob - Vee =28V, lonx, loLx=t150pA - 1 2 K Ohm
Common Output Impedance Variance - +10 +30 %
MOTOROLA MC141562
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AC ELECTRICAL CHARACTERISTICS -WRITE CYCLE (Vpp =5.0V, Vgg = OV, Vgg = -23V, Ty = 25°C)

Symbol Parameter Min Typ Max Unit
trny - | Digital Input Rise and Fall Time - 25 50 ns
tTHL . SCLK, M, E|01,2,3,4, BI_STOT? - 25 50 ns
tsco Shift Clock (SCLK) Cycle 1000 - - ns
tscH Shift Clock (SCLK) Puise Width HIGH 150 - - ns
tsot Shift Clock (SCLK) Pulse Width LOW ) 150 - - ns
tsue Enable Input (EIO) to Shift Clock (SCLK) Set up Time 100 - - ns

the Enable Input (EIO) to Shift Clock (SCLK) Hold Time ~ 100 - - ns
treO Shift Clock (SCLK) to Enable Output (EIO) Delay Time - - 100 ns
: CL = 25pF '
SCLK
\
_/ \_,_/ /" \
—tsuE
the —]
EIO (Input) / \
- [~ tPEO
EIO (Output) \
Figure 2. SCLK, EIO Input and Output Propagation Delay Timing Diagram
t //
. 90 % 78
Control Input
(SCLK, M, EIO1, EI02, 10%
EIO3, EIO4)
TH
Figure 3. Control Input Rise and Fall Timing Diagram
| tsw g |
Shift Clock (SCLK)
Input
Figure 4. Shift Clock Pulse Width High and Pulse Width Low Timing Diagram
MC141562 MOTOROLA
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PIN DESCRIPTIONS

The main dc power is supplied to the part by these two connec-
tions. Vpp is the most-positive supply level and Vgg is ground.

VEE
This supply connection provides the negative power supply volt-
age for the common drivers. .

VL1,VL2,VL5,VL6
These input pins are connected to the external voltage divider
(See Figure 5).
Voltage supply level for the LCD :
VL1,VL6: On-level of the LC
VL2, VL5 : Off-level of the LC

Carry Shift Clock (SCLK)
Carry input is strobed into the shift register by the falling edge of
the SCLK.

Left / Right Shift Select (L/R))
This input pin determines the direction of the shift register opera-
tion (See Table 1).

Carry-In / Carry-Out (EIO1, EIO2, EIO3, EIO4)

These four input / output pins perform the Carry-In and Carry-Out
function depending on the shift register direction of operation. EIO1 and
E!O2 are used as the 1/0 pins of the COM1 to COMS50 block, while
EIO3 and EIO4 are used as I/O pins for the COM51 to COM100 block.
In right shift mode (L/R ="0"), the EIO1/EIO3 is the Carry-In input
while the EIO2/EIO4 will be the Carry-Out output for cascading. In left
shift mode (L/R ="17), the pin functions and operation are reversed.
In case of 100 CH application, EIO2 and EIO3 should be connected
together.

Frame Signal Input (M)
This input signal is the Frame Sync. Signal which provides an:
frame alternating output format of the output (See Figure 6).
0

M 1 0 1
EIO (Input) 1 0 0 1
Output vL1 vi2 VL5 VL6

Display-Otf Enable (DIS-OFF)
This input pin is active low. If set“LOW?”, all output pins (Common 1
to Common 100) are forced to VL1.

Common Output (Common 1 to Common 100)
These 100 output lines provide the high volt common signal to the

L/R="0" the carry will shift right LCD panel. They are all at VL1 while display is turned off.
(COM. 1 to COM. 100). ’
L/R="1", the carry will shift left
(COM. 100 to COM. 1).
+ V[D
VL1 VoD
<
R1
VL2
R1
Segment MC141562
Driver
R2 COMMON
Segment DRIVER
Driver '
R1
: VL5
R1
VL6
VEE Vss
VR é
$ Digital GND
VEE
Figure 5. External Voltage Divider
MOTOROLA MC141562
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V2 -- l -
|
Vs ------- L 7
Ve —----- A--p-m -
b
[ 1 o1

EIO (Input) -~

Figure 6. EIO Input, M Si

gnal and Common Output Format

24

—A

7”7

p)a

|
|
|
1 1

{4

EIO (Input)

EIO (Output)

100 1

1 I
1 1
1 1
I 1 I 1 I
: 1 I
t 1 ]
]
Figure 7. SCLK, M Signal and EIO Input and Output Timing Diagram
EIO
L/R 1 2 3 4 Common Output
output input | COM 100,99 - --=-~-~-~-- Ccom2, 1
H
: . COM 100,99 - == ---- > COM 52, 51
tput t tput ’ ’
output) fnput foulpdtfinput | o g0, 49 == = - - - - > coMm2,1
input output { COM 1,2 ======-- COM 99, 100
L
. . COM1,2 - oo -+ COM 49, 50
tput ! ’
input [output| input |outpu COMS51,52 === === - > COM 99, 100

Table 1. Left / Right Shift Control, EIO and Cohmon Output Relation

MC141562
3-314

MOTOROLA



Com 1

Com 2

Segment

o |

00000 00

\A
V2

Vs
vé

Vi
V3

V4
V6

Figure 8. M Signal, Common and Segment Output Format
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PACKAGE DIMENSIONS

MC141562T
TAB PACKAGE DIMENSION
(DO NOT SCALE THIS DRAWING)
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© MC141562T
TAB PACKAGE DIMENSION

(DO NOT SCALE THIS DRAWING)
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DETAIL °C
DETAIL "A”
| Reference : 98ASL00130A Issue ‘0" released on 04/15/94 |
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MC141562T TAB PACKAGE DIMENSION

Millimeters Inches . Millimeters Inches
Dim Min Max Min Max Dim Min Max Min Max
A 34.775 35.175 1.3691 1.3848 AD 0.579 0.629 0.0228 0.0248
B 28.927 29.027 1.1389 1.1428 AE 7.765 8.365 0.3057 0.3293
[¢] 4.720 4.780 0.1858 0.1882 AF 0.450 0.550 0.0177 0.0217
D 1.951 2.011 0.0768 0.0792 AG 1.950 2.050 0.0768 0.0807
E 1.951 2.011 0.0768 0.0792 AH 3.950 4.050 0.1555 0.1594
F 28.000 29.000 1.1024 1.1417 AJ 0.480 0.520 0.0189 0.0205
G 12.365 12.465 0.4868 0.4907 AK 0.990 1.010 0.0390 0.0398
H 12.365 12.465 0.4868 0.4907 AL 8.800 8.900 0.3465 0.3504
J 24.100 24.700 0.9488 0.9724 AM 8.800 8.900 0.3465 0.3504
K 11.821 11.869 0.4654 0.4673 AN 9.800 9.900 0.3858 0.3898
L 11.821 11.869 0.4654 0.4673 AP 9.800 9.900 0.3858 0.3898
M 10.000 11.000 0.3937 0.4331 AR 10.500 11.500 0.4134 0.4528
N 6.005 6.105 0.2364 0.2404 AS 9.500 10.500 0.3740 0.4134
P 1.750 1.850 0.0689 0.0728 AT 11.450 11.550 0.4508 0.4547
R 5.105 5.205 0.2010 0.2049 AU 11.450 11.550 0.4508 0.4547
S 4.643 4,743 0.1828 0.1867 AV 0.350 0.450 0.0138 0.0177
T 2.950 3.050 0.1161 0.1201 AW 0.350 0.450 0.0138 0.0177
U 0.000 1.000 0.0000 0.0394 AX 0.580 0.620 0.0228 0.0244
A 3.950 4.050 0.1555 0.1594 AY 0.380 0.420° " 0.0150 0.0165
w 9.500 10.500 0.3740 0.4134 AZ 0.090 0.130 0.0035 0.0051
Y - 8.880 - 0.3496 BA 0.220 0.240 0.0087 0.0094
z - 4.820 - 0.1898 BB 0.750 0.850 0.0295 0.0335
AA - 0.200 - 0.0079 BC 0.350 0.450 0.0138 0.0177
AB 0.686 0.838 0.0270 0.0330 BD 0.150 0.250 0.0059 0.0098
AC 0.068 0.083 0.0027 0.0032
NOTES:
1. Dimensioning and tolerancing per ANSIY14.5M, 1982.
2. Controlling dimension: millimeter.
3. Copper Thickness: 10z.
4.Tin plating thickness: 0.4um
5. 6 sprocket hole device
[ Reference : 98ASL00130A Issue “0" released on 04/15/94 ]
MC141562 MOTOROLA
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TAB TAPE REEL ORIENTATION.

Reference : 98ASL00130A Issue “0” released on 04/15/94 j
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

LCD Segment (Column) Driver MC141563
CMOS

The MC141563 is a high volt, high MUX passive LCD segment
driver. It is a CMOS LCD driver chip which consists of 80-channel seg-
ment driving outputs for a high MUX (up to 300 MUX) large dot matrix
passive LCD panel.

This chip interfaces with 4-bit or 8-bit data bus with bidirectional shift MC141563T

capability. The 28 V high voltage output driving cells can be controlled by TAB
low voltage (3.0 Volts) logic input.

The MC141563 will provide the best performance in combination
with the MC141562 (common driver).

 Operating Supply Voltage Range - ORDERING INFORMATION
Control Logic, Shift Register (VDD): 2.7V to 5. 5V
Segment Drivers (VLCD): 10 Vto 28 V MC141563T TAB

 Operating Temperature Range: -20 to 70°C

* 80 LCD Segment Driving Outputs.

* Driving Duty Cycle (MUX) : 1/64 to 1/300.

* Bi-directional Shift Register Data Bus of 4-bit x 20 or 8-bit x 10
Configuration.

« Interchangeable Carry-In / Carry-Out Terminals.

* Left / Right Shift Mode Selection

» Cascadable.

¢ Maximum Data Clock Frequency = 8.0 MHz

* Available in SLIM TAB (Tape Automated Bonding), 103 pins

REV 4
10/96

MC141563 MOTOROLA
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Figure 1. BLOCK DIAGRAM
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Figure 2. TAB Package Contact Assignment (Copper View)
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MAXIMUM RATINGS'(Voltageé Referenced to Vgg Ta=25°C)

Symbol Parameter Value Unit
Vbo Supply Voltage -0.3t0 +6.0 ) \
Vee -0.310-24.0 v
Viep DC Supply Voltage (Vpp - Veg) Vppto+30 - v

Input Voltage :
Vbin All Digital Input Vgs-0.3 to Vpp+0.3 \
Vain Vicp Level Input Vgg-0.3 to Vpp+0.3 \
| Current Drain Per Pin Excluding Vpp and Vgg 25 mA
Ta Operating Temperature Range -20to 70 ‘c
Tetg Storage Temperature Range -65 to +150 ‘c

* Maximum Ratings are those values beyond which damage to the device may occur. Functional
operation should be restricted to the limits in the Electrical Characteristics tables or Pin Descrip-

tion section.

ELECTRICAL CHARACTERISTICS (Voltage Referenced to Vgg, Ta =25°C)

" This device contains circuitry to protect the inputs
- against damage due to high static voltages or elec-

tric fields; however, it is advised that normal precau-
tions to be taken to avoid application of any voltage
higher than maximum rated voltages to this high
impedance circuit. For proper operation it is recom-
mended that Vi, and V,,; be constrained to the
range Vgg < 'or = (Vi or Vo) < Or = Vpp. Reliability
of operation is enhanced if unused input are con-
nected to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left
open. This device may be light sensitive. Caution
should be taken to avoid exposure of this device to
any light source during normal operation. This
device is not radiation protected.

Symbol Parameter Test Condition Min Typ Max Unit
Operating Voltage v
Voo Supply Voltage (reference to Vgg) 27 - 5.5 \
Vico LCD Supply Voltage ( Vpp - Veg) 10.0 - 28.0
Supply Current (VDD Pin) VDD=5.5V, VEE='23V . .
lpp Display Mode SCLK = 6MHz, LP=15KHz, - 250 600 pA
Isg Standby Mode M=35Hz - 1.5 55 pA
Supply Current (Vpp Pin) Vpp=2.7V, Vgg=-23V
lop Display Mode SCLK = 6MHz, LP=15KHz, - 120 = pA
Isg Standby Mode M=35Hz - 600 - nA
leg Supply Current at Ve No Load . 30 550 pA
Segment Output Voltage lload = 100pA
VOL VL4,6=VEE . . - - VEE+O.3 \
Vou VL1,3=Vpp : Vpp-0.3 - - v
SEG1-SEG80
VoH Output High Voltage Vpp=5.0V, lload=1mA Vpp-1.0 - - \
VoL Output Low Voltage . - - Vgs+1.0 v
EIOT, El02
VIH Input High Voltage 0.7xVpp - Voo \
ViL Input Low Voltage Vss - 0.2xVpp v
SCLK, LR, L/R, EIOT, EI02, :
DO to D3, M, DIS-OFF
bin input Current ' - 0.5 1.0 pA
SCLK, LP, L/R, EIOT, ETO2,
DO to D3, M, DIS-OFF
Cin Capacitance - 5 10 pF
SCLK, LP, L/R, EIOT, EIO2,
D0to D3, M, DIS-OFF | . ‘
lonx, lox | Segment Output Current Vou= Vpp - 0.3V, Vo =Vgg +0.3V +100 - - HA
SEG1-SEG80 o ' ‘ : ’ :
lowc, lorc | Carry Output Current : Von= Vpp - 1.0V, Vo =Vgs +1.0V o |7 - - mA
EIOT, ETO2
Ron Segment Output Impedance Voo - Vee =28V, loux, loLx=t100pA - 1.5 3.0 K Ohm
Segment Output Impedance Variance - +10 +30 %
MOTOROLA MC141563
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AC ELECTRICAL CHARACTERISTICS -WRITE CYCLE (Vpp =5.0V, Vgg = 0V, Vgg = -23V, Ty = 256°C)

Symbol Parameter Min Typ Max Unit
tsup | Data (D0-D3) to Shift Clock (SCLK) Set up Time 50 - - ns
tho Data (D0-D3) to Shift Clock (SCLK) Hold Time 50 - - ns
tsuLp Data Latch (LP) to Shift Clock (SCLK) Set up Time 50 - - ns
thep Data Latch (LP) to Shift Clock (SCLK) Hold Time 50 - - ns
o tgus Enable Input (EIO) to Shift Clock (SCLK) Set up Time 20 - - ns
tsue Shift Clock (SCLK) to Enable Output (ETO) Set up Time 20 - - ns
Propagation Delay Time
tm Data Latch (LP) to M - - 200 ns
tro Data Latch (LP) to Segment Output (n) : - - 0.5 us
. : CL = 100pF
tpm M to Segment Output (n) - - - 0.5 us
: - - CL = 100pF | - :
teLp Data Latch (LP) to ETO (Output ) - - 50. ns
CL = 50pF .
teg Shift Clock (SCLK) to ETO (Output ) - - 50 ns
CL = 50pF
i Control Input Rise and Fall Time - 10 20 - 'ns
trHL SCLK, LP, M, ETO1,EI02 - 10 20 ns
‘tsco Shift Clock (SCLK) Cycle 125 - - ns
Vpp =3.0V
tscH Shift Clock (SCLK) Pulse Width HIGH 40 - - ns
tscL Shift Clock (SCLK) Pulse Width LOW 40 - - ..ns
tLpH .| Data Latch (LP) Pulse Width HIGH 50 - - ns
SCLK N/ 0\
tsup -]
. ; L_trp
LP . / \
‘ Hsup —
4-thD..-
Y
Data x )\;
- n
M
j—tPm
‘ ‘ -~ e
SEGMENT i
OUTPUT : : )L
(n) '
Figure 3. SCLK, LP, Data, M and Segment Output Propagation Delay Timing Diagram
MC141563 MOTOROLA
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— 'ftsus - — |— tsuE
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Figure 4. SCLK, LP, EIO (Input/Output) Propagation Delay Timing Diagram

— % w0

10% : - 10%

Control Input 90%
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Figure 5. Control Pin Rise and Fall Timing Diagram

Shift Clock (SCLK)
Input

Figure 6. Shift Clock Pulse Width High and Pulse Width Low Timing Diagram

tLPH

Data Latch (LP)
Input

Figure 7. Data Latch Pulse Width High Timing Diagram
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PiN DESCRIPTIONS |
Vpp AND Vg

The main dc power |s supplied to the part by these two connections.
Vpp is the most-positive supply level and Vgg is ground.

VEE

This supply connectlon prowdes the negatlve power supply voltage

for the common drivers.

VL1,VL3,VL4,VL6 R

These input pins are connected to the external voltage divider (See -

Figure 8).

Voltage supply level forthe LCD :
VL1, VL6 : On-level of the LC
VL3, VL4 : Off-level of the LC

Data Latch (LP)
Display data (a complete line on display) is acknowledged by the
falling edge of the LP signal.

Data Shift Clock (SCLK)
Input data (8 bit or 4 bit) is stored into a 8 blt / 4 bxt data latch by the
falling edge of SCLK.

Data Input (DO to D7) ] "
Data Input is either in 8 bit or 4 bit data bus format and is select-
able by the DS input.

Data Format Select (DS)

This Input is to select the data bus format. If set 'Low", the data .

bus format is 4-bit, if set "High", the data bus format is 8-bit.

Left / Right Shift Select (L / R)
This input pin provides the selection of the shift register operation

(See Table 1).

L/R="1", the data will shift left
(LSB of the first input data will be
loaded to SEG1).

L/R="0", the data will shift right

(LSB of the first input data will be
loaded to SEG80).

Carry-In / Carry-Out (ET0T / E102) P
These two input / output pins perform the same function and
depend on the shift register direction of operation. In right shift mode (L

/R ="07), the EIOT is the Carry-In input while the ETOZ2 will be the
Carry-Out output for cascading. In Left Mode (L / R =17, ‘the’pin func:

tions and operation are reversed. (See Table 2)

1
Frame Signal Input (M) .
This input signal is the frame sync signal which provides an frame

alternating output format of the segment output (See Figure 9).

)

M 0 o 1 1
Data 1 o . 0. - 1
Qutput . VL1 .. VL3": VL4 VL6

Display-Off Enable (D! I§-3FF)
This input pin is active low. If set “LOW", all output pins (Segment 1

to Segment 80) are forced to VL1..

Segment Output (Segment 1 to Segment 80)  ° C
These 80 output lines provide the high volt segment signal to the
LCD panel. They are all at VL1 while display is turned off.

N |
N EVREN LN . v : l

+ Voo

LI Voo

Vi3 MC141563
SEGMENT
VL4 DRIVER
} VL6 -~
Vee Vss
GND

VEE

"Figure 8. External Voltage Divider

MC141563
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L/R | SCLK 1 2 ———- 10

L/R | sCLK: 1 2 3 4 ———- 19 20 Do o1 09 —-—=~- 73
D1 02 10 —==-=- 74
DO o1 05 09 83 ==-= 73 77 D2 03 11 —=e=== 75
D1 02 06 10 14 ===- 74 78 D3 o4 12 mmm = 76
Hloe|ow o 11 15 ---- 7 7| |H |[pg]oe 18 oo 7
D3 04 . 08 . 12 16 —-==-=-"76 80 ' D5 %6 14 —==e= 78
DO | 8. 76 72 . 68 --~--- 08 . O4 g‘; g; 18 ====-7
D1 79 75 71 67 == —= 07 03 6 ---- 8
L D2 | 78 74 70 66 ——--- 06 02 | | oo | s 72 ——-- o8
D3 | 77 73 69 65 ———— 05 . O1{ | D1 79 71 ———- 07
: L D2 | 78 70 wmwm- 06
D3 77 69 —===- 05
D4 | 76.. 68 e~ 04
i i D5 75 67 -———— 03
' i D6 -| 74 66 —-—-= 02
D7 73 65 —--—=-- 01
Table 1. Left / Right Shift Select and the Associated Déta Bit_Segmént Outﬁut Mappihg
“(a) 4 bit interface; (b) 8 bit interface i ‘
VLl == == mmmm e e e
VL3 —=m—mmm oo R
|
VL4 ------ - |
VL6 ------ '
1 '
. yyl 1 I .
TR ) —r oo :
M - __| l L_.|_
Data - - | I Ca [ I
Figure 9. Data, M Inputs and Segment Output Format
L/R EIO1 EIO2
ouT IN
L IN ouT
Table 2. Left / Right Shift Control and EIOT, EIO2 Relation
MOTOROLA MC141563
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v X
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Xy

X

=
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" ‘Davice (1) in Operation Device (2) in Operation Device (3) in Operatlon Devyce (4)in Operatlon
EIO (0)
EIo (1) __| l S
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EI0 (3) — | [

Figure 10. EIOT and EIO2 in 4 Data Bit Application and Timing Diagram
MC141563 MOTOROLA
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Figure 11. Common and Segment and Input Control Format Timing Diagram
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PACKAGE DIMENSIONS

MC141563T
TAB PACKAGE DIMENSION
(DO NOT SCALE THIS DRAWING)
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(DO NOT SCALE THIS DRAWING)
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MC141563T TAB PACKAGE DIMENSION

¢ -

Millimeters Inches Millimeters Inches
Dim Min Max Min Max Dim Min Max Min Max
A 34.775 35.175 1.3691 1.3848 AC 0.068 0.083 0.0027 0.0032
B 28.927 29.027 1.1389 1.1428 AD 0.579 0.629 0.0228 0.0248
C 4.720 4.780 0.1858 0.1882 AE 0.330 0.370 0.0130 0.0146
D 1.951 2.011 0.0768 0.0792 AF 0.690 0.710 0.0272 0.0280
E 1.951 2.011 0.0768 0.0792 AG 6.825 6.925 0.2687 0.2726
F 8.100 8.200 0.3189 0.3228 AH 9.825 9.925 0.3868 0.3907
G 11.100- 11.200 0.4370 0.4409 AJ 7.675 7.775 0.3022 0.3061
H 7.201 7.229 0.2835 0.2846 AK 10.675 10.775 0.4203 0.4242
J 10.195 10.235 0.4014 0.4030 AL 10.500 11.500 0.4134 0.4528
K 1.000 2.000 0.0394 0.0787 AM 0.580 0.620 0.0228 0.0244
L 17.635 18.235 0.6943 0.7179 AN 0.340 0.380 0.0134 0.0150
M 3.490 4.090 0.1374 0.1610 AP 0.085 0.125 0.0033 0.0049
N - 12.460 - 0.4906 AR 0.200 0.220 0.0079 0.0087
P - 3.624 - 0.1427 AS 0.280 0.380 0.0110 0.0150
R 1.962 2.062 0.0772 0.0812 AT 0.280 0.380 0.0110 0.0150
S 0.900 1.900 0.0354 0.0748
T 1150 ¢ 1.250 0.0453 0.0492
U 1.950 2.050 0.0768 0.0807
Vv 2.562 2.662 0.1009 0.1048
w 3.146 3.246 0.1239 0.1278
X 3.462 3.562 0.1363 0.1402
Y 4,938 5.038 0.1944 0.1983
z 0.450 0.550 0.0177 0.0217
AA - 0.200 - 0.0079
AB 0.686 Q,838 0.0270 0.0330
NOTES:
1. Dimensioning and tolerancing per ANSI Y14.5M, 1982.
2. Controlling dimension: miltimeter.
3. Copper Thickness: 1/2 oz.
4.Tin plating thickness: 0.4pm
5. 2 sprocket hole device
Reference : 98ASL00131A Issue “0” released on 03/03/94
MC141563 MOTOROLA
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MC141563T

TAB TAPE REEL ORIENTATION

L Reference : 98ASL00131A Issue “0” released on 03/03/94
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Monitor On-Screen Display Devices [l

MC141541P Enhanced Monitor On-Screen Display ....ccccvcvererceerennnennnneecniennesceenenns 4-3

MC141548P Super Monitor On-Screen Display = 24 ......ccocvnvvinminincnnniienninns 4-18

MC141549P Super Monitor On-Screen Display = 16......cccvcceieeeeeenrnvinceerienecerieenns 4-39

MC141546P2 Advanced Monitor On-Screen Display - 24

MC141547P2 Advanced Monitor On-Screen Display - 16

MC141542P2 Graphic Monitor On-Screen Display = 24 ........ccoeroeecnnnninrinniicsienne 4-93

MC141545P2 Graphic Monitor On-Screen Display - 16 .......cccoeeeeevrenierersnrrcrrreenne 4-114
MOTOROLA Monitor On-Screen Display Devices
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MOTOROLA
SEMICONDUCTOR TECHICAL DATA

E

Display
CMOS

— P SUFFIX
-?ﬁf PLASTIC PACKAGE
‘ CASE 648-08
This is a high performance HCMOS device designed to interface with a micro l'[

controller unit to allow colored symbols or characters to be displayed onto the

MC141541

nhanced Monitor On-Screen

—EY

monitor screen. Its on-chip PLL allows both multisystem operation and self ORDERING INFORMATION
generation of system timing. It also minimizes the MCU’s burden through its MC141541P  Plastic Dip
built-in 273 bytes display/control RAM. By storing a full screen of data and con-

trol informations, this device has a capability to carry out ‘screen-refresh’ with-
out any MCU supervision. Since there is no clearance between characters,
special graphics oriented characters can be generated by combining two or
more character blocks. Besides, there are two kinds of different character reso-
lution that users can choose. By changing the number of dots per horizontal
sync line to 320 or 480, the smaller characters with higher resolution can be Vssia)
easily achieved. Special functions such as character bordering or shadowing,
multi-level windows, double height and double width, and programmable verti-
cal length of character are also incorporated. Furthermore, neither massive RP ]
information update nor extremely high data transmission rate is expected for
normal on screen display operation, serial protocols are implemented in lieu of
any parallel formats to achieve the minimum pin count.

And one special feature, character RAM fonts, is implemented in this MOSD ss i
enhanced version (EMOSD). Users can download their own fonts pattern and SDAMOSI)[]
display them at any time once the chip is powered on. Thus, there are two ways

for

their masked ROM fonts. Another new approach is to store the fonts in the

PIN ASSIGNMENT

-

[
e
(=

Nvss
15[]R
14[]Ga
1318

[ FBKG

HTONE/
10 ek

10[] VFLB

sflvpp

VvCO (]

vpp(a) [
HFLB ]

CEEEEETEEECEES
-
o

SCL(SCK)]

users to build and store their fonts. One is a conventional approach to have

EPROM accessed by MCU then download them into the EMOSD character
RAM. Under this new technique, users have much flexibility to prepare their
fonts and the effective fonts number is increased a lot.

Two selectable Resolutions: 320 (CGA) and 480 (EGA) Dots per Line
Fully Programmable Character Array of 10 Rows by 24 Columns

273 Bytes Direct Mapping Display RAM Architecture

Internal PLL Generates a Wide-Ranged System Clock

For High End Monitor Application, Maximum Horizontal Frequency is

110 KHz (52.8MHz Dot Clock at 480 mode)

Programmable Vertical Height of Character to Meet Multi-Sync
Requirement

Programmable Vertical and Horizontal Positioning for Display Center

120 Characters and Graphic Symbols ROM and 8 programmable character
RAM

10 x 16 Dot Matrix Character

Character by Character Color Selection

A Maximum of Four Selectable Colors per Row

Double Character Height and Double Character Width

Character Bordering or Shadowing

Three Fully Programmable Background Windows with Overlapping Capability
Provide a Clock Output Synchronous to the Incoming H Sync for External
PWM

M_BUS (lIC) Interface with Address $7A

Single Positive 5 V Supply

REV 1

12/96
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ABSOLUTE MAXIMUM RATINGS Voltage Referenced to Vgg

" Symbol Characteristic Value Unit
VpD Supply Voltage -03t0+7.0 v
Vin Input Voltage Vgg—-0.3to v
Vpp +0.3
id Current Drain per Pin ExcludingVpp andVss 25 mA
Ta Operating Temperature Range 0to 85 °C
Tstg Storage Temperature Range —-65t0 + 150 °C

NOTE: Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the limits in the Electrical Characteristics

tables or Pin Description section.

AC ELECTRICAL CHARACTERISTICS (Vpp/Vpp(a) = 5.0V, Vg8/Vsg(A) = 0 V. TA = 25C,
Voltage Referenced to Vgg)

This device contains protection circuitry to guard
against damage due to high static voltages or
electricfields. However, precautions must be tak-
en to avoid applications of any voltage higher
than maximum rated voltages to this high-imped-
ance circuit. For proper operation, Vin and Vot
should be constrained to the range Vgg < (Vin

orVout) S VpD-

Unused inputs must always be tied to an appro-
priate logic voltage level (e.g., either Vgg or
VpD). Unused outputs must be left open.

Symbol Characteristic Min Typ Max Unit
Output Signal (R, G, B, FBKG and HTONE/PWMCK) Cjoad = 30 pF
tr Rise Time - - 6 ns
t Fall Time - - 6 ns
FAFLB HFLB Input Frequency — — 110K Hz
90% 90%
10% 10%
tf “_ _,{ tr
Figure 1. Switching Characteristics
MOTOROLA MC141541
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DC CHARACTERISTICS Vpp/Vpp(a) = 5.0 V £ 10%, Vss/Vss(a) = 0V, Ta = 25°C, Voltage Referenced to Vgg

Symbol Characteristic Min Typ Max Unit
VOH High Level Output Voltage Vpp-0.8 — —_ \
lout=—5mA
VoL Low Level Output Voltage —_ — Vgg +0.4 v
lout =5 mA
v Digital Input Voltage (Not Including SDA and SCL)
ViL Logic Low —_ —_ 0.3Vpp \
ViH Logic High 0.7Vpp — — v
Input Voltage of Pin SDA and SCL in SPI Mode
ViL Logic Low — — 0.3Vpp \
VIH Logic High 0.7Vpp - — v
Input Voltage of Pin SDA and SCL in M_BUS Mode . .
ViL Logic Low — - 0.3Vpp Vv
ViH Logic High 0.7Vpp - — v
i High-Z Leakage Current (R, G, B and FBKG) -10 —_ +10 nA
m Input Current (Not Including RP, VCO, R, G, B, FBKG and HTONE/PWMCK)
-10 — +10 HA
Ibp Supply Current (No Load on Any Output) —_ — +15 mA

/PIN DESCRIPTION

VSS(A) (Pin 1)

This pin provides the signal ground to the PLL circuitry. An-
alog ground for PLL is separated from digital ground for opti-
mal performance.

VCO (Pin 2)

A dc control voltage input to regulate an internal oscillator
frequency. See the Application Diagram for the application
values used.

RP (Pin 3)

An external RC network is used to bias an internal VCO to
resonate at the specific dot frequency. The maximum voltage
at Pin 3 should not exceed 3.5 V at any condition. See the
Application Diagram for the application values used.

Vpp(a) (Pin 4) .
A positive 5 V dc supply for PLL circuitry. Analog power for
PLL is separated from digital power for optimal performance.

HFLB (Pin 5)

This pin inputs a negative polarity horizontal synchronize
signal pulse to phase lock into an internal system clock gen-
erated by the on-chip VCO circuit.

SS (Pin 6)

This input pin is part of the SPI system. An active low sig-
nal generated by the master device enables this slave device
to accept data. Pull high to terminate the SPI communication.
If M_BUS is employed as the serial interface, this pin should
be tied to either Vppor Vgs.

SDA (MOS}) (Pin 7)

Data and control message are being transmitted to this
chip from a host MCU, via one of the two serial bus systems.
With either protocol, this wire is configurated as a uni-direc-
tional data line. (Detailed description of these two protocols
will be discussed in the M_BUS and SPI sections).

SCL (SCK) (Pin 8)

A separate synchronizing clock input from the transmitter
is required for either protocol. Data is read at the rising edge
of each clock signal.

Vpp (Pin 9)
This is the power pin for the digital logic of the chip.

VFLB (Pin 10)

Similar to Pin 5, this pin inputs a negative polarity of verti-
cal synchronize signal to synchronize the vertical control cir-
cuit.

HTONE/PWMCK (Pin 11)

This is a multiplexed pin. When the PWMCK_EN bit is
cleared after power on or by the MCU, this pin is HTONE and
outputs a logic high during windowing except when graphics
or characters are being displayed. It is used to lower the ex-
ternal R, G, B amplifiers gain to achieve a transparent win-
dowing effect. If the PWMCK_EN bit is set to 1 via M_BUS or
SPI, this pin is changed to a mode-dependent clock output
with 50/50 duty cycle and synchronous with the input hori-
zontal synchronization signal at Pin 5. The frequency is de-
pendent on the mode in which the EMOSD is currently run-
ning. The exact frequencies in the different resolution modes
are described below.

MC141541
4-6
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Table 1. PWM CLK Frequency

Resolution Freq y Duty Cycle
320 dots/line 32 x Hy 50/50
480 dots/line 48 x Hy 50/50

NOTE: Hg is the frequency of the input H sync. on Pin 5.

Typically, this clock is fed into an external pulse width mod-
ulation module as its clock source. Because of the synchroni-
zation between PWM clock and H sync, a better performance
on the PWM controlled functions can be achieved.

FBKG (Pin 12)

This pin will output a logic high while displaying characters
or windows when FBKGC bit in frame control register is 0,
and output a logic high only while displaying characters when
FBKGC bit is 1. It is defaulted to high impedance state after
power on, or when there is no output. An external 10 kQ re-
sistor pulled fow is recommended to avoid level toggling
caused by hand effect when there is no output.

B,G,R (Pin 13,14,15)
EMOSD color output in TTL level to the host monitor.

These three signals are active high output pins which are in
high impedance state when EMOSD is disabled.

Vss (Pin 16)
This is the ground pin for the digital logic of the chip.

SYSTEM DESCRIPTION

MC141541 is a full screen memory architecture. Refresh is
done by the built-in circuitry after a screenful of display data
has been loaded in through the serial bus. Only changes to
the display data need to be input afterward.

Serial data, which includes screen mapping address, dis-
play information, and control messages, are being transmit-
ted via one of the two serial buses:: SPI or M_BUS (mask
option). These two sets of buses are multiplexed onto a sin-
gle set of wires. Standard parts offer SPI transmission. Parts
which offer M_BUS transmission mode have to be specially
manufactured as custom parts.

Data is first received and saved in the MEMORY MAN-
AGEMENT CIRCUIT in the Block Diagram. Meanwhile, the
EMOSD is continuously retrieving the data and putting it into
a ROW BUFFER for display and refreshing, row after row.
During this storing -and retrieving cycle, a BUS ARBITRA-
TION LOGIC will patrol the internal traffic, to make sure that
no crashes occur between the slower serial bus receiver and
fast ‘screen-refresh’ circuitry. After the full screen display data
is received through one of the serial communication inter-
face, the link can be terminated if change on display is not
required.

The bottom half of the Block Diagram constitutes the heart
of this entire system. It performs all the EMOSD functions
such as programmable vertical length (from 16 lines to 63
lines), display clock generation (which is phase locked to the
incoming horizontal sync signal at Pin 5 HFLB), bordering or
shadowing, and multiple windowing.

COMMUNICATION PROTOCOLS

M_BUS Serial Communication

This is a two-wire serial communication link that is fully
compatible with the IIC bus system. It consists of SDA bidi-
rectional data line and SCL clock input line. Data is sent from
a transmitter (master), to a receiver (slave) via the SDA line,
and is synchronized with a transmitter clock on the SCL line
at the receiving end. The maximum data rate is limited to
100kbps.The default chip address is $7A, but is hardware
changeable by mask set.

Operating Procedure

Figure 2 shows the M_BUS transmission format. The mas-
ter initiates a transmission routine by generating a START
condition, followed by a slave address byte. Once the ad-
dress is properly identified, the slave will respond with an AC-
KNOWLEDGE signal by pulling the SDA line LOW during the
ninth SCL clock. Each data byte which then follows must be
eight bits long, plus the ACKNOWLEDGE bit, to make up
nine bits together. Appropriate row and column address infor-
mation and display data can be downloaded sequentially in
one of the three transmission formats described in DATA
TRANSMISSION FORMATS SECTION. In the cases of no
ACKNOWLEDGE or completion of data transfer, the master
will generate a STOP condition to terminate the transmission
routine. Note that the OSD_EN bit must be set after all the
display information has been sent in order to activate the
EMOSD circuitry of MC141541, so that the received informa-
tion can then be displayed.

CHIP ADDRESS DATA BYTES
SDA ‘
| i
scL | i !
| 1

T 1 2-78 9 T

START CONDITION STOP CONDITION

Figure 2. M_BUS Format

Serial Peripheral Interface (SPI)

Simitar to M_BUS communication, SPI requires separate .
clock (SCK) and data (MOSI) lines. In addition, a SS SLAVE
SELECT pin is controlled by the master transmitter to initiate
the receiver.

Operating Procedure

To initiate SPI transmission, pull SS pin low by the master
device to enable MC141541 to accept data. The SSinput line
must be a logic low prior to occurrence of SCK and remain
low until and after the last (eighth) SCK cycle. After all data
has been sent, the SS pin is then pulled high by master to
terminate the transmission. No slave address is needed for
SPI. Hence, row and column address information and display
data (the data transmission formats are the same as in

MOTOROLA
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M_BUS mode described in the previous section) can be sent
immediately after the SPI is initiated.

A S___‘s . fr—
MOSI _—— :
— XmseX— X X T X aseX—
S6K < first byte » 4 last by!e>

zZzZart_1mn _n. —_rn_r.ma

Figure 3. SPI Protocol -

DATA TRANSMISSION FORMATS

In this enhanced version MOSD, both display RAM/control
registers and character RAM fonts needed to be pro-
grammed after power-on. The arrangement of display RAM/
contro! registers is on the row-column basis, while the char-

acter RAM is on the segment-line basis. Although the -

address basis is different from each other, the data down-
loading protocols are very similar and will be describediin
the following sections.

Display RAM and Control Registefs

After the proper identification by the receiving device, data
train of arbitrary length is transmitted from the master. There
are three transmission formats from (a) to (c) as stated
below. The data train in each sequence consists of row
address (R), column address (C), and display information (1),
as shown in Figure 4. In format (a), display information data
must be preceded with the corresponding row address and
column address. This format is particularly -suitable for
updating small amounts of data between different rows.
However, if the current information byte has the same row
address as the one before, format (b) is recommended. For
a full screen pattern change which requires a massive infor-
mation update, or during power up situation, most of the row
and column addresses on either (a) or (b) format will appear
to be redundant. A more efficient data transmission format
(c) should be applied. This sends the RAM starting row and
column addresses once only, and then treats all subsequent
data as display information. The row and column addresses
will be automatically incremented internally for each display
information data from the starting location. . .

The data transmission formats are:

(a)R->C->1-—>R->C->l->.....
(B)R=>C->1->C->1->C->1......
) R=>C->l=->l=->l=->.............

To differentiate the row and column addresses when trans-
ferring data from master, the MSB (Most Significant Bit) is set

as in Figure 5: ‘1’ to represent row, while ‘0’ for column ad-

dress. Furthermore, to distinguish the column address be-
tween format (a), (b) and (c), the sixth bit of the column ad-
dress is set-to ‘1’ which represents format (c), and a ‘0’ for
format (a) or (b). There is some limitation on using mix-for-
mats during a single transmission. It is permissible to change
the format from (a) to (b}, or from (a) to (c), or from (b) to (a),
but not from (c) back to (a) or (b).

| info |

Figure 4. Data Packet

| row addr | col addr

ADDRESS BIT FORMAT
716541312 1]0
ROW 1 0] X] X|{ D] D| D] D a,b,¢c
COLUMN] 0 o] X} b|{ D| O D] D] ab
COLUMN] o 11 X§{ 0| DI DI Dl D c
X: don't care D: valid data

Figure 5. Row & Column Address Bit Patterns

Character RAM

The structure of 8 character RAM fonts are shown in Fig-
ure 6. They occupy the font number from O to 7. Because of
the. 10X16 dot matrix font, we decompose each font into 2
segments in horizontal . direction and 16 lines in vertical
direction. So, there are 5 dots needed to be defined for each
specified segment-line location. This 5-bit data forms the
lower 5 bits of the information data byte and the higher 3 bits
are ignored. Because there are 16 segments (2 segments
per font) and 16 lines, both the segment and line addresses
are 4-bit wide. ‘

Basically, the transmission format is very similar with that
for display RAM or control registers. The major difference is
to replace the row and column address with segment
address and line address respectively. After the proper iden-
tification by the receiving device, data train of arbitrary length
is transmitted from the Master. There are three transmission
formats, from (a) to (c) as stated below. The data train in
each sequence consists of segment address (S), line
address (L), and font informations (I), as shown in Figure 6.
In format (a), each font information data have to be preceded
with the corresponding segment address and line address.
This format is particular suitable for updating small portion of
font pattern. However, if the current information byte has the
same segment address as the one before, format (b) is rec-
ommended. For a new font pattern change which requires
massive information update or during power up situation,
most of the segment and column address on either (a) or (b)
format will appear to be redundant. A more efficient data
transmission format (c) should be applied. It sends the char-
acter RAM starting segment and line addresses once only,
and then treat all subsequent data as font information. The
segment and line addresses will be automatically incre-
mented internally for each RAM font data from the starting
location.

The data transmission formats are: '
(a)S->L->1->8->L->l->.........
(b)S->L->I—>L->I->L->I .......
©)S->L->1l->1->l->.............

-To differentiate the segment address from row and line
address when transferring data, the bit 7 (MSB) and bit 6 are
set to ‘11’ to represent segment address, while ‘00’ for line
address used in format (a) or (b) and ‘01’ for line address
used in format (c). There is some limitation on using mix-for-

MC141541
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mats during a single transmission. It is permissible to
change the format from (a) to (b), or from (a) to (c), or from
(b) to (a), but not from (c) back to (a) or (b).

Segment Address:

Line Address:

GREGOESSecmusuhwn—C

43021 Do | B4 0302 Y

No.0 No — ==reesseess No.7
Font No.:

Segment & Line Address bit Patterns:

ADDRESS BIT FORMAT
7{6|51413[2]1]0
SEG 11| X}|X|D|] D] D|] D] ab,c
LINE 0|J]O|X|X|D|D|D| D a, b
LINE 0l]1|X|X|D|D|]D|JD c
X: don’t care D: valid data
Data Packet:
SEG ADDRESS I LINE ADDRESS | iNFORMATION

P ’

e . 4
e ’
. ’

e lod ool

NOTE: X means don’t care bit and D means valid data bit.

Figure 6. Structure of Programmable RAM Fonts and
Downloading Format

MEMORY MANAGEMENT

Inside this chip, there are three kinds of RAM, display
RAM, control registers and character RAM. For display RAM
and control registers, they are addressed with row and col-
umn (coln) number in sequence, while the character RAM
with segment and line number. The transmission format has
been described in the last section. Besides the 8 RAM fonts
numbered from $00 to $07, 120 masked ROM fonts num-
bered from $08 to $7F are also built in this chip.

Display RAM and Control Registers

The space between row 0 and coln 0 to row 9 and coln 23
are called Display registers, with each contains a character
RAM/ROM number corresponding to display location on
monitor screen. Every data row associate with two control
registers, which locate at coln 30 and 31 of their respective
rows, to contro! the characters display format of that row. In

addition, three window control registers for each of three
windows together with three frame control reglsters occupy
the first 13 columns of row 10 space.

o 0 COLUMN 2324 ... 29 30 31
%)
w E
g | B
a [0]
n w
a s
w -
2 DISPLAY REGISTERS E (o]
¢] ul =
i @ E
W
« |8
=z
o
i
9

23
10 | WINDOW 1| WINDOV\I WINDOW4 FRAME CRTL R4G

WINDOW AND FRAME CONTROL REGISTERS

Figure 7. Memory Map

User should handle the internal RAM address location with
care especially for those rows with double length alphanu-
meric symbols. For example, if row n is destined to be dou-
ble height on the memory map, the data displayed on screen
row n and n+1 will be represented by the data contained in
the memory address of row n only. The data of next row n+1
on the memory map will appear on the screen of n+2 and
n+3 row space and so on. Hence, it is not necessary to
throw in a row of blank data to compensate for the double
row action. User needs to take care of excessive row of data
in memory in order to avoid over running the limited number
of row space on the screen.

There is difference for rows with double width alphanu-
meric symbols. Only the data contained in the even num-
bered columns of memory map will be shown, the odd
numbered columns will be ignored and not disclosed

Character RAM/ROM

The RAM fonts occupy the font number $00 to $07 and
their patterns can be changed at any time via the SPI or
MBUS protocol. The masked ROM fonts are fixed and
located from number $08 to $7F. See the following Figure
for the details.

0r12 /7 8\\9A Q7E7i
27 ;}§ ........................................ §§g

120 Character ROM fonts ($08 ~ $7F)

8 Character RAM Fonts (500 ~ $07)

Figure 8. Arrangement of Character RAM/ROM fonts

MOTOROLA
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REGISTERS

Display Register
7 6 5 4 3 2 1 0
leesol [ | [ [ | [ |
- CRADDR —>

Bit 7 CCSO0 — This bit defines a specific character color out
of the two preset colors. Color 1 is selected if this bit is
cleared, and color 2 otherwise.

Bit 6-0 CRADDR - These seven bits address the
128 characters or symbols residing in the character ROM.

Row Control Registers
Coln 30

7 6 5 4 3 2 1 0

COLNSOI R1 I G1| B1 | R2| G2 | B2 | CHSI CWS|

Bit 7-2 Color 1 is determined by R1, G1, B1 and color 2 by
R2, G2, B2.

Bit 1 CHS — It determines the height of a display symbol.
When this bit is set, the symbol is displayed in double height.

Bit 0 CWS - Similar to bit 1, character is displayed in double
width, if this bit is set.

Coln 31
5 4 3 2 1 0
COLN31| RGI G4 Bal n4| G4 I B4 | | I

Bit 7-2 Color 3 and 4 are defined by R3, G3, B3, and R4,
G4, B4 respectively.

7 6

Window 1 Registers

Row 10 Coln 0
7 6 5 4 3 2 1 0
ROW 10 ROW START ADDR ROW END ADDR
COLNO |MSB LSB| msB LSB
Row 10 Coln 1
7 6 5 4 3 2 1 0
ROW 15 COL START ADDR
NG SB LSB | WEN | CCS1| HPOLI

Bit 2 WEN — It enables the background window 1 generation
if this bit is set.

Bit 1 CCS1 - This additional color select bit provides the
characters residing within window 1 with two extra color se-
lections, making a total of four selections for that row.

Bit 0 HPOL — This bit selects the polarity of the incoming
horizontal sync signal (HFLB) on pin 5. If it is negative polar-
ity, clear this bit. Otherwise, set this bit to 1 to represent the
positive H sync signal. After power on, this bit is cleared.

Row 10 Coln 2
7 6 5 4 3 2 10
ROW 10 COL END ADDR
COLN2 | msB Lss | R l G | B |

Bit2-0 R, G and B — Controls the color of window 1. Window
1 occupies Column 0-2 of Row 10. Window 2 from Column
3-5, and Window 3 from 6-8. Window 1 has the highest pri-
ority, and Window 3 the least. If window overlapping occurs,
the higher priority window will cover the lower one, and the
higher priority color will take over on the overlap window area.
If the start address is greater than the end address, this win-
dow will not be displayed.

Window 2 Registers

Row 10 Coin 3
7 6 5 4 3 2 1 0
ROW 10 ROW START ADDR ROW END ADDR
COLN3 [MsB LsB| MsB LSB
Row 10 Coln 4
7 6 5 4 3 2 10
ROW 10 COL START ADDR | I | LI
Row 1« Lsa| Wen | cestveo

Bit 2 WEN - It enables the background window 2 genera-
tions if this bit is set.

Bit 1 CCS1 — This additional color select bit provides the
characters residing within window 2 with two extra color se-
lections, making a total of four selections for that row.

Bit 0 VPOL — This bit selects the polarity of the incoming
vertical sync signal (VFLB) on pin 5. If it is negative polarity,
clear this bit. Otherwise, set this bit to 1 to represent the pos-
itive V sync signal. After power on, this bit is cleared.

Row 10 Coln 5
7 6 5 4 3 2 1 0
ROW 15 COL END ADDR
COLN5 | msB LSB| R I G |B|

Bit 2-0 R, G and B — Controls the color of window 2. Win-
dow 1 occupies Column 0-2 of Row 10. Window 2 from Col-
umn 3-5, and Window 3 from 6-8. Window 1 has the highest
priority, and Window 3 the least. If window overlapping oc-
curs, the higher priority window will cover the lower one, and
the higher priority color will take over on the overlap window
area. If the start address is greater than the end address, this
window will not be displayed.

Window 3 Registers

Row 10 Coln 6
7 6 5 4 3 2 1 0
ROW 10 ROW START ADDR ROW END ADDR
COLN6 [MsB LSB| MSB LSB

MC141541
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Row 10 Coln 7
7 6 5 4 3 2 1
ROW 10| COL START ADDR I | | |
COLN 7|_MSB Lsa| WEN [ cCs1| PWMCK_EN

Bit 2 WEN - It enables the background window 3 genera-
tions if this bit is set.

Bit 1 CCS1 - This additional color select bit provides the
characters residing within window 3 with two extra color se-
lections, making a total of four selections for that row.

Bit 0 PWMCK_EN — When this bit is set to 1, HTONE/PW-
MCK pin will be switched to a clock output which is synchro-
nous to the H sync and used as an external PWM (pulse width
modulation) clock source. Reter to the pin description of
HTONE/PWMCK for more information. After power on, the
default value is 0.

Row 10 Coln 8

7 6 5 4 a3 2 1 0

ROW 10 COL END ADDR R G |B
COLN8 | MsB LsB

Bit2-0 R, G and B — Controls the color of window 3. Window
1 occupies Column 0-2 of Row 10. Window 2 from Column
3-5, and Window 3 from 6-8. Window 1 has the highest pri-
ority, and Window 3 the least. If window overlapping occurs,
the higher priority window will cover the lower one, and the
higher priority color will take over on the overlap window area.
If the start address is greater than the end address, this win-
dow will not be displayed.

Frame Control Registers

Frame Control Register Row 10 Coln 9

7 6 5 4 3 2 1 0

VERTD
MSB LSB

COLN 9

Bit 7-0 VERTD —These eight bits define the vertical starting
position. Total 256 steps, with an increment of four horizontal
lines per step for each field. Its value cannot be zero anytime.
The default value is 4.

Frame Control Register Row 10 Coln 10

7 6 5 4 3 2 1 0

COLN 10| B | MSB HORD LSB

Bit 7 TB — Reserved Test Bit.

Bit -0 HORD - Horizontal starting position for character
display. Seven bits give a total of 96 steps and each increment
represents five dots movement shift to the right on the monitor
screen. Its value cannot be zero anytime. The default value is
10. :

Frame Control Register Coln 11

7 6 5 4 3 2 1 0
COLN11ITB ITB ICHS CH4 CH3 CH2 CH1 CHO

Bit 7 TB — Reserved Test Bit.
Bit 6 TB — Reserved Test Bit.

Bit 5-0 CH5-CHO - These six bits will determine the dis-
played character height. It is possible to have a proper char-
acter height by setting a value greater than or equal to 16 on
different horizontal frequency monitor. Setting a value below
16 will not have a predictable result. Figure 9 illustrates how
this chip expands the built-in character font to the desired
height.

Frame Control Register Coln 12

7 4 2 1
COLN 12| OSD_EPIBSEN ISHADOWI TB|X32B | T8 IFBKGCI

Bit 7 OSD_EN — OSD circuit is activated when this bit is
set.

Bit 6 BSEN - It enables the character bordering or shadow-
ing function when this bit is set.

Bit 5 SHADOW - Character with black-edge shadowing is
selected if this bit is set; otherwise bordering prevails.

Bit 4, TB — Reserved Test Bit.

Bit 3, X32B - It determines the number of dots per horizon-
tal line. There are 320 dots per horizontal line if bit X32B is
clear and this is ‘also the default power on state. Otherwise,
480 dots per horizontal sync line is chosen when bit X32B is
set to 1. Refer to Table 2 for details.

Bit 2 TB — Reserved Test Bit.

Bit 1 TB — Reserved Test Bit.

Bit 0 FBKGC - It determines the configuration of FBKG
output pin. When it is clear, the FBKG pin outputs high while
displaying characters or windows; otherwise, the FBKG pin
outputs high only while displaying characters.

Table 2. Resolution Setting

Register Setting (32B) 0 1

Dots number per H Sync Line 320 480

MOTOROLA
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480 if bit X32B is set to 1 and bit X64 is 0 and H Freq. x 640
if both bit X32B and bit X64 are set to 1. For example, dot
¢ frequency is 10.24 MHz if H freq is 32 KHz while bit X32B is
0. If X32B is 1 and bit X64 is 0, the dot frequency will be

15.36 MHz (one and a half of the original one).
When double character width is selected for a row, only the
H 22 lines even-numbered characters will be displayed, as shown in row
‘ 2. Notice that the total number of horizontal scan lines in the
display frame is variable, depending on the chosen character
T height of each row. Care should be taken while configuring

| 16 lines

RPN ISO0ENOORON—O

Y

each row character height so that the last horizontal scan line
Built-in font Display characte ‘ in the display frame always comes out before the leading
(10x16 matrix) when CH=22 edge of VFLB of next frame to avoid wrapping display charac-
when CH=16 ’ - ters of the last few rows in the current frame into the next
l frame. The number of display dots in a horizontal scan line is
always fixed at 240, regardless of row character width and
the setting of bit X32B.

Although there are 24 character display registers that can
H 34lines be programmed for each row, not every programmed charac-
ter can be shown on the screen in 320 dots resolution. Usu-
. ally, only 24 characters can be shown in this resolution at
T most. This is induced by the retrace time that is required to
1 T e retrace the H scan line. In other resolution, 480 dots, 24 char-
Display character Display character acters can be displayed on the screen totally if the horizontal

when CH=25 when CH=34 delay register is set properly.
Figure 11 illustrates the timing of all output signals as a
Figure 9. Variable Character Height function of window and fast blanking features. Line 3 of all
three characters is used to illustrate the timing signals. The
shaded area depicts the window area. Both the left hand side
and right hand side characters are embodied in a window

=

LT

25 lines

? ? k'n,,','g' ' with only one difference: FBKGC bit. The middle character
g § S does not have a window as its background. Notice that signal
4 2 HTONE/PWMCK is active only during window area. Timing of
% % signal FBKG depends on the configuration of FBKGC bit.
7 7 The configuration of FBKGC bits affects only FBKG signal
S g timing; it has no effect on the timing of HTONE/PWMCK.
}? 10 Waveform ‘R, G or B’, which is the actual waveform at R, G,
12 3 or B pin, is the logical OR of waveform ‘character R, G or B’
13 13 and waveform ‘window R, G or B'. ‘Character R, G, or B’ and
14 14 i ) ) . . ;
15 15 window R, G, or B’ are internal signals for illustration pur-
Bordering Shadowing pose only. Also notice that HTONE/PWMCK has exactly the

same waveform as ‘window R, G or B'.

Figure 10. Charactér Bordering and Shadowing

Frame Format and Timing

Figure 12 illustrates the positions of all display characters
on the screen relative to the leading edge of horizontal and
vertical flyback signals. The shaded area indicates the area
not interfered by the display characters. Notice that there are
two components in the equations stated in Figure 12 for hor-
izontal and vertical delays: fixed delays from the leading edge
of HFLB and VFLB signals, regardless of the values of HORD
and VERTD: (47 dots + phase detection pulse width) and one
H scan line for horizontal and vertical delays, respectively;
variable delays determined by the values of HORD and
VERTD. Refer to Frame Control Registers COLN 9 and 10 for
the definitions of VERTD and HORD. Phase detection pulse
width is a function of the external charge-up resistor, which is
the 330 kQ resistor in a series with 2 kQ to VCO pin in the
Application Diagram. Dot frequency is determined by the
equation: H Freq. x 320 if the bit X32B is clear and H Freq. x

MC141541 . MOTOROLA
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FONT

lcon Combination

MC141541 contains 120 character ROM and 8 RAM. The
user can create an on-screen menu based on those charac-
ters and programmable RAM. Refer to Table 3 for icon com-
binations.

Table 3. Combination Map

ICON ROM ADDRESS(HEX)
Volume Bar | 48, 49, 57
Volume Bar |l 47
Size 4F, 50
Position 51,52
Geometry 53, 54, 55, 56
Contrast 58,59
Brightness 5A, 5B
Horizontal Position 5C, 5D
Horizontal Sizing 5E, 5F
Vertical Position 60, 61
Vertical Sizing 62, 63
Pin Cushion 64, 65
Degaussing 66, 67
Trapezoid 6C, 6D, 6E, 6F
Parallelogram 68, 69, 6A, 6B
Color Select 70,71
Video Level 72,73
Input Select 74,75
Recall 76,77
Save 78,79
Left/Right Arrows 7A,78B
INC/DEC sign 7C, 7D
Speaker 7E,7F
ROM CONTENT

Figures 13 — 14 show the ROM content of MC141541.

MC141541
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Figure 13. ROM Address ($08 - $3F)
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TF

TE

7D

7C

7B

Figure 14. ROM Address (340 - $7F)
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DESIGN CONSIDERATIONS

Distortion

Motorola’s MC141541P has a built-in PLL for multisystems
application. Pin 2 voltage is a dc basing for the internal VCO
in the PLL. When the input frequency (HFLB) in Pin 5 be-
comes higher, the VCO voltage will increase accordingly. The
built-in PLL then has a higher locked frequency output. The
frequency should be equal to 320/480/640 x HFLB (depends
on resolution). It is the dot-clock in each horizontal line.

Display distortion is caused by noise in Pin 2. Positive
noise makes VCO run faster than normal. The corresponding
scan line will be shorter accordingly. In contrast, negative
noise causes the scan line to be longer. The net result will be
distortion on the display, especially on the right hand side
with window turn on. ‘

In order to have distortion-free display, the following recom-
mendations should be considered.
® Only analog part grounds (Pin 2 to Pin 4) can be connect-

ed to Pin 1(Vsg(A)). Vss and other grounds should con-
nect to PCB common ground. Then the Vg5(A) and Vs
grounds should be totally separated (i.e. Vgg(a) is float-
ing). Refer to the Application Diagram for the ground con-
nections.

® DC supply path for Pin 9 (Vpp) should be separated from
other switching devices.

® |C filter should be connected between Pin 9 and Pin 4.
Refer to the values used in the Application Diagram.

® Biasing and filter networks should be connected to Pin 2
and Pin 3. Refer to the recommended networks in the Ap-
plication Diagram.

Jittering

Most display jittering is caused by HFLB jittering in Pin 5.
Care must be taken if the HFLB signal comes from the fly-
back transformer. A short path and shielded cable are recom-
mended for a clean signal. A small capacitor can be added
between Pin 5 — Pin 16 to smooth the signal. Refer to the
value used in the Application Diagram.

Display Dancing
Most display dancing is caused by interference of the serial
bus. It can be avoided by adding resistors in the bus in series.

APPLICATION DIAGRAM

—'vvv—3 SCL(SCK)

SDA(MOsI) HTONE

VAB

S . o
1101 0.1 Vee

16 [HF] uF 240
q

15 1k

4
14 LK

MPS2369

FBKG

<7 ANALOG GROUND

= DIGITAL GROUND

MOTOROLA

MC141541
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MOTOROLA
SEMICONDUCTOR TECHICAL DATA

Super Monitor On-Screen
Display - 24
CMOS

This is a high performance HCMOS device designed to interface with a
micro controller unit to allow colored symbols or characters to be displayed
onto color monitor. Because of the large number of fonts, 256 fonts including
the programmable RAM fonts and fixed ROM fonts, SMOSD is suitable to be
adopted for the multi-language monitor application especially. Its on-chip PLL
allows both multisystem operation and self generation of system timing. It also
minimizes the MCU’s burden through its built-in RAM. By storing a full screen
of data and control information, this device has a capability to carry out
‘screen-refresh’ without any MCU supervision.

Since there is no clearance between characters, special graphics oriented
characters can be generated by combining two or more character blocks.
Besides, there are three kinds of different resolutions that users can choose.
By changing the number of dots per horizontal line to 320 (CGA), 480 (EGA)
or 640 (VGA), smaller characters with higher resolution can be easily
achieved.

Special functions such as character blinking, automatic height scaling,
character/window bordering or character shadowing, four-level windows, dou-
ble height and double width, and programmable vertical length of character
are also incorporated. Furthermore, 8 programmable character/symbol RAM
fonts are also built-in. It is much flexible to create the new symbols, icons and
logo. One special attractive application of the RAM fonts is the real-time pro-
gramming to achieve the dynamic image instead of the static picture as previ-
ous.

There are 8 PWM DAC channels for external digital to analog control. Each
PWM channel is composed of an 8-bit register which contains a 5-bit PWM in
MSB portion and a 3-bit binary rate multiplier(BRM) in LSB portion.

* 8 Channels DAC Synchronous PWMs with 8 bit Resolution
* Totally 256 Characters and Graphic Fonts Including 8 Programmable RAM

Fonts and 248 Mask ROM Fonts
* Three Selectable Resolutions: 320 (CGA), 480 (EGA) or 640 (VGA) Dots/

Line :

Wide Operating Frequency Range for High End Monitor: 15KHz ~ 120KHz
Fully Programmable Character Array of 15 Rows by 30 Columns

True 16-Color Selection for Windows '

Fancy Fade-In/Fade-Out Effects

8-Color Selection for Characters with Color Intensity Attribute on Each Row
Auto Height Scaling to Keep Constant Height Independent of Display
Modes

Four Programmable Background Windows with Overlapping Capability
Shadowing on Windows with Programmable Shadow Width/Height
Character Bordering or Shadowing-

Character/Symbol Blinking Function

e o o o o

ment

Programmable Vertical and Horizontal Positioning for Display Centre
* Double Character Height and Double Character Width

* Internal PLL Generates a Wide-Ranged System Clock (76.8 MHz)
M_BUS (lIC) Interface with Address $7A (SPI Bus is Mask Option)

REV 1
12/96

MC141548P

il

P SUFFIX
PLASTIC PACKAGE
CASE 724

ORDERING INFORMATION
MC141548P Plastic Dip

PIN ASSIGNMENT

Vssd) [| 1 o~ 24 ]
veo ] 23]
re [} 22]]
voo@ (] 21 ]
AFLB [] 20(]
55 ] 191
soamos) [ 18]} VFLB
scuscl) [} 17{] voo
P [ 16 [} pam7
M4 ] 15%%5
w2 [ 14
pwmo []

© O N O oA W N

- a -
N = o

13 [] w1t

Programmable Vertical Height of Character to Meet Multi-Sync Require-

MC141548
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BLOCK DIAGRAM
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ABSOLUTE MAXIMUM RATINGS Vottage Referenced to Vgg

Symbol Characteristic Value Unit
Vpp Supply Voltage -03t0+7.0 v
Vin Input Voltage Vgg-0.3to v
Vpp +0.3
Id Current Drain per Pin ExcludingVpp andVss 25 mA
Ta Operating Temperature Range 0to 85 °C
Tstg SloragevTempe‘rature Range —65t0+ 150 °C

NOTE: Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the limits in the Electrical Charactenshcs

tables or Pin Description section.

AC ELECTRICAL CHARACTERISTICS (Vpp/Vpp(a) = 5.0V, VSS/VSS(A) 0V, Tp = 25C,
Voltage Referenced to Vgg)

This device contains protection circuitry to guard
against damage due to high static voltages or
electric fields. However, precautions must be tak-
en to avoid applications of any voltage higher
than maximum rated voltages to this high-imped-
ance circuit. For proper operation, Vin and Vout
should be constrained to the range Vgg < (Vip

orVout) < Vpp-
Unused inputs must always be tied to an appro-
priate logic voltage level (e.g., either Vgg or

Vpp). Unused outputs must be left open.

Symbot Characteristic Min Typ Max Unit
Output Signal (R, G, B, FBKG and INT) Cjgaq = 30 pF

t Rise Time - - 6 ns

t Fall Time - - 6 ns
FRFLB HFLB Input Frequency - — 120K Hz

90% 90%
10%
1t }‘_ _,4 tr
Figure 1. Switching Characteristics
MC141548 MOTOROLA
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DC CHARACTERISTICS Vpp/Vpp(a) = 5.0 V + 10%, Vss/Vss(A) = 0V, TA = 25°C, Voltage Referenced to Vgg

Symbol Characteristic Min Typ Max Unit
VoH High Level Output Voltage Vpp-0.8 —_ —_ v
lout=—5mA
VoL Low Level Output Voltage - - Vgg +0.4 v
lout=5mA
Digital Input Voltage (Not Including SDA and SCL) .
ViL Logic Low — — 0.3Vpp v
ViH Logic High 0.7Vpp - — v
Input Voltage of Pin SDA and SCL in SPI Mode
VIL Logic Low — — 0.3Vpp v
VIH Logic High 0.7Vpp —_ — v
Input Voltage of Pin SDA and SCL in M_BUS Mode
ViL Logic Low —_ - 0.3Vpp \
VIH Logic High 0.7Vpp - — v
i High-Z Leakage Current (R, G, B and FBKG) -10 - +10 HA
Iy Input Current (Not Including RP, VCO, R, G, B, FBKG and INT)
-10 —_ +10 nA
lop Supply Current (No Load on Any Output) -— - +15 mA
PIN DESCRIPTION SDA (MOSI) (Pin 7)

VSS(A) (Pin 1)

This pin provides the signal ground to the PLL circuitry. An-
alog ground for PLL is separated from digital ground for opti-
mal performance.

VCO (Pin 2)

A dc control voltage input to regulate an internal oscillator
frequency. See the Application Diagram for the application
values used.

RP (Pin 3)

An external RC network is used to bias an internal VCO to
resonate at the specific dot frequency. The maximum voltage
at Pin 3 should not exceed 3.5 V at any condition. See the
Application Diagram for the application values used.

Vpp(a) (Pin 4) )
A positive 5 V dc supply for PLL circuitry. Analog power for
PLL is separated from digital power for optimal performance.

HFLB (Pin 5)

This pin inputs a negative polarity horizontal synchronize
signal pulse to phase lock into an internal system clock gen-
erated by the on-chip VCO circuit.

SS (Pin 6)

This input pin is part of the SPI system. An active low sig-
nal generated by the master device enables this slave device
to accept data. Pull high to terminate the SPI communication.
It M_BUS is employed as the serial interface, this pin should
be tied to either Vpp or Vgs.

Data and control message are being transmitted to this
chip from a host MCU, via one of the two serial bus systems.
With either protocol, this wire is configurated as a uni-direc-
tional data line. (Detailed description of these two protocols
will be discussed in the M_BUS and SPi sections).

SCL (SCK) (Pin 8)

A separate synchronizing clock input from the transmitter
is required for either protocol. Data is read at the rising edge
of each clock signal.

PWM 6 (Pin 9)
Channel 6 of the PWM.

PWM 4 (Pin 10)
Channel 4 of the PWM.

PWM 2 (Pin 11)
Channel 2 of the PWM.

PWM 0 (Pin 12)
Channel 0 of the PWM.

PWM 1 (Pin 13)
Channel 1 of the PWM.

PWM 3 (Pin 14)
Channel 3 of the PWM.

PWM 5 (Pin 15)
Channel 5 of the PWM.

PWM 7 (Pin 16)
Channel 7 of the PWM.

MOTOROLA
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Vpp (Pin 17)
This is the power pin for the digital logic of the chip.

VFLB (Pin 18)

Similar to Pin 5, this pin inputs a negatlve polarity of verti-
cal synchronize signal to synchronize the vertical control cir-
cuit. '

INT (Pin 19)
This output pin is used to indicate the color intensity. If the

intensity control bits are set in the row attribute registers or
window control registers, this pin will output a logic high
while displaying the specified windows or the characters on
the associated rows. Otherwise, it will keep in low state.
Please refer to Figure 17 for detail timing chart. Thus, 16-
color selection is achievable by combining this intensity pin
with R/G/B outputs. On the other hand, this color intensity
information could be reflected on the R/G/B pins by assert-
ing tri-state instead of logic high if 3_S bit is set to 1. Refer to
the “REGISTERS” for more information.

FBKG (Pin 20)

This pin will output a logic high while dlsplaymg characters
or windows when FBKGC bit in frame control register is 0,
and output a logic high only while displaying characters when
FBKGC bit is 1. It is defaulted to high impedance state after
power on, or when there is no output. An external 10 kQ re-
sistor pulled low is recommended to avoid level toggling
caused by hand effect when there is no output. :

B,G,R (Pin 21, 22, 23)

SMOSD color outputs in TTL level to the host monltor
These three signals are open drain outputs if 3_STATE bit is
set and the color intensity is inactive. Otherwise, they are
active high push-pull outputs. See “REGISTERS" for more
information. These pins are in high impedance state after
power on.

Vgg (Pin 24)
This is the ground pin for the digital logic of the chip.

SYSTEM DESCRIPTION

MC141548 is a full screen memory architecture. Refresh is
done by the built-in circuitry after a screenful of display data
has been loaded in through the serial bus. Only changes to
the display data need to be input afterward.

Serial data, which includes screen mapping address, dis-
play information, and control messages, are being transmit-
ted via one of the two serial buses: M_BUS or SPI (mask
option). These two sets of buses are multiplexed onto a sin-
gle set of wires. Standard parts offer M_BUS transmission.

Data is first received and saved in the MEMORY. MAN-
AGEMENT CIRCUIT in the Block Diagram. Meanwhile, the
SMOSD is continuously retrieving the data and putting it into
a ROW BUFFER for display and refreshing, row after row.
During this storing and retrieving cycle, a BUS ARBITRA-
TION LOGIC will patrol the internal traffic, to make sure that
no crashes occur between the slower serial bus receiver and
fast ‘screen-refresh’ circuitry. After the full screen display data
is received through one of the serial communication inter-
face, the link can be terminated if change on display is not
required.

The bottom half of the Block Diagram constitutes the heart
of this entire system. It performs all the SMOSD functions
such as programmable vertical length (from 16 lines to 63

- lines), display clock generation (which is phase locked to the

incoming horizontal sync signal at Pin 5 HFLB), bordering or
shadowing, and multiple windowing.

COMMUNICATION PROTOCOLS

M_BUS Serial Communication

This is a two-wire serial communication link that is fully
compatible with the 1IC bus system. It consists of SDA bidi-
rectional data line and SCL clock input line. Data is sent from
a transmitter (master), to a receiver (slave) via the SDA line,
and is synchronized with a transmitter clock on the SCL line
at the receiving end. The maximum data rate is limited to
100 kbps.The default chip address is $7A.

Operating Procedure
Figure 2 shows the M_BUS transmission format. The mas-
ter initiates a transmission routine by generating a START

- condition, followed by a slave address byte. Once the ad-
~ dress is properly identified, the slave will respond with an AC-

KNOWLEDGE signal by pulling the SDA line LOW during the
ninth SCL clock. Each data byte which then follows must be
eight bits long, plus the ACKNOWLEDGE bit, to make up
nine bits together. Appropriate row and column address infor-
mation and display data can be downloaded sequentially in
one of the three transmission formats described in DATA
TRANSMISSION FORMATS SECTION. In the cases of no
ACKNOWLEDGE or completion of data transfer, the master
will generate a STOP condition to terminate the transmission
routine. Note that the OSD_EN bit must be set after all the
display information has been sent in order to activate the
SMOSD circuitry of MC141548, so that the received informa-
tion can then be displayed.

CHIP ADDRESS DATA BYTES
SDA |<—
: | :
1
scL ! 1 1
| ) [

" START CONDITION STOP CONDITION

Figure 2. M_BUS Format

Serial Peripheral Interface (SPI)

Similar to M_BUS communication, SPI requires separate
clock (SCK) and data (MOSI) lines. In addition, a SS SLAVE
SELECT pin is controlled by the master transmitter to initiate
the receiver.

Operating Procedure _
" To initiate SPI transmission, pull SS pin low by the master

* device to enable MC141548 to accept data. The SSinput line

must be a logic low prior to occurrence of SCK and remain

MC141548
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low until and after the last (eighth) SCK cycle. After all data
has been sent, the S8 pin is then pulled high by master to
terminate the transmission. No slave address is needed for
SPI. Hence, row and column address information and display
data (the data transmission formats are the same as in
M_BUS mode described in the previous section) can be sent
immediately after the SPI is initiated.

SS
= e
O X T T —

oK 4 istoye P Qastopel
ez rnrn.. _rn_r_m

Figure 3. SPI Protocol

DATA TRANSMISSION FORMATS

After the proper identification by the receiving device, data
train of arbitrary length is transmitted from the Master. As
mentioned above, three register blocks, display registers,
attribute/control registers and RAM fonts, need to be pro-
grammed before the proper operation. Basically, these three
areas use the similar transmission protocol. Only two bits of
the row/segment byte are used to distinguish the program-
ming blocks.

There are three transmission formats, from (a) to (c) as
stated below. The data train in each sequence consists of
row/seg address (R), column/line address (C), and data
informations (l). In format (a), each display information data
have to be preceded with the corresponding row/seg
address and column/line address. This format is particular
suitable for updating small amount of data between different
row. However, if the current information byte has the same
row/seg address as the one before, format (b) is recom-
mended. For a full screen pattern change which requires
massive information update or during power up situation,
most of the row/seg and column/line address on either (a) or
(b) format will appear to be redundant. A more efficient data
transmission format (c) should be applied. It sends the RAM
starting row/seg and column/line addresses once only, and
then treat all subsequent data as data information. The row/
seg and column/line addresses will be automatically incre-
mented internally for each information data from the starting
location.

Based on the different programming areas, the detail
transmission protocol is described below respectively.

() Display Register Programming

The data transmission formats are:
(@R->C->1->R->C->1->.........
b)R->C->1->C->1->C->1.......
(C)R->C->l->1->1->.............

NOTE: R means row byte.
C means column byte.
| means data byte.

To differentiate the display row address from attribute/
RAM fonts area when transferring data, the most significant
three bits are set to ‘100’ to represent display row address,
while ‘00X’ for column address used in format (a) or (b) and
‘01X’ for column address used in format (c). There is some
limitation on using mix-formats during a single transmission.
It is permissible to change the format from (a} to (b), or from
(a) to (c), or from (b) to (a), but not from (c) back to (a) or (b).

row addr col addr info

Figure 4. Data Packet for Display Data

0 COLUMN 27 28 29
0
DISPLAY REGISTERS
14
ADDRESS BIT FORMAT
7]e]slala]2]1] 0
ROW 1]olo]| x| o] p|p| p]anec
coumn|o [ o| x| o] o] o o] b]| ab
corumN[ o |1 [ x[ ol ol o[ ol o] ¢
X: don’t care D: valid data

Figure 5. Address Bit Patterns for Display Data

(I) Attribute/Control Register Programming

The data transmission formats are similar with that in dis-
play data programming:

(@a)R->C->1->R->C->1->.........
B)R->C->1->C->1->C->1lL......
C)R->C->l->1->{->.............

NOTE: R means row byte.
C means column byte.
| means data byte.

MOTOROLA
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To differentiate the row address for attribute/control regis-
ters from display area when transferring data, the most sig-
nificant three bits are set to ‘101’ to represent the row
address of the attribute/control registers, while ‘00X’ for col-
umn address used in format (a) or (b) and ‘01X’ for column
address used in format (c). There is some limitation on using
mix-formats during a single transmission. It is permissible to
change the format from (a) to (b}, or from (a) to (c), or from
(b) to (a), but not from (c) back to (a) or (b).

row addr

col addr info

Figure 6. Data Packet for Attribute/Control Data

[1] 27 28 29 30
0

%]

B

2}

(o]

i}

o«

% CHARACTER ATTRIBUTE REGISTERS u
2 3
E

<

8

[

14

1112 18 20 31
15 |WINDOW 1 ~ WINDOW 4 | FRAME CRTL REG IPWM CRTL REGI

WINDOW/FRAME/PWM CONTROL REGISTERS

ADDRESS BIT FORMAT
716|5]4}]3]2]1]0
ROW 1lo|l1]x]p] o] D] DJ abec
COLUMN| O | O} X| D| D|{ D{ D{ D| a,b
COLUMNIo j1|Xx|D|D|D|D| D c
X: don’t care

D: valid data
Figure 7. Address Bit Patterns for Attribute/Control Data

(fll) RAM Fonts Programming

Basically, the transmission format is very similar with that
for display RAM or control registers. The major difference is
to replace the row and column address with segment
address and line address respectively. There are also three
transmission formats, from (a) to (c) as stated below. The
data train in each sequence consists of segment address
(S), line address (L), and font informations (), as shown in
Figure 3. In format (a), each font information data have to be
preceded with the corresponding segment address and line
address. This format is particular suitable for updating small
portion of font pattern. However, if the current information
byte has the same segment address as the one before, for-
mat (b) is recommended. For a new font pattern change

which requires massive information update or during power
up situation, most of the segment and column address on
either (a) or (b) format will appear to be redundant. A more
efficient data transmission format (c) should be applied. It
sends the character RAM starting segment and line
addresses once only, and then treat ali subsequent data as
font information. The segment and line addresses will be
automatically incremented internally for each RAM font data

* from the starting location.

The transmission formats are shown below:
(a)S->L->1->8->L->1->
(b)S->L->l->L->l->L->1.......
(€)S->L->1->1->1->

NOTE: S means segment byte.
L means line byte.
| means data byte.

To differentiate the segment address from row and line
address when transferring data, the bit 7 (MSB) and bit 6 are
set to ‘11’ to represent segment address, while ‘00’ for line
address used in format (a) or (b) and ‘01’ for line address
used in format (c). There is some limitation on using mix-for-
mats during a single transmission. It is permissible to
change the format from (a) to (b}, or from (a) to (c) or from
(b) to (a), but not from (c) back to (a) or (b).

line addr info

P ’

. ’

I seg addr

r"’ /
lx| xl X|D4ID3|D'Z|D1 Iml

NOTE: X means don't care bit and D means valid data bit.

Figure 8. Data Packet for RAM Fonts
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Segment Address:

0
1
2
% 3
g3
37
< 8
o 9
£
=12
13
13
15 :
D4D3D$
No.0 No.l ~ rrmeseessese No.7
Font No.:
ADDRESS BIT FORMAT
7161514131210
SEG 1|1]X]Xx| D] D] D} D| a,b,c
LINE 0|J]o|X]|X|D|D|]D}| D] ab
LINE 0]1]|X|X]|D|D|D|] D c
X: don't care D: valid data
Figure 9. Address Bit Patterns for RAM Fonts
MEMORY MANAGEMENT

All the internal programmable area can be divided into
three parts including (1) Display Registers (2) Attribute/Con-
trol Registers and (3) Programmable RAM Fonts. Please
refer to the following three figures for the corresponding
memory map.

Internal display RAM are addressed with row and column
(coln) number in sequence. As the display area is 15 rows by
30 columns, the related display registers are also 15 by 30.
The space between row 0 and coln 0 to row 14 and coln 29
are called Display registers, with each contains a character/
symbol address corresponding to display location on monitor
screen. And each register is 8-bit wide to identify the
selected character/symbol out of 256 RAM/ROM fonts.

e COLUMN 27 28 29 30
(/2]
[+
w
-
7]
G
w
w
z CHARACTER ATTRIBUTE REGISTERS w
& a
E
<
8
@
14
1112 18 20 31

15 | WINDOW 1 ~ WINDOW 4 | FRAME CRTL REG |PWM CRTL REG
WINDOW/FRAME/PWM CONTROL REGISTERS

Figure 11. Memory Map of Attribute/Control Registers

Besides the font selection, there is 3-bit attribute associ-
ated with each symbol to identify its color. Because of 3-bit
attribute, each character can select any color out of 8 inde-
pendently on the same row. Every data row associate with
one attribute register, which locate at coln 30 of their respec-
tive rows, to control the characters display format of that row
such as the character blinking, color intensity, character dou-
ble height and character double width function. In addition,
other control registers are located at row 15 such as window
control, frame function control and PWM registers. Three
window control registers for each of four windows together
with four frame control registers and twelve PWM registers
occupy the first 28 columns of row 15 space. These control
registers will be described on the “REGISTERS” section.

User should handle the internal display RAM address
location with care especially for those rows with double
length alphanumeric symbols. For example, if row n is des-
tined to be double height on the memory map, the data dis-
played on screen row n and n+1 will be represented by the
data contained in the memory address of row n only. The
data of next row n+1 on the memory map will appear on the
screen of n+2 and n+3 row space and so on. Hence, it is not
necessary to throw in a row of blank data to compensate for
the double row action. User needs to take care of excessive
row of data in memory in order to avoid over running the lim-
ited number of row space on the screen. -

J] COLUMN 27 28 29
z DISPLAY REGISTERS
&
14
Figure 10. Memory Map of Display Registers
MOTOROLA
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There is difference for rows with double width alphanu-
meric symbols. Only the data contained in the even num-
bered columns of memory map will be shown, the odd
numbered columns will be ignored and not disclosed.

Segment Address:

Line Address:

GRGRIS0xuoumbLN~O

D4D3 D‘m
No.0 No.l ~ r==777=====e No.7

Font No.:

Figure 12. Memory Map of Programmable RAM Fonts

Another programming area is the RAM fonts. Totally, 8
fonts are programmable in SMOSD. The structure of 8 char-
acter RAM fonts are shown in Figure 12. They occupy the
font number from 0 to 7 while ROM fonts 8 to 255. Because
of the 10X16 dot matrix font, we decompose each font into 2
segments in horizontal direction and 16 lines in vertical
direction. So, there are 5 dots needed to be defined for each
specified segment-line location. This 5-bit data forms the
lower 5 bits of the information data byte and the higher 3 bits
are ignored. Because there are 16 segments (2 segments
per font) and 16 lines, both the segment and line addresses
are 4-bit wide.

REGISTERS
(1) Display Register

Display Register (Row 0~14, Coln 0~29)

7 6 5 4 3 2 1 0

N O I B

-+ CRADDR >

Bit 7-0 CRADDR - This eight bits address one of the 256
characters or symbols resided in the character RAM/ROM
fonts.

(1) Attribute/Window/Control/Frame Registers

Character Attribute Register (Row 0~14, Coln 0~29)

7 6 5 4 3 2 1 0

LI [ [ bndafafs |

Bit3 BLINK - The blinking effect will be active on the
corresponding character if this bit is set to 1. The blinking fre-
quency is approximately one time per second (1Hz) with
fifty-fifty duty cycle at 80Hz vertical scan frequency.

Bit 2-0 These three bits are the color attribute to define
the color of the associated character/symbol.

Row Attribute Register (Row 0~14, Coln 30)

7 6 5 4 3 2 1 0

LI 1]

Bit2 R_INT - Row intensity bit controls the color inten-
sity of the displayed character/symbol on the corresponding
row. Setting this bit to 1 means high intensity color and the
INT pin will go high while displaying the characters of this
row.

IR__INTI CHS I cws I

Bit1  CHS - It determines the height of a display sym-
bol. When this bit is set, the symbol is displayed in double
height. :

Bit0O CWS - Similar to bit 1, character is displayed in
double width, if this bit is set.

Window 1 Registers

Row 15 Coln 0
7 6 5 4 3 2 1 .0
ROW 15 ROW START ADDR ROW END ADDR
COLNO |msB LsSB| msB LSB
Row 15 Coln 1
7 6 5 4 3 2 1 0

ROW 15 COL START ADDR
COLN 1 LMSB LsB I WEN | W_INT Iw_snn|

Bit2 WEN - It enables the background window 1 gen-
eration if this bit is set.

Bit1  W_INT - This additional color related bit provides
the color intensity selection for window 1. If this bit is 0, INT
pin will go low while displaying window 1.The default value is
1 to indicate high intensity..Video pre-amplifier or external R/
G/B switch can make use of INT pin for windows’s color
intensity control.

Bit0 W_SHD - Shadowing on window. Set this bit to
activate the window 1 shadowing. When the window is
active, the right M pixels and lower N horizontal scan lines
will output black shadowing. The width/height of window
shadow, number of M/N, is defined in the frame control reg-
isters located at row 15 column 16 and 17. See the following
figure and the related frame control register for detail.

MC141548
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H M Pixels

N Horizontal Lines

NOTE:

M and N are defined in the
frame control registers
located at row 15 column 16
and column 17,

Y WINDOW AREA
i N

N Horizontal L‘ine’s‘

St

M Pixels H
Window Shadowing
Row 15 Coln 2
7 6 5 4 3 2 1 0
ROW 15 COL END ADDR R G |B
COLN2| MSB LSB

Bit2-0 R, G and B - Controls the color of window 1. Win-
dow 1 registers occupy Column 0-2 of Row 15, Window 2
from Column 3-5, Window 3 from 6-8 and Window 4 from 9-
11. Window 1 has the highest priority, and Window 4 the
least. If window over-lapping occurs, the higher priority win-
dow will cover the lower one, and the higher priority color will
take over on the overlap window area. If the start address is
greater than the end address, this window will not be dis-
played.

Window 2 Registers

Row 15 Coln 3
7 6 5 4 3 2 1 0
ROW 15 ROW START ADDR ROW END ADDR
COLN3 |MSB LsB| MSB ) LS
Row 15 Coln 4
7 6 5 4 3 2 1 0
ROW 15

COL START ADDR
colN4 | msB LSB | WEN IW—"“ Iw_su4

Bit2 WEN - It enables the background window 2 gen-
eration if this bit is set. '

Bit1  W_INT - This additional color related bit provides
the color intensity selection for window 2. If this bit is 0, INT
pin will go low while displaying window 2. The default value is
1 to indicate high intensity..Video pre-amplifier or external R/
G/B switch can make use of INT pin for windows's color
intensity control.

Bit0 W_SHD - Shadowing on window. Set this bit to
activate the window 2 shadowing.

Row 15 Coln 5

7 6 5 4 3 2 1 0

ROW 15 COL END ADDR R ¢ |8
COLN5 | msB LSB

Bit 2-0 R, G and B - Controls the color of window 2. Win-
dow 1 registers occupy Column 0-2 of Row 15, Window 2
from Column 3-5, Window 3 from 6-8 and Window 4 from 9-
11. Window 1 has the highest priority, and Window 4 the
least. If window over-lapping occurs, the higher priority win-
dow will cover the lower one, and the higher priority color will
take over on the overlap window area. If the start address is
greater than the end address, this window will not be dis-
played. ’

Window 3 Registers

Row 15Coln 6
7 6 5 4 3 2 1 0
ROW 15 ROW START ADDR ROW END ADDR
COLNG6 |MSB LSH MSB LSB
Row 15CoIn 7
7 6 5 4 3 2 1 0
ROW 15
COL START ADDR
COLN7 | msB LSB | WEN I W_INT lw_sunl

Bit2 WEN - It enables the background window 3 gen-
eration if this bit is set.

Bit1  W_INT - This additional color related bit provides
the color intensity selection for window 3. If this bit is O, INT
pin will go low while displaying window 3.The default value is
1 to indicate high intensity..Video pre-amplifier or external R/
G/B switch can make use of INT pin for windows’s color
intensity control.

Bit0 W_SHD - Shadowing on window. Set this bit to
activate the window 3 shadowing.
Row 15Coln 8

7 6 5 4 3 2 1 0

W 15 COL END ADDR
LN8 | MSB

RO
[ofe]

Bit2-0 R, G and B - Controls the color of window 3. Win-
dow 1 registers occupy Column 0-2 of Row 15, Window 2
from Column 3-5, Window 3 from 6-8 and Window 4 from 9-
11. Window 1 has the highest priority, and Window 4 the
least. If window over-lapping occurs, the higher priority win-
dow will cover the lower one, and the higher priority color will
take over on the overlap window area. If the start address is
greater than the end address, this window will not be dis-
played.
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Window 4 Registers
"Row 15Coln 9
7 6 5 4 3 2 1 0
ROW 15 ROW START ADDR ROW END ADDR
COLN9 |mMsB LSB| MsB LSB
Row 15 Coln 10
7 6 5 4 3 2 1 0
ROW 15 COLSTARTADDR I WEN Iw_.m-lw_sﬂol

COLN 10

Bit2 WEN - It enables the background window 4 gener-
ation if this bit is set.

Bit 1 W_INT - This additional color related bit provides
the color intensity selection for window 4. If this bit is 0, INT
pin will go low while displaying window 4.The default value is
1 to indicate high intensity..Video pre-amplifier or external R/
G/B switch can make use of INT pin for windows's color inten-
sity control.

Bit0 W_SHD - Shadowing on window. Set this bit to
activate the window 4 shadowing.

Row 15 Coln 11

7 6 5 4 3 2 1

ROW 15 COL END ADDR : R G B
COLN 11} MSB LSB

Bit2-0 R, G and B - Controls the color of window 4. Win-
dow 1 registers occupy Column 0-2 of Row 15, Window 2
from Column 3-5, Window 3 from 6-8 and Window 4 from 9-
11. Window 1 has the highest priority, and Window 4 the
least. If window over-lapping occurs, the higher priority win-
dow will cover the lower one, and the higher priority color will
take over on the overlap window area. If the start address is
greater than the end address, this window will not be dis-
played.

Vertical Delay Control Register Row 15 Coln 12

7 6 5 4 3 2 1 0
ROW 15 VERTD
COLN 12 {MSB LSB

Bit 7-0 VERTD - These 8 bits define the vertical starting
position. Total 256 steps, with an increment of four horizontal
lines per step for each field. Its value can’t be zero anytime.
The default value of itis 4.

Bit 6-0 HORD - Horizontal starting position for character
display. 7 bits give a total of 128 steps and each increment
represents five dots movement shift to the right on the moni-
tor screen. Its value cannot be zero anytime. The default
value of itis 15.

Character Height Control Register Row 15 Coln 14

7 6 5 .4 3 2 1 0
IHF IAUTO_CHI CH5 CH4 CH3 CH2 CH1 CHO

ROW 15
COLN 14

Bit7 HF - High Frequency Bit. If the incoming H sync
signal is higher than 60 KHz, set this bit to 1 for better perfor-
mance.

Bit6 AUTO_CH - Auto Character Height Adjustment. If
this bit is set, the character height will be controlled internally
to keep the fixed ratio in the vertical direction and indepen-
dent of the display modes. The ratio of character height to
the screen is roughly 1/24, 1/36 and 1/48 for 320/480/640
resolution modes respectively. In the meantime, CH5-CHO
are ignored.

Bit 5-0 CH5-CHO - This six bits will determine the dis-
played character height if AUTO_CH bit is cleared. It is pos-
sible to have:-a proper character height by setting a value
greater than or equal to 16 on different horizontal frequency
monitor. Setting a value below 16 will not have a predictable
result. Figure 13 illustrates how this chip expand the built-in
character font to the desired height.

Frame Control Register Row 15 Coln 15

4 2 1
ROW 15
COLN 15 [0SD_EN|BSEN|SHADOW|X64 |X328 [3_SFAN[FBKG

Bit7 OSD_EN - OSD circuit is activated when this bit is
set. . :

Bit6 BSEN - It enables the character bordering or
shadowing function when this bit is set.

Bit5 SHADOW - Character with black-edge shadowing
is selected if this bit is set, otherwise bordering prevails.

Bit 4-3 X64, X32B - It determines the number of dots per
horizontal line. There are 320 dots per horizontal line if bit
X32B is clear and this is also the default power on state. Oth-
erwise, 480 dots per horizontal sync line is chosen when bit
X64 is clear and 640 dots per horizontal sync line when bit
X64 is set to 1. Please refer to the Table 1 for details.

Table 1. Resolution Setting

Horizontal Delay Control Register Row 15 Coln 13 (X64, X32B) ©.9 0,0 0.1 a1
Dots / Line 320 320 480 640
7 6 5 4 3 2 1 0 .
ROW 15 | | HORD Resolution CGA CGA EGA | VGA
COLN 13 MSB LSB
MC141548 MOTOROLA
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Bit2 3_S - By setting this bit to 1, R/G/B could output
high impedance state if the intensity attribute of characters
or windows is set to 0. It means the corresponding R/G/B
output will go high impedance instead of driving-high while
displaying the low intensity characters or windows. After
power on, this bit is reset and the R/G/B are push-pull out-
puts initially.

Bit1  FAN - It enables the fan-in/fan-out functions when
OSD is turned on from off state or vice versa. If this bit is set,
it roughly takes about one second to fully display the whole
menu. It also takes 1 second to disappear completely.

Bit0 FBKGC - It determines the configuration of FBKG
output pin. When it is clear. FBKG pin outputs high during
displaying characters or windows. Otherwise, FBKG pin out-
puts high only during displaying characters.

[] 16 lines I 22 lines

HEHE 4 4

D RABNLADCINONRWN-AS

ok ok ok ok

Built-in font Display character
(10x16 matrix) when CH=22
when CH=16
25 lines =34 lines

: ==

Display character Display character
when CH=25 when CH=34

I
-

Figure 13. Variable Character Height
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Figure 14. Character Bordering and Shadowing

H M Pixels
T
N Horizontal Lines

M NOTE:

M and N are defined in the
frame control registers

N located at row 15 column 16

N Horizontal and column 17

M Pixels H

Window Shadowing

Frame Control Register Row 15 Coln 16

ROW 15

COLN 16 |WW41|WW40|WW31|WW30|WW21| ww20 IWW11| wwi1o |

Bit 7-6 WW41, WWA40 - It determines the shadow width
of the window 4 when the window shadowing function is acti-
vated. Please refer to the following table for more details
where M is the actual pixel number of the shadowing.

Table 2. Shadow Width Setting

(WW41, WW40) 0,0) | (0,1) | (1,0) | (1,1)
Shadow Width M 2 4 6 8
(unit in Pixel) -

MOTOROLA MC141548
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Bit 5-4 WW31, WW30 - Similarly as WW41, WW40,
these two bits determine the shadow width of the window 3
when the window shadowing function is activated.

Bit 3-2 WW21, WW20 - Similarly as WW41, WW40,
these two bits determine the shadow width of the window 2
when the window shadowing function is activated.

Bit 1-0 WW11, WW10 - Similarly as WW41, WW40,
these two bits determine the shadow width of the window 1
when the window shadowing function is activated

Frame Control Register Row 15 Coln 17

7 6 5 4 3 2 1 0
ROW 15 M41lwu4u|wug1 |w|-|ao |wu21 I WH20 Iwml | WH10 |

COLN 17

Bit 7-6 WH41, WH40 - It determines the shadow height
of the window 4 when the window shadowing function is acti-
vated. Please refer to the following table for more details
where N is the actual line number of the shadowing.

Table 3. Shadow Width Setting

(WH41, WH40) 0,0)| (0,1 (1,0) | (1,1)
Shadow Height N 2 4 6 8
(unit in Line)

Bit 5-4 WH31, WH30 - Similarly as WH41, WH40, these
two bits determine the shadow height of the window 3 when
the window shadowing function is activated.

Bit 3-2 WH21, WH20 - Similarly as WH41, WH40, these
two bits determine the shadow height of the window 2 when
the window shadowing function is activated.

Bit 1-0 WH11, WH10 - Similarly as WH41, WH40, these
two bits determine the shadow height of the window 1 when
the window shadowing function is activated.

Frame Control Register Row 15 Coln 18
7 6 5 4 3 2 1 0
|‘rmc |HPOL|VPOL |

ROW 15
COLN 18

Bit2 TRIC - Tri-state Control. This bit is used to control
the driving state of output pins, R, G, B and FBKG when the
OSD is disabled. After power on, this bit is reset and R, G, B
and FBKG are in high impedance state while OSD being dis-
abled. If it is set by MCU, these four output pins will drive low
while OSD being in disabled state. Basically, the setting is
dependent on the requirement of the external application cir-
cuit. )

Bit1 HPOL - This bit selects the polarity of the incom-
ing horizontal sync signal (HFLB). If it is negative polarity,
clear this bit. Otherwise, set this bit to 1 to represent the pos-
itive H sync signal. After power on, this bit is cleared.

Bit0 VPOL - This bit selects the polarity of the incom-
ing vertical sync signal (VFLB). If it is negative polarity, clear
this bit. Otherwise, set this bit to 1 to represent the positive V
sync signal. After power on, this bit is cleared. )

* NOTE: The registers located at column 19 of row 15
are reserved for the chip testing. In normal operation,
they should not be programmed anytime.

PWM Control Registers Row 15 Col 20 to Col 31
7 6 5 4 3 2 1 o |

ROW 15

MSB PWM
COLN 20-31 -n LSB

Bit 7-0 HORD - This eight-bit value decides the output
duty cycle and waveforms of PWM. There are maximum 12
channels of PWM. And the corresponding registers are
located from column 20 to column 31 respectively on row 15.

The higher five bits (MSB) are used for the conventional
PWM and the lower 3 bits (LSB) for the BRM. Please refer to
the following figures for more information about BRM algo-
rithm and PWM output waveform.
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Figure 14. Pure 8-bit PWM v.s. 5-bit PWM + 3-bit BRM
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Figure 15. BRM Pulse Insertion Algorithm

A software called SMOSD FONT EDITOR in IBM PC
environment was written for MC141548 editing purposes. It
generates a set of S-Record or Binary record for the desired
display patterns to be masked onto the character ROM of
the MC141548.

In order to have better character display within windows,
we suggest you to place your designed character font in the
centre of the 10x16 matrix, and let its spaces be equally
located in the four sides of the matrix. The character $00 is
pre-defined for blank character, the character $FF is pre-
defined for full-filled character.

In order to avoid submersion of displayed symbols or
characters into a background of comparable colors, a feature
of bordering which encircles all four sides, or shadowing
which encircles only the right and bottom sides of an individ-
ual display character is provided. Figure 14 shows how a
character is being jacketed differently. To make sure that a
character is bordered or shadowed correctly, at least one dot
blank should be reserved on each side of the character font.

Frame Format and Timing

Figure 16 illustrates the positions of all display characters
on the screen relative to the leading edge of horizontal and
vertical flyback signals. The shaded area indicates the area
not interfered by the display characters. Notice that there are
two components in the equations stated in Figure 16 for hor-
izontal and vertical delays: fixed delays from the leading edge
of HFLB and VFLB signals, regardless of the values of HORD
and VERTD: (47 dots + phase detection pulse width) and one
H scan line for horizontal and vertical delays, respectively;
variable delays determined by the values of HORD and
VERTD. Refer to Frame Control Registers COLN 9 and 10 for
the definitions of VERTD and HORD. Phase detection pulse
width is a function of the external charge-up resistor, which is
the 330 kQ resistor in a series with 2 kQ to VCO pin in the
Application Diagram. Dot frequency is determined by the
equation: H Freq. x 320 if the bit X32B is clear and H Freq. x
480 if bit X32B is set to 1 and bit X64 is 0 and H Freq. x 640
if both bit X32B and bit X64 are set to 1. For example, dot
frequency is 10.24 MHz if H freq is 32 KHz while bit X32B is
0. If X32B is 1 and bit X64 is 0, the dot frequency will be
15.36 MHz (one and a half of the original one). If X32B is 1
and bit X64 is also 1, the dot frequency will be 20.48 MHz
(double of the original one).

When double character width is selected for a row, only the
even-numbered characters will be displayed, as shown in row
2. Notice that the total number of horizontal scan lines in the
display frame is variable, depending on the chosen character
height of each row. Care should be taken while configuring
each row character height so that the last horizontal scan line
in the display frame always comes out before the leading
edge of VFLB of next frame to avoid wrapping display charac-
ters of the last few rows in the current frame into the next
frame. The number of display dots in a horizontal scan line is
always fixed at 300, regardless of row character width and
the setting of bit X32B and X64.

Although there are 30 character display registers that can
be programmed for each row, not every programmed charac-
ter can be shown on the screen in 320 dots resolution. Usu-
ally, only 24 characters can be shown in this resolution at
most. This is induced by the retrace time that is required to
retrace the H scan line. In other resolution, 480 dots and
640 dots, 30 characters can be displayed on the screen total-
ly if the horizontal delay register is set properly.

Figure 17 illustrates the timing of all output signals as a
function of window and fast blanking features. Line 3 of all
three characters is used to illustrate the timing signals. The
shaded area depicts the window area. Both the left hand side
and right hand side characters are embodied in a window
with only one difference: FBKGC bit. The middle character
does not have a window as its background. Timing of signal
FBKG depends on the configuration of FBKGC bit. The con-
figuration of FBKGC bits affects only FBKG signal timing.
Waveform ‘R, G or B’, which is the actual waveform at R, G,
or B pin, is the logical OR of waveform ‘character R, G or B’
and waveform ‘window R, G or B'. ‘Character R, G, or B' and
‘window R, G, or B' are internal signals for illustration pur-
pose only.
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FONT

MC141548 contains 256 character/symbol fonts including

8 RAM fonts and 248 ROM fonts. The RAM fonts occupy the -

font number $00 to $07 and their patterns can be changed at
any time via the SP| or MBUS protocol described above. The
masked ROM fonts are fixed and located from number $08
to $FF. See the figures on the next page for the details fonts

mapping.

Icon Combination

User can create On-Screen menu based on those charac-
ters and icons. Please refer to Table 4 for Icon combination.
Address $00 & $FF are pre-defined characters for testing.

Table 4. Combination Map 1

ICON ROM ADDRESS(HEX)
RAM CHARACTERS 00-07

ARABIC NUMERALS 09-11

ALPHABET 12-2D

EUROPEAN 2E-48

JAPANESE 48-91

SYMBOLS 82-C4, EF-FE
GEOMETRY C5-EE

ROM CONTENT

Figures 18 — 21 show the ROM content of MC141548.
Mask ROM is optional for custom parts.
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DESIGN CONSIDERATIONS

Distortion

Motorola’s MC141548P has a built-in PLL for multisystems
application. Pin 2 voltage is a dc basing for the internal VCO
in the PLL. When the input frequency (HFLB) in Pin 5 be-
comes higher, the VCO voltage will increase accordingly. The
built-in PLL then has a higher locked frequency output. The
frequency should be equal to 320/480/640 x HFLB (depends
on resolution). It is the dot-clock in each horizontal line.

Display distortion is caused by noise in Pin 2. Positive
noise makes VCO run faster than normal. The corresponding
scan line will be shorter accordingly. In contrast, negative
noise causes the scan line to be longer. The net result will be
distortion on the display, especially on the right hand side
with window turn on.

In order to have distortion-free display, the following recom-
mendations should be considered.
® Only analog part grounds (Pin 2 to Pin 4) can be connect-
ed to Pin 1(Vgg(a)). Vss and other grounds should con-
nect to PCB common ground. Then the Vgg(a) and Vgg
grounds should be totally separated (i.e. Vgg(a) is float-
ing). Refer to the Application Diagram for the ground con-
nections.

® DC supply path for Pin 17 (Vpp) should be separated
from other switching devices.

® LC filter should be connected between Pin 17 and Pin 4.
Refer to the values used in the Application Diagram.

® Biasing and filter networks should be connected to Pin 2
and Pin 3. Refer to the recommended networks in the Ap-
plication Diagram.

Jittering

Most display jittering is caused by HFLB jittering in Pin 5.
Care must be taken if the HFLB signal comes from the fly-
back transformer. A short path and shielded cable are recom-
mended for a clean signal. A small capacitor can be added
between Pin 5 — Pin 24 to smooth the signal. Refer to the
value used in the Application Diagram.

Display Dancing
Most display dancing is caused by interference of the serial
bus. It can be avoided by adding resistors in the bus in series.

APPLICATION DIAGRAM
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MOTOROLA
SEMICONDUCTOR TECHICAL DATA

Super Monitor On-Screen
Display - 16
CMOS

This is a high performance HCMOS device designed to interface with a
micro controller unit to allow colored symbols or characters to be displayed
onto color monitor. Because of the large number of fonts, 256 fonts including
the programmable RAM fonts and fixed ROM fonts, SMOSD-16 is suitable to
be adopted for the multi-language monitor application especially. Its on-chip
PLL allows both multisystem operation and self generation of system timing. It
also minimizes the MCU’s burden through its built-in RAM. By storing a full
screen of data and control information, this device has a capability to carry out
‘screen-refresh’ without any MCU supervision.

Since there is no clearance between characters, special graphics oriented
characters can be generated by combining two or more character blocks.
Besides, there are three kinds of different resolutions that users can choose.
By changing the number of dots per horizontal line to 320 (CGA), 480 (EGA)
or 640 (VGA), smaller characters with higher resolution can be easily
achieved.

Special functions such as character blinking, automatic height scaling,
character/window bordering or character shadowing, four-level windows, dou-
ble height and double width, and programmable vertical length of character
are also incorporated. Furthermore, 8 programmable character/symbol RAM
fonts are also built-in. It is much flexible to create the new symbols, icons and
logo. One special attractive application of the RAM fonts is the real-time pro-
gramming to achieve the dynamic image instead of the static picture as previ-
ous.

» Totally 256 Characters and Graphic Fonts Including 8 Programmable RAM

Fonts and 248 Mask ROM Fonts
* Three Selectable Resolutions: 320 (CGA), 480 (EGA) or 640 (VGA) Dots/

Line
* Wide Operating Frequency Range for High End Monitor: 15KHz ~ 120KHz
* Fully Programmable Character Array of 15 Rows by 30 Columns
* True 16-Color Selection for Windows
* Fancy Fade-In/Fade-Out Effects
» 8-Color Selection for Characters with Color Intensity Attribute on Each Row
¢ Auto Height Scaling to Keep Constant Height Independent of Display

Modes
¢ Four Programmable Background Windows with Overlapping Capability
* Shadowing on Windows with Programmable Shadow Width/Height
* Character Bordering or Shadowing
¢ Character/Symbol Blinking Function
* Programmable Vertical Height of Character to Meet Multi-Sync Require-

ment
* Programmable Vertical and Horizontal Positioning for Display Centre
¢ Double Character Height and Double Character Width
¢ Internal PLL Generates a Wide-Ranged System Clock (76.8 MHz)

» M_BUS (IIC) Interface with Address $7A (SPI Bus is Mask Option)

REV1
12/95

MC141549P

§

P SUFFIX
PLASTIC PACKAGE
CASE 648-08

ORDERING INFORMATION

MC141549P

Plastic Dip

PIN ASSIGNMENT
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ABSOLUTE MAXIMUM RATINGS Voltage Referenced to Vgg

Symbol Characteristic Value Unit
Vbp Supply Voltage ~0.3t0+7.0 \
Vin Input Voltage Vgs—-0.3to v
Vpp +0.3
Id Current Drain per Pin ExcludingVpp andVsg 25 mA
Ta Operating Temperature Range 0to 85 °C
Tstg Storage Temperature Range —-651t0 + 150 °C

NOTE: Maximum Ratings are those vaiues beyond which damage to the device may occur.
Functional operation should be restricted to the limits in the Electrical Characteristics

tables or Pin Description section,

AC ELECTRICAL CHARACTERISTICS (Vpp/Vpp(a) = 5.0V, Vss/Vsg(A) = 0V, Ta = 25C,
Voltage Referenced to Vgg)

This device contains protection circuitry to guard
against damage due to high static voltages or
electric fields. However, precautions must be tak-
en to avoid applications of any voltage higher
than maximum rated voltages to this high-imped-
ance circuit. For proper operation, Vin and Vot
should be constrained to the range Vgg < (Vi
or Vout) < VDD-

Unused inputs must always be tied to an appro-
priate logic voltage level (e.g., either Vgg or
Vpp). Unused outputs must be left open.

Symbol Characteristic Min Typ " Max Unit
Output Signal (R, G, B, FBKG and INT) Cjgad = 30 pF
Rise Time
tr Fall Time — — 6 ns
t —_ _ 6 ns
FHFLB HFLB Input Frequency — — 120K Hz
90% 90%
10% 10%
tf . — | tr
Figure 1. Switching Characteristics
MOTOROLA MC141549

4-41



DC CHARACTERISTICS Vpp/Vpp(a) = 5.0V + 10%, Vss/Vss(A) = 0V, Ta = 25°C, Voltage Referenced to Vgg

Symbol ) Characteristic Min Typ Max Unit
VoH High Leve! Output Voltage Vpp-08 - — )
lout=-5mA
VoL Low Level Output Voltage — — Vgg +0.4 \
lout =5 mA
Digital Input Voltage (Not Including SDA and SCL)
viL Logic Low — — 0.3Vpp \
VIH Logic High 0.7Vpp — — \
Input Voltage of Pin SDA and SCL in SPI Mode
ViL Logic Low — — 03Vpp v
VIH Logic High 0.7Vpp - — \
Input Voltage of Pin SDA and SCL in M_BUS Mode
viL Logic Low — — 0.3Vpp \
ViH Logic High 0.7Vpp -_ —_ v
1] High-Z Leakage Current (R, G, B and FBKG) -~10 - +10 pA
Iy Input Current (Not Including RP, VCO, R, G, B, FBKG and INT)
-10 — +10 HA
IbD Supply Current (No Load on Any Output) - - +15 mA
PIN DESCRIPTION SDA (MOSI) (Pin 7)
i Data and control message are being transmitted to this
VSS(A) (Pin 1)

This pin provides the signal ground to the PLL circuitry. An-
alog ground for PLL is separated from digital ground for opti-
mal performance.

VCO (Pin 2)

A dc control voltage input to regulate an internal oscillator
frequency. See the Application Diagram for the application
values used.

RP (Pin 3)

An external RC network is used to bias an internal VCO to
resonate at the specific dot frequency. The maximum voltage
at Pin 3 should not exceed 3.5 V at any condition. See the
Application Diagram for the application values used.

Vbp(a) (Pin 4)
A positive 5 V dc supply for PLL circuitry. Analog power for
PLL is separated from digital power for optimal performance.

HFLB (Pin 5)

This pin inputs a negative polarity horizontal synchronize
signal pulse to phase lock into an internal system clock gen-
erated by the on-chip VCO circuit.

SS (Pin 6)

This input pin is part of the SPI system. An active low sig-
nal generated by the master device enables this slave device
to accept data. Pull high to terminate the SPI communication.
It M_BUS is employed as the serial interface, this pin should
be tied to either Vpp or Vgs.

chip from a host MCU, via one of the two serial bus systems.
With either protocol, this wire is configurated as a uni-direc-
tional data line. (Detailed description of these two protocols
will be discussed in the M_BUS and SPI sections).

SCL (SCK) (Pin 8)

A separate synchronizing clock input from the transmitter
is required for either protocol. Data is read at the rising edge
of each clock signal.

Vpp (Pin 9) ‘
This is the power pin for the digital logic of the chip.

VFLB (Pin 10)

Similar to Pin 5, this pin inputs a negative polarity of verti-
cal synchronize signal to synchronize the vertical control cir-
cuit.

INT (Pin 11)

This output pin is used to indicate the color intensity. If the
intensity control bits are set in the row attribute registers or
window control registers, this pin will output a logic high
while displaying the specified windows or the characters on
the associated rows. Otherwise, it will keep in low state.
Please refer to Figure 17 for detail timing chart. Thus, 16-
color selection is achievable by combining this intensity pin
with R/G/B outputs. On the other hand, this color intensity
information could be reflected on the R/G/B pins by assert-
ing tri-state instead of logic high if 3_S bit is set to 1. Refer to
the “REGISTERS” for more information.

MC141549
4-42
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FBKG (Pin 12)

This pin will output a logic high while displaying characters
or windows when FBKGC bit in frame control register is 0,
and output a logic high only while displaying characters when
FBKGC bit is 1. It is defaulted to high impedance state after
power on, or when there is no output. An external 10 kQ re-
sistor pulled low is recommended to avoid level toggling
caused by hand effect when there is no output.

B,G,R (Pin 13, 14, 15)

SMOSD-16 color outputs in TTL level to the host monitor.
These three signals are open drain outputs if 3_STATE bit is
set and the color intensity is inactive. Otherwise, they are
active high push-pull outputs. See “REGISTERS” for more
information. These pins are in high impedance state after
power on.

Vgs (Pin 16)
This is the ground pin for the digital logic of the chip.

SYSTEM DESCRIPTION

MC141549 is a full screen memory architecture. Refresh is
done by the built-in circuitry after a screenful of display data
has been loaded in through the serial bus. Only changes to
the display data need to be input afterward.

Serial data, which includes screen mapping address, dis-
play information, and control messages, are being transmit-
ted via one of the two serial buses: M_BUS or SPI (mask
option). These two sets of buses are multiplexed onto a sin-
gle set of wires. Standard parts offer M_BUS transmission.

Data is first received and saved in the MEMORY MAN-
AGEMENT CIRCUIT in the Block Diagram. Meanwhile, the
SMOSD-16 is continuously retrieving the data and putting it
into a ROW BUFFER for display and refreshing, row after
row. During this storing and retrieving cycle, a BUS ARBI-
TRATION LOGIC will patrol the internal traffic, to make sure
that no crashes occur between the slower serial bus receiver
and fast ‘screen-refresh’ circuitry. After the full screen display
data is received through one of the serial communication in-
terface, the link can be terminated if change on display is not
required.

The bottom half of the Block Diagram constitutes the heart
of this entire system. It performs all the SMOSD-16 functions
such as programmable vertical length (from 16 lines to 63
lines), display clock generation (which is phase locked to the
incoming horizontal sync signal at Pin 5 HFLB), bordering or
shadowing, and multiple windowing.

COMMUNICATION PROTOCOLS

M_BUS Serial Communication

This is a two-wire serial communication link that is fully
compatible with the 1IC bus system. It consists of SDA bidi-
rectional data line and SCL clock input line. Data is sent from
a transmitter (master), to a receiver (slave) via the SDA line,
and is synchronized with a transmitter clock on the SCL line
at the receiving end. The maximum data rate is limited to
100 kbps.The default chip address is $7A.

Operating Procedure
Figure 2 shows the M_BUS transmission format. The mas-
ter initiates a transmission routine by generating a START

condition, followed by a slave address byte. Once the ad-
dress is properly identified, the slave will respond with an AC-
KNOWLEDGE signal by pulling the SDA line LOW during the
ninth SCL clock. Each data byte which then follows must be
eight bits long, plus the ACKNOWLEDGE bit, to make up
nine bits together. Appropriate row and column address infor-
mation and display data can be downloaded sequentially in
one of the three transmission formats described in DATA
TRANSMISSION FORMATS SECTION. In the cases of no
ACKNOWLEDGE or completion of data transfer, the master
will generate a STOP condition to terminate the transmission
routine. Note that the OSD_EN bit must be set after all the
display information has been sent in order to activate the
SMOSD-186 circuitry of MC141549, so that the received infor-
mation can then be displayed.

CHIP ADDRESS DATA BYTES
SDA —>|
1

SCL

:'U\_f\Jf\J'\J'\J'\_M\_/T_

foe T

START CONDITION STOP CONDITION

Figure 2. M_BUS Format

Serial Peripheral Interface (SPI)

Similar to M_BUS communication, SPI requires separate
clock (SCK) and data (MOSI) lines. In addition, a §S SLAVE
SELECT pin is controlled by the master transmitter to initiate
the receiver.

Operating Procedure

To initiate SPI transmission, pull SS pin low by the master
device to enable MC141549 to accept data. The SSinput line
must be a logic low prior to occurrence of SCK and remain
low until and after the last (eighth) SCK cycle. After all data
has been sent, the SS pin is then pulled high by master to
terminate the transmission. No slave address is needed for
SPI. Hence, row and column address information and display
data (the data transmission formats are the same as in
M_BUS mode described in the previous section) can be sent
immediately after the SPI is initiated.

SS

-

MOSI

—-=ar
B

SCK ‘ first byte } - J‘ Iastbyte>
ZzZzn _n_J1.. _n rn @4

Figure 3. SPI Protocol
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DATA TRANSMISSION FORMATS

" After the proper identification by the receiving device, data
train of arbitrary length is transmitted from the Master. As
mentioned above, three register blocks, display registers;
attribute/control registers and RAM fonts, need to be pro-
grammed before the proper operation. Basically, these three
areas use the similar transmission protocol. Only two bits of
the row/segment byte are used to distinguish the program-
ming blocks.

There are three transmission formats, from (a) to (c) as
stated below. The data train in each sequence consists of
row/seg address (R), column/line address (C), and data
informations (l). In format (a), each display information data
have to be preceded with the corresponding row/seg
address and column/line address. This format is particular
suitable for updating small amount of data between different
row. However, if the current information byte has the same
row/seg address as the one before, format (b) is recom-
mended. For a full screen pattern change which requires
massive information update or during power up situation,
most of the row/seg and column/line address on either (a) or
(b) format will appear to be redundant. A more efficient data
transmission format (c) should be applied. It sends the RAM
starting row/seg and column/line addresses once only, and
then treat all subsequent data as data information. The row/
seg and column/line addresses will be automatically incre-
mented internally for each information data from the starting
location.

Based on the different programming areas, the detail
transmission protocol is described below respectively.

(1) Display Register Programming

The data transmission formats are:

(@R->C->1->R->C->1l->.........
b)R->C->1->C->1->C->1I......
(©)R->C->l->l->l->.............

- 'NOTE: R means row byte.
C means column byte.
| means data byte.

To differentiate the display row address from attribute/
RAM fonts area when transferring data, the most significant
three bits are set to ‘100 to represent display row address,
while ‘00X’ for column address used in format (a) or (b) and
‘01X’ for column address used in format (c). There is some
limitation on using mix-formats during a single transmission.
It is permissible to change the format from (a) to (b), or from
(a) to (c), or from (b) to (a), but not from (c) back to (a) or (b).

row addr col addr info

Figure 4. Data Packet for Display Data

0 COLUMN 27 28 29

0
DISPLAY REGISTERS

14

ADDRESS - BIT FORMAT

7165143211} 0

ROW 1 ojo| X| D| D| D} D| ab,c

COLUMN|O{O| X{D|D|D|D| D a/b

COLUMNjO |1 ]| X D|D|{D|'D| D [

X: don’t care ' D: valid data

Figure 5. Address Bit Patterns for Display Data

(1) Attribute/Control Register Programming

The data transmission formats are similar with that in dis-
play data programming:

@R->C->1->R->C->1l->.........
b)R->C->1->C->1->C->L......
(©)R->C->l->1l->1->.............

NOTE: R means row byte.
C means column byte.
| means data byte.

To differentiate the row address for attribute/control regis-
ters from display area when transferring data, the most sig-
nificant three bits are set to ‘101’ to represent the row
address of the attribute/control registers, while ‘00X’ for col-
umn address used in format (a) or (b) and ‘01X’ for column
address used in format (c). There is some limitation on using
mix-formats during a single transmission. It is permissible to
change the format from (a) to (b), or from (a) to (¢), or from
(b) to (a), but not from (c) back to (a) or (b).

row addr

col addr info

Figure 6. Data Packet for Attribute/Control Data
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L means line byte.
I means data byte.

0 27 28 2930
0
2 To differentiate the segment address from row and line
E address when transferring data, the bit 7 (MSB) and bit 6 are
] set to ‘11’ to represent segment address, while ‘00’ for line
& address used in format (a) or (b) and ‘01’ for line address
g CHARACTER ATTRIBUTE REGISTERS E used in format (c). There is some limitation on using mix-for-
S a mats during a single transmission. It is permissible to
E change the format from (a) to (b), or from (a) to (c), or from
; (b) to (a), but not from (c) back to (a) or (b).
<)
w
14
Q 1112 18 20 31
15 [WINDOW 1~WINDOW 4 | FRAME CRTL REG |[PWM CRTL HEGI seg addr line addr info
WINDOW/FRAME/PWM CONTROL REGISTERS v
—"” //
i ’
ADDRESS BIT FORMAT a i’
7 6 5 4 3 2 1 0 [:lj(l X|D4|D3|D2'DI'D(P|
rRow |1{ofl1]| x| o] po|pf pfabc
COLUMN|O Jo| X| D| D| D] D| D] ab : NOTE: X means don’t care bit and D means valid data bit.
CoLUMNfo [ 1| x| blbp| o]l p| D] ¢
X: don’t care D: valid data

Figure 8. Data Packet for RAM Fonts
Figure 7. Address Bit Patterns for Attribute/Control Data

(1) RAM Fonts Programming

Basically, the transmission format is very similar with that o 1 2 3 Scgment Address: 13

for display RAM or control registers. The major difference is
to replace the row and column address with segment
address and line address respectively. There are also three
transmission formats, from (a) to (c) as stated below. The
data train in each sequence consists of segment address
(S), line address (L), and font informations (l), as shown in
Figure 3. In format (a), each font information data have to be
preceded with the corresponding segment address and line oL
address. This format is particular suitable for updating small e '
portion of font pattern. However, if the current information

byte has the same segment address as the one before, for-

T T

Line Address:

v
oy asis

[T RRITI LN AP RRINEAC)

D4 D3 D2 D1 DY

mat (b) is recommended. For a new font pattern change No0 Nol No7
which requires massive information update or during power Font No.:

up situation, most of the segment and column address on

either (a) or (b) format will appear to be redundant. A more

efficient data transmission format (c) should be applied. it ADDRESS BIT FORMAT
sends the character RAM starting segment and line 7|s6|s5]4l3l2]1]0
addresses once only, and then treat all subsequent data as SEG 11| x| x| o] o] o] o] ab,c
font information. The segment and line addresses will be LINE olo| x| x| ol olol o} ab
automatically incremented internally for each RAM font data LINE oli1lxlxlololol ol <
from the starting location. X: dom't care D: valid data

The transmission formats are shown below:
(@)S->L->1->8->L->1l->......... Figure 9. Address Bit Patterns for RAM Fonts

b)S->L->1->L->l->L->1......
©)S->L->1->l->1->.............

NOTE: S means segment byte.
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MEMORY MANAGEMENT

All the internal programmable area can be divided into
three parts including (1) Display Registers (2) Attribute/Con-
trol Registers and (3) Programmable RAM Fonts. Please
refer to the following three figures for the corresponding
memory map. '

0 COLUMN 27 28 29

DISPLAY REGISTERS

ROW

Figure 10. Memory Map of Display Registers

Internal display RAM are addressed with row and column
(coln) number in sequence. As the display area is 15 rows by
30 columns, the related display registers are also 15 by 30.
The space between row 0 and coln 0 to row 14 and coln 29
are called Display registers, with each contains a character/
symbol address corresponding to display location on monitor
screen. And each register is 8-bit wide to identify the
selected character/symbol out of 256 RAM/ROM fonts.

! COLUMN 27 28 29 30
0
[+
w
/=
%]
5]
o
z CHARACTER ATTRIBUTE REGISTERS E
o 1]
E
g
3
[+
14
112 18 20 31

15 |WINDOW 1 - WINDOW 4 | FRAME CRTL REG |PWM CRTL REGl
WINDOW/FRAME/PWM CONTROL REGISTERS

Figure 11. Memory Map of Attribute/Contro! Registers

Besides the font selection, there is 3-bit attribute associ-
ated with each symbol to identify its color. Because of 3-bit
attribute, each character can select any color out of 8 inde-
pendently on the same row. Every data row associate with
one attribute reg