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REVISION HISTORY

HARDWARE

Current hardware version: v0.0

DATA SHEET

Current Data Sheet version: v1.0
Changes since last Data Sheet (v0.0a):
® Wherever listed, changed controller from “Sunplus
SPLC780C” to “Sunplus SPLC780D1”. Controller is still
equivalent to a standard Hitachi HD44780. See APPENDIX C:
SUNPLUS SPLC780D1 CONTROLLER DATA
SHEET (Pg. 31).
® \Wherever needed, added module nominal depth of “14.4
millimeters”. In previous Data Sheet, only maximum of “15.00
millimeters” was listed. Module depth has not changed.
® \Wherever appropriate, added note “This module has two sets
of pins that are identical. Either set of pins may be used.”
® In MAIN FEATURES (Pg. 6),
2010/08/23 - Corrected misspelling by changing “HD47780” to “HD44780”
equivalent controller.
- Expanded information for clarity.
® Added photos with pins labeled. See Quick Reference for Pin
Functions (Front & Back Photos) (Pg. 13).
® Please read revised and expanded MODULE RELIABILITY
AND LONGEVITY (Pg. 23) section. Changes include reduced
power-on hours at 90% for white backlight from “10,000” hours
to “5,000”. This reduction more accurately reflects typical
backlight use. LEDs have not changed.
® Added section APPENDIX B: APPLICATION NOTE FOR
3.3V OPERATION (Pg. 29).
® Additional minor changes to improve drawings, tables, and
text.

Data Sheet version: 0.0a

Changes since last Data Sheet (v0.0):

2006/01/01 ® Added “Luminous Intensity” specification (Pg. 12).

® Minor formatting and rewording changes to improve
readability.

2005/12/01 New Data Sheet.
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The Fine Print

Certain applications using Crystalfontz America, Inc. products may involve potential risks of death, personal injury, or severe
property or environmental damage (“Critical Applications”). CRYSTALFONTZ AMERICA, INC. PRODUCTS ARE NOT
DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT
APPLICATIONS, DEVICES OR SYSTEMS OR OTHER CRITICAL APPLICATIONS. Inclusion of Crystalfontz America, Inc.
products in such applications is understood to be fully at the risk of the customer. In order to minimize risks associated with
customer applications, adequate design and operating safeguards should be provided by the customer to minimize inherent
or procedural hazard. Please contact us if you have any questions concerning potential risk applications.

Crystalfontz America, Inc. assumes no liability for applications assistance, customer product design, software performance,
or infringements of patents or services described herein. Nor does Crystalfontz America, Inc. warrant or represent that any
license, either express or implied, is granted under any patent right, copyright, or other intellectual property right of
Crystalfontz America, Inc. covering or relating to any combination, machine, or process in which our products or services
might be or are used.

The information in this publication is deemed accurate but is not guaranteed.

Company and product names mentioned in this publication are trademarks or registered trademarks of their respective
owners.

Copyright © 2010 by Crystalfontz America, Inc., 12412 East Saltese Avenue, Spokane Valley, WA 99216-0357 U.S.A.
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MAIN FEATURES

O 20 characters by 4 lines module consists of an LCD panel, a PCB (Printed Circuit Board) with a built-in Sunplus
SPLC780D1 controller, and an LED backlight.

U4 Module Dimensions.
® Active Areais 70.4 (W) x 20.8 (H) millimeters.
® Overall dimension is 116.0 (W) x 40.0 (H) x 15.0 maximum (D) millimeter package (4.57” (W) x 1.57” (H) x 0.59”
(D))
U This module has two sets of pins that are identical. You can use either set of pins.
O 4-bit or 8-bit parallel interface.
O Standard Hitachi HD44780 equivalent controller. See APPENDIX C: SUNPLUS SPLC780D1 CONTROLLER DATA

SHEET (Pg. 31).
U White edge LED backlight with STN, negative, blue, transmissive mode LCD (displays light characters on a blue
background).

O Wide temperature operation: -20°C to +70°C.
U RoHS compliant.

MODULE CLASSIFICATION INFORMATION

CFA H 20 04 K -

T l -J P~
O 6 6 0 6 O6

M il
0606 o000

® |Brand Crystalfontz America, Inc.

@ | Display Type H — Character

© | Number of Characters (Width) 20 Characters

® | Number of Lines (Height) 4 Lines

® | Model Identifier K

® | Backlight Type & Color T — LED, white

(7] Elgllingype, Image (Positive or Negative), & LCD Glass T STN, negative, blue

© \F;%\a;lvril:g ;ilél-[épgo\x;j e (WT) Temperature Range, & | — Transmissive, WT, 6:00'

© | Character Set (CGROM) J — English and Japanese fonts

@ | Controller P — Sunplus SPLC780D1

® * — May have additional
Special Code manufacturer’s codes at this

location.

INote: For more information on Viewing Angle, see Definition of 6 O'Clock and 12:00 O’Clock
Viewing Angles (Pg. 18).
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LCD

POLARIZER BACKLIGHT
PART NUMBER FLUID GLASS IMAGE FILM COLOR/TYPE
COLOR
CFAH2004K-TMI-JP STN blue negative | transmissive white LED

Additional variants (same

form factor, different LCD mode or backlight):

CFAH2004K-YYH-JP STN yellow-green positive transflective yellow-green LED
MECHANICAL SPECIFICATIONS
PHYSICAL CHARACTERISTICS
ITEM SIZE

Number of Characters and Lines

20 Characters x 4 Lines

Weight

68 grams (typical)

Pixel Detail (millimeters)

Character Detail (millimeters)

Width Height Width Height
Pixel Size 0.55 0.55 Character Size 2.95 4.75
Pixel Pitch 0.60 0.60 Character Pitch 3.55 5.35
Viewing Area Active Area
Width Height Width Height
Millimeters 76.0 25.2 Millimeters 70.4 20.8
Inches 2.99" 0.99" Inches 277" 0.82"
Module Overall Module Depth
Width Height Maximum Nominal
Millimeters 116.0 40.0 Millimeters 15.0 14.4
Inches 4.57" 1.57" Inches 0.59" 0.57"
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MODULE OUTLINE DRAWING
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Figure 1. Module Outline Drawing
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SYSTEM BLOCK DIAGRAM
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Figure 2. System Block Diagram
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ABSOLUTE MAXIMUM RATINGS n = =
Operating Temperature* Top -20°C | +70°C
Storage Temperature* Tst -30°C | +80°C
Humidity RH 0% 90%

*Note: Prolonged exposure at temperatures outside of this range
may cause permanent damage to the module.

DRIVING METHOD

DRIVING METHOD

SPECIFICATION

Duty

116

Bias

1/5

ABSOLUTE MAXIMUM RATINGS

CHARACTERISTIC | SYMBOL

ABSOLUTE MAXIMUM RATINGS

Operating Voltage Vbop -0.3vto +7.0v

or

Driver Supply Voltage Vicp Vicp =Vpp-12vto V| ¢p = Vpp + 0.3v

Vg =-7vto Vg = +5.3v (for Vpp = +5v)

Input Voltage Range ViN -0.3v to Vpp + 0.3v

Page 10
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LCD SUPPLY VOLTAGE

= - =
-
2 | & | =
> a X
= > <
LCD SUPPLY VOLTAGE = = =
Supply Voltage for Driving LCD Tp=0°C +4.8v
(Vpp - Vo)
Ty = +25°C +4.5v
Tp = +50°C | +4.2v
CURRENT CONSUMPTION
S - =
< -
= S =
> a X
= > <
CURRENT CONSUMPTION = = =
Supply Current (Ipp) +1.2mA
VDD = +bv
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DETAILS OF INTERFACE PIN FUNCTIONS

Note: This module has two sets of pins that are identical. You can use either set of pins.

z
O
|_
O
o
PIN | SIGNAL | LEVEL | A DESCRIPTION
1 Vss Ov Ground. Must be connected to an external ground
Supply voltage for logic. Must be connected to an external source.
2 Vpp +5.0v
Do NOT mix supply voltage and logic voltages.
. Supply voltage for driving LCD is Vg = +1v typical at Vpp = +5v
Vv
3 o variable which gives a V| cp = (Vpp - Vo) = +4v
Register selection input.
4 RS HIL ! High: Data register (for read and write)
Low: Instruction code (for write)
Host interface input.
5 RIW HIL ! High: Read (Host«Module)
Low: Write (Host—Module)
Read/write enable signal.
6 E HH>L ! High: Read data is enabled by a high level.
High 2Low: Write data is latched on the falling edge.
7 DBO H/L I/O
8 DB1 H/L I/O
9 DB2 H/L I/O
10 DB3 H/L I/O
Bidirectional databus connects to 4-bit or 8-bit standard host databus.
11 DB4 H/L I/O
12 DB5 H/L I/O
13 DB6 H/L I/O
14 DB7 H/L I/O
15 | A(LED +) Supply voltage for LED. “A” (anode) or “+” of LED backlight
16 | K (LED-) Supply voltage for LED. “K” (cathode or kathode for German and original
Greek spelling) or “-” of LED backlight
For backlight connections, please refer to LED Backlight Characteristics (Pg. 19).
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QUICK REFERENCE FOR PIN FUNCTIONS (FRONT & BACK PHOTOS)

Note: This module has two sets of pins that are identical. You can use either set of pins.

(15) A (LED +)
(13) DB6
(11) DB4

16) K (LED -)
14) DB7

12) DB5

10) DB3

8) DB1

6) E

4)RS

(
(
(
(
(
(
(
(2) Voo

(15) A (LED +)

(13) DB6
(11) DB4 (12) DB5
(9) DB2 (10) DB3
(7) DBO (8) DB1
(5) RIW | . (6)E
@)V, '
(1) Vg

Figure 4. Back Right View of Pins (Labeled)
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(16) K (LED -) (15) A (LED +)

(14) DB7 (13) DB6 O -'a': :'i'.
(12) DB5 (11) DB4 i
(10) DB3 (9) DB2 :'E': :'E': :-!-:
(8) DB (7) DBO s
(6)E (5) RIW :-i-: 1% P
(4)RS () V,
(2) Vg (1) Vgs

Figure 5. Front Left View of Pins (Labeled)

S8 R (16)K(LED-) (15) A (LED +)
"'E" g ag. (14) DB7 (13) DB6
: (12) DB5 (11) DB4
'E‘ 'E': e (10) DB3 (9) DB2
i (8) DB1 (7) bBO
"o o (6)E (5) RIW
= (4) RS (3)V,
(2) Vo (1) Vs

Figure 6. Front Right View of Pins (Labeled)
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TYPICAL Vo CONNECTIONS FOR DISPLAY CONTRAST

Adjust Vg to +1v (V| cp = +4v) as an initial setting. When the module is operational, readjust Vg for optimal display
appearance.

\

\ { T DD

g3

GND (Ground)
° GND

Figure 7. Typical Vg Connections

We recommend allowing field adjustment of V for all designs. The optimal value for Vo will change with temperature,
variations in Vpp, and viewing angle. Vo will also vary module-to-module and batch-to-batch due to normal
manufacturing variations.

Ideally, adjustments to V5 should be available to the end user so each user can adjust the display to the optimal contrast
for their required viewing conditions. At a minimum, your design should allow Vg to be adjusted as part of your product’s
final test.

Although a potentiometer is shown as a typical connection, Vg can be driven by your microcontroller, either by using a
DAC or a filtered PWM. Displays that require Vg to be negative may need a level-shifting circuit. Please do not hesitate
to contact Crystalfontz application support for design assistance on your application.

ESD (ELECTRO-STATIC DISCHARGE) SPECIFICATIONS

The circuitry is industry standard CMOS logic and susceptible to ESD damage. Please use industry standard antistatic
precautions as you would for any other static sensitive devices such as expansion cards, motherboards, or integrated
circuits. Ground your body, work surfaces, and equipment.
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OPTICAL CHARACTERISTICS

z
- o s - =
o) =)
é 5 = | S =
5| & || & | 2
ITEM 3} =
Viewing Angle (6 o’clock) | (V)0 CR>2 -20° 35°
(Vertical, Horizontal)
Hjo | CRs2 | -30° 30°
Contrast Ratio' CR 3
LCD Response Time? Trise | Ta=25°C 250 ms
Tfall | Ta=25°C 250 ms

active to inactive or back again.

Icontrast Ratio = (brightness with pixels light)/(brightness with pixels dark).
2Response Time: The amount of time it takes a liquid crystal cell to go from

OPTICAL DEFINITIONS
® Operating Voltage (V| _cp): Vop
® Viewing Angle
B Vertical (V)0: 0°
B Horizontal (H): 0°
Frame Frequency: 64 Hz
Driving Waveform: 1/16 Duty, 1/5 Bias
Ambient Temperature (Ta): 25°C
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Definition of Operation Voltage (Vop)

Selected Wave

Intensity

—
o
S
S
i
|
|
|
|
|
|
|
|
|
|

Non-selected Wave

CR [-mmmme CR=L /L L., Luminance of ON segments
Maximum on” Toff L ._Luminance of OFF segments

Vv Driving Voltage (V)

op

Figure 8. Definition of Operation Voltage (Vop) (Negative)

Definition of Response Time (Tr, Tf)

Unselected Selected Unselected
State State

Light
Transmitted

100%

Intensity

Light
Blocked

Tr = Rise Time
Tf = Fall Time

Figure 9. Definition of Response Time (Tr, Tf) (Negative)
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Definition of Vertical and Horizontal Viewing Angles (CR>2)

Vertical

Horizontal

Figure 10. Definition of Horizontal and Vertical Viewing Angles (CR>2)

Definition of 6 O’Clock and 12:00 O’Clock Viewing Angles

This module has a 6:00 o’clock viewing angle. A 6:00 o’clock viewing angle is a bottom viewing angle like what you would
see when you look at a cell phone or calculator. A 12:00 o’clock viewing angle is a top viewing angle like what you would
see when you look at the gauges in a golf cart or airplane.

Eyes look down
/
* n / =" Y

~ - _ /

~ /

~ /
] ~ /
Eyes look up »
y_—
6:00 O’clock | 12:00 O’clock

Bottom Viewing Angle - Top Viewing Angle

Figure 11. Definition of 6:00 O’Clock and 12:00 O’Clock Viewing Angles
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LED BACKLIGHT CHARACTERISTICS
The CFAH2004K-TMI-JP uses an LED backlight. LED backlights are easy to use, but they are also easily damaged.

NOTE
Do not connect +5v directly to the backlight terminals. This will ruin the
backlight.

LEDs are “current” devices. The important aspect of driving an LED is the current flowing through it, not the voltage
across it. Ideally, a current source would be used to drive the LEDs. In practice, a simple current limiting resistor in line
from a voltage source will work well in most applications and is much less complex than a current source.

You need to know what the forward voltage of the LEDs is so you can calculate the current limiting resistor (R jy)- The
forward voltage will vary slightly from display to display.

+5v
ILEDl
RLIMIT
A (LED+)
LED ‘
Backlight | K (LED-) 1, Vie
GND

Figure 12. Typical LED Backlight Connections for “Always On”

The equation to calculate Ry T is:
Vpp (Supply Voltage) - V| gp (Typical LED Forward Voltage)

RLlMIT (mlnlmum) =
I ep (Typical LED Forward Current)

The specific R T calculation for the CFAH2004K-TMI-JP at Vpp = +5v is:

5v - 4.0v o
Rumit= 003 A = 33.3Q (minimum)

How to Calculate the Power Dissipation of the Resistor

The general equation to calculate the power dissipation of the resistor is:
P (power) = | (current) x E (voltage)

The specific power dissipation calculation for CFAH2004K-TMI-JP is:
Power = 0.06A x (5v - 3.5v) = 0.09W = 90mW

Nominally, an 1/8 watt (125 mW) resistor should work. For longevity, we recommend a 1/4 or 1/2 watt resistor.



{*l: Crystalfontz America, Inc.

www.crystalfontz.com
A August 2010

PWM Dimming

The backlight may be dimmed by PWM (Pulse Width Modulation). The typical range for the PWM frequency is from 100

ILED l

to 300 Hz.

A (LED+)

CFAH2004K-TMI-JP Character LCD Module Data Sheet
Hardware v0.0 / Data Sheet v1.0

+5v

R

LED

LIMIT

A
Backlight | K (LED-){ Vieo

Inl 1k Q) [ IRLML2502
typical
PWM signal (typical)
from —
microcontroller GND

Figure 13. Example of LED Backlight Connections for PWM Dimming

LED Backlight Characteristics
light dots on blue background

brighter.

5 s

o = 5 2 2

0 e = S =

s | 23 z 2 <

ITEM 0 =R = - =
Forward Current lLeD V = +4.0v 30 mA 40 mA

Driving the backlight above 40 mA will shorten its lifetime.
Forward Voltage Vi ED +3.8v +4.0v +4.0v
Reverse Voltage (Vg) | VR +10v
Luminous Intensity Iy lLep = 30 mA 29 cd/m?

The backlight is measured through the LCD. Direct backlight measurement is significantly
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LCD CONTROLLER INTERFACE

This module uses a Sunplus SPLC780D1 controller. The Sunplus SPLC780D1 is compatible with the industry standard
Hitachi HD44780 controller. Software written for modules that use the HD44780 should work without modification.

For your reference, we added APPENDIX C: SUNPLUS SPLC780D1 CONTROLLER DATA SHEET (Pg. 31) to this
Data Sheet.

DISPLAY POSITION DDRAM ADDRESS

The following table shows the relationship between the controller’s addresses and the corresponding character location
on the module.

COLUMN
1 2 3 4 5 6 7 8 9 10 | 11 |12 [ 13 (14 |15 |16 |17 (18 |19 | 20
0x00|0x01|0x02|0x03|0x04 |0x05|0x06 | 0x07 | 0x08 |0x09| OxA | 0xB | OxC | 0xD | OXE | OxF [{0x10|{0x11|0x12{0x13

0x40|0x41|0x42|0x43|0x44|0x45|0x46 | 0x47 | 0x48 | 0x49 | 0x4A | 0x4B |0x4C|0x4D |0x4E |0x4F | 0x50 |0x51 |0x52 |0x53
0x14|0x15|0x16|0x17|0x18|0x19|0x1A|0x1B|0x1C|0x1D|0x1E|0x1F | 0x20 | 0x21 | 0x22 | 0x23 | 0x24 | 0x25 |0x26 | 0x27
0x54|0x55|0x56|0x57|0x58|0x59|0x5A | 0x5B|0x5C|0x5D | 0x5E | 0x5F | 0x60 | 0x61 | 0x62 | 0x63 | 0x64 | 0x65 | 0x66 | OX67

ROW

WIN (=[O
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CHARACTER GENERATOR ROM (CGROM)

To find the code for a given character, add the two numbers that are shown in bold for its row and column. For example,
the lowercase “h” is in the column labeled “96 44" and in the row labeled “84,". So you would add 96 + 8 to get 104. When
you send a byte with the value of 104 to the display, then a lowercase “h” will be shown. (See APPENDIX C: SUNPLUS
SPLC780D1 CONTROLLER DATA SHEET (Pg. 31).

—

: 4 ||t :

upper
tower~d bits | Oro | 1610} 32,0 o|176,,|192, |208, 224, |240,,
i 0000,0001,0010, 1000,(0001,0010,0011,1100,/1101,/1110, 1111,
4 bits 2

0, coRAM [ ﬁ
00002 [0] jemEnm

1 CGRAM % =t ﬁ:ﬂ:ﬁ!
00012 [1] - I\I: l|!f| T

e T

210 CGRAM i% =" -
0010, [2] fi.5 2=z

310 CGRAM = =
oot1, |31 ] | Fi | e e | - e 5

=o3][zz ga|[FE |

410 CGRAM| 5 E g| =

0100, | [4] A B R P
OO0 | B0 |
(-

510 CGRAM E
0101, [ [8]

610 CGRAM ‘ !;
0110, |[6] (P} H | |

[ CGRAM E-.2E ‘ m : :
otft, |7 e, il &

=

810 E

1000, [E==f=s. juss|enis EoH

9%, & . el B

1001, & asfls H

10, =52 %

1010, o= .

1, =

1011, =2
...... HH HeH

12 -

1] -
13,0 m=2 mma=af|” ZES
1101, o

[ 18
[ A e e T ot (s T T v

|

u
39
o

Figure 14. Character Generator ROM (CGROM)
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MODULE RELIABILITY AND LONGEVITY

MODULE RELIABILITY

ITEM SPECIFICATION
LCD excluding LED backlight 50,000 to 100,000 hours (typical)
. . N 0 "
White LED Backlight (I gp < 30 mA) Power-on ' % of Initial
Hours Brightness (New
*We recommend that the backlight of the white LED backlit Module)
modules be dimmed or turned off during periods of inactivity
to conserve the white LED backlight lifetime. <5,000 >90%
<25,000 >50%

We list the lifetime of this white LED at <5,000 hours to emphasize that white LEDs do not have the extremely long
lifetime typical of red or green LEDs. The white LEDs dim over time, especially if driven with high currents. The dimming
may not be noticeable when a single display is installed. However, if a new display is installed next to a display that has
been on continuously for a very long time, you will see the difference. To preserve the lifetime of white LEDs, we
recommend that white LED backlights are dimmed or turned off when not needed. Also, please do not use more current
than you need to achieve your brightness requirements.

MODULE LONGEVITY (EOL / REPLACEMENT POLICY)

Crystalfontz is committed to making all of our LCD modules available for as long as possible. For each module we
introduce, we intend to offer it indefinitely. We do not preplan a module's obsolescence. The majority of modules we have
introduced are still available.

We recognize that discontinuing a module may cause problems for some customers. However, rapidly changing
technologies, component availability, or low customer order levels may force us to discontinue ("End of Life", EOL) a
module. For example, we must occasionally discontinue a module when a supplier discontinues a component or a
manufacturing process becomes obsolete. When we discontinue a module, we will do our best to find an acceptable
replacement module with the same fit, form, and function.

In most situations, you will not notice a difference when comparing a "fit, form, and function" replacement module to the
discontinued module it replaces. However, sometimes a change in component or process for the replacement module
results in a slight variation, perhaps an improvement, over the previous design.

Although the replacement module is still within the stated Data Sheet specifications and tolerances of the discontinued
module, changes may require modification to your circuit and/or firmware. Possible changes include:
® | CD fluid, polarizers, or the LCD manufacturing process. These items may change the appearance of the
display, requiring an adjustment to Vg (See Typical VO Connections for Display Contrast (Pg. 15)).

® Backlight LEDs. Brightness may be affected (perhaps the new LEDs have better efficiency) or the current they
draw may change (new LEDs may have a different VF).

® Controller. A new controller may require minor changes in your code.

® Component tolerances. Module components have manufacturing tolerances. In extreme cases, the tolerance
stack can change the visual or operating characteristics.
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Please understand that we avoid changing a module whenever possible; we only discontinue a module if we have no
other option. We will post Part Change Notices on the product's web page as soon as possible. If interested, you can
subscribe to future part change notifications.

CARE AND HANDLING PRECAUTIONS

For optimum operation of the module and to prolong its life, please follow the precautions below. Excessive voltage will
shorten the life of the module. You must drive the display within the specified voltage limit. See Temperature

Range (Pg. 10).

ESD (ELECTRO-STATIC DISCHARGE)

The circuitry is industry standard CMOS logic and susceptible to ESD damage. Please use industry standard antistatic
precautions as you would for any other static sensitive devices such as expansion cards, motherboards, or integrated
circuits. Ground your body, work surfaces, and equipment.

DESIGN AND MOUNTING

® The exposed surface of the “glass” is actually a polarizer laminated on top of the glass.To protect the soft plastic
polarizer from damage, the module ships with a protective film over the polarizer. Please peel off the protective
film slowly. Peeling off the protective film abruptly may generate static electricity.

® The polarizer is made out of soft plastic and is easily scratched or damaged. When handling the module, avoid
touching the polarizer. Finger oils are difficult to remove.

® To protect the soft plastic polarizer from damage, place a transparent plate (for example, acrylic, polycarbonate,
or glass) in front of the module, leaving a small gap between the plate and the display surface. We use GE HP-
92 Lexan, which is readily available and works well.

® Do not disassemble or modify the module.

® Do not modify the tab of the metal holder or make connections to it.

® Do not reverse polarity to the power supply connections. Reversing polarity will immediately ruin the module.

® Use care to keep the exposed terminals clean. Contamination, including fingerprints, may make soldering difficult
and the reliability of the soldered connection poor.

® For prototype work, hand soldering may be acceptable. Preset soldering iron to <260°C. Do not apply heat for

more than 3 to 4 seconds.

AVOID SHOCK, IMPACT, TORQUE, AND TENSION

® Do not expose the module to strong mechanical shock, impact, torque, or tension.
® Do not drop, toss, bend, or twist the module.
® Do not place weight or pressure on the module.

IF LCD PANEL BREAKS

® |f the LCD panel breaks, be careful not to get the liquid crystal fluid in your mouth or eyes.

® If the liquid crystal fluid touches your skin, clothes, or work surface, wash it off immediately using soap and plenty
of water.

® Do not ingest the LCD panel.
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® The polarizer (laminated to the glass) is soft plastic. The soft plastic is easily scratched or damaged. Be very
careful when you clean the polarizer.

® Do not clean the polarizer with liquids. Do not wipe the polarizer with any type of cloth or swab (for example, Q-
tips).

® Use the removable protective film to remove smudges (for example, fingerprints) and any foreign matter. If you
no longer have the protective film, use standard transparent office tape (for example, Scotch® brand “Crystal
Clear Tape”). If the polarizer is dusty, you may carefully blow it off with clean, dry, oil-free compressed air.

OPERATION

® \We do not recommend connecting this module to a PC's parallel port as an "end product.” This module is not
"user friendly" and connecting them to a PC's parallel port is often difficult, frustrating, and can result in a "dead"
display due to mishandling. For more information, see our forum thread at http://www.crystalfontz.com/forum/
showthread.php?s=&threadid=3257.

® Your circuit should be designed to protect the module from ESD and power supply transients.

® Observe the operating temperature limitations: from -20°C minimum to +70°C maximum with minimal
fluctuations. Operation outside of these limits may shorten the life and/or harm the display.

B At lower temperatures of this range, response time is delayed.
B At higher temperatures of this range, display becomes dark. (You may need to adjust the contrast.)
® Operate away from dust, moisture, and direct sunlight.

STORAGE AND RECYCLING

® Store in an ESD-approved container away from dust, moisture, and direct sunlight.

® Observe the storage temperature limitations: from -30°C minimum to +80°C maximum with minimal fluctuations.
Rapid temperature changes can cause moisture to form, resulting in permanent damage.

® Do not allow weight to be placed on the modules while they are in storage.
® Please recycle your outdated Crystalfontz LCD modules at an approved facility.
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APPENDIX A: QUALITY ASSURANCE STANDARDS

INSPECTION CONDITIONS

® Environment
B Temperature: 25+5°C
B Humidity: 30~85% RH (noncondensing)
® For visual inspection of active display area
B Source lighting: two 20-Watt or one 40-Watt fluorescent light
® Display adjusted for best contrast
B Viewing distance: 30£5 cm (about 12 inches)
B Viewing angle: inspect at 45° angle of vertical line right and left, top and bottom

COLOR DEFINITIONS

We try to describe the appearance of our LCD modules as accurately as possible. For the photos, we adjust the backlight
(if any) and contrast for optimal appearance. Actual display appearance may vary due to (1) different operating
conditions, (2) small variations of component tolerances, (3) inaccuracies of our camera, (4) color interpretation of the
photos on your monitor, and/or (5) personal differences in the perception of color.

DEFINITION OF ACTIVE AREA AND VIEWING AREA

76.00 Viewing Area
70.40 Active Area

2520 VA
20.80 AA

ACCEPTANCE SAMPLING

DEFECT TYPE AQL*

Maijor <.65%

Minor <1.0%

* Acceptable Quality Level: maximum allowable error rate or variation from standard
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DEFECTS CLASSIFICATION

Defects are defined as:
® Major Defect: results in failure or substantially reduces usability of unit for its intended purpose
® Minor Defect: deviates from standards but is not likely to reduce usability for its intended purpose

ACCEPTANCE STANDARDS

CFAH2004K-TMI-JP Character LCD Module Data Sheet
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MAJOR /
MINOR

# DEFECT TYPE CRITERIA
1 | Electrical defects 1. No display, display malfunctions, or shorted segments. Maior
2. Current consumption exceeds specifications. J
2 | Viewing area defect Viewing area does not meet specifications. Major
3 | Contrast adjustment Contrast adjustment fails or malfunctions. Major
defect
4 | Blemishes or foreign Blemish Defect Size Acceptable Qty
matter on display H ]
segments RN <0.30 mm 3
| . Minor
mr
[ <2 defects within 10 mm of each other
[ [ [ ] 1]
Lo
5 | Blemishes or foreign Defect Size = Defect Size Acceptable Qty
matter outside of display | (Width + Length)/2
segments <0.15 mm Ignore
Length 0.15t0 0.20 mm 3 Minor
L Width
L 0.20 to 0.25 mm 2
>0.30 mm 1
Dark lines or scratches Defect Width Defect Length Acceptable Qty
in display area
<0.03 mm <3.0 mm 3
< 0.03 10 0.05 <2.0 mm 2
o Minor
15 0.05t0 0.08 <2.0 mm 1
Length 0.08 t0 0.10 <3.0 mm 0
>0.10 >3.0 mm 0
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S2
<=
# DEFECT TYPE CRITERIA =
7 | Bubbles between polarizer film and glass Defect Size Acceptable Qty
<0.20 mm Ignore
0.20 to 0.40 mm 3 Minor
0.40 to 0.60 mm 2
>0.60 mm 0
8 | Display pattern defect e
L Tw
< N
| i 0l
B c
- Minor
Dot Size Acceptable Qty
((A+B)/2)<0.20 mm
C>0 mm <3 total defects
((D+E)/2)<0.25 mm <2 pinholes per digit
((F+G)/2)<0.25 mm
9 | Backlight defects 1. Light fails or flickers.*
2. Color and luminance do not correspond to specifications.*
3. Exceeds standards for display’s blemishes, foreign matter, Minor
dark lines or scratches.
*Minor if display functions correctly. Major if the display fails.
10 | PCB defects 1. Oxidation or contamination on connectors.*
2. Wrong parts, missing parts, or parts not in specification.*
3. Jumpers set incorrectly. Minor
4. Solder (if any) on bezel, LED pad, zebra pad, or screw hole
pad is not smooth.
*Minor if display functions correctly. Major if the display fails.
11 | Soldering defects 1. Unmelted solder paste.
2. Cold solder joints, missing solder connections, or oxidation.*
3. Solder bridges causing short circuits.* Minor
4. Residue or solder balls.
5. Solder flux is black or brown.
*Minor if display functions correctly. Major if the display fails.
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APPENDIX B: APPLICATION NOTE FOR 3.3V OPERATION

This module can be used with a 3.3v power supply. In order to meet the requirements of V| ¢p, you must provide a
negative voltage source for Vq (pin 3, see Details of Interface Pin Functions (Pg. 12)). You need to drive Vg to below
ground (typically -1v or -2v) until the V| cp is met, making display contrast acceptable.

You can supply the negative voltage by one of the following methods:
1. Use an available source for the negative voltage.

Vss ~+3.3v

10K typical > <4—=oVg ~-1.2v

Existing
Voli\;eggeagvf)pl *Optional resistor to limit the voltage seen by the
u y . o .
(-3v to -15v) module at Vo to within specifications.

Figure 1. Use Existing Negative Voltage Supply

2. Use a “7660” CMOS switched-capacitor voltage converter or one of the many other available solutions for
creating a negative voltage from a positive supply.

+3.3v

10K typical ><€¢—oV5 ~-1.2v
+3.3v

“7660”

!

Vss

-3.3v

Figure 2. “7660” Switched-Capacitor Voltage Converter
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3. Use the circuit in the figure below to create the voltage for Vo by using a PWM (Pulse Width Modulation) output
of your microcontroller. This circuit allows the contrast to be adjusted under software control.

PWM
(7 to 10 kHz typical)

1K
0.1pF

Low Vs

Schottky Vo

Low Vf
Schottky

Figure 3. Vg Driving Circuit

Since Vg is pulled up internally by the LCD controller, this circuit will produce positive (=+1v) V| ¢cp (Vi cp = small,
contrast is light) for low (=10%) or high (90%) duty cycles. For duty cycles near 50%, this circuit will produce negative
(=-2v) levels of Vg (V| ¢p = big, contrast is dark).

4. Replace this module with the module in this series that has an on-board negative voltage generator. (The part
number has a “V” at the end of it.)

+3.3v = Vpp “V’ LCD
Module

10K typical =<«——V, (Pin 3)

| Vee (Pin 15)
-3.3v out

Figure 4. On-Board Negative Voltage Generator
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APPENDIX C: SUNPLUS SPLC780D1 CONTROLLER DATA
SHEET

The complete Sunplus SPLC780D1 16COM/40SEG Controller/Driver Data Sheet (September 21, 2007, 46 pages)
follows.




r
.[% Appendix
hS

W]

8 8 & &

Orise TECH

SPLC780D1

16COM/40SEG Controller/Driver

Preliminary

SEP. 21, 2007

Version 0.1

ORISE Technology reserves the right to change this documentation without prior notice. Information provided by ORISE Technology is believed to be
accurate and reliable. However, ORISE Technology makes no warranty for any errors which may appear in this document. Contact ORISE Technology to
obtain the latest version of device specifications before placing your order. No responsibility is assumed by ORISE Technology for any infringement of patent
or other rights of third parties which may result from its use. In addition, ORISE Technology products are not authorized for use as critical components in life
support devices/ systems or aviation devices/systems, where a malfunction or failure of the product may reasonably be expected to result in significant injury
to the user, without the express written approval of ORISE Technology.
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16COM/40SEG CONTROLLER/DRIVER

1. GENERAL DESCRIPTION

The SPLC780D1, a dot-mat rix LCD controller and driver from
ORISE, isa
Japanese-Kana characters an d symbols. T he SPLC780D1

unique design fo r displaying alpha-numeric,

provides two types of interfaces to MPU: 4-bit and 8-bit interfaces.
The transferring speed of 8-bit is twice faster than 4-bit. A single
SPLC780D1 is able to displa y up to two 8-character lines. By
cascading with SPLC100 or SPLC063, the display capability can
be extended. The CMOS technology ensures the power saves in
the most efficient way and the performance keeps in the highest

rank.

3. ORDERING INFOMATION

2. FEATURES

B Character generator ROM: 10880 bits
— Character font 5 x 8 dots: 192 characters
— Character font 5 x 10 dots: 64 characters
B Character generator RAM: 512 bits
— Character font 5 x 8 dots: 8 characters
— Character font 5 x 10 dots: 4 characters
W 4-bit or 8-bit MPU interfaces
B Direct driver for LCD: 16 COMs x 40 SEGs
B Duty factor (selected by program):
— 1/8 duty: 1 line of 5 x 8 dots
— 1/11 duty: 1 line of 5 x 10 dots
— 1/16 duty: 2 lines of 5 x 8 dots / line
B Built-in power on automatic reset circuit
B Built-in oscillator circuit (with external resistor)
B Support external clock operation
B | ow Power Consumption

B Package form: 80 QFP or bare chip available

Product Number

Package Type

SPLC780D1-NnnV-C

Chip form

SPLC780D1-NnnV-HQ051

Green Package form - QFP 80L

Notel: Code number is assigned for customer.
Note2: Code number (N=A-Zor0-9, nn =00 - 99); version (V =A- Z).

© ORISE Technology Co., Ltd.
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4. BLOCK DIAGRAM

0SC1 > p» CL1,CL2
Timing Generation Circuit > M
0SC2 = ¢
VDD R Parallel to Serial Data Conversion Circuit > ";):;lt R
x5 £ 3T S T Y > P
VSS — Busy Flag | | Character| | Character| | Cursor egrster
Generator, Generator| Blink 40
v J ROM RAM Control v
DB0-DB3 < A 3 Circuit 401 40
8 8 8 Latch il s
DB4-DB7 <« ‘7“ Data (A L T Circuit egments > COM1-
i X COM16
1/0 Registe 8
RS > 7 v 16
RIW Buffer 8 7| Display 16-bit  |;¢ COmmons
E > 8 o H» Data RAM Shift 1
7“ Instruction Instruction 80 Bytes Register LCD
Power Register Decorder | ¥ 7 Driver . SEG1-
Supply " SEG40
for LCD 7 Address
Drive : Counter
(V1-V5) —p
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5. SIGNAL DESCRIPTIONS

Mnemonic PIN No. Type Description
VDD 33 | Power input
VSS 23 | Ground
0OSC1 24 - Both OSC1 and OSC2 are connected to resist or for internal oscillator circuit. ~ For
0OSC2 25 external clock operation, the clock is input to OSC1.
V1-V5 26 - 30 | Supply voltage for LCD driving.
E 38 | A start signal for reading or writing data.
R/W 37 | A signal for selecting read or write actions.
1: Read, 0: Write.
RS 36 A signal for selecting registers.
1: Data Register (for read and write)
0: Instruction Register (for write),
Busy flag - Address Counter (for read).
DBO - DB3 39-42 I/0 Low 4-bit data
DB4 - DB7 43 - 46 I/0 High 4-bit data
CL1 31 6] Clock to latch serial data D.
CL2 32 O Clock to shift serial data D.
M 34 [®) Switch signal to convert LCD waveform to AC.
D 35 (0] Sends character pattern data corresponding to each common signal serially.
1: Selection, 0: Non-selection.
SEG1 - SEG22 22 -1 (0] Segment signals for LCD.
SEG23 - SEG40 80 -63
COM1 - COM16 47 - 62 O Common signals for LCD.

6. COMPARISON OF SPLC780D AND SPLC780D1

SPLC780D SPLC780D1 Memo
Chip size 2860u*2450u 2860u*2450u
PAD Size 90u * 90u 90u * 90u Passivation Opening Window
Min. PAD Pitch 110u 110u
LCD Voltage(V|cp) 3V ~9v 3V ~8Vv
Absolute Maximum Rating 12v 10v

Note: SPLC780D1 and SPLC780D have the same chip size and pad location.

© ORISE Technology Co., Ltd.
Proprietary & Confidential
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7. FUNCTIONAL DESCRIPTIONS
7.1. Oscillator

SPLC780D1 oscillator supports notonl y the internal oscillator

operation, but also the external clock operation.

7.2. Control and Display Instructions

Control and display instructions are described in details as follows:

7.2.1. Clear display

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

Code 0 0 0 0 0 0 0 0 0 1

It clears the entire display and sets Display Data RAM Address 0

in Address Counter.

7.2.2. Return home

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
Code 0 0 0 0 0 0 0 0 1 X

X: Do not care (0 or 1)

It sets Display Data RAM Address 0 in Address Counter and the
display returns to its original position. The cursor or blink goes to
the most-left side of the display (to the 1st line if 2 lines are
displayed). Th e contents of the Display Data RAM do not

change.

7.2.3. Entry mode set

During writing and reading data, it defines cursor moving direction

and shifts the display.

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
Code 0 0 0 0 0 0 0 1 [1/D| S

1/ D =1:Increment, | / D = 0: Decrement.
S = 1: The display shift, S = 0: The display does not shift.

S=1 /D=1

It shifts the display to the left

S=1 I/D=0

It shifts the display to the right

7.2.4. Display ON/OFF control

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

Code 0 0 0

0 0 0 1 D C B

D = 1: Display on, D = 0: Display off

C =1: Cursor on, C = 0: Cursor off
B = 1: Blinks on, B= 0: Blinks off

5 x 8 dot

character font

8th line

L Cursor ——p 11th line

5 x 10 dot

character font

7.2.5. Cursor or display shift

Without changing DD RAM dat a, it moves cursor and shif ts

display.

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

Code 0 0 0

0 0 1 |SIC|RL| X X

=

[

Blink display alternately

SIC R/L Description Address Counter
0 Shift cursor to the left AC=AC-1
0 1 Shift cursor to the right AC=AC +1
1 0 Shift display to the left. Cursor follows the display shift AC =AC
1 1 Shift display to the right. Cursor follows the display shift AC =AC
© ORISE Technology Co., Ltd. SEP. 21, 2007
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7.2.6. Function set

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
Code 0 0 0 0 1 DL | N F X X

X: Do not care (0 or 1)

DL: It sets interface data length.

DL = 1: Data transferred with 8-bit length (DB7 - 0).

DL = 0: Data transferred with 4-bit length (DB7 - 4).
It requires two times to accomplish data transferring.

N: It sets the number of the display line.

N = 0: One-line display.

N = 1: Two-line display.

F: It sets the character font.

F = 0: 5 x 8 dots character font.

F =1: 5 x 10 dots character font.

Display data RAM can be read or written after this setting.

In one-line display (N = 0),
(aaaaaaa),: (00)16 - (4F )16,

In two-line display (N = 1),
(aaaaaaa),: (00)+¢ - (27)46 for the first line,

(aaaaaaa),: (40)+6 - (67)46 for the second line.

7.2.9. Read busy flag and address

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

Code 0 1 BF | a a a a a a a

N | F | No. of Display Lines | Character Font [ Duty Factor
0[O 1 5 x 8 dots 1/8
0 [ 1 1 5 x 10 dots 1/11
1 | X 2 5 x 8 dots 1/16

It cannot display two lines with 5 x 10 dots character font.

7.2.7. Set character generator RAM address

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

Code 0 0 0 1 a a a a a a

It sets Character Generator RAM Address (aaaaaa), to the

Address Counter.

Character Generator RAM data can be read or written after this

setting.

7.2.8. Set display data RAM address

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

Code 0 0 1 a a a a a a a

It sets Display Data RAM Address (aaaaaaa), to the Address

When BF =1, it indicates the system is busy now and it will not
accept any instruction until not busy (BF = 0). At the same time,

the content of Address Counter (aaaaaaa),is read.

7.2.10. Write data to character generator RAM or
display data RAM

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

Code 1 0 d d d d d d d d

It writes data (dddddddd), to character generator RAM or display
data RAM.

7.2.11. Read data from character generator RAM or
display data RAM

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

Code 1 1 d d d d d d d d

It reads dat a (dddddddd), from character ge nerator RAM or
display data RAM.

To read data correctly, do the following:

1). The address of the Character Generator RAM or Display Data
RAM or shift the cursor instruction.

2). The “ Read ” instruction.

Counter.
© ORISE Technology Co., Ltd. 8 SEP. 21, 2007
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7.3. Instruction Table

Execution time

Instruction Code N
(Temp =257C)

Instruction Description

RS | RW |DB7|DB6 (DB5(DB4|DB3|DB2|DB1|DBO

Fosc= Fosc= Fosc=
190KHz | 270KHz | 350KHz

Write "20H"to DDRAM
Clear Display 0 0 0 0 0 00 0 0 1 and set DDRAM address | 2.16ms | 1.52ms | 1.18ms
to "00H" from AC

Set DDRAM ad dress to
"00H" from AC and
Return Home 0 0 0 0 0 00 0 1 - fetum —cursor o s 2.16ms | 1.52ms | 1.18ms
original position if shifted.
The contents of DDRAM

are not changed.

Assign cursor moving

Entry Mode
Set 0 0 0 0 0 00 1 I/ID | S | direction and enable the 53us 38us 29us
e
shift of entire display
Set display (D),
Display ON/ cursor(C), and blinking of
0 0 0 0 0 01 D C B 53us 38us 29us
OFF Control cursor(B) on/off control
bit.
Set cursor mov ing and
display shift control bit,
Cursor or
. . 0 0 0 0 0 1 |SIC[RL| - - and the direction, without 53us 38us 29us
Display Shift .
changing of DDRAM
data.

Set interface data length
(DL: 8-bit/4-bit), numbers
. of display line (N:
Function Set 0 0 0 0 1 DL | N F - - ) . . 53us 38us 29us
2-line/1-line) and, display

font type (F:5x10

dots/5x8 dots)
Set CGRAM Set CGRAM address in
0 0 0 1 [AC5[AC4|AC3|AC2|AC1|ACO 53us 38us 29us
Address address counter.
Set DDRAM Set DDRAM address in
0 0 1 [|AC6[AC5AC4 |AC3|AC2|AC1|ACO 53us 38us 29us
Address address counter

Whether during internal

Read B Fi operation or not can be
ead Busy Fla
yrieg known by reading BF.

and Address 0 1 BF [AC6[AC5AC4 |AC3|AC2|AC1|ACO
The contents of address
Counter
counter can also be
read.
Write Data to Write data into internal
1 0O [ D7 | D6 | D5 | D4 D3 D2 | D1 | DO 53pus 38us 29us
RAM RAM (DDRAM/CGRAM).
Read Data from Read data from internal
1 1 D7 | D6 | D5 | D4 D3 D2 | D1 | DO 53us 38us 29us
RAM RAM (DDRAM/CGRAM).
Notel: “--“: don’t care

Note2: In the operation condition under -20°C ~ 75°C, the maximum execution time for majority of instruction sets is 100us, except two instructions, “Clear
Display” and “Return Home”, in which maximum execution time can take up to 4.1ms.

© ORISE Technology Co., Ltd. 9 SEP. 21, 2007
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7.4. 8-Bit Operation and 8-Digit 1-Line Display (Using Internal Reset)

No.

Instruction

Display

Operation

Power  on. (SPLC780D1 starts

initializing)

Power on reset. No display.

Function set
RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

Lofofololedefofolx]x]

Set to 8-bit operation and select 1-line display line and character font.

Display on / off control

Lofololofofol f ] ]e]

Display on.

Cursor appear.

Entry mode set

Lolelolofofofef ] ]e]

Increase address by one.
It will shift the cursor to the right when writing to the DD RAM/CG RAM.
Now the display has no shift.

Write data to CG RAM /DD RAM

L efodedododef ] ]

Write " W ".

The cursor is incremented by one and shifted to the right.

Write data to CG RAM /DD RAM

=
m

Write "E ".

The cursor is incremented by one and shifted to the right.

Lleloledeofodef fo]]

Write data to CG RAM /DD RAM

Lleloledeofofef fe]]

WELCOME_

Write "E ".

The cursor is incremented by one and shifted to the right.

Entry mode set
Lofofefofofofof ] ]

WELCOME_

Set mode for display shift when writing

10

Write data to CG RAM / DD RAM

[ ofofofrfofofofo]e]

ELCOME _

Write "

The cursor is incremented by one and shifted to the right.

"(sp ace).

11 | Write data to CG RAM / DD RAM Write " C ".
LCOME C_
| 1 | 0 | 0 | 1 | 0 | 0 | 0 | 0 | 1 | 1 | The cursor is incremented by one and shifted to the right.
12 :
13 | Write data to CG RAM / DD RAM Write " Y ".

Lfefolefolefofofol ]

COMPAMY_

The cursor is incremented by one and shifted to the right.

14

Cursor or display shift

Only shift the cursor's position to the left (Y).

DRRRRRDRER —

15 | Cursor or display shift COMPANIY Only shift the cursor's position to the left (M).
Lofofololofofofofx]x] -

16 | Write data to CG RAM /DD RAM Write "N ".

Llefofefofolofefele]

OMPANY_

The display moves to the left.

17

Cursor or display shift

Shift the display and the cursor's position to the right.

DR EERREE] —

18 | Cursor or display shift OMPANY Shift the display and the cursor's position to the right.
Lofofofofofefofefx]x] -

19 | Write data to CG RAM / DD RAM Write " " (space).

Lfefolefolefolofele]

COMPAMY_

The cursor is incremented by one and shifted to the right.

20

21

Return home
[ofofofofofofofo]]o]

LRGSR A

WELCOME _

Both the display and the cursor return to the original position (address 0).

© ORISE Technology Co., Ltd.
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7.5. 4-Bit Operation and 8-Digit 1-Line Display (Using Internal Reset)

No. Instruction Display Operation
1 Power on. |:| Power on reset. No display.
(SPLC780D1 starts initializing)
2 Function set Set to 4-bit operation.
RS R/W DB7 DB6 DB5 DB4 |:|
[ofofololr]o]
3 ofojJofo]1|oO Set to 4-bit operation and select 1-line display line and character font.
olojo|lo]Xx|X I:I
4 ojJofo]Jofofo Display on.
olo|1|1]1]0 I:I Cursor appears.
5 ojofojofofo Increase address by one.
oflofof1[1]0 I:I It will shift the cursor to the right when writing to the DD RAM / CG RAM.
Now the display has no shift.
6 1]ofo]1fo]1 Write "W ".

The cursor is incremented by one and shifted to the right.

7.6. 8-Bit Operation and 8-Digit 2-Line Display (Using Internal Reset)

No. Instruction Display Operation
1 Power on. Power on reset. No display.
(SPLC780D1 starts initializing)
2 | Function set Set to 8-bit operation and select 2-line display line and 5 x 8 d ot
RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO character font.
Lodofoldofedrfofofx]x]
3 | Display on / off control — Display on.
Clele o[ [ [ -]
4 | Entry mode set Increase address by one.
| 0 | 0 | 0 | 0 | 0 | 0 | 0 | 1 | 1 | 0 | _ It will shift the cursor to the right when writing to the DD RAM /
CG RAM.
Now the display has no shift.
5 | Write data to CG RAM / DD RAM W_ Write " W ".
| 1 | 0 | 0 | 1 | 0 | 1 | 0 | 1 | 1 | 1 | The cursor is incremented by one and shifted to the right.
6
7 | Write data to CG RAM / DD RAM WELCOME_ Write "E ".
| 1 | 0 | 0 | 1 | 0 | 0 | 0 | 1 | 0 | 1 | The cursor is incremented by one and shifted to the right.
8 | Set DD RAM address WELCOME It sets DD RAM's address.
| 0 | 0 | 1 | 1 | 0 | 0 | 0 | 0 | 0 | 0 | = The cursor is moved to the beginning position of the 2nd line.
9 | Write data to CG RAM / DD RAM WELCOME Write " T ".
11]o0jof1fofr1jo]1]0o}|o0 T The cursor is incremented by one and shifted to the right.
10
11 | Write data to CG RAM / DD RAM WELCOME Write " T ".
| 1 | 0 | 0 | 1 | 0 | 1 | 0 | 1 | 0 | 0 | TO PART_ The cursor is incremented by one and shifted to the right.
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No. Instruction Display Operation

12 | Entry mode set WELCOME When writing, it sets mode for the display shift.
Lodofofofofofofefr]r] |ToPARL

13 | Write data to CG RAM / DD RAM ELCOME Write " Y ".
| 1 | 0 | 0 | 1 | 0 | 1 | 1 | 0 | 0 | 1 | O PARTY_ The cursor is incremented by one and shifted to the right.

14

15 | Return home WELCOME Both the display and the cursor  return to the o riginal position

olololoflofo]o]o]|1]o TO PARTY (address 0).

7.7. Reset Function

At power on, SPLC780D1 starts the internal auto-reset circuit and executes the initial instructions. The initial procedures are shown as

follows:
[ 8-Bit Interface ]
Power On
Wait time > 15 ms Wait time > 40ms
after VDD > 4.5V After VDD > 2.7V
RS R/W DB7 DB6 DB5 DB4 DB3 DB3 DB1 DBO | BF cannot be checked before this instruction . |
co e e XXX Function set ( Interface is 8 bits length . )
Wait time > 4.1 ms
RS R/W DB7 DB6 DB5 DB4 DB3 DB3 DB1 DBO | BF cannot be checked before this instruction . |
coe o T e X Function set ( Interface is 8 bits length . )
Wait time > 100 us
RS R/W DB7 DB6 DB5 DB4 DB3 DB3 DB1 DBO | BF cannot be checked before this instruction . |
co o e T XX XX Function set ( Interface is 8 bits length . )
BF can be checked after the following
instructions .
Function set ( Interface is 8 bits length .
Specify the number of display lines and
character font . )
RS R/W DB7 DB6 DB5 DB4 DB3 DB3 DB1 DBO The number of display lines and character
000 0 1 1t N F XX font cannot be changed afterwards .
00 0 0 0 0 1 0 0 0
00 0 0 0 0 0 0 o0 1 Display off
0 0 O 0 0 0 0 1 IID S
i Display clear
Initialization Ends Entry mode set
© ORISE Technology Co., Ltd. 12 SEP. 21, 2007
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Power On

Wait time > 15 ms
after VDD > 4.5V

RS R/W DB7 DB6 DB5 DB4
0 0 0 0 1 1
W ait time > 4.1 ms
RS R/W DB7 DB6 DB5 DB4
0 0 0 0 1 1
Wait time > 100 us
RS R/W DB7 DB6 DB5 DB4
0 0 0 0 1 1
RS R/W DB7 DB6 DB5 DB4
0 0 0 0 1 0
0 0 0 0 1 0
0 0 N F X X
0 0 0 0 0 0
0 0 1 0 0 0
0 0 0 0 0 0
0 0 0 0 0 1
0 0 0 0 0 0
0 0 0 1 IID S

l

Initialization Ends

[ 4-Bit Interface ]

Wait time > 40ms
After VDD > 2.7V

BF cannot be checked before this instruction .

{ |

Function set ( Interface is 8 bits length . )

BF cannot be checked before this instruction .

Function set ( Interface is 8 bits length . )

BF cannot be checked before this instruction .

Function set ( Interface is 8 bits length . )

BF can be checked after the following
instructions .

Function set ( Set interface to be 4 bits length)
Interface is 8 bits length .

Function set ( Interface is 4 bits length .
Specify the number of the display lines
and character font . )

The number of display lines and character
font cannot be changed afterwards .

Display off
Display clear

Entry mode set

© ORISE Technology Co., Ltd.
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7.8. Display Data RAM (DD RAM)
The 80-bit DD RAM is normally used fo r storing display dat a. The relationships between Display Data RAM Address and LCD's
Those DD RAM not used for display data can be used as general position are depicted as follows.

data RAM. Its address is configured inth e Address Counter.

1-line display , 80 display characters

1 2 3 4 5 6 79 80 <«—— Display position
00 |01]{02]|03|04 |05 | —-ccccoc— 4E | 4F | «— Display dataRAM
address

( Example ) 1-line display , 8 display characters
1 2 3 4 5 6 7 8 <«+—— Display position

Display data RAM
address

00 [ 01| 02| 03|04 | 05 ] 06| 07

When the display shift operation is performed , the display data RAM's address moves as :

(i) Left shift (iii ) Right shift
01 (02| 03|04 |05 06|06 | 07| 08 4F [ 00 [ 01 | 02 | 03 [ 04 | O5 | 06
7.9. Timing Generation Circuit 7.11. Character Generator ROM (CG ROM)
The timing generating circuit is a ble to generate timing signals to Using 8-bitch aracter code, the character generato r ROM
the internal circuit s. Inorder to preventthe internal timing generates 5 x 8 dots or 5 x 10 dots character patterns. It also
interface, the MPU access timing and the RAM access timing are can generate 192’s 5 x 8 dots character patterns and 64’s 5 x 10
generated independently. dots character patterns.

7.10. LCD Driver Circuit 7.12. Character Generator RAM (CG RAM)

Total of 16 commons and 40 se gments signal drivers are valid in Users can easily change the charac ter patterns in the character

the LCD driver circuit. When a program specifies the character generator RAM through program. It can be written to 5 x 8 dots,

fonts and line numbers, the corresponding common signals output 8-character patterns or 5 x 10 dots for 4-character patterns.

drive-waveforms and the others still output unselected waveforms.

© ORISE Technology Co., Ltd. 14 SEP. 21, 2007
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The relationships between Character Generator RAM Addresses, C haracter Generator RAM D ata (character patterns), and Cha racter

Codes are depicted as follows:

7.12.1. 5 x 8 dot character patterns

Character Code CG RAM Character Patterns
(DD RAM Data ) Address (CG RAM Data )
b7 [b6 [b5[b4 [b3[b2]b1]b0]| [b5]b4a[b3][b2[b1[b0]| [b7 b6 [05 ][04 |63 [b2]D1]bO
ololol E=E=E=[1 111 ]4
olo[1]| EzE=E=|o]of1]o0]0
ol1]o| FzE=E=|{o]of[1]o0]0
olololol|xlototol ototo 2 I ExExfx o199
1{ofo| EZE=ZE=[o]o1 o]0
1{ol1| EcEZE=[o]of1]o]o0
110 EcE=E=[o]o[1 o]0
1111 EZEZE=[o]ofoo0]o0
ololol EZE-E-[o[a 110
olo[1|EZEz-E-[o]o[1]0o]0
ol1|o| F=F=E=[o]o[1]0]0
o1 1| E-E-E-[o]ol1]0]0
olofo]o|x}toto //' 0 o(// 5T ?§;§§§ Toliolo
1{o]1]E F-[ofo[1]o]o0
111]0 o1 110
111 EcEZE=[o]o|oo]o

Character
Pattern
Example (1)

Cursor
Position
«—

Character
Pattern
Example (2)

Notel: Z It means that the bit0~2 of the character code correspond to the bit3~5 of the CG RAM address.
Note2: g These areas are not used for display, but can be used for the general data RAM.

Note3: When all of the bit4-7 of the character code are 0, CG RAM character patterns are selected.

Note4: "1 ": Selected, " 0 " : No selected , " X " : Do not care (0 or 1).

Note5: For example (1), set character code (b2 =b1 =b0 =0, b3 =0 or 1, b7-b4 = 0) to display “ T ”.

display “ T ” character.

Note6: The bits 0-2 of the character code RAM is the character pattern line position.

with the cursor.

That means character code (00) 16,and (08) 16 can

The 8th line is the cursor position and display is formed by logical OR

© ORISE Technology Co., Ltd.
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7.12.2. 5 X 10 dot character patterns

Character Code CG RAM Character Patterns
( DD RAM Data) Address (CG RAM Data )

b7 b6 | b5 b4 |b3[b2[b1[b0| [b5]b4[b3[b2][b1]b0| [b7]06[b5]b4[b3[b2]b1[bO
oo o]l EcE-E-[1lololo 1
0]0]0]1 EEE%EE 1000} Character
O(0{1|0|F-F-F-|1]0|0]|O0[1 Pattern
0olol1]|1| EZE=E=[1]0]o|o|1]| Example(!)
ol1]oflo| ECEZE-l1]o0]o00|1

olololo|xroxodx|oxodol1]o|1]| ExExEx[1]o]o]ol1
ol1[1]o] FzE-E=[1]o]o]o|1
ol1[1]1] EZE=E=[1]oloo[1
1]ololol EZEZE-[1]o]0o]0 |1
1lolol1| EcEzE=Talala]1]1 Cursor

FCEZES Position

1lol1]o] EcEZE-|olo|o]o|0| «—
1101 |1| FZEZEZEZEZF=F=E=
1[1]ofo] E= == -
111]0]1]E
1[1]1]0] E -
1111 ESEZE=ZE=ZE=FZEZE=

Notel: It means that the bit1~2 of the character code correspond to the bit4~5 of the CG RAM address.

Note2: E These areas are not used for display, but can be used for the general data RAM.

Note3: When all of the bit4-7 of the character code are 0, CG RAM character patterns are selected.

Note4: " 1 “: Selected, " 0 “: No selected, " X “: Do not care (0 or 1).

Note5: For example (1), set character code (b2 =b1 =0, b3 =b0 =0 or 1, b7-b4 = 0) to display “U ”. That means all of the character codes (00) 16, (01) 16,
(08) 16,and (09) 16 can display “ U ” character.

Note6: The bits 0-3 of the character code RAM is the character pattern line position. The 11th line is the cursor position and display is formed by logical OR
with the cursor.

© ORISE Technology Co., Ltd. 17 SEP. 21, 2007
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7.13. Cursor/Blink Control Circuit

This circuit generates the curs or or blink in the cursor / blink When the Address Counter is (07) 16, the cursor position is shown
control circuit. The cursor or the blink appears in the digit at the as belows:
Display Data RAM Address defined in the Address Counter.

b6 b5 b4 b3 b2 bl bO

AC ojofofoj]1 1 1

In a 1-line display

digit 1 2 3 4 5 6 7 8 9 10 <«4—— Display position

00 |01]102|03|04]|05]|06(07]08]09 8 <4—— Display data RAM address

; ( Hexadecimal )

the cursor position

In a 2-line display

digit 1 2 3 4 5 6 7 8 9 10 <4—— Display position

1st line 0001|0203 |04 |05]|06]|07]|08]09 )
( <«4— Display data RAM address

( Hexadecimal )

2nd line 40 | 41 |42 | 43 | 44 | 45 | 46 f47 | 48 | 49
/

the cursor position

© ORISE Technology Co., Ltd. 18 SEP. 21, 2007
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7.14. Interfacing to MPU

There are two types of data operations: 4-bit and 8-bit operations.
Using 4-bit MP U, the inte rfacing 4-bit data is transferred by
4-busline (DB4 to DB7). Thus, DBO to DB3 bus lines are not

used. Using 4-bit MPU to interf ace 8-bit data requires two times

4-busline (for 8-bit operation, DB7 to DB4).
4-bit data is transferred b y 4-busline (for 8-bit operation, DB3 to
DBO0). For 8-bit MPU, the 8 -bit data is transferred by 8-buslines
(DBO to DB7).

Secondly, the lower

transferring. F irst, the higher 4-bit data is transfer red by
. /
RIW / \
Y \4 Y CV
Internal E _—
operation unctioning
2222>< >< ><;f:222;/ Not
busy
oo K== e NN X NN X N e W
DB5 //////>< IR5 >< IR1 xa%mtax AC5 X AC1 xz%mt;x AC5 )X AC1 )(5222222* D5 >< D1 W///
oo JKC = X NN X NN Ko N X W
Instruction Busy flag Busy flag Data
Write check check Write
Example of 4-bit Data Transfer Timing Sequence
© ORISE Technology Co., Ltd. 19 SEP. 21, 2007
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/

\

nnnnnnnnnnn

Fan

o =

e

U == O = A=

o [l

NN =

WWWWHWWWHWW/

o [l

NN =

YUY

> NI

* KUK

Nl

o [ =

NN =

YUY

NN =

i

Nl

o K=

MUY =

YUY =

NN =

i

Nl

K=

i

YUY =

NN

A

Nl

o K=

NN

YUY

NN

i

N

o

YUY =

NN =

W ACO

A

Nl

Instruction
Write

CCCCC

Busy
checl

Write

7.15. Supply Voltage for LCD Drive

Different vo
factor and supply vol

ltages can
ltages are

be supplied to SPLC780D1’s pins
shown as belows:

(V5 - 1) for obtaining LCD drive-wave

form. The relationships between bias, dut

Duty Factor

1/8, 1/11 1/16
Supply
Voltage 1/4 1/5
V1 VDD — 1/4 Vicp VDD —1/5 Vicp
V2 VDD —1/2 Vicp VDD - 2/5 Vicp
V3 VDD — 1/2 Vicp VDD - 3/5 Vico
V4 VDD — 3/4 Vicp VDD —4/5 Vicp
V5 VDD — Vicp VDD — Vicp
© ORISE Technology Co., Ltd. 20 SEP. 21, 2007
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7.15.1. The power connections for LCD (1/4 Bias, 1/5 Bias) are shown belows:

VDD (+5.0V) VDD (+5.0V)
VDD VDD
V1 V1
V2 V2
Vico Vico
V3 V3
V4 V4
V5 V5
1/4 Bias 1/5 Bias
(1/8,1/11 Duty) -V or Gnd (1/16 Duty) -V or Gnd
The bypass-capacitor improves the LCD display quality.
VDD( +5.0V ) VDD( +5.0V )
VDD VDD T
R< ¢
VA1 Vi — F—w®
RS ¢
V2 V2 | F—e
R
C
V3 V3 |F—oe
R C
V4 V4 e
RS ¢
V5 V5 H—
VR
1/4 Bias 1/5 Bias
(1/8,1/11 Duty) (1/16 Duty) ©
-V or Gnd -V or Gnd
The bias voltage must have the following relations:
VDD >V1>V2 = V3>V4>V5.
© ORISE Technology Co., Ltd. 21 SEP. 21, 2007
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7.15.2. The relationship between LCD frame’s frequency and oscillator’s frequency.

(Assume the oscillation frequency is 250KHz, 1 clock cycle time = 4.0us)

7.15.2.1. 1/8 Duty, TYPE-B waveform

400 clocks
[ef{r[o[1 2] [7le[1]2/ I 7lef1 2| 7]e
VPP
V1
COM1 V2(V3)
V4
VSS
‘ 1 Frame ‘ 1 Frame
\ I \
1 frame = 4(us) x 400 x 8 = 12800(us) = 12.8ms
Frame frequency = ——— =78.1(Hz)
12.8(ms)
7.15.2.2. 1/11 Duty, TYPE-B waveform
400 clocks
(>
1 27—777777‘10‘11‘1‘2‘ 7777777 ‘10‘11‘1‘2‘ 777777
VPP
V1
COM1 V2(V3)
\%Z)
VSS
‘ 1 Frame ‘ 1 Frame
[ I |
1 frame = 4(us) x 400 x 11 = 17600(us) = 17.6ms
1
Frame frequency = —— = 56.8(Hz)
17.6(ms)
7.15.2.3. 1/16 Duty, TYPE-B waveform
200 clocks
112 ‘15‘16‘1 ‘2‘ ‘15‘16‘1 ‘2‘—7—
VPP
V1
COM1 V2
V3
\Z)
VSS
‘ 1 Frame 1 Frame
I I |
1 frame = 4(us) x 200 x 16 = 12800(us) = 12.8ms
Frame frequency= =78.1(Hz)
8(ms)

© ORISE Technology Co., Ltd.
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7.16. REGISTER --- IR (Instruction Register) and DR
(Data Register)

SPLC780D1 contains two 8-bit registers: Instruction Register (IR)
and Data Register (DR).
the R/W pin selects the IR and DR, see below:

Using combinations of the RS pi n and

7.19. 1/0 Port Configuration
7.19.1. Input port: E

| VDD

I

I

| PMOS
| sch

: NMOS
I

I

The IR can be written by MPU, but it cannot be read by MPU.

7.17. Busy Flag (BF)

When RS =0 and R/W =1, the bus vy flag is outputto DB7. As
the busy flag =1, SPLC780D1 is in busy state and does not accept
any instruction until the busy flag = 0.

7.18. Address Counter (AC)

The Address C ounter assigns addresses to Di splay Data RAM
and Character Generator RAM. When an instruction for address
is written in IR, the address i nformation is sentfrom IR to AC.
After writing to/reading from Di splay Data RAM or Characte r
Generator RAM, AC is automatically incremented by one (or
decremented by one).
DB6 when RS =0 and R/W = 1.

The contents of AC are output to DBO -

7.19.4. Input/Output port: DB7 - DBO

RS R/W Operation
0 0 IR write (Display clear, etc.)
0 1 Read busy flag (DB7) and Address Counter
(DBO - DB6) _
1 0 DR write (DR toDi splay data RAM or
Character generator RAM)
1 1 DR read (Display data RAM or Character
generator RAM to DR)

VDD
PMOS
NMOSs

7.19.3. Output port: CL1, CL2, M, D

VDD

PMOS

H%
—|% NMOS

:

VDD

_| E:lPMOS

sch

]

NM(

VDD

PMOS

VDD Enable

Data

© ORISE Technology Co., Ltd.
Proprietary & Confidential

23

SEP. 21, 2007
Version: 0.1



18 @ & &

OrisE TECH

(\ —
.[:g Appendix
%

Preliminary

SPLC780D1

8. ELECTRICAL SPECIFICATIONS

8.1. Absolute Maximum Ratings

Characteristics Symbol Ratings
Operating Voltage VDD -0.3V to +7.0V
Driver Supply Voltage Vico VDD - 10V to VDD + 0.3V
Input Voltage Range Vin -0.3V to VDD + 0.3V
Operating Temperature Ta -30°C to +80°C
Storage Temperature Tsto -55C to +125C

Note: Stresses beyond those given in the Absolute Maximum Rating table may cause operational errors or damage to the device.

conditions see AC/DC Electrical Characteristics.

8.2. DC Characteristics (VDD = 2.7V to 4.5V, Ta = 25TC)

For normal operational

Limit
Characteristics Symbol Unit Test Condition
Min. Typ. Max.
Operating Current Iop - 0.2 0.4 mA External clock (Note)
Input High Voltage Vip1 0.7vDD - VDD V )
Pins:(E, RS, R/W, DBO - DB7)
Input Low Voltage Vi1 -0.3 - 0.55 V
Input High Voltage V 0.7vDD - VDD \
= g = Pin OSC1
Input Low Voltage Vi -0.2 - 0.2vDD V
Input High Current lin -1.0 - 1.0 pA Pins: (RS, R/W, DBO - DB7)
Input Low Current I -10.0 -50 -120 pA VDD = 3.0V
Output High lon =-0.1mA
Vori 0.75vVDD - - \
Voltage (TTL) Pins: DBO - DB7
Output Low lo. = 0.1mA
Vo1 - - 0.2vDD Vv
Voltage (TTL) Pins: DBO - DB7
Output High lon = - 40pA,
putTia Vorz 0.8VDD - - Vv o hA
Voltage (CMOS) Pins: CL1, CL2, M, D
Output Low lo = 40pA, Pins:
VoL2 - - 0.2vDD \%
Voltage (CMOS) CL1,CL2, M, D
Driver ON Resistance lo = £30pA, Vicp = 4.0V
Rcom - - 20 KQ
(COM) Pins: COM1 - COM16
Driver ON Resistance lo = £50pA, Vicp = 4.0V
Rses - - 30 KQ
(SEG) Pins: SEG1 - SEG40
LCD Voltage Vico 3.0 - 8.0 V VDD-V5, 1/4 bias or 1/5 bias

Note: Fosc = 250KHz, VDD = 3.0V, pin E = “L”, RS, R/W, DBO - DB7 are open, all outputs are no loads.

© ORISE Technology Co., Ltd.
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8.3. AC Characteristics (VDD = 2.7V to 4.5V, Ta = 257C)

8.3.1. Internal clock operation

Limit
Characteristics Symbol Unit Test Condition
Min. Typ. Max.
OSC Frequency Fosci 190 270 350 KHz VDD = 3.0V, Rf = 75KQ+2%
8.3.2. External clock operation
o Limit . .
Characteristics Symbol Unit Test Condition
Min. Typ. Max.
External Frequency Foscz 125 250 350 KHz
Duty Cycle 45 50 55 %
Rise/Fall Time tr,tf - - 0.2 us

8.3.3. Write mode (Writing data from MPU to SPLC780D1)

Characteristics Symbol Limit Unit Test Condition
Min. Typ. Max.
E Cycle Time tc 1000 - - ns Pin E
E Pulse Width tew 450 - - ns Pin E
E Rise/Fall Time tr, tr - - 25 ns Pin E
Address Setup Time tsp1 60 - - ns Pins: RS, R/W, E
Address Hold Time tHp1 20 - - ns Pins: RS, R/W, E
Data Setup Time tsp2 195 - - ns Pins: DBO - DB7
Data Hold Time tHp2 10 - - ns Pins: DBO - DB7

8.3.4. Read mode (Reading data from SPLC780D1 to MPU)

Characteristics Symbol i Limit Unit Test Condition
Min. Typ. Max.

E Cycle Time tc 1000 - - ns Pin E

E Pulse Width tw 450 - - ns Pin E

E Rise/Fall Time tr, tF - - 25 ns Pin E

Address Setup Time tsp 60 - - ns Pins: RS, R/W, E
Address Hold Time thp1 20 - - ns Pins: RS, R/W, E
Data Output Delay Time tp - - 360 ns Pins: DBO - DB7
Data hold time tHp2 5.0 - - ns Pin DBO - DB7

© ORISE Technology Co., Ltd. 25 SEP. 21, 2007
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Limit
Characteristics Symbol Unit Test Condition
Min. Typ. Max.
Operating Current Iop - 0.55 0.8 mA External clock (Note)
Input High Voltage Vb1 2.5 - VDD V Pins:(E, RS, R/W , DBO - DB7)
Input Low Voltage Vita -0.3 - 0.6 \% VDD=5V
Input High Voltage Vin2 VDD-1 - VDD V Pin OSC1
Input Low Voltage Vi -0.2 - 1.0 V Pin OSC1
Input High Current Iin -2.0 - 2.0 uA Pins: (RS, R/W, DBO - DB7)
Input Low Current I -20 -125 -250 pA VDD = 5.0V
Output High low =-0.1mA
P Vo 24 - VDD v o
Voltage (TTL) Pins: DBO - DB7
Output Low lo. = 0.1mA
P Vour - - 0.4 Vv o
Voltage (TTL) Pins: DBO - DB7
Output High lon = - 40pA,
puthia Vorz 0.9VDD - VDD Vv o hA
Voltage (CMOS) Pins: CL1, CL2, M, D
Output Low loL = 40pA, Pins:
P Vorz - - 0.1VDD v o-m
Voltage (CMOS) CL1,CL2,M, D
Driver ON Resistance lo = £50pA, Vicp = 4.0V
Rcom - - 20 KQ )
(COM) Pins: COM1 - COM16
Driver ON Resistance lo = ¥50pA, Vicp = 4.0V
Rses - - 30 KQ .
(SEG) Pins: SEG1 - SEG40
LCD Voltage Vicp 3.0 - 8 V VDD-V5, 1/4 bias or 1/5 bias
Note: Fosc = 250KHz, VDD = 5.0V, pin E = “L”, RS, R/W, DBO - DB7 are open, all outputs are no loads.
8.5. AC Characteristics (VDD = 4.5V to 5.5V, Ta = 25C)
8.5.1. Internal clock operation
. Limit . .
Characteristics Symbol Unit Test Condition
Min. Typ. Max.
OSC Frequency Fosci 190 270 350 KHz VDD = 5.0V, Rf = 91KQ+2%
8.5.2. External clock operation
o Limit . -
Characteristics Symbol Unit Test Condition
Min. Typ. Max.
External Frequency Foscz 125 250 350 KHz
Duty Cycle 45 50 55 %
Rise/Fall Time tr tf - - 0.2 us
© ORISE Technology Co., Ltd. 26 SEP. 21, 2007
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Characteristics Symbol ) Limit Unit Test Condition
Min. Typ. Max.
E Cycle Time tc 400 - - ns Pin E
E Pulse Width tew 150 - - ns Pin E
E Rise/Fall Time tr, tF - - 25 ns Pin E
Address Setup Time tsp1 30 - - ns Pins: RS, R/W, E
Address Hold Time tHp1 10 - - ns Pins: RS, R/W, E
Data Setup Time tsp2 40 - - ns Pins: DBO - DB7
Data Hold Time thp2 10 - - ns Pins: DBO - DB7
8.5.4. Read mode (Reading Data from SPLC780D1 to MPU)
Characteristics Symbol - Limit Unit Test Condition
Min. Typ. Max.
E Cycle Time tc 400 - - ns Pin E
E Pulse Width tw 150 - - ns Pin E
E Rise/Fall Time tr, tF - - 25 ns Pin E
Address Setup Time tsp1 30 - - ns Pins: RS, R/W, E
Address Hold Time thp1 10 - - ns Pins: RS, R/IW, E
Data Output Delay Time tp - - 100 ns Pins: DBO - DB7
Data hold time thp2 5.0 - - ns Pin DBO - DB7
8.5.5. Interface mode with LCD Driver (SPLC100B1)
Characteristics Symbol Limit Unit Test Condition
Min. Typ. Max.
Clock pulse width high tpwH 800 - - ns Pins: CL1, CL2
Clock pulse width low tpwL 800 - - ns Pins: CL1, CL2
Clock setup time tcsp 500 - - ns Pins: CL1, CL2
Data setup time tosp 300 - - ns Pins: D
Data hold time ) 300 - - ns Pins: D
M delay time tp -1000 - 1000 ns Pins: M
© ORISE Technology Co., Ltd. 27 SEP. 21, 2007
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8.5.6. Write mode timing diagram (Writing Data from MPU to SPLC780D1)

RS

><‘ Vi1 ViH1
- ViL VL1
tsp1
< > tHD1
R/IW X Vi 7/\/”_1

l—— trw —————p
B )tF tHD1
Vi1 Vi1 /
E 7/ VL1 VL1 \c £ Vit
> tsp2 —P
tr tHD2
ViH1 Vin1
DB7 -0 i
ViLs Valid Data Vit
< tc >
8.5.7. Read mode timing diagram (Reading Data from SPLC780D1 to MPU)
><‘ ViH1 ViH1
RS L Vit Vi1
tsp1
< P tHD1
"4 y
RIW A ViH1 \VIH1
— trw ——p
A )tF tHD1
A Vini ViH1 /
E 74 ViL1 ViL1 \c X Vi
tr t
— b tHD2
Vin1 ViH1
DBO - DB7 i
ViLs Valid Data Vi
< tc >

8.5.8. Interface mode with SPLC100B1 timing diagram

CL1

O.9VDD/

tcsp

0.9vDD
trwH \
a
D 1, tewn
< P | [ E—P

NN
>

to

0.1vDD
" tese tpwL
D 0.9vDD 0.9vDD
0.1vDD 0.1VDD
] [«———
{osp tHD
M /
0.1vDD
=il

© ORISE Technology Co., Ltd.
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The oscillation resistor Ry is used only for the internal oscillator operation mode.

OSC:q

OSC:

Rr: 75.0KQ+2% ( when VDD = 3.0V)
Rr: 91KQt 2% ( when VDD = 5.0V)

Since the oscillation frequency varies depending on the OSC: and OSC-
pin capacitance, the wiring length to these pins should be minimized.

Fosc (KHz )

400

270
200

Fosc (KHz)

75

100 200

Rosc ( Kohms )

300

600

400

200

100

200

Rosc ( Kohms )

300

VDD = 3.0V VDD = 5.0V
9.2. Interface to MPU
9.2.1. Interface to 8-bit MPU (6805)
PAO DBO COM1
| 8 | | 16 LCD PANEL
PA7 DB7 COM16
16 COMMONS
6805 SPLC780D1
X
PBO E SEG1
PB1 RS I 40 40 SEGMENTS
PB2 R/w  SEG40
9.2.2. Interface to 8-bit MPU (Z80)
| 8 > | 16 LCD PANEL
D7 DB7 COM16
Z80 16 COMMONS
Al 7 SPLC780D1
| TD— E X
A7 SEG1
40
AD RS SEé4O 40 SEGMENTS
IORQ t
—— | > RIW
WR
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9.3. SPLC780D1 Application Circuit
4\ DOT MATRIX LCD
PANEL \
16
@) |40 40 | SpLC100B1 40 | SPLC100B1 40 | spLc100B1
8_8 o @ Y1-Y40 Y1-Y40 Y1-Y40
=290 DL1 DR2 DL1 DR2|——— —| DL1 DR2
- > (S — VDD DL2 — VDD DL2 — VDD DL2
3 — Fcs orild | Fes el —{Fcs DR
g — SHL1 +— SHL1 — SHL1
® +— SHL2 CL1 — |+ SHL2 CL1 — SHL2 CL1
=~ +—{ GND cL2 | |+ aND CL2 [ +{ GND CcL2
VEE M R VEE M f VEE M
&1v2v3v4v5ve &1v2v3v4v5ve &1v2v3v4v5ve
VDD
GND |
CL1
CL2
M
V1 ]
V3
V4 //
V5
SPLC780D1 \K
R R R =
o—eN\\/\/4
VDD (+5V) C:l: CT C_l: CT T -V or Gnd
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9.4. Applications for LCD

SPLC780D1
COM1
: LCD Panel

[
COMS8 8 characters x 1 line

SEG1
o M0 .
°
°

°
SEG40

(Example 1) :5x 8 dots, 8 characters x 1 line[1/4 Bias, 1/8 Duty ]

SPLC780D1

COM
. LCD Panel

. 8 characters x 1 line

(Example 2): 5 x 10 dots , 8 characters x 1 line[1/4 Bias, 1/ 11 Duty ]

SPLC780D1
COM1
: LCD Panel

[ ]
COM8 8 characters x 2 lines

COM9
°

COM16
SEG1

(Example 3 ) : 5 x 8 dots , 8 characters x 2 lines[1/5 Bias, 1/ 16 Duty ]
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SPLC780D1

CoMm % 4t 3
o L1
. - .

COMS8
SEGl —————————————+— |||~~~ T T T T 77
°

°
SEG40

COM9

COM16

(Example 4):5x 8 dots, 16 characters x 1 line [ 1/5 Bias, 1/ 16 Duty ]

SPLC780D1

SEGT
°
°

°
SEG20

COM1 i

11711

T
90066

COMS8

LCD Panel

L$
re

4 characters x 2 lines

SEG21
°

°
SEG40

(Example 5) : 5x 8 dots , 4 characters x 2 lines[1/4 Bias, 1/ 8 Duty ]
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11. PACKAGE/PAD LOCATIONS
11.1. PAD Assignment

OcTINMIINHONOOOO
AN MTINDONOOMO AT AT A A NN
(fppiaNisNisNisNisNdoNdoNingdapdnpdapinpdsNdnNdaNdn NinNdn N daNde ldn]
W bbb bbb b b b b b b b bl bl
>uunummunuuommuomueuouunuonunnumununnunnuonuooun o
0SC 1 |k4k3IkZRRk |k o]k ARk ek sl ke Ak ol o Jr Jk 16 kb p Ik 11| SEG22
05SC2| [ T Bg|SEG23
V1 SEGZ4
V3 80 SEGZ6
vilE SPLC780D1 4 [SEG27
V5| pY F9|SEG28
cL1|EY | ] (SEG29Y
CL2| B . P4 |SEG30
VDD| B3 (0.0 74 [SEG31
M SEG32
= Fd|SEG33
As| ke F9 [SEG34
R W SEG35
£ | F9 57 [SEG36
DBO| By dL kg [SEG37
DB 1|9 Fg [SEG38
o] (o2 o o]« [ slf«e] [« elfe sl offs s 2] =[5 4l sl elf 71/ e e e e 2fe lfe 4
N MTOON COdNMTONDONODOOTTITNMYTINWOWO O,
OO0 M === =Z=Z=Z=Z=vddddddaddddda<xm
OO MO0OO0OOOOOCO 000000000 ===Z==z===00
OOLLOLOLLOLLOLOOOO 00O W W
OoooooLLLLLWm
Chip Size: 2860um x 2450um
PAD Size: 90pum x 90um
This IC substrate should be connected to VDD
Notel: Chip size included scribe line.
Note2: To ensure that the IC functions properly, please bond all of VDD and VSS pins.
Note3: The 0.1uF capacitor between VDD and VSS should be placed to IC as close as possible.
© ORISE Technology Co., Ltd. 38 SEP. 21, 2007
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11.2. PAD Locations

PAD No. PAD Name X Y PAD No. PAD Name X Y

1 SEG22 1295.0 1058.5 41 DB2 -1295.0 -1058.5
2 SEG21 1175.0 1058.5 42 DB3 -1175.0 -1058.5
3 SEG20 1055.0 1058.5 43 DB4 -1055.0 -1058.5
4 SEG19 940.0 1058.5 44 DB5 -940.0 -1058.5
5 SEG18 825.0 1058.5 45 DB6 -825.0 -1058.5
6 SEG17 715.0 1058.5 46 DB7 -715.0 -1058.5
7 SEG16 605.0 1058.5 47 COM1 -605.0 -1058.5
8 SEG15 495.0 1058.5 48 COM2 -495.0 -1058.5
9 SEG14 385.0 1058.5 49 COM3 -385.0 -1058.5
10 SEG13 275.0 1058.5 50 COoM4 -275.0 -1058.5
11 SEG12 165.0 1058.5 51 COM5 -165.0 -1058.5
12 SEG11 55.0 1058.5 52 COM6 -55.0 -1058.5
13 SEG10 -55.0 1058.5 53 COoM7 55.0 -1058.5
14 SEG9 -165.0 1058.5 54 COM8 165.0 -1058.5
15 SEG8 -275.0 1058.5 55 COoM9 275.0 -1058.5
16 SEG7 -385.0 1058.5 56 COM10 385.0 -1058.5
17 SEG6 -495.0 1058.5 57 COM11 495.0 -1058.5
18 SEG5 -605.0 1058.5 58 COM12 605.0 -1058.5
19 SEG4 -715.0 1058.5 59 COM13 715.0 -1058.5
20 SEG3 -825.0 1058.5 60 COM14 825.0 -1058.5
21 SEG2 -940.0 1058.5 61 COM15 940.0 -1058.5
22 SEG1 -1055.0 1058.5 62 COM16 1055.0 -1058.5
23 VSS -1175.0 1058.5 63 SEG40 1175.0 -1058.5
24 0scC1 -1295.0 1058.5 64 SEG39 1295.0 -1058.5
25 0Sc2 -1268.0 853.7 65 SEG38 1259.8 -856.3
26 V1 -1259.8 733.7 66 SEG37 1259.8 -736.3
27 V2 -1259.8 613.7 67 SEG36 1259.8 -616.3
28 V3 -1259.8 498.7 68 SEG35 1259.8 -501.3
29 V4 -1259.8 383.7 69 SEG34 1259.8 -386.3
30 V5 -1259.8 273.7 70 SEG33 1259.8 -276.3
31 CL1 -1259.8 163.7 71 SEG32 1259.8 -166.3
32 CL2 -1259.8 53.7 72 SEG31 1259.8 -56.3

33 VDD -1259.8 -56.3 73 SEG30 1259.8 53.7

34 M -1259.8 -166.3 74 SEG29 1259.8 163.7

35 D -1259.8 -276.3 75 SEG28 1259.8 273.7

36 RS -1259.8 -386.3 76 SEG27 1259.8 383.7

37 R/W -1259.8 -501.3 77 SEG26 1259.8 498.7

38 E -1259.8 -616.3 78 SEG25 1259.8 613.7

39 DBO -1259.8 -736.3 79 SEG24 1259.8 733.7

40 DB1 -1259.8 -856.3 80 SEG23 1259.8 853.7
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11.3. PIN Assignment

QFP 80L Top View
» » » » 7] 7] » » 7] (7] [} (2] [} (2] (2] 7]
SEG22 [ || 64/ ] sEG39
sea21 [ |2 63 ] sEGao
SEG20 [ |3 62 ]comis
segio [ |4 61| ]comis
seei8 [ |5 60| ]comi4
sea1i7 [ 1|6 59| ] com3
seat6 [ |7 S8 ] comiz
SEG15 [ |8 571 ] comii
sEGi4 [ |9 56| ] comto
see3 [ |10 55/ ] comg
SEG12[ |1 S4/[ ] coms
m——: SPLC780D1 : =
segio [ |13 52/ ] COMe
SEGO9 [ |[14 51/ ] coms
segos [ |15 So| ] com
se@o7 [ |16 49/ coms
SEGO6 [ |17 48/ ] com2
SEGO5 [ ||18 a7 ] comi
SEGO4 [ |19 4|/ ] opbB7
SEGO3 [ ||20 45| | DBS
SEG02 [ |21 44/ DBS
SEGO1 [ ]l22 43 ] DBs4
ves [ |23 42 ] opB3
osci [ |4 41 bpB2
I8 8 &8 8 &8 8 8 5 8§ 8 3 8 8 5 8 83 ¢ 4
%  s$ g2 3 8 3 g § = o P 5 w § é
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11.4. Package Information (SPLC780D1-NnnV-HQO051)

Preliminary

QFP 80L Outline Dimensions Unit: Millimeter
< D
< D1 »
[E— —
[— 1
[— 1
[ E— —
[ E— 1
[ E— —
E Ef — SPLC780D1-NnnV-HQO051 ——
[ E— 1
= YYWW —
[ E—
— LOT NO. —
[ E— 1
| E— ——
[ E— — l
— [ —
[ E— 1
O
nnnnnnnnnnnm ’
1
A2 A
C
¢ O JHHHRRAAHHAAAAHHHAAARAHAAFZA » ¢
+ +
44 ‘%L‘I AT
Symbol Min. | Nom. | Max. Unit
D 23.20 REF Millimeter
D1 20.00 REF Millimeter
E 17.20 REF Millimeter
E1 14.00 REF Millimeter
e 0.80 REF Millimeter
b 0.30 0.35 0.45 Millimeter
A - - 3.40 Millimeter
A1 0.25 - - Millimeter
A2 2.50 2.72 2.90 Millimeter
C 0.1 0.15 0.23 Millimeter
L1 1.60 REF Millimeter
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12. LEAD FRAME PACKAGE PCB DESIGN AND MANUFACTURING GUIDELINES

12.1. Purpose
The purpose of this specification is to identify plastic surface mount devices (SMDs) those are sensitive to moisture-induced stress,
so that they can be properly design PCB and assembly packaged, stored and handled to avoid s ubsequent mechanical damage

during the assembly solder reflow attachment and /or repair operation.

12.2. Scope

12.2.1. PCB layout guideline

12.2.2. PCB process

12.2.3. Storage Condition and Period for Package
12.2.4. Recommended SMT Temperature Profile

12.3. Noun definition

12.3.1. NSMD: Non Solder Mask Defined
12.3.2. SMD: Solder Mask Defined
12.3.3. CSP: Chip scale Package

12.3.4. PCB :Printed Circuit Board

12.4. Responsibility unity:
ORISETECH Quality Assurance unity

12.5. Contents
12.5.1. Applicable documents
IPC-SM-782: Surface Mount Design & Land Pattern Standard
IPC-7351Generic Requirements for Surface Mount Design and Land Pattern Standard.
IPC-7525: Stencil Design Guidelines
J-STD-020: IPC/JEDEC Moisture/Reflow Sensitivity Classification for Nonhermetic Solid State Surface Mount Device
IPC JEDEC: J-STD-033A Standard for Handling, Packing, Ship ping and Use of Mo isture/Reflow Sensitive Surface Mount
Devices
IPC-HDBK-001: Handbook & Guide to the Requirements of Soldered Electronic Assemblies with Amendment 1
IPC -6016: Qualification & Performance Specification for High Density Interconnect (HDI) Layers or Boards
IPC-STD-003: Solderability Tests for Printed Boards
JESD22-B111: Board Level Drop Test of Components for Handheld Electronic Products
JESD22-B110: Subassembly Mechanical Shock
IPC-A-610: Acceptability of Electronic Assemblies
12.5.2. PCB layout guideline
PCB designer comply with IPC-SM-782 and IPC-7095 requirements is recommended
12.5.3. PCB process
12.5.3.1. Board material
The Glass transition temperature (Tg) of Board material greater than 170 degree C is recommended for Pb-
free and Green package.
12.5.3.2. Surface Finishes
In order to achieve high assembly yields, use of a surface finish that is planar
And has good s olderability performance is important. Below methods are all known to provide an acceptable
land pad surface.
*OSP (Organic Solderability Preservative)
*Nihau (Electroplated nickel /gold)

*Immersion Ag

© ORISE Technology Co., Ltd. 42 SEP. 21, 2007
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12.5.3.3.
12.5.3.4.
12.5.3.5.
12.5.3.6.
12.5.3.7.

*Immersion Sn
Solder Paste: No clean flux is recommended.

Stencil Design Guidelines: Refer to IPC-7525 Stencil Design Guidelines process
Reflow Oven: Forced convection reflow with nitrogen is recommended for Pb-free and Green package..
Reflow profile: Using more than 8 zone oven is recommended for Pb-free and Green package.

To use IPC-A-610 is recommended for soldered electrical and electronic assemblies.

12.5.4. Storage condition and period for package

12.5.4.1.

12.5.4.2.

125.4.3.

12.5.4.4.

12.5.4.5.

12.5.4.6.

125.4.7.

12.5.4.8.
12.5.4.9.
12.5.4.10.

Orise technology evaluates a Il plastic surface mount devices (SMDs)to ICP/JEDEC J-STD-020A, moisture/reflow
sensitivity classification for non-hermetic solid state surface mount devices, or refers to IPC JEDEC J-STD-033A Handling,
Packing, Shipping and Use of Moisture/Reflow Sensitive Surface Mount Devices
The primary facts for the package storage include oxidation, static, and therefore, the following rules are
recommended to be applied for the storage.
The storage temperature should be 25°C £ 5°C, and the humidity should be in the range of 50% + 10% R.H.
after opening the dry pack.

After the dry bag is opened, devices that will be subjected to infrared reflow, vapor-phase reflow, or equivalent

processing.

Must be:
a. Mounted within 168 hours(Level 3) and 72 hours(Level 4) at factory conditions of £ 30°C/ 60% R.H. or
b. Stored at £ 20% R.H.

Devices require baking, before mounting, if:

a. Humidity Indicator Card shown warning message w hen read at 25°C+5°C, or

b.12.5.4.3 is not met.
If baking is required. Devices may be baking for:

a. 192 hour at 40°C+5°C/-0°C and <5% R.H. for low temperature device containers, or

b. 24 hours at 125+5°C for high temperature device containers
The storage condition should be consistent with the operation condition to prevent dewing phenomena.
The storage location should be kept away from water and smoke; an isolated area with positive pressure
control is preferred.
For along-term storage, it is recommended to keep in a container with Nitrogen in it.
Avoid heavy objects stacked on the pack.

Avoid the static damage; use an anti-static bag for the package.

12.5.5. The classification of moisture sensitivity for Orise’s product packages are shown in the following

For Lead Free / Green Packages

Package Moisture sensitivity level Max. Reflow temperature Floor life storage condition Dry pack

QFP

LEVEL 3 255 +5/-0°C 168Hrs @ = 30°C/ 60% R.H. Yes

12.5.6. Recommended SMT Temperature Profile

This “Recommended” temperature profile is ar ough guideline for SMT process reference. M ost of ORISE leadf rame base

product choice Matte Tin and Sn/Bi for plating recipe. For PPF (Pre-Plated Frame) product with 63/37 solder p aste, we
recommend 240°C~245°C for peak temperature.

© ORISE Technology Co., Ltd. 43 SEP. 21, 2007
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Recommended Reflow Profile for Lead-free Solder Paste or PPF lead frame
300
Sn/Ag/Cu are recommended for reflow application. Peak-gmp : 20~30°C above liquidus
Melting Point (M.P.) Reflow
. Sn/Ag/Cu family ~ 217°C SniBi~ 227°C
250 M gpicu ~ 227°C Pure Sn ~ 232°C ¥
M.P.
200 /‘ -\
el Soak or Dryout rale ofrise .TW 40 ~ 60 sec
150 II
Preheat | 50 - 90 sec '|
100
ramp @1-2°C per sec to 140~160°C rate of Cooling down : 4-2 € npu sec
) / k
e _Time (minutes), ‘
. 1 2 3 1

12.6. References

IPC:

http://www.ipc.org

*NEMI (National Electronics Manufacturing Initiative)
http://www.nemi.org

*HDPUG (High Density Package Users Group)
http://www.hdpug.org

*JEDEC (Joint Electronic Device Engineering Council)

http://www.jedec.org

*JEITA (Japan Electronic Industry Association)

http://www.jeita.org
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13. DISCLAIMER

The information appearing in this publication is believed to be accurate.

Integrated circuits sold by ORISE Technology are covered by the warranty and patent indemnification provisions stipulated in the terms of
sale only. ORISE Technology makes no warranty, express, statutory implied or by description regarding the information in this publication
or regarding the freedom oft he described chip(s) from patent infringement. FUR THERMORE, ORISE Technology MAKES NO
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PURPOSE. ORISE Technology reserves the right to halt production or
alter the specifications and prices at any time without notice. Accordingly, the reader is cautioned to verify that the data sheets and other
information in this publication are current before placing orders. Products described herein are intended for use in normal commercial
applications. A pplications involving unusual environmental or reliabil ity requirements, e.g. military equipment or medical lif e support
equipment, are specifically not recommended without additional processing by ORISE Technology for such applications. Please note that

application circuits illustrated in this document are for reference purposes only.
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