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1. General Description

The RA8820 is a Character/Graphic dot-matrix liquid crystal display controller (LCD) with embedded 512K
Byte Font ROM. In tradition, users need a graphic LCM to display Chinese characters. Now Chinese
character’s display of RA8820 presents a revolution. The RA8820, instead of a MCU, can directly deal with
the access of Chinese/English fonts that consist of BIG5 or GB, and ASCII code.

In order to let users know more about RA8820, we made this Application note for users’ reference. Please
refer to RA8820 datasheet as well.

Figure 1-1 is the System Block Diagram. We are going to introduce it separately in the following chapter;

meanwhile, we provide several demo programs and examples for your reference.

LCD LCD

MCU S —— Driver e Panel
Extendible RA8820 || Contrast
Font ROM — Circuit
Hardware
Pin Initial  fr— | —— 'Loucrlw

Setup ane

A
Clock

Figurel-1 RA8820System Block Diagram
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2. MCU Interface

RA8820 LCD controller is the same with others, supporting both 8080 and 6800 Series. The pin of SYS_MI
is for CPU type selection. It's active on reset period. Pull high when 6800 MCU is used. Pull low when 8080
MCU series are used.

2.1 MCU Interface of 8080 Series

Please refer to Figure 2-1 when 8080 MCU Series is used.

8080
MCU RA8820
A0 > RS
Aﬂ f Decoder f cst
IORQ > »1 CS2
SYS_MI
DO0-D3(D0-D7) - D0-D3 (DO-D7)
RD > RD
WR > WR
'RES [« > RST

Figure 2-1 The diagram of 8080 (4/8-bit) MCU and RA8820

tans
—>
- y
RS, CS1 ><
N
_)tA 8
teve |
_ < tec >
WR, RD . 7/ 3‘
—>
toss —_—
tons
DO~D7
(WRITE)
e taces <_toms
DO~D7
(READ)

Figure2-2 8-Bit 8080 MCU access RA8820 Register

RAIO TECHNOLOGY INC. 6 WWAWV.Iai 0.com.tw



RAIO RAB820

Version 1.1 LCD Controller AP Note
Signal Symbol Parameter . Rating Unit Condition
Min Max
tAHs Address hold time 10 -- ns System Clock:
RS, CS1# taws Address setup time 63 -- ns 8MHz
teye System cycle time 800 -- ns Voltage: 3.3V
WR#, RD# tce Strobe pulse width 400 -- ns
toss Data setup time 63 -- ns
toHs Data hold time 10 -- ns
DOto b7 taccs RD access time -- 330 ns
tons Output disable time 10 -- ns

2.2 MCU Interface of 6800 Series

Figure 2-3 is the MCU I/F Diagram of RA8820 and 6800 Series. The Read/Write of 6800 MCU are the
same pin. When RD/WR is High, it is doing read activity; when RD/WR is Low, it is doing write activity.

6800
MCU RA8820 VDD
AO > RS
ALAT f Decoder f cst
VMA[—> > CS2
SYS_MI
DO0-D3(D0-D7) - D0-D3 (DO-D7)
EN > EN
RIW > RIW
'RES [« > RST

Figure 2-3 The Diagram of 6800 (4/8-bit) MCU and RA8820

RA8820 couldn't accept signal from 6800 and 8080 at the same time; therefore, some pins will have
different definition, such as, RD#(EN) (Pin#33). When users use 8080 MCU, then it is defined as RD#. But
when users use 6800 MCU, then it is defined as EN. As for Pin #32, when users use 8080, then it is
defined as WR#. However, when users choose 6800 MCU, then it is defined as RD/WR. You can refer to
RA8820 Datasheet (Chapter4.1) for more details.

RAIO TECHNOLOGY INC. 7 WWAWV.Iai 0.com.tw
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| tCYCG
EN
/ I
tA tEW _) tAHG
RS, R/W, CS1
tose—>» - tone
DO~D7
(WRITE)
<_t/-\ccs 5 OH6
DO~D7
(READ)
Figure 2-4 8-bit 6800 MCU access RA8820 Register
Signal Symbol Parameter . Rating Unit Condition
Min Max
AO, RIWH, tAHs Address hold tlme 10 -- ns System Clock:
CS1# taws Address setup time 63 -- ns 8MHz
toves System cycle time 800 -- ns Voltage: 3.3V
toss Data setup time 63 -- ns
toHs Data hold time 10 -- ns
DO to D7 taccs Access time -- 330 ns
tons Output disable time 10 -- ns
EN tew Enable pulse width 400 -- ns

2.3 MCU Interface 4Bit/8Bit

RA8820 could also support 4bit or 8bit MCU data bus. SYS_DB pin is for MCU data bit selection.
Pull high when 8-bit CPU is used. Pull low when 4-bit CPU is used. The high nibble data bus DBJ[7..4]
should tied to GND When 4-bit CPU is used. Users could refer to example 5~8 in Chapter 2.4.

Because RA8820 internal register structure is 8-Bit structure, if users used 4-Bit data bus, then MCU need

more Cycles to access Register.

2.4 Program Example of MUC Interface

Example 1 8-Bit MCU write in Data to RA8820 register

LDA #00h ; Select LCD Controller Register (LCR)
STA REG_ADDR
LDA #A5h ; Write-in “A5” to LCR Register

RAIO TECHNOLOGY INC.

WWAWV.Iai 0.com.tw
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STA

LDA
STA
LDA
STA

REG_ADDR

#EOh
REG_ADDR
#5Ah
REG_ADDR

RA8820

LCD Controller AP Note

; Select Pattern Data Register (PDR)

; Write-in “5A” to PDR Register

Example 2 8-Bit MCU reads data from RA8820 Register

LDA
STA
LDA

LDA
STA
LDA

#00h
REG_ADDR
REG_ADDR

#EOh
REG_ADDR
REG_ADDR

; Select LCD Controller Register (LCR)
; Read LCR Register
; Select Pattern Data Register (PDR)

; Read PDR Register

Example 3 8-Bit MCU write-in a Chinese Character at cursor location

LDA
STA
LDA
STA
LDA
STA
LDA

STA

#BAh

DATA_ADDR
#F4h

DATA_ADDR
#ADh

DATA_ADDR
#B6h

DATA_ADDR

; Load in the high nibble bit “BA” of Chinese code “ "

; Load in the Low nibble bit “F4” of Chinese code “ ”
; Shows up Chinese word “ " at the cursor
; Load in the high nibble bit “AD” of Chinese code “ ”

: Load in the Low nibble bit “B6” of Chinese code “ "
; Shows up Chinese word “ " at the cursor

Example 4 8-Bit MCU reads data from Display RAM

LDA

REG_ADDR

; Read Display RAM data from cursor address

Example 5 4-Bit MCU write Data into RA8820 Register

LDA
STA
LDA
STA
LDA
STA
LDA
STA

LDA
STA
LDA
STA
LDA

RAIO TECHNOLOGY INC.

#0h
REG_ADDR
#0h
REG_ADDR
#Ah
REG_ADDR
#5h
REG_ADDR

#Eh
REG_ADDR
#0h
REG_ADDR
#5h

; Select LCD Controller Register (LCR)

; Write-in “A5” to LCR Register

; Select Pattern Data Register (PDR)

; Write-in “5A” to PDR Register

9 WWAWV.Iai 0.com.tw
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STA

LDA
STA

REG_ADDR
#Ah
REG_ADDR

RA8820
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Example 6 4-Bit MCU reads Data from RA8820 Register

LDA
STA
LDA
STA
LDA

LDA

LDA
STA
LDA
STA
LDA

LDA

Example 7

LDA
STA
LDA
STA
LDA
STA
LDA
STA
LDA
STA
LDA
STA
LDA
STA
LDA
STA

Example 8 4-Bit MCU reads Data from Display RAM

LDA

LDA

#0h
REG_ADDR
#0h
REG_ADDR
REG_ADDR

REG_ADDR

#Eh
REG_ADDR
#0h
REG_ADDR
REG_ADDR

REG_ADDR

#Bh
DATA_ADDR
#Ah
DATA_ADDR
#Fh
DATA_ADDR
#4h
DATA_ADDR
#Ah
DATA_ADDR
#Dh
DATA_ADDR
#Bh
DATA_ADDR
#6h
DATA_ADDR

REG_ADDR

REG_ADDR

; Select LCD Controller Register (LCR)

; Read LCR Register(High Nibble)

; Read LCR Register (Low Nibble)

; Select Pattern Data Register (PDR)

; Read PDR Register (High Nibble)

; Read PDR Register (Low Nibble)

4-Bit MCU writes in a Chinese character at cursor place

; Load in the high nibble bit “BA” of Chinese code “ ”

; Load in the Low nibble bit “F4” of Chinese code “ ”

; Show up Chinese character “ " at cursor place
; Load in the high nibble bit “AD” of Chinese code “ ”

: Load in the Low nibble bit “B6” of Chinese code “ ”

; Show up Chinese character “ " at cursor place

; Read Display RAM Data (High Nibble) at cursor place

; Read Display RAM Data(Low Nibble) at cursor place

RAIO TECHNOLOGY INC.
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3. LCD Driver Interface

This Chapter will introduce the interface between RA8820 and LCD Driver. RA8820 could support up to
240x160 LCD Panel; therefore, users could select suitable LCD Driver depends on their Panel size. Figure

3-1is the diagram of RA8820 and ST8016 LCD Driver, and it is used to drive 160x160 LCD Panel.

El01 Y1-Y160
—| MD FR |
| s P 160*160 DOT LCD
DISPOFF PANEL
L/R
XCK
| DIO~DI7
VDD EIO2 578016
(Common)
VSS <
D
-<
=
3
YD
|
FRM X O - m
;) o O X
3
LP '|o'|
DISPOFF m STS8016
(Segment)
XCK o
m ? - 4z O
LDO~LD7 8 g‘ 3 65 O 8
RA8820

Figure 3-1 The circuit of RA8820 and LCD Driver(ST8016)

In Figure 3-1, we use two ST8016 LCD Driver to process Common and Segment activity of 160x160 LCD
Panel. RA8820 send Frame(FRM), Latch Pulse(LP), YD and Data Bus signals to ST8016. Figure 3-2 is
the oscillogram of RA8820 and LCD Driver. Users could also refer to RA8820 Data Sheet Chapter 4.2 for
LCD driver pin description.

RAIO TECHNOLOGY INC. 11 WWAWV.Iai 0.com.tw
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Total 160 LP for
one frame

FRM /\|

YD n
LP n n L
XCK
DATA

COM1 Period
FRM
YD
LP
XCK
DATA
COM (N) Period
FRM
YD
LP 1
XCK ||||||||||||
DATA DX DX D5 Drv2X DX Dy sg

Figure 3-2 The oscillogram of RA8820 and Driver

RA8820 could support 4-Bit or 8-Bit LCD Driver. SYS_LD is for LCD driver data bus selection. Pull high
when 8-bit LCD driver is used. Pull low when 4-bit LCD driver is used. Figure 3-1 is an example of 8-Bit

Data bus Interface.

3.1 LCD Panel Size Setup

RA8820 could support different LCD Panel size, up to 240x160.

Software Setup Users could change Panel size by setting up register through MCU. Users could set

(Display Window) REG[28h, 38h, 48h, 58h] and (Active Window)REG[20h, 30h, 40h, 50h] to change LCD

panel size

RAIO TECHNOLOGY INC. 12 WWAWV.Iai 0.com.tw
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4. Font ROM

RA8820 built in 512Kbyte Font ROM. RA8820-T supports BIG code, and RA8820-S supports GB code.

RA8820 could also support external ROM. Please refer to Figure 4-1, and also could refer to datasheet

(Chapter 4.5)
RA8820 MX27C4000
4AMBIt
MA[19..0] P A[18:0]
MDI[7:0] |- D[7:0]
MCS# OE#
A e
Figure 4-1 Interface of RA8820 and external ROM(512KByte)
ADDRESS
INPUT DATA ADDRESS ><
(MAO~MA18)
tacc
MCS /
tcs
DATA OUT
MDO~MD7 VALID DATA
- ton >

Figure 4-2: The waveform of RA8820 and external ROM

Register [FOh] is used to choose Font. When use RA8820-T, users have to set Bit[5..4] as “01”". When use
RA8820-S, users have to set Bit[5..4] as “10".

REG [FOh] Font Control Register (FCR)

Bit Description Text/Graph] Default | Access
Transform of Font ROM

7 1 enable - 1h R/W
0 disable

RAIO TECHNOLOGY INC. 13 WWAWV.Iai 0.com.tw
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Internal/Exteranl ROM selection
6 1 external Font ROM select -- Oh R/W

0 internal Font ROM select

Set Font ROM Translate
5-4 01: Support BIG5 font ROM -- 00h R/W

10: Support GB font ROM

Font ROM range select

1: Enable
0: Disable
2 When the bit is ‘1’, input data is ASCII code then output as Text Oh R/W

symbol

When the bit is ‘0’, input data is GB/BIG5 code then output as

character.

Example 8-Bit MCU write-in a Chinese Character “* " at cursor location

LDA #10010000b ; Select internal Font ROM and Traditional Character type.
Write_ REG[FOh]
LDA #BAh ; Load in the high nibble bit “BA” of Chinese code “ ”
STA DATA_ADDR
LDA #F4h ; Load in the Low nibble bit “F4” of Chinese code “ "
STA DATA_ADDR ; Show up Chinese character “ " at cursor place

RAIO TECHNOLOGY INC. 14 WWAWV.Iai 0.com.tw
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5. Contrast control

RA8820 is built-in one 5-bit current type Digital-to-Analog Converter (D/A). Because DAC will generate
different current output, users can make use of it to control external boost circuit and let the voltage level
which supply to LCD Panel will be changed by different setup of DAC. Then users can use program to

control the contrast of LCD panel through MCU.

VEE

RAB820 ot

V0

PANEL

Figure 5-1 The application circuit of using DAC to control LCD contrast (I)

LT1615
RA8820 DAC 2 FB

100K
1 6
0K ——c1 0K
104

Figure 5-2 The application circuit of using DAC to control LCD contrast (Il)

RAIO TECHNOLOGY INC. 15 WWAWV.Iai 0.com.tw
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Figure 5-1 is the application circuit of using RA8820’s DAC to control LCD contrast. Here RA8820 is using

external subtractor circuit and control DAC output range to change the “V0” range to LCD panel.

Output Voltage VEE could be controlled by output current of DAC (25:32 level, each level VEE decrease

0.3V). In Fact, it is very easy for users to control LCD contrast. Users only need to set up Register LCCR,

and then can control the function of DAC. From the following example, it explains how to control DAC

contrast and let it become the darkest and the brightest.

REG [DOh] LCD Contrast Control Register (LCCR)

Bit Description Default | Access
LCD contrast control
7 1: Disable 1h R/W
0: Enable
LCD contrast control DAC write enable
6 1: Don't allow MCU to write data to DAC Bit [4~0] 1h R/W
0: Allow MCU to write data to DAC Bit [4~0]
Reset LCD contrast control function
5 1: Normal operation 1h R/W
0: DAC is reset. Set the lout to O UA
Set the LCD Brightness Control lout Value (DAC Bit [4~0] )
00000b = OpA (Min. Current)
4-0 Oh R/W
11111b - 500uA (Max. Current)
Example
LDA #00111111b ; Set LCD contrast as darkest
Write_ REG[DOh] ; Write-in DATA to [DOh]LCCR (Note 1)
LDA #00110000b ; Set LCD contrast as brightest
Write_ REG[DOh] ; Write-in Data to [DOh]LCCR

RAIO TECHNOLOGY INC. 16
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25.00
20.00 M

< 15.00
2 10.00
S

5.00

0.00 ‘ ‘ e e R

09'&09&\06\%0‘Qqo”b‘\/og’\moq’&&ibv&@o'é\0'?’(8)073907’%\,0Q’mog;bo@b
lout (mA)
Figure 5-3 The corresponding curve of lout output and VO
Table 5-1 The parameter of contrast adjustment circuit (Note 2)
lout(mA) Vi R1(KQ) | R2(KQ) | R3(KQ) VEE VO
0.016 0.12 0.68 3.9 39 20 19.883
0.031 0.23 0.68 3.9 39 20 19.766
0.047 0.35 0.68 3.9 39 20 19.649
0.063 0.47 0.68 3.9 39 20 19.533
0.078 0.58 0.68 3.9 39 20 19.416
0.094 0.70 0.68 3.9 39 20 19.299
0.109 0.82 0.68 3.9 39 20 19.182
0.125 0.94 0.68 3.9 39 20 19.065
0.141 1.05 0.68 3.9 39 20 18.948
0.156 1.17 0.68 3.9 39 20 18.831
0.172 1.29 0.68 3.9 39 20 18.714
0.188 1.40 0.68 3.9 39 20 18.598
0.203 1.52 0.68 3.9 39 20 18.481
0.219 1.64 0.68 3.9 39 20 18.364
0.234 1.75 0.68 3.9 39 20 18.247
0.250 1.87 0.68 3.9 39 20 18.130
0.266 1.99 0.68 3.9 39 20 18.013
0.281 2.10 0.68 3.9 39 20 17.896
0.297 2.22 0.68 3.9 39 20 17.779
0.313 2.34 0.68 3.9 39 20 17.663
0.328 2.45 0.68 3.9 39 20 17.546
RAIO TECHNOLOGY INC. 17 WWW.rai0.com.tw
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0.344 2.57 0.68 3.9 39 20 17.429
0.359 2.69 0.68 3.9 39 20 17.312
0.375 2.81 0.68 3.9 39 20 17.195
0.391 2.92 0.68 3.9 39 20 17.078
0.406 3.04 0.68 3.9 39 20 16.961
0.422 3.16 0.68 3.9 39 20 16.844
0.438 3.27 0.68 3.9 39 20 16.728
0.453 3.39 0.68 3.9 39 20 16.611
0.469 3.51 0.68 3.9 39 20 16.494
0.484 3.62 0.68 3.9 39 20 16.377
0.500 3.74 0.68 3.9 39 20 16.260

Note 1  From above example, "Write_ REG[DOh]” command is a subroutine, used for write in data from

Accumulatro to assigned Register. Therefore, "Write_ REG[xxh]” means:

PHA ; Save Accumulator data into Stack

LDA #xxh ; Select assigned Register address

STA REG_ADDR

PLA ; Get data from Stack and save to Accumulator
STA REG_ADDR ; Write in Data to assigned Register

All the following examples, the "Read_REG[xxh]” instruction is also a subroutine, which was used to

read assigned Register data of RA8820 and save to accumulator.

LDA #xxh ; Select assigned Register address
STA REG_ADDR
LDA REG_ADDR ; Read Data from assigned Register

Note 2 The R1, R2 and R3 in Table 5-1 is the best value for 240x160 LCD panel size.
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6. Touch Panel Interface

The RA8820 built in 8 Bit ADC and control circuits to easily interface to 4--wire analog resistive touch
screens (XL, XR, YU, YD). The RA8820 continually monitors the screen waiting for a touch. When the
screen is touched, the RA8820 performs analog to digital conversion to determine the location of the touch,

stores the X and Y locations in the registers, and can issues an interrupt.

6.1 Resistive Touch Screen

Resistive Touch Panel is composed of two layer extremely thin resistive panel, such as Figure6-1. There is
a small gap between these two-layer panels. When external force press a certain point, the two-layer
resistive panels will be touched, which is Short. Because the end points of two-layer have electrodes (XL,
XR, YU, YD), such as Figure6-2, a comparative location will be detected with some switches in

coordination.

Y2
(. |<¢——Y PLATE
~— X PLATE
#— Electrode
_1
X1 —t L o
Y1

Figure6-1 Touch Panel

vch—O/
SWo

Resistor-X

YD

Sw3
GND v

Figure6-2 Touch Panel and detected switches
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In Figure6-3, set SW2 and SW3 are OFF(Open), SWO0 and SW1 are ON(Close). When external force
press a point of the panel, then YU point will get voltage and send to ADC (Analog to Digital Converter),

then could be tetected a comparative location of X coordinate axis.

VCC

e

OFF

ToADC = YU

Resistor-Y
XR

VCC

ON ON

Resistor-X

YD

sw3
OFF
GND AV

Figure6-3 Read out X Coordinates

vce
- - A
V+
vce :
X5 X4 X31 X2 X1 P
| MMM vP
0 > X
| i X5 X4 X3 X2 X1

X-axis

Figure6-4 Resistor-X's Voltage devider

In Figure6-3, because SW2 and SW3 are OFF, YD point is Floating. Therefore, when there is external
force pressing the panel, then the voltage of YU is the result of voltage deviding of X panel. Press the

different point will get the different voltage deviding value. Please refer to Figure6-4.

Same as above, in Figure6-5, set SWO0 and SW1 are OFF(Open), SW2 and SW3 are ON(Close). When
there is external force pressing the panel, then XL point will get voltage and send to ADC (Analog to Digital

Converter), then could be tetected a comparative location of Y coordinate axis.
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VCC

Sw2
ON

YU
Resistor-Y

ToADC +——

XL YR
VCCI—O/O—q o——
SWo Sswi
OFF Ressorx OFF
SwW3
ON
GND N7

VP

Figure6-6 Resistor-Y’s Voltage Deviding

In Figure6-5, because SW0 and SW1 are OFF, XR point is Floating. Therefore, when there is external
force pressing the panel, then the voltage of XL is the result of voltage deviding of X panel. Press the

different point will get the different voltage deviding value. Please refer to Figure6-6.

6.2 Touch Panel Application

Figure6-7 is an application circuit of touch panel. Because each resistive touch panel’s resistor is different,
in order to get the optimized voltage range, users need to control the VREF. In order to let ADC get higher

resolution, S/W procedure is also a critical point.

The flowchart of Figure6-9 is the control procedure of RA8820 touch panel. The related Registers are
TPCR and TPDR. Before using touch panel function, the touch panel function need to be switched on. Set
Register TPCR Bit-7 and Bit-6 as “0”, and set TPCR Bit[3..0] as “1000". Then program can detect Register
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TPCR Bit-4 is “0” or not. If Register TPCR Bit-4 is “0”, then means touch panel is being “touched”. Please
refer to Figure6-8.

RA8820 Touch Panel
X1 »| XR
X2 > XL
Y1 > YU
Y2 » YD
Iref
VREF >
30pF 2.3K

Figure6-7 RA8820’s Touch Panel Application Circuit

ADET

VCCI—C/ O—
SWO0

N

Figure6-8 RA8820’s Detection of Touch Panel
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Start

C D

o

A

Detection start
( Setup Register TPCR:

Bit[7:4]=0000, Bit[3:0]=1000)

Touch Happens? No

ADET=0

Setup Register TPCR:
Bit[3:0] =1100(SW2,3 - On)

TPDR
( Column Data)

Read Register
Read Y coordinate

Setup Register TPCR:
Bit[3:0] =0011(SwW0,1 > On)

v

Read Register TPDR

Read Y coordinate ( Row Data)

Yes Continue to

detect?

Close Touch Panel Function
Register TPCR Bit[7:4]=1111

Figure6-9 Touch Panel’s Control Flowchart
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REG [COh] Touch Panel Control Register (TPCR)

Bit Description Default | Access

Touch Panel function active

7 1: Disable 1h R/W
0: Enable

Touch Panel Data Output
6 1: Disable the Touch Panel Data Output 1h R/W
0: Enable the Touch Panel Data Output

Touch Event status.
4 1: No Touch Event. 1h R
0: Touch Event occur

Touch Panel control bit

The operation flowchart shown as Fig 6-6

Bit3 = 0 & Switch SW3 OFF, Bit3 = 1 - Switch SW3 ON

30 Bit2 = 0 > Switch SW2 OFF, Bit2 = 1 - Switch SW2 ON Figure6-2( - RIW

Bitl = 0 & Switch SW1 OFF, Bitl = 1 - Switch SW1 ON
Bit0 = 0 - Switch SWO0 OFF, Bit0 = 1 - Switch SW0 ON

REG [C8h] Touch Panel Data Register (TPDR)

Bit Description Default | Access

7-0 | This register keeps the touch panel active position (Column, Row) Oh R

From the following example, it explains how to know the Panel is being “Touched” and how to read Data

from ADC.
Example
LDA #00101000b ; Touch Panel Function open
Write_ REG[CO0h]
Read_REG[COh] ; Detect Touch Panel is being "Touched” or not
LDA #00101100b ; Change analog swith, preparing to read vertical data
Write_ REG[COh]
Read_ REG[C8h] ; Get Column Data
LDA #00100011b ; Change analog swith, preparing to read horizonal data
Write_ REG[CO0h]
Read_REG[C8h] ; Get Row Data
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7. System Clock Selection

RA8820’s Systme clock is generated by the following two methods:

1. An external 32768Hz X'tal with PLL

2. An external Resistor with internal RC Oscillator

Users could choose which method according to users’ needs and cost. SYS_FQ is for RA8820 clock
source selection. Pull high the RA8820 will enable internal PLL circuit and X'tal will be the clock source of
RA8820. Pull low when RC oscillator is used and it will disable internal PLL.

Please refer to Figure7-1. If under RC_OSC mode then XA, XB and LPF should be Floating. If under
RC_OSC mode then XA, XB and LPF should be Floating

(1) When an internal PLL is used (2) When an internal oscillator is used
LPF
0.0lul l0.22u RA
XA RA8820
20p Rf
=32768Hz| RAB8B20
2.7K
20p T RB
J_ {l XB

Note: The oscillator frequency can be adjusted by an oscillator resistor (Rf).
Refer to Electrical Characteristics for the relationship between the
oscillator resistor (Rf) and the oscillator frequency. If Rf is increased
or powersupply voltage is decreased, the oscillator frequency decreases.

Figure7-1 RA8820 System clock generated methods

Please refer to Figure7-2 for the relationship with Resistor (Rf) value and VDD. Here the system clock will

be a little bit different according to different VDD.
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10.
N
T 8.
=3
X g
3 —O—Rf =4
© " ——Rf = 3|
5 —A—Rf =2
Q 2.
n
0.
1.92 2.1 2.4 2.7 3.0 3.3 3. 3.9 4.2
VDD (Voltage)

Figure7-2 Resister (Rf) and System Clock corresponding diagram

Table7-1 X'tal(32.678KHz) and System Clock

7 K
9 K
2K

RAIO TECHNOLOGY INC.

VDD 2.4v| 2.7v| 3.0v| 3.3v| 3.6Vv| 3.9v| 4.2v| 45v| 4.8Vv| 5.1V
System Clock
generate by PLL 8.02| 8.02| 8.02| 8.03| 8.02| 8.02| 8.02| 8.03| 8.04| 8.03
(MHZz)
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8. Hardware Setup Description

The RA8820’s MCU interface support Intel (8080) or Motorola (6800) 4/8 bits data bus, RA8820 lead

the setup data while reset period via LD [7..0]. Please refer to Table 8-1 for Hardware setup

description.
Table 8-1 Hardware pin setup description
. . L “1” mean “0” mean
Bit Pin Name Description (Pull High) (Pull High)
7 LD7/SYS_MI MCU Type Select M6800 8080

SYS_Ml is for CPU type selection.
It's active on reset period. Pull high when 6800 MCU is used. Pull low when 8080 MCU

series are used.

6 LD6/SYS_DB MCU Data Bus Select 8-bit 4-bit

SYS_ DB is for MCU data bit selection.
Pull high when 8-bit CPU is used. Pull low when 4-bit CPU is used. The high nibble data
bus DB[7..4] Should tied to GND When 4-bit CPU is used.

5 | Lpsisys_.FQ | Clock Select PLL_ CLK | RCOSC_CLK
SYS_FQ is for RA8820 clock source selection.

Pull high the RA8820 will enable internal PLL circuit and X'tal will be the clock source of

RA8820. Pull low when RC oscillator is used and it will disable internal PLL.

3 LD3/SYS LD LCD Data Bus 8-bit 4-bit

SYS_LD is for LCD driver data bus selection. Pull high when 8-bit LCD driver is used. Pull

low when 4-bit LCD driver is used.

2 LD2/SYS_PLR | RS Polarity Select | 1) | )
SYS_PLR is for RS polarity selection.

When Pull high, then “RS” = 0 means Register Access Cycle, and “RS” = 1 means Data

Access Cycle.
When Pull Low, then “RS” = 1 means Register Access Cycle, and “RS” = 0 means Data

Access Cycle.

1 MD1/OPM1
0 MDO/OPMO

OPM1 and OPMO are used to choose the test model of RA8820. Users directly pull high
the OPMO and OPML.

Operation Mode Set = “1”
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8.1 Power On/Reset Process

Let's take 240x160 as an example to explain RA8820 Power On/ Reset process.

v

(Hardware Reset)

2msec

v

REG[20h, 28h]=27h
REG[30h, 38h]=EFh
REG[40h, 48h]=0h
REG[50h, 58h]=0h

v

REG[FOh] Bit3=1

v

2msec

v

v

default

v

Bit-Map

Figure8-1 RA8820 Power On/ Reset Process

8.2 Wakeup Procedure
After RA8820 enters into Sleep Mode, users could Low -->High CS# pin twice to wakeup RA8820.
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9. RA8820 Function introduction
9.1 Character Mode setup
9.1.1 Character Disply

RA8820 can support the display 16x16 dot for full-size fonts consisting of Chinese, 8x16 dots for half-size

fonts of alphanumeric characters and symbols in the same display. Please refer to Figure9-1, and 9-2.

16x16 8x16

Figure9-1 Full-size and Half-size

A e )Ly b =1 1 RN

RAIU TELARNUL UiaY [THNL.

#EE . raio.com. tu
%ﬁé: 886—3-563 7/B88-
{E R :886-3-56376606

Figure9-2 Full-size and Half-size mix display

RA8820’s Chinese display is different from traditional LCD controller. Traditional LCD controller is using
Bit-Map method to generate Chinese characters under Graphic Mode. However, CPU only need to send
Big5 or GB code (2 Bytes), RA8820 will read Font code (32 Bytes) from ROM, which is matching with Big5
or GB code, and then deliver them to DDRAM

Please refer to Table9-1 and the following example for more details.
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Table9-1 BIG5 Code
Display Code Display Code Display Code
Character Character Character
B7E7 E 45 (o] 6F
AG6F6 C 43 o 63
ACEC H 48 m 6D
A7DE N 4E t 74
AAD1 L 4C 20B7
ASF7 G 47 71B8
A6B3 Y 59 8 38
ADAD 2E 6 36
A4BD BAF4 3 33
A571 ADB6 5 35
52 3A 7 37
A 41 w 77 20B6
| 49 r 72 C7AF
4F a 61
T 45 [ 69
Example
LDA #B7h ; Write the High Byte’s GB Code of “ ”
STA DATA_ADDR
LDA #E7h ; Write the Low Byte's GB Code of “ ”
STA DATA _ADDR ; Will show “ " at cursor place
LDA #A6h ; Write GB code of the word “ ”
STA DATA_ADDR
LDA #F6h
STA DATA_ADDR
LDA #ACh ; Write in font code of the word *  ”
STA DATA_ADDR
LDA #ECh
STA DATA_ADDR
LDA #ATh ; Write in font code of the word “ "
STA DATA_ADDR

RAIO TECHNOLOGY INC.
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LDA #DEh
STA DATA_ADDR

LDA #AAQ ; Write in font code of the word
STA DATA_ADDR
LDA #D1h

STA DATA_ADDR

LDA #A5h : Write in font code of the word
STA DATA_ADDR
LDA #F7h

STA DATA_ADDR

: Write in other font codes as above

9.1.2 Bold Character Display

No matter Chinese display or English display, RA8820 both could preset bold display. Please refer to

Figure9-3, it explains how to setup the Register while users want to have bold characters.

1. [10h]

bit4=1 EAID TECHNOLOGY INC.
2 PAT :umw . raio.com. tw
Big5 GB

EH 15 - 886-3-5637888
£ H - 886-3-563 7666

Figure9-3 Bold Display

REG [10h] Cursor Control Register (CCR)

Bit Description Text/Graph| Default | Access

Set Bold font (character mode only)

4 1: Store Data shift 1 + origin data (Black Font) Text 1h R/W
0: Store Data Normality (Original Font)

Example

Read_REG[10h] ; Bold Character Display
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RAIO RAB820

SMB4 ; Set-up Register[10h] bit4=1

Write_ REG[10h] ; Saving data into Register[10h]
9.2 Graphic Mode Setup

RA8820’s Graphic Mode is using bit mapping method to fill-in the Display RAM. Figure9-4 explains how to
setup Register while using Graphic Mode.

1. REG [00h]

bit3=0 ]

o e | R
map) TECHMALAGH

Figure9-4 Graphic Mode Display

REG [00h] LCD Controller Register (LCR)

Bit Description Text/Graph | Default | Access
Display mode selection
1: Character mode
3 The written data will be treated as a GB/BIG/ASCII code. - 1h R/W
0: Graphical mode
The written data will be treated as a bit-map pattern.

Example

Read_REG[00h] ; Graphic Mode Setup
RMB3

Write_ REG[0Oh]

; Set-up Register[00h] bit3=0
; Saving data into Register[00h]

The display data RAM stores pixel data for LCD. It is a 240 column by 320 row addressable array maximum.

If some place in DDRAM was filled in “1”, then the corresponding place of LCD panel will be lighted up
Please refer to Figure9-5.
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D7 D6 D5 D4 D3 D2 D1 DO ... Seg0 Segl Seg?2 Seg3 Segd Seg5 Segb Seg7 .....

T[1[1[0[0]1[1 [0 TN EE
—)

Display Data RAM Display On LCD

Figure9-5 Display Datato LCD Panel

The following program is taking Figure9-5 as an example, using Graphic mode to show the Pattern.

Example

LDA #00h ; Write in "00” to current cursor location

Write_ REG[60h]

Write_ REG[70h]

LDA #E6h ; to show “E6” graphic pattern at left-top corner
STA DATA_ADDR
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00
01
02
03

156
157
158
159

240

,/\

—

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

N

D7 D6 D5 D4 D3 D2 D1 DO-—»(30Bytes)

> 160

Display DataRAM

Figure9-6 Display Data RAM’s Format(240x160)

In Graphic Mode, if cursor automatically adds one bit, then the data will be read out as Figure9-7’s direction.

00
01
02

159

240 x 160 Pixel

Figure9-7 Data read out direction under Graphic Mode
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9.3 Blinking and Inverse Display
9.3.1 Blinking Display

RA8820

LCD Controller AP Note

Figure9-8 explains how to setup Register if users want to have Blinking Display.

1. REG [00h]

bit1=0

SRR P bR = U RN
RAIO TECHWOLOGY INC.

fEE www.raio.com. tu
= sf:886-3-5637888

{85 : 886-3-5637666

17

2, REG [00h]

bitl=1

eig izt E R =]

EATLD TEOHMOL CHEY Ir-il_“
R T ul. Palo. i

g
[

=
ara o

m{

G

ol

H
Ll
il
S ST
(W
L)
0

0
(W
T
|
L1
T

E’ﬁiil:

I

T @
i
7
F:|"|

oo
I
BN
I

r

I

n

REG [00h] LCD Controller Register (LCR)

Figure9-8 Panel Blinking Display

Bit Description Text/Graph | Default | Access
Blink mode selection
1 | O:Normal display Text/Graph| 0Oh R/W
1: Full screen Blinking. The blink time is set by Register[80h]BTR

RAIO TECHNOLOGY INC.

Example

READ_REG[00h]
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SMB1 ; Set-up Register[00h] bit1=1 - Screen Blinking
Write_ REG[00h] ; Saving data into Register[00h]

9.3.2 Screen Inverse

If users want to have LCD whole screen inverse, then only need to Set-up Register[00] Bit0. Please refer to
Figure9-9.

HrHR i i B R
RHIH TEL HHIII_FJI Y r-u:.
5wl re

Figure9-9 Screen Inverse Display

REG [00h] LCD Controller Register (LCR)

Bit Description Text/Graph | Default | Access
Inverse mode selection

1: Normal display

0 0: Inverse full screen. It will cause all data stored in DDRAM Text/Graph 1h RIW

inversed.

Example

Read_REG[00h]
RMBO ; Set-up Register[00h] bit0=0 > Screen Inverse
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If users want to have their characters inverse, then only need to setup Register[10] Bit5. Please refer to

Figure9-10.

@

(b)

©)

(d)

T
:LLILLlLU.I“iEIj_D.I:DI'I'I.‘tLU

RE IO

10

it

0GY

Figure9-10 Character Inverse Display

(a)
1. Set-up Register[10h] bit5=0
2.Wr i te
(b)
3. Hold on (a)
4. Set-up Register[10h] bit5=1

SWrite
'"RAI O TECHNOLOGY

(c)
6. Hold on (a), (b)
7. Set-up Register[10h] bit5=0
S8Write Bl G5
(d)
9. Hold on (a), (b) and (c)
10. Set-up Register[10h] bit5=1
11.Wr i te "Www.

rai o.

Bl G5

"RAI O TECHNOLOGY

I NC. "

Code,

com. tw"

Code,

NC. "

then i

Bl. @ mCd dve',

t

then it wi ||

Bl G5 Cade,

wi || [

then i
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REG [10h] Cursor Control Register (CCR)

Bit Description Text/Graph| Default | Access
Store Current Data to DDRAM

5 1: Store Current Data to DDRAM directly Text 1h R/W
0: Store Current Data to DDRAM Inversely

Example

Read_REG[10h]

RMB5 ; Set-up Register[10h] bit5=0 - Block inverse
Write_ REG[10h]

STA DATA_ADDR

Read_REG[10h]

SMB5 ; Set-up Register[10h] bit5=1, back to normal display
Write_ REG[10h]

STA DATA_ADDR

9.4 Align the Chinese/English Font

Figure9-11 shows the function and the value that register need to be set under aligning the Chinese/English
Font.

1. Set REG [10h] bit6=1 2. Write in the Big5 code of “
RAIO LCD

then it will show up “
RAIO LCD

bR T, f?rf*FE
HHID"ﬁELED R

Figure9-11 Align the Chinese/English Font
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REG [10h] Cursor Control Register (CCR)

Bit Description Text/Graph| Default | Access
Chinese/English character alignment
1: Enable

6 0: Disable Text 1h R/W

The bit only valid in character mode, that can align full-size and
half-size mixed font

Example

Read_ REG[10h]
SMB6 ; Set-up Register[10h] bit6=1-> Chinese/English align

Write_ REG[10h]

Figure9-12 shows the function and the value that register need to be set under non-aligning the
Chinese/English Font.

1. Set REG [10h] bit6=0 2. Write in the Big5 code of “
RAIO LCD

then it will show up “
RAIO LCD

S P R T B PR B
RATIOHERRZ | COFER[ =

Figure9-12 Non-Align the Chinese/English Font

Example

Read_REG[10h]
RMB6 ; Set-up Register[10h] bit6=0 > Chinese/English non-align

Write_ REG[10h]
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9.5 LCD Display On/Off Setup
REG [00h] LCD Controller Register (LCR)

Bit Description Text/Graph| Default | Access
Set Display on or off. The bit can control LCD Driver Interface
signals

2 DISP_OFF signal control Text/Graph oh R/W

1: DISP_OFF pin output high
0: DISP_OFF pin output low.

Example

Read_REG[00h]
RMB2 ; Setup Register[10h] bit2=0 - Display Off
Write_ REG[00h]

9.6 Cursor On/Off Setup
REG [10h] Cursor Control Register (CCR)

Bit Description Text/Graph| Default | Access
Cursor display control

2 1: Set cursor on Text/Graph Oh R/IW
0: Set cursor off

Example

Read_REG[10h]

SMB2 ; Setup Register [10h] bit2=0 - Cursor On
Write_ REG[10h]

9.7 Cursor Location and Movement Setup

9.7.1 Cursor Location

Register[60h]CPXR Bit[5..0] is used to setup the Segment address of cursor. If users want to show ” "
at the left top corner, then must set CPXR = 00h CPYR = 00h. If users want to show " ” at the third
place at the same line, then must set cursor RegisterCPXR = 04h CPYR = 00h. If users want to show ”

" at the second line, then must set RegisterCPXR = 00h CPYR =10h. Please refer to Figure9-13.
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10

20

240(Segment) x 160(Common)

9F

Figure 9-13 Cursor place setup

REG [60h] Cursor Position X Register (CPXR)

Bit Description Default Access
7-6 | Reserved Oh R
5-0 | Set the cursor Segment address Oh R/W

REG [70h] Cursor Position Y Register (CPYR)

Bit Description Default Access
7-0 | Setthe cursor Common address Oh R/W
Example

LDA #00h ; Set the cursor Segment address

Write_ REG[60h]

LDA #10h ; Set the cursor Common address

Write_ REG[70h]

LDA #ACh ; Write-in the High Byte code of ”

STA DATA_ADDR

LDA #ECh ; Write-in the Low Byte code of ” "

STA DATA_ADDR ; Display ” " at the first place of second row
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No matter Character or Graphic mode, both use Register [60h]CPXR and [70h]CPYR to set cursor address.
As the following Figure9-14, set cursor RegisterCPXR = 00h and CPYR = 10h under Graphic mode, then
DDRAM will read "00h”. If set RegisterCPXR = 00h and CPYR = 12h, then DDRAM will read "78h". If set
Register CPXR = 00h and CPYR = 14h, then DDRAM will read "0Ah”. Please refer to Figure9-15.

240(Segment) x 160(Common)

9F

Figure 9-14 Cursor place setup

Bit Bit
7654321076543210
00h —» [T 113357 RN
78h —» [}
0Ah — 111

Figure 9-15 To enlarge the character” " in Figure 9-14
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9.7.2 Cursor Movement

REG [10h] Cursor Control Register (CCR)

Bit Description Text/Graph| Default | Access
Auto Increase Cursor Position in reading DDRAM operation.
7 | 1:Enable Text/Graph| 1h RIW
0: Disable
Auto Increase Cursor Position in writing DDRAM operation.
3 | 1:Enable Text/Graph|  Oh R/W
0: Disable
Example
Read_REG[10h]
SMB3 ; Set-up Register[10h] bit3=1 - Cursor auto increase when data
write-in to DDRAM
RMB7 ; Set-up Register[10h] bit7=0 - Cursor not auto increase when

data read from DDRAM
Write_ REG[10h]

9.8 Cursor blink control Setup
REG [10h] Cursor Control Register (CCR)

Bit Description Text/Graph| Default | Access
Cursor blink control

1 1: blink Cursor.The blink time is determined by register[80h] BTR | Text/Graph oh R/W
0: Normal

Example

Read_REG[10h]

RMB1 ; Set-up Register[10h] bit1=0 - Cursor not blinking
Write_ REG[10h]

9.8.1 Cursor Blink Time Setup

REG [80h] Blink Time Register (BTR)

Bit Description Text/Graph| Default | Access
7-0 | The Blink one unit time scale is the frame rate scale Text/Graph| 23h R/W
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Blinking time = Bit [7..0] x (1/Frame_Rate)

Frame Rate setup depends on the LCD panel.

If Frame Rate = 60Hz then 1/Frame_Rate = 1/60Hz = 1.67ms Cursor BlinkTime = REG[80h] x 1.67ms
From the following example, it set REG[80h] = 35h = 53(decimalism) so Cursor Blink Time =53 x 16.7ms

=885ms
Example
LDA #35h
Write_ REG[80h] ; Set Cursor Blink Time = 885ms
Read_ REG[10h]
SMB1 ; Set-up Register[10h] bit1=1 - Cursor Blinking

Write_ REG[10h]
9.9 Cursor Height and Width Setup

9.9.1 Cursor Height

RA8820 supports the Height setup of cursor. The range is from 1 to 16 Pixel.

THI--H

1 Pixel 2 Pixel 3 Pixel 16 Pixel

Figure 9-16 Cursor Height Setup

REG [18h] Cursor Size Control Register (CSCR)

Bit Description Text/Graph| Default | Access
7-4 | Setup the height of cursor (default value is 2) Text 0010h R/W
Example
LDA #00100010b ;Setup REG[18h] MSB=0010b Cursor height is 2 pixel

Write REG[18h]
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9.9.2 Cursor Width

RA8820 supports two kinds of width setup. When REG[10h] bit0=0, cursor width will be set as one Byte.
When REG[10h] bit0=1, cursor width will be auto adjusted by input data (one Byte or two Byte).

REG [10h] Cursor Control Register (CCR)

Bit Description Text/Graph| Default | Access
Set Cursor width

0 1: Cursor width is auto adjust by input data

Text Oh R/W
0: Cursor is fixed at one byte width
Examplel
Read_REG[10h] ; Set Cursor width as one Byte (8 Pixel)
RMBO ; Set-up Register[10h] bit0=0,
Write_ REG[10h]
Example2
Read_ REG[10h] ; Cursor width is auto adjusted by input data
SMBO ; Set-up Register[10h] bit0=1

Write_ REG[10h]

9.10 Active Window and Display Window Setup

RA8820 supports Active Window and Display Window two selection. Display Window is the real size of
LCD Panel, and Active Window is a sub-window smaller Display Window.

For example, if there is a 240x160 LCD Panel, then its Display Window is 240x160. Users can set Active

Window size and place according to their own needs. (Please refer to Table3-1)

REG [28h] Display Window Right Register (DWRR)
Bit Description Default Access
7.6 | Reserved oh R/W

Set Display Window Right position - Segment-Right

Segment-Right = ( Segment Number / 8) — 1

If LCD panel size is 240x160, the value of the register is: Oh RIW

(240/8)-1=29=1Dh
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REG [38] Display Window Bottom Register (DWBR)

Bit Description Default Access

Display Window Bottom position = Common-Bottom
Common_ Bottom = LCD Common Number -1

7-0 If LCD Panel is 240x160 the value of the register is:

Table3-1 R/W

160 — 1 =159 = 9Fh

REG [48] Display Window Left Register (DWLR)

Bit Description Default Access

Display Window Left position > Segment-Left

7-0 Oh R/W
Usually set “00h”.

REG [58] Display Window Top Register (DWTR)

Bit Description Default Access

7-0 | Display Window Top position > Common-Top oh R/W

Usually set “00h”. (Note 1)

Note 1 Please look at this example of how to set the default value of the Register.
1. AWRR CPXR AWBR, AWRR INTX AWBR
2. AWLR CPYR AWTR, AWLR INTY AWTR

REG [20h] Active Window Right Register (AWRR)

Bit Description Default Access
7.6 | Reserved oh R
5.0 | Active window right position - Segment-Right (Note 2) Table3-1 R/W

REG [30h] Active Window Bottom Register (AWBR)

Bit Description Default Access

7-0 | Active window bottom position > Common-Bottom (Note 2) Table3-1 R/W

REG [40h] Active Window Left Register (AWLR)

Bit Description Default Access
7.6 | Reserved oh R
5.0 | Active window left position - Segment-Left (Note 2) oh R/W
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REG [50h] Active Window Top Register (AWTR)

RA8820
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Bit

Description

Default

Access

7-0

Active window top position > Common-Top (Note 2)

Oh

R/W

Note 2 REG [20h, 30h, 40h, 50h] are used for the function of change line and page. Users can use these

four Registers to set a block as an active window. When data goes beyond the right boundary of active
window (The value is set by REG [20h, 30h, 40h, 50h]), then the cursor will automatically change the line
and write in data continuously. It means the cursor will move to the left boundary of active window, which is
set by REG [40h]. When the data comes to the bottom line of the right side (set by REG [20h and 30h]),
then the cursor will be moved to the first line of the left side automatically and continue to put in data. (set by

REG [40h, 50h]).

REG [08h] Misc. Register (MIR)

Bit

Description

Default

Access

Window Mode Select
1: Active_ window

0: Display_ window

Oh

R/W

Examplel is setting 240x160 Display Window and 160x160 Active Window of left to top LCD Panel. Please

refer to Figure 9-17.

A

- ; R
012 e 271128 e 239
0
1
2
127
122.3 Display Window
: 240 x 160
159

-

Figure 9-17 The Active Window and Display Window of Examplel
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Example 1

LDA

#1Dh

Write_ REG[28h]

LDA

Write_|

LDA

Write_|
Write_|

LDA

Write_|

LDA

Write_|

LDA

Write_|
Write_|

#OFh
REG[38h]
#00h
REG[48h]
REG[58h]

#OFh
REG[20h]
#7Fh
REG[30h]
#00h
REG[40h]
REG[50h]

RA8820

LCD Controller AP Note

; Setup Display Window is 240x160 pixel
; Setup DWRR = (240/8) —1 = 29 = 1Dh

; Setup DWBR =160 -1 = 159 = 9Fh

; Setup DWLR, DWTR = 00h

; Setup Active Window is 128x128 pixel
; Setup AWRR = (128)/8 -1 = 15 = OFh

; Setup AWBR =128 -1 =127 = 7Fh

; Setup the AWLR, AWTR = 00h

Example2 is setting 240x160 Display Window and 128x128 Active Window of LCD Panel. Please refer to

Figure 9-18.

32

Display Window
240 x 160

> 160

Figure 9-18 The Active Window and Display Window of Example2
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Example 2
LDA #1Dh ; Setup Display Window is 240x160 pixel
Write_ REG[28h] ; Setup DWRR = (240/8) —1 = 29 = 1Dh
LDA #9Fh ; Setup DWBR = 100 -1 = 159 = 9Fh
Write_ REG[38h]
LDA #00h
Write_ REG[48h] ; Setup DWLR, DWTR = 00h

Write REG[58h]

LDA #19h ; Setup Active Window is 128x128 pixel
Write_ REG[20h] ; Setup AWRR = (208/8) -1 = 25 = 19h
LDA #7Fh

Write_ REG[30h] ; Setup AWBR =128 -1 =127 = 7Fh
LDA #09h

Write_ REG[40h] ; Setup AWLR = (80/8)-1 =9 =09h
LDA #00h

Write_ REG[50h] ; Setup the AWTR = 00h

9.11 Line Distance Setup

The Row distance of RA8820 is from 1 to 16 Pixels. Users can decide the row distance by themselves.

REG [18h] Cursor Size Control Register (CSCR)

Bit Description Text/Graph| Default | Access
3-0 Setup the distance of row to row Text 0010h R/W
Example
LDA #00100010b ; Set LSB=0010,
Write_ REG[18h] ; Row distance is 2 pixels

9.12 Automatically Fill in the DDRAM

REG [EOh] Pattern Data Register (PDR)

Bit Description Text/Graph| Default | Access

Setup the Pattern Data
When REG[FOh] bit3 is ‘1’, it will read the data from Register
-0 [EOh] and fill the whole DDRAM. After the movement of filling Graph Oh RIW

the Active window, REG [FOh] bit3 will become “0".
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REG [FOh] Font Control Register (FCR)
Bit Description Text/Graph] Default | Access
Fill Data to DDRAM
3 1: Fill Data to DDRAM Enable Graph oh R/W
0: no action
Example
LDA #FFh ; Set write-in DDRAM Data = FFh,
Write_ REG[EOh]
Read_ REG[FOh] ; Set-up Register[FOh] bit3 as ‘1’
SMB3
Write_ REG[FOh] ; Fill "FF” to whole screen - Hardware start to clean
screen

9.13 Frame Rate Setup

Shift Clock Control Register (SCCR)

REG [90h
Bit

Description Default | Access

7-0

Setup the XCK signal cycle

SCCR = (SCLK x DBW) / (Column x Row x FRS)
SCLK System Clock (Unit Hz)

DBW LCD Driver Data Bus Width (Unit  Bit) - R/W
Column LCD Panel's Segment (Unit  Pixel)
Row LCD Panel's Common (Unit Pixel)
FRS LCD Panel's Frame Rate(Unit Hz)

Example

1. If use X'tal + PLL, SCLK = 8MHz
2. LCD Driver’'s Data Bus (DBW) = 8Bit
3. Using 240x160 Pixel LCD Panel Column =240 Row =160

4., LCD Panel's Frame Rate is 70Hz

Then SCCR = (8MHz x 8) / (240 x 160 x 70) = 23.8
Therefore suggest to set SCCR =24 = 18h
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9.14 Interrupt and Busy Flag

RA8820 provides an Interrupt signal (INT) to indicate three possible interrupts:

€ If Cursor Position X Register (CPXR)=INTX, a interrupt has occurred
€ If Cursor Position Y Register (CPYR)=INTY, a interrupt has occurred

€ Interrupt occurs when Touch Panel is touched

These three interrupts can be enabled or disabled respectively. REG [AOh] INTR controls the setup of
Interrupts. RA8820 provides a Busy signal. When BUSY Flag is “1”, which means RA8820 is in busy
status, so RA8820 couldn’'t access data of DDRAM but still accept the commands from registers. This

BUSY pin should be connected to MCU I/O input, and then MCU have to poll this pin before accessing
RA8820. The Register Description is as below:

REG [AOh] Interrupt Setup & Status Register (INTR)

Bit Description Default | Access
Busy Status
7 1: RA8820 is busy. The MCU have to wait until Busy Status is released oh R
0: RA8820 is idle ready for MCU access.
Touch Panel detect
6 1: Touch Panel touched oh R
0: Touch Panel untouched
Cursor Column status
5 1: The Cursor Column is equal to INTX oh R
0: The Cursor Column is not equal to INTX
Cursor Row status
4 1: The Cursor Row is equal to INTY oh R
0: The Cursor Row is not equal to INTY
Busy interrupt mask
3 1: Enable Busy to generate Interrupt output oh R/W
0: Disable Busy to generate Interrupt output
Touch Panel interrupt mask
2 1: Generate interrupt output if touch panel was detected. oh R/W
0: Don't generate interrupt output if touch panel was detected.
INTX event occur INT or not
1 1: Enable INTX Interrupt oh R/W
0: Disable INTX Interrupt
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Set INTY occur INT or not
0 1: Enable INTY Interrupt oh R/W
0: Disable INTY Interrupt

REG [BOh] Interrupt Column Setup Register (INTX)
Bit Description Default | Access
7-6 Reserved Oh R

Setup Interrupt Column Address

50 If Cursor Position X Register (CPXR)=INTX, a interrupt has occurred 27h RIW

REG [B8h] Interrupt Row Setup Register (INTY)

Bit Description Default | Access

Setup Interrupt Row Address

-0 If Cursor Position Y Register (CPYR)=INTY, a interrupt has occurred EFh RIW

REG [08h] Misc. Register (MIR)

Bit Description Default Access

Set INT and Busy Polarity
4 1: Set High_ Active mode oh R/W

0: Set Low  Active mode

9.15 Power Saving Mode

RA8820 has four Power Mode Normal Mode, Standby Mode, Sleep Mode, Off Mode). Please refer to

following Register and example.

REG [00h] LCD Controller Register (LCR)

Bit Description Text/Graph | Default | Access

Power Mode

11: Normal Mode
10: Standby Mode
01: Sleep Mode
00: Off Mode

76| Normal mode: When RA8820 is in normal mode it can execute - 11h RIW
full functions include RAM read/write, register read/write, LCD

display valid signal.

Standby mode: When RA8820 is in standby mode, except
DDRAM/ROM access function is prohibited, others are working
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Normal mode.

and so does LCD display function.

Sleeping mode: When RA8820 is in sleeping mode, the
DDRAM/ROM access and LCD display are prohibited, but

register access is permitted.

Off mode: When RA8820 is in off mode, all above functions
enter power-off mode, except the wake-up trigger block. If

wake-up event occurred, RA8820 would wake-up and return to

Example

Read_REG[00h]

AND

#3Fh

Write_ REG[00h]

Read_REG[00h]
OR  #COh
Write_ REG[OOh]

9.16 Selection of ASCIl Cod Block

; Read Register[00h]

; Let RA8820 enter into OFF Mode

; Read Register[00h]

; Let RA8820 enter into Normal Mode

RA8820 build in four ASCII Block, and it includes many characters, special symbol and pictures for users to

directly access. The function will be executed by the bit[1..0] of Register[FOh]. Please refer to following

description.

9.16.1 ASCII Code Block 0

Example

LDA

#xxxxxx00b

Write_ REG[FOh]

LDA
STA

LDA
STA

#00000100b
DATA_ADDR

#10010011b
DATA_ADDR

; Selet Block 0 of ASCII code

; Select” " in BlockO
; Iltwill show ” " at cursor place

; Select "9” in BlockO

; It will show "9” at cursor place

RAIO TECHNOLOGY INC.

53 WWAWV.Iai 0.com.tw




RA8820

LCD Controller AP Note

e =0 |0 L= 2 g —
= IR = = 1L
AR FIN T = =i A -] L)
AR = EL o
e ol T ﬂ[ﬁ_....._“l.m.waﬂ Li]
oHEEET o e
g - h <ILIE =

M-A.E_H_MHHH.TE" - =
IR EdETE R s H
[ 0O W =] pmc T S I
AL NN = == =
s [ BB O T MO _ ]
3 =R A ] =
%iu o 0O 0| O L[ : EIL| Al
Y — -3 mO:0 i — | [F2a] F
i i 2 e O = =)

RAIO

Version 1.1

WWAWV.Iai 0.com.tw

Figure 9-19 Build in ASCII Code BlockO

RAIO TECHNOLOGY INC.



RAIO RAB820

Version 1.1 LCD Controller AP Note

9.16.2 ASCII Code Block 1

Example
LDA #xxxxxx01b ; Selet Block 1 of ASCII code
Write_ REG[FOh]
LDA #00100011b ; Select “2” in Block 1
STA DATA_ADDR ; It will show "2” at cursor place
L= A o = A
. C :|.:.::|:|-__ mé} - i.__l_..
o | | S S 2
UM~ | ER 3
= AROAGAECEEEE TITITL
Gy ) 1O B O O '
- HESSaaecEeee 1111
- ERBEHE O 00|
= |l pHLSE SSTE—2E
1“iF H s | Sste o=
= IRARARLLICCEEEE TITD
WENNDDQDHFuuuuvT@
ol = = = L= e = =) =] = R
- [dARBEE0 = FooangT

Figure 9-20 Build in ASCII Code Block1
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9.16.3 ASCII Code Block 2

The setup of Block 2 is the same as above, only neet to Set-up the bit[1..0] of Register[FOh].

- | H_EH HE| ISEI-| &2
~rhEE b hsE e s
- [AAR_ACCCEEEE|TTTT
« | WNODDGO=GUULUUDSE
- [@d3E [FCCDEEEee 1111
o o = m LA | L =
= EKRHILE SEGTF-2]
= T == 3 ] =t
- ARARAAETICEEEE TTT
- [BINOEDDO=ELOIUE
REEEEE R R = Sk
T g | o o e OO O
Figure 9-21 Build in ASCII Code Block 2
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9.16.4 ASCII Code Block 3

The setup of Block 2 is the same as above, only neet to Set-up the bit[1..0] of Register[FOh].

b3-b0
o757 ] 0000 [ooor |0010 [oo11 o100 foto1 foito Joi11 f1000 [1001 |1020 | 1011 |1100 |1101 [1120 1111
0000 o | |
= [n -
0001 !
=
0010
o % E E E E E ]_I
EE::: T Hm L dpE —.
0100
L
0101
0110
e | I

0111

1000

1001

1010

1011

1100

1101

1110

1111

Figure 9-22 Build in ASCII Code Block 3
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Appendix A. The Timing Diagram of LCD Driver

Appendix B is the waveform and parameter of using ST8016/NT7701 as Segment and Common driver of
RA8820.

twipH

- =
LP 44_;‘/ tst >
>
ts twekhn twekt

A

A
A\

XCK

tos ton

<
<

twek

»
>

\

DI7-DIO
>< LAST DATA TOP DATA

=

tso

— t
> <«—>
DISPOFF ﬂ = V

Figure A-1 The Waveform of Segment Mode

Table A-1 Timing parameter of Segment Mode

Parameter Symbol Conditions Min. | Typ. | Max. | Unit | Note
Shift Clock Period twek tr, tr 11nNS 125 ns 1
Shift Clock “H” Pulse
Width twex 51 ns
Shift Clock “L” Pulse
Width tWCKL 51 ns
Data Setup Time tos 30 ns
Data Hold Time toH 40 ns
Latch Pulse “H” Pulse
Width twipr 51 ns
Shift Clock Rise to Latch t 0 ns
Pulse Rise Time Lb
Shift Clock Fall to Latch
Pulse Fall Time ts. 21 ns
Latch Pulse Rise to Shift
Clock Rise Time Us 51 ns
Latch Pulse Fall to Shift
Clock Fall Time tin 51 ns
Enable Setup Time ts 36 ns
Input Signal Rise Time R 50 ns 2
Input Signal Fall Time tr 50 ns 2
DISPOFF Removal Time tsp 100 ns
DISPOFF "L" Pulse Width twoL 1.2 ns
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Output Delay Time(1) o CL=15pF 78 ns
Output Delay Time(2) tep1, tPD2 CL=15pF 1.2 us
Output Delay Time(3) trps CL=15pF 1.2 us
Note

1. Takes the cascade connection into consideration.
2. (twek-twekn-twekd)/2 is maximum in the case of high-speed operation.

twip

LP >te eyl e )
twoL | tso
DISPOFF
FigureA-2 The Waveform of Common Mode
Table A-2 Timing parameter of Common Mode
Parameter Symbol Conditions Min. | Typ.| Max. | Unit | Note
Shift Clock Period twep tr, tr  20NS 125 ns 1
Shift Clock “H” Pulse _

Width twipH VDD=5 51 ns

Input Signal Rise Time tr 50 ns 2

Input Signal Fall Time te 50 ns 2
DISPOFF Removal Time tsp 100 ns
DISPOFF “L” Pulse Width twoL 1.2 ns
Output Delay Time(1) o CL=10pF 78 ns
Output Delay Time(2) tep1, tPD2 CL=10pF 1.2 us
Output Delay Time(3) trps CL=10pF 1.2 us
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Appendix B. Application Circuit

B.1 Application Circuit (160x160)
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Figure B-1 160x160 LCM Circuit
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Table B-1 The B.O.M of 160x160 circuit

No. | Number Component Serial Number Size
1 1 0.01uF C17 0805C
2 1 0.22uF C16 0805C
3 1 1.2K R1 0805
4 1 2.7K R10 0805
5 4 3K R23~R25 0805
6 1 4.7K R9 0805
7 5 10 R4~R8 0805
8 1 10 R3 0805
9 12 10K R11~-R22 0805
10 2 15p C3,C4 0805C
11 1 22K R2 0805
12 1 24K R27 0805
13 1 45pF C1 0805C
14 1 100uF C2 EC1
15 1 100uH L1 LH1
16 11 104 C5~C15 0805C
17 6 105 C18~C23 0805C

CRYSTAL

18 1 32768 Y1 3 8KHZ
19 1 DIODE D1
20 1 HEADER 12X2 | JP1
21 1 LM324D U5
22 1 RA8820 UK} PQFP 100
23 1 ST8016(COM) U4
24 1 ST800016(SEG) | U2
25 1 TL497 Ul DIP14
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Company Driver Part. Driver capacity Support

HITACHI HD66130 320-channel segment driver A means support

S6A2067 80-dot segment driver A

S6B0794 160-dot seg/com driver A

SAMSUNG S6B0086 80-dot seg/com driver A

S6B2104 80-dot segment driver A

NT3883 80-ch driver -

NT7701 160-dot seg/com driver A

Novatek NT7702 240-dot seg/com driver A

NT7703 160-dot seg/com driver A

NT7704 240-dot seg/com driver A

ST7063 80-dot segment driver --

. . ST7065 40-dot seg/com driver --

Sitronix ST8016 160-dot seg/com driver A

ST8012 120-dot seg/com driver A

EM65160 160-dot seg/com driver A

Elan EM65240 240-dot seg/com driver A

EM65H134 240-channel segment driver A

EM65H137 240-channel common driver A

T6A92 80-channel segment driver --

T6B0O7 80-channel segment driver A

T6B08 68-dot common driver --

T6B23 80-channel segment driver --

T6B36 80-dot common driver A

T6C03 160-dot seg/com driver A

Toshiba T6C13B 240-dot seg/com driver A

T6C25 160-dot seg/com driver A

T6C61 160-channel segment driver A

T6C63 240-channel segment driver A

T6C72A 120-dot common driver A

T6J05 128-dot common driver A

T6J06 120-dot common driver A

S1D16501 100-dot common driver A

S1D16700 100-dot common driver A

S1D16702 68-dot common driver A

Epson S1D17403 160-dot common driver A

S1D16006 80-channel segment driver A

S1D16400 80-channel segment driver A

S1D17503 120-dot common driver A

S1D17508 160-dot segment driver A

EK7010 240-dot seg/com driver A

Eureka -

EK7011 160-dot seg/com driver A

Hynix HM11S210 160-dot seg/com driver A

HM11S220 240-dot seg/com driver A

If your choice is not on the list, please give the part No. to RAIO. We will let you know if it is OK.
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Appendix D. Instruction Time

Appendix D provides some information related to instruction time under different system clock (SYS_CLK). For
example, each clock time is equal to 1/SYS_CLK=125ns when SYS_CLK=8MHz. Because it takes 3 clock
cycles to write data into Register, it totally takes 125ns X 3 clock=375ns to writ data into Register or read data out

from Register.

The followings indicate how many clock cycles does each instruction need:

¢ \Write data into Register: need 3 clock cycles

® Read data out of Register: need 3 clock cycles

¢ Write into memory: need 3 clock cycles

e \Write into memory under Graphic mode: need 3 clock cycles
¢ Write a Chinese character into memory: need 35 clock cycles
e Write a ASCII Font into memory: need 19 clock cycles

® Hardware clean screen: Formula 3+(ComsxSegs)/8
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Appendix E. C51 Program example

/*******************************************************************************

*

*Filename: RA8820_C51.C

* Author: Jason

*Company: RAIO

*Case: RA8820

*Device: ATMEL AT89C52 at AMHz
*Date: 2003/03/26

*Modifier: Jason

*Modify Date: 2003/03/26

*Visions: 1.1 Build 0326

*Compiled Using Keil C v6.14

EE R ST E SRR R E R R R R R R R

*Function

bR R RS E RS E LSS L LS LSS L LS EESEESETEEE LS EEE ST EEELTEEEEEEE LS EEEEEEEEEEEEEEEE SR LSS
*Hardware Setup Pin:

*L.D7 : pull high=>68000 Interface
*L.D6 : pull high=>MCU Data Bus->8bit
*L.D5 : pull high=>Crystal

*L.D3: pull low =>LCD Data bus->4bit
*L.D2: pull low =>RS=1->LCD command;RS=0->LCD Data
*L.DO&LD1 : pull high

*Pin assignemt:

*P3.7: RST

*P3.6: INT

*P3.5: BUSY

*P3.4: MCU_CS2

*P3.3: MCU_CS1

*P3.2: MCU_EN

*P3.1: MCU_R/W

*P3.0: MCU_RS

*

*P1.0: LCD Data Bus Bit0

*P1.1: LCD DataBus Bitl

*P1.2: LCD DataBus Bit2

*P1.3: LCD Data Bus Bit3

*P1.4: LCD Data Bus Bit4

*P1.5: LCD Data Bus Bit5

*P1.6: LCD Data Bus Bit6

*P1.7: LCD Data Bus Bit7

*

*Panel Size : 240x160

*******************************************************************************/

#include <stdio.h>

#include <AT89X52.H>

#define RST P3 7
#define INT 36
#define BUSY 35
#define CS2 P3 4
#define CS1 P3 3
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#define EN

#define RW

#define RS

#define LCD_Command
#define LCD_Data

void printlcd(void) small;

void LCD_Reset(void) small;

void LCD_Initial(void) small;

void LCD_Display_On(void) small;

void LCD_Display_Off(void) small;

void LCD_CursorX(unsigned char) small;
void LCD_CursorY (unsigned char) small;
void LCD_Clear(void) small;

void LCD_CmdWrite(unsigned char) small;
void LCD_Datawrite(unsigned char) small;
unsigned char LCD_CmdRead(unsigned char) small;
unsigned char LCD_DataRead(void) small;
void LCD_ChkBusy(void) small;

void disascii(unsigned char) small;

void dispat(unsigned char) small;

void DelayXms(int) small;
void _nop_ (void);

unsigned char data REG_READ;
unsigned char data DATA_READ;

/******************************************************************************/

[*Main program area

/******************************************************************************/

void main(void)

while(1)
{

LCD_Reset();
LCD_Initia();
LCD_Clear();
LCD_CursorX(0x08);
LCD_CursorY (0x30);
printlcd();
DelayXms(1000);
disascii(0x4b);
DelayXms(1000);
disascii (0x55);
DelayXms(1000);
dispat(0x55);
DelayXms(1000);
dispat(0xaa);
DelayXms(1000);
dispat(0xff);
DelayXms(1000);

}

/******************************************************************************/
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[*Sub program area */

/******************************************************************************/

/******************************************************************************/

[*Display Pattern Subroutine */

/******************************************************************************/

void dispat(unsigned char PATTERN) small
{
int i=0,j=0;
LCD_CmdWrite(0x00);
LCD_CmdWrite(0xc5);
LCD_CursorX(0x00);
LCD_CursorY (0x00);
while(j < 240)

if((1%2) == 0)
{

while(i<40)
{
LCD_DataWrite(PATTERN);
i++;

while(i<40)
{
LCD_DataWrite(0x00);
i++;

/******************************************************************************/

[*Display ASCII Subroutine /

/******************************************************************************/

void disascii(unsigned char ASCII) small
{
inti=0;
LCD_CmdWrite(0x00);
LCD_CmdWrite(Oxcd);
LCD_CursorX(0x00);
LCD_CursorY (0x00);
while(i < 600)
{
LCD_DataWrite(ASCII);
1++;
}
}
/******************************************************************************/

[*LCD print Subroutine */

/******************************************************************************/
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unsigned char code text_table[4][5] =
{
0xC8,0xF0,0xD3,0xD3,0xBF,
0xC6,0xBC,0xBC,0xB9,0xC9,
0xB7,0xDD,0xD3,0xD0,0xCF,
OxDE,0xB9,0xAB,0xCB,0xBE

1

void printlcd(void) small
{
int i=0,j=0;
unsigned char Data;
while(j < 4)

{
for(i = 0;i <5; i++)
{
Data = text_table]j][i];
LCD_DataWrite(Data);
}

i+
}

}

/******************************************************************************/

/*LCD Reset Subroutine */
/******************************************************************************/
void LCD_Reset(void) small
{

RST =0;

DelayXms(2);

RST =1,

DelayXms(2);
}

/******************************************************************************/

/*LCD Function Initail Subroutine */

/******************************************************************************/

void LCD_Initial(void) small

{
LCD_CmdWrite(0x00);LCD_CmdWrite(OXCD);
LCD_CmdWrite(0x08);LCD_CmdWrite(0x73);
LCD_CmdWrite(0x10);LCD_CmdWrite(Ox2F);
LCD_CmdWrite(0x18);LCD_CmdWrite(0x20);
LCD_CmdWrite(0x20);LCD_CmdWrite(0x27);
LCD_CmdWrite(0x30);LCD_CmdWrite(OXEF);
LCD_CmdWrite(0x40);LCD_CmdWrite(0x00);
LCD_CmdWrite(0x50);LCD_CmdWrite(0x00);
LCD_CmdWrite(0x28);LCD_CmdWrite(0x27);
LCD_CmdWrite(0x38);LCD_CmdWrite(OXEF);
LCD_CmdWrite(0x48);LCD_CmdWrite(0x00);
LCD_CmdWrite(0x58);LCD_CmdWrite(0x00);
LCD_CmdWrite(0x60);LCD_CmdWrite(0x00);
LCD_CmdWrite(0x70);LCD_CmdWrite(0x00);
LCD_CmdWrite(0x80);LCD_CmdWrite(0x33);
LCD_CmdWrite(0x90);LCD_CmdWrite(0Ox0A);
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LCD_CmdWrite(0xB0);LCD_CmdWrite(0x27);
LCD_CmdWrite(0xB8);LCD_CmdWrite(OXEF);
LCD_CmdWrite(OxAQ);LCD_CmdWrite(0x08);
LCD_CmdWrite(0xC0);LCD_CmdWrite(0xF0);
LCD_CmdWrite(0xD0);LCD_CmdWrite(0x20);
LCD_CmdWrite(OXEQ);LCD_CmdWrite(0x00);
LCD_CmdWrite(0xF0);LCD_CmdWrite(OxAQ);

/******************************************************************************/
[*LCD Cursor Set Subroutine */

/******************************************************************************/

void LCD_CursorX(unsigned char Cursor) small

LCD_CmdWrite(0x60);
LCD_CmdWrite(Cursor);

/******************************************************************************/
[*LCD Cursor Set Subroutine */

/******************************************************************************/

void LCD_CursorY (unsigned char Cursor) small

LCD_CmdWrite(0x70);
LCD_CmdWrite(Cursor);

/******************************************************************************/
/*LCD Clear Screen Subroutine */

/******************************************************************************/

void LCD_Clear(void) small

{
unsigned char REG_TMP,
LCD_CmdWrite(OXEQ);LCD_CmdWrite(0x00);
REG_TMP = LCD_CmdRead(0xFO0);
REG_TMP &= (0xF7);
REG_TMP |= (0x08);
LCD_CmdWrite(OxFO0);
LCD_CmdWrite(REG_TMP);
DelayXms(1);

}

/******************************************************************************/

[*LCD Command Write Subroutine */

/******************************************************************************/

void LCD_CmdWrite(unsigned char Cmd_Data) small

{
LCD_ChkBusy(); /ICall LCD_ChkBusy to Check Busy Bit
LCD_Command = Cmd_Data;
P3 = (0x91);
EN =1,
_nop_();
EN =0;
P3 = (0x93);
}
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/******************************************************************************/

[*LCD Data Write Subroutine */

/******************************************************************************/

void LCD_Datawrite(unsigned char Data_Data) small

{
LCD_ChkBusy(); /ICall LCD_ChkBusy to Check Busy Bit
LCD_Data= Data Data;
P3 = (0x90);

EN=1;
_hop_();
EN =0;

P3 = (0x93);
}

/******************************************************************************/

/*LCD Cmd Read Subroutine */

/******************************************************************************/

unsigned char LCD_CmdRead(unsigned char REG_Addr) small
{
unsigned char REG_READ;
LCD_CmdWrite(REG_Addr);
P3 = (0x93);
EN =1,
_nop_();
REG_READ = LCD_Command,;
_nop_();
EN =0;
P3 = (0x93);
return REG_READ;
}

/******************************************************************************/

[*LCD Data Read Subroutine */

/******************************************************************************/

unsigned char LCD_DataRead(void) small
{
unsigned char DATA_READ;
LCD_ChkBusy();
P3 = (0x92);
EN =1,
LCD_Data= DATA_READ;
_nop_();
EN =0;
P3 = (0x93);
return DATA_READ;
}

/******************************************************************************/

[*LCD Check Busy Subroutine */

/******************************************************************************/

void LCD_ChkBusy(void) small

{
do

{
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}
while(BUSY ==1);
}

/******************************************************************************/

[*Delay Subroutine */
/******************************************************************************/
void DelayXms(int count) small
{

inti,j;

for(i=0; i<count; i++)

for(j=0; j<240; j++)

_hop_();
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