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DOT MATRIX LIQUID CRYSTAL DISPLAY CONTROLLER-DRIVER

a total of 256 words, with 9 bits to a word, and
to select one configuration out of the 4 types
described below that offer maximum and mini-
mum configurations. )
= Display Data RAM {hereafter referred to as DD RAM)
9 bits to a word (of these, 1 bit is used to undertine)
------ 4 types from a maximum of 256 words to a mini-
mum of 160 words
= Character generator RAM (hereafter referred 1o as CG
RAM)
5X 7 dots------ 4 types from a minimum of 0 to a max-
imum of 12 characters
or 5X t1 dots------ 4 types from a minimum of § to a
maximum of 6 characters
 Character generator ROM (hereafter referred to as CG
ROM}
' FEATURES 5X7 dotg-- 4 types from a maximum of 256 to a mini-
mum of 244 characters
or 5X 11 dotg------ 4 types from a maximum of 256 to a

DESCRIPTION

The M50530-XXXFP is an LS| for a dot matrix liquid crystal
display control drive which has been developed by making
use of the silicon gate CMOS process, and can control mul-
ti-digit data and directly drive a dot matrix liquid crystal
display of 256 font types inciuding alphanumerics, kana
characters and symbols by a simple control from zc and g
p.

The M50530-XXXFP offers a system for controlling and
driving a dot matrix liquid crystal display, and also expands
the number of display digits by the simultaneous use of the
IC for the liquid crtstal drive, M50521FP or M50524FP.

By using the M50530-XXXFP it has been possible to create
a liquid crystal display system which is compact, has low
power consumption and is very versatile.

® |Interfacing {it is possible to interface directly with a 4-
bit ¢ and an 8-bit zc. It is possible 1o inter-

face directly with 8085 up.) minimum of 250 characters
® Characters (256 font types with 5X8 dots or 5X 12 dots
{cursor is common to both} )
® Memory (Generally for a display data RAM and for a
character generation RAM, it is possible to use
3
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DOT MATRIX LIQUID CRYSTAL DISPLAY CONTROLLER-DRIVER

® |Instructions (The following comprehensive instructions
are given.)

° Cursor address set-up for DD/CG RAM

> Display start address set-up

o Data write and read from RAM

> Display shift and cursor shift

= [nterface changeover between 8-bit #c/4-bit uc

= Font changeover between 5X8 dots /6X12 dots

o Duty changeover between (1/8, 1/12), (1/16, 1/24),
and (1/32, 1/48)

° Selection between DD/CG RAM configurations

o Underline set-up for each character

o Display ON/QFF, cursor display ON/OFF, underline
display ON/OFF, character blink, and cursor blink

o Blink frequency set-up

= Display address home and cursor address home

= Clearing entire display

® Display difgit No. :

=1 chip system (8 digits for 1 line, 8 digits for 2 fines,
and 8 digits for 4 lines)

o Maximum system configuration {The 4 following types
of maximum system configuration are available for 1
line, 2 line, and 4 lines respectiveiy.)

1 line 256 digits, 244 digits, 192 digits, and 160 digits
2 lines -+ 128 digits, 112 digits, 96 digits, and 80 digits

= Common signal® 32 lines (corresponds to 4-line portion

for 1732 duty)

s Column signal - 40 lines (corresponds to B-digit por-

tion for 5 lines per digit)

o By using the IC for the liquid crystal drive MS0521FP or
M50524FP, it is possible to expand the display to the
maximum number of digits.

Automatic reset at power cut-off
Built-in oscillator (An external resistor or an external
ceramic filter}

= Oscllation frequency 2.568MHz (for a frame frequency
of about 70Hz)

Column data transfer speed {1.29Mbit/set [for oscilla-
tion frequency of 2.58MHz) )

Blink frequency {About 0.5Hz, 1Hz, 2Hz, and 4Hz

(for oscillation frequency of 2.58 MHz) }
Supply voltage for logic cireuit : {+4.5~55 V)
Output voltage of liquid crystal drive | (+3~14 V)
On-resistance of liquid crystal drive :

5000 {14V) and 2k} (5 V), maximum

Low power consumption [ Silicon gate CMOS process
Package : 100-pin plastic flat QUIP, lead pitch 0.65mm

APPLICATION
OA apparatus (portable personal computer, electical type-
writer e.t.c}, information apparatus (Telephone, Fax e.tc).

4 ling------ 64 digits, 56 digits, 48 digits, and 40 digits
® Internally provided tor liquid crystal display drive circuit
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DOT MATRIX LIQUID CRYSTAL DISPLAY CONTROLLER-DRIVER

FUNCTIONAL DESCRIPTION

The LSI M50530-XXXFP is controlled by instructions from a
#C or uzp on the outside. In other words, the uc or up takes
the role of master processor and M50530-XXXFP takes the
role of slave processor. M50530-XXXFP can control com-
pletely the liquid crystal display {LCD).

When transferring data between the uc or «p and the in-
ternal RAM within the M50530-XXXFP first the RAM
address is set by an instruction in the cursor address regis-
ter, then, either external data is written by an instruction in
the internal RAM via the internal input data register or data
is read by an instruction from the RAM to the outside via
the output data register.

M50530-XXXFP has various execution condition modes for
instructions such as function construction, display, reading,
writing etc. In this way, the efficiency of execution of the in-
struction has been improved. These different modes are
stored by the mode setting instructions in the made regis-
ter, and they are used in subsequent instructions as execu-
tion conditions.

When RAM data is displayed by LCD, the address of the
RAM data to be displayed as the first digit on the left-hand
side of the LCD is set with the display start address. First,
set by instruction the first digit in the display start address
register to the RAM address desired for display. Data is
displayed by LCD from this address to successively higher
digits.

As regards the LCD drive, a common signal is generated in
the timing generation circuit on the scanning side to drive
the common side of the LCD via the common signai drive.
The RAM data for display, designated by the address in the
display address register is read on the column data side as
a character code. The data is then converted to a character
pattern in the character generator of the ROM or RAM.
Then, by sending the 5-bit data in the line, which corres-
ponds ta the common scanning signal in the line matrix of
the character pattern, to the shift register as a column sig-
nal, the column side of the LCD is driven via the column
singal drive.

In order to display all of the display data by LCD: 1) the
display address register is incremented for each of the
common signais; 2) display data is read successiveily from
the RAM; 3} column signals for all lilnes of the display are
sent, by repeated conversion and transfer, to the column
drive; and 4) the column side is driven.

The LCD operation is independent of the execulion of an
instruction from the outside and is processed within a pre-
scribed time, so that no flickering will be generated in the
display regardiess of the presence of instructions being ex-
ecuted.

One chip of the M50530-XXXFP can directly drive an 8-
digit LCD for 1 line, 2 lines, and 4 lines. However, if a LCD
with more digits is desired, it is necessary to connect an
external |C for the LCD drive; either M50521FP or
MS0524FP. These ICs for LCD drive can drive a LCD as a
common signal drive or column signal drive. Furthermore,
when a large number of these ICs are used, the system is
designed such that the data signals can be received only
by the IC that is supplied with the chip select signal. This
design allows the system can be operated with low power
consumption.

The LCD contents are present for a prescribed frame time
which is determined by the oscillation frequency, and the
time is constant independent of the line number of the dis-
play, duty ratio, digit number of the display, and character
font.
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TERMINAL DESCRIPTION

Pin Name [f1e] Function
85/uc Interface changeover I This is used as a signa! for changing over the inlerface between xc and ep. it should be set to 1" for
signal 80854p and tc “0” for wc mode.
110C1 Input/output ! In the pc mode, this is used as the control signal for sending an instruction from the uc to the M50530-
contrel signal XXXFP, and is used as part of the instruction code. In the BOBSup mode, it is connected to the WR signal of
the 8085up.
1/QC2 Input/output { In the pc mode, this is used as the control signat lor sending an instruction from the wc to the MS0530-
controt signal XXXFP, and is used as parl of the instruction code. in the 8085:p mode. i is connected to the iI0/M signal
of the 8085.p.
R/W Write/read signal | In the x¢ mode, this is used as the conirol signal for sending an instruclion trom the u¢ 1o the M50530-
XXXFP, and is used as part of the instruction code. It is set to “0" for write instruction and 10 "1~ lor read in-
struclion. In the 8085,:p mode, # is connected to the RD signal of the 8085.p.
EX Instruction start signal f In the xc mode, 1his is used as the signal for the ¢ to cause the MS50530-XXXFP 1o start the execution of
an instruction. In the B08S.p mode, it is connected to the ALE signal of the 8085up.
g —
D8,~ Data bus 170 Thses represent the 4 upper lines of the B line data buses. They are in tri-state bidirectional mode which
DB, enables inputting as weli as outputting. Fhese are used lor instruclion data lransler between the MS0530-
XXXFP and the pc or up. When interfacing with the «¢ is 4 bits, the lower 4 bits dala are also translerred
by these 4 lines of data buses. The DB; is also used for reading a busy flag.
DBy~ Data bus (F{e] These are the 4 lower lines of the 8 line data buses. They are in tri-state bidirectional made which enables
DBg inputting as well as oulputling. These are used for inslruction data transfer between the MSO530-XXXFP
and the ¢ of up. When interfacing with the wc is 4 bils, these 4 lines are not used.
DST Data set signal QO Signal 1or setting serial data sent to the drive IC to a laich,
SCL Shist clock signal (o] Clock tar successively shifling a serial data set sent to grive IC,
FRM Frame signal o Display frame signai, Used as a changeover signal for driving the liquid crystal by AC power.
Cs Chip select signal O Signal for selecting the column drive IC. Data will be transterred only Lo the drive IC to which this signat is
supplied.
CMD Common data signal o Common data signal 1o be sent to the common drive 1C.
Connected to chip select of the drive IC.
CLD Column data signal (o] Column data signal to e sent to column drive IC
Sends a character pattern serially. Value “0" corresponds to non-selection while “1 corresponds to selec-
— tion
COM1~ LCD Common signal O Common signai for driving the scanning side of the iiquid crystal Common signals that are nol used are al
COmM32 given the non-select waveform. For instance, il the uty is 1716, then COM17 to COMI2 will always be
given non select waveforms.
- . _! —_—— p— N
COLi~ LCD Column signal I o] Golumn signal for driving the data side of the liquid crystal. Drives the respective B-digit portion of the RAM
COoL40 display data of the display slart address for each line,
osc, Oscillation 140 Terminai for oscillating internal clock. Connected 1o a resistor or a ceramic filter. Clock input from outside
QSC2 | input/output is supplied to OSC1.
V,~Vs Power supply(LCD) I Powaer supply tor driving liquid crystal dispiay. Voltages Vgs, Vi, V4, ang Vs are common whiie Vs, Vg, Vs,
and Vs are for column.
Voo Powar supply(Logic) | Power supply lor the logic circuit, +5V
Vss Power supply{GND} | Ground power supply, OV
4 MITSUBISHI
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FUNCTIONAL EXPLANATION OF EACH

BLOCK

In the description below, the following abbreviations will be

used:

Display data RAM : DD RAM

Character generator RAM : CG RAM

Character generator ROM : CG ROM

Display data/character generator RAM : DD/CG RAM

In abbition, the designations of instructions will follow the

abbreviations given in the instruction list. Use will also be

made of the instruction code names in the instruction list.

The relationship between the binary logic values and the

voltage levels is as given below.

Binary number 0 0 Low voltage level

Binary number 1 [ High voltage level

Furthermore, the following notations will be employed.

{ )n means that the numerical value within the parenth-
eses is thal of the n-ary notation, namely, the num-
ber system in which n is used as the radix.

R( )n means the content of the RAM address { )n.

It should be noted that untess otherwise stated, numerical

values without suffix are meant for decimal notation.

For instance,

(BF)ys = (10001111), = {143),,= 143, and

R(8F),s = R{10001111), = R({143) means the content of

the address 143 fo the RAM.

1 INTERFACE CIRCUITS FOR uxc AND
Hup
These are the circuits for contrelling input and output when
instructions and data are transterred between the M50530-
XXXFP and external u¢ or up that control the MS0530-
XXXFP.
By means of the input signal 85/xc, it is possible to select
either 8085 wp or xc as an external control.
When uc is selected, it is further possible to select 8-bit u«
c or 4-bit uc by the instruction SF. For the transfer of an in-
struction code from the 8-bit ux¢ to the M50530-XXXFP, the
input signals 1/0C1, I/0C2, R/W, and the input/output sig-
nals DB; to DB,, are used and the input signal EX are used
for starting the execution of the instrugtion, For the transfer
of an isntruction code from the 4-bit uxc to the M50530-
XXXFP, the input signals 1/0C1, 1/0C2, R/W, and the input/
output signals DB; to DB,, are used twice. The input signal
EX are also used twice for starting the execution of the in-
struction. In other words, in the 8-bit xc, the data buses
DB; to DBy with 8 bits are used, and in the case of the 4-
bit szc, the data buses D8, to DB, with 4 bits are used.
When the 8085 up is selected, by connecling the signals
AD; to ADy, ALE, RD, WR, and 1O/M of the B085 u1p to the
signals DB; to DB, EX, R/W, YOC1 and 1/0C2, respective-
ly, of the M50530-XXXFP, it is possible to control directly
the M50530-XXXFP by producing an instruction code for
MS0530-XXXFP using the input/output instructions for 8085

H“p.

The external xc and up and the M50530-XXXFP operate
asynchronously. Accordingly, there is no need for the inputs
from the wc and up to be synchronous with the internai
clock of M50530-XXXFP. Furthermore, the handling of the
interface for the signals from the external u¢ and up, or the
execution of the instructions from the ¢ and gp, wilt in no
way affect the LCD processing within M50530-XXXFP.
Therefore, no flickering will be generated in the display
due to inputs from the xc and up.

2 BUSY FLAG

When the M50530-XXXFP is executing an instruction, the
busy flag will show (1),

When the busy flag is at (1), no instruction from the «p or
uc will be accepted. Therefore, it is necessary o give an
instruction 1o M50530-XXXFP after confirming that the busy
flag is {0),.

However, the busy flag read instruction alone, RB, can al-
ways be used even when another instruction is being ex-
ecuted, and by using the instruction RB, the condition of the
busy flag can be read from DB; and DB,.

3 INSTRUCTION REGISTER AND
MODE REGISTER
An instruction from the up or xc enters the instruction reg-
ister via the ¢ and p interface circuits. The instruction is
executed when its content has been decoded.
Among the included instructions are those which can set up
the following modes.
Instruction SF | 8-bit/4-bit interface
5X 8 dots / 5X 12 dols font display line
number, RAM region
Instruction SE . Cursor shift mode, display shift mode
instruction SD  Display mode, blink mode
instrection SU © Underline write mode
Instruction SB  Blink frequency
The mode register stores the information of these modes.
These modes are used as conditions for execution of the
instructions.

4 INPUT REGISTER AND OUTPUT
REGISTER

The input data is entered into the input data register by the

write instructions WC, WS, WD, and WU, and is transferred

to the interior upon execution of the instruction.

Qutput data is outputted from the output data register to the

sep or zc by the read instructions RC, RS, and RD. The out-

put data for these instructions is prepared beforehand in

the output data register.

5 CURSOR ADDRESS REGISTER

This is the register for specifying the DD/CG RAM address.
In order to write data into the RAM using the instruction
WD, or read data from the RAM using the instruction RD, or

MITSUBISHI 5
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add an underline to the RAM using instruction WU, it is
necessary to set, beforenand, the address ol the RAM in
the cursor address register, With the instruction WC it is
possible to set data in the cursor address register. Also the
content of the cursor address register can be read using
the isntruction RC.

By incrementing {+1) or by decrementing (--1) the con-
tent of the cursor address register using the instruction MA,
it is possible to shift the cursor address to the RAM in the
upward or the downward direction.

After writing or reading the data using the instructions WD
or RD and the entry mode has been specified by the in-
struction SE, the content of the cursor address register can
be automatically incremented (+1) or decremented (—1)
as shown in table 1,

Table 1. Instruction SE and cursor address

instruction SE
CSR CONDITION Automatic INC/DEC of the Cursor Address
(w) (R}
0 0 No automalic inc or dec T
4] ———1—_ ) 77I7r|c: Df ::I-ac-;lie} x;;ulion of instruction RD ]
1 0 Inc or dec alter execulion of instruction WD
1 1 inc or dec after execution of instruction RD and WD

The increment and decrement of the cursor address regis-
ter are execuled within the display data region and the
character generator region, respectively, of the RAM.

The Fig. 1 is an example (of 4 kinds of configurations) in
which the RAM is divided into the display data region and

2 £ 4 g
Address ™ § & 2 w
¥ N ¥ ¥

RAM DD RAM {160 words) CG RAM (96 words)

Fig.1 Example of dividing RAM

the character generation region. The increment and the de-
crement of the cursor address is as shown on the bound-
aries of the respective regions are as shown in table 2.

Tabte 2. Cursor Address

RAM Cursor Address
Region “Before inc/dec | Afterinc | After dec
__“1-3-0 o | Tloohe 0 (01 (9F )
(9F} ¢ (00)157 ol __(_Q_E:h_s______
e nam (A0l (AT (FFhie
(FF} (AG) s (FE)w

The boundary conditions in the increment and the decre-
ment of the cursor address are displayed in 2 lined and 4
lines so that the conditions will remain the same as in the
above table even when the RAM region is further subdi-
vided.

6 DISPLAY START ADDRESS REGISTER
This is the register for determining the relative relationship
between the position of the displayed character in the LCD
and the address of the DD RAM in which the character is
written.

The content of the display start address register designates
the address of the RAM in which the character code of the
character to be displayed in the first digit on the left end of
the LCD.

The range of the display start address varies with the size
of the RAM region and the number of displayed lines.

In the case of 2-line display, the display start addressed for

the first line and the second line have a common value, and
in the case of 4-iine display, the display start addresses for
the first through fourth lines have a common vaiue. In the
case of display of more than 2 fines, the value of the dis-
play start address of the first line is used as the value of
the disptay start address. Accordingly, the range of the dis-
play start address is given depending upon the size of the
RAM region and the number of display lines, as table 3.

Table 3. Range of display start address

Instrugtion SF |
i DD RAM Region
AA, | RAg o
258 a
o | o 998 000 g (FF g
Lt 0 T S S
224 words
0 1 00),6~(DF M)~ (6F
(00).5’~(DF)|5!( e (77)'6 (7 )'5 (_)‘ﬁ
192 words ! ! .

1 0 (OO)IGW(EF)mi(00)15’“(BF)|5‘, E(J0)|,5"‘-'(5FJ|5i {00)15~(2F ) 1g
I S bt e 0 S PP
160 words H

1 1 00),6~(9F )45 | (0Q) g~ (4AF -~
|(00)‘5~(9F)‘51( Yre~(9F )yg | (00) g~ (aF )15 1 {00} ,5~(27)1g

By setting a display start address in the display stan
address register with the instruction WS, it is possible to
display starting with the first digit of the LCD, from an arhit-
rary address of the DD RAM.

The content of the display start address register can be
read with the instruction RS.

By incrementing (41} or decrementing {—1) the content
of the display start address register wilh the instruction MA,
the position of the fiquid crystal display with respect to the
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RAM can be shitted upward or downward. The increment and the decrement of the content of the dis-
After writing or reading the dala with the instruction WD or play start address register are executed within the data re-
RD, it is possible to automatically increment (+1) or de- gicon for the first line in the display data region of the RAM.

crement {—1) the content of the display start address reg- The relation between the RAM address and the content of
ister by designating the entry mode with the instruction SE. the display start address register will now be explained,

when the RAM is divided into 160 words of DD RAM and
96 words of the CG RAM (one of the 4 possible

This is shown in table 4.

Table 4. Instruction SE and display start address configurations).
fnsiruction SE l
DSP CONDITION ‘ Automaltic inc/dec of Display Starl Address
(W) . ‘ _—— - — —
i3 I,,Nf’ aulomatic inc or dec i
o VJ'_EE__o_rd_ec_ after execution of the instruction RO ]
L 0 __1nc or dec alter execution of the instruction WD
1 i 1 Tlnc or dec afler execution of the instructions AD and WD
. An example of the case of 1-line of LCD (for 160 words of DD RAM and 96 words of CG RAM) Fig. 2.
RAM =~ g = *
- Address_} § ?_’L, ::C: E:’
% E S ¥
RAM DD RAM (160 words) CG RAM {96 words)
Fig.2 DD/CG RAM
When the content of the display start address register is
{17}1¢, the liquid crystal display will be as Fig. 3.
Digit of LCD -> 1st digit 2nd digit  — — — —  136th digit 137th digit  138th digit 139th digt  — _ — __ 150th digit  160th digit
t-ling LCD R(17},, A(18), A(9E) 5 R{9F) s R(00} s R{01}, R{15},¢ R{16) .6
' R{ }n means the content of { )n of the RAM
Fig.3 Example of display address
Here, if the content of the display stant address register is
incremented (+ 1), the result becomes {18} ,,, and the
LCD display will be given by Fig. 4,
Digit of LCO 3 151 aigit 2nd digit — — — — 135th digit 136th digit 137th digit  138th digit — — == — 159th digit  160th digit
R{18J., R(19),, R{SE),, R{9F},, R{00) ¢ Ri01} R{16} ., R{17)
Fig.4 Example of display address
MITSUBISHI 7
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start address is situaled on the boundary of the display data
region of the RAM, if the display start address is in-
cremented or decremented, the result will be as shown in
tabie 5.

Visually, the content of the dispiayed content looks as if it is
shifted to the le#t. Similarly, when the content of the display
start address register is decremented, the displayed con-
tent looks as if it is shifted to the right. When the display

Table 5. Change of display start address

Display Start Addrass
Before inc/dec Alter inc After dec
(00)1e {01y {9F he
{9F ) (00) 6 (9E)s

An example of the case of 2-line of LCD (for 160 words ot DD RAM and 96 words of CG RAM]) ; Fig. 5.

RAM = I L E
Address _% L 2 _‘-,-L,' 2 E
{ N g N ¥ ¥
! ®
|
RAM DD RAM | 00 RAM GG RAM
— (80 words tor 1st line) : {80 words for 2nd tine) (96 words for 3rd line)
|

Fig.5 DD/CG RAM

When the content of the display start address register is
{17),6 the LCD is given by Fig. 6.

Digit of LGD —= 1st digit ~ 2nd digit — — —. . 56thdigit  57th digit ~ 58th digit  5%th digh — — — — 74th digit  80th digit
1st line RU17):s R{18):6 R{4E) e R{4F)sq R{00) s R(01},¢ Al15) R{16he
2nd line R{B7}.s R(68),q R{9E) e R{%F),s R(50),4 R{51), R(65)6 R(66) s
Fig.6 Example of display address
When the content of the display start address register is in- .
cremented, the result becomes (18}, and the LCD be-
comes as shown in Fig. 7
Digit of LCD 1stdigit  2nd digit — — - — 55th digit S56th digit  57th digit  58th digit — — — — 78th digit  80th digit
1st ling R{18}¢ R{19),¢ R{4E)}¢ R{4F ) R{00 )5 R{D1},g R{16}15 R(%7)s
2nd line R(68) s R{69)s R{9E) R{9F) 5 R(50) ¢ R(51) R{B6) s R(67).6
Fig.7 Example of display address
8 MITSUBISHI
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The displayed contents of the first and the second lines
look visually as if they are simultaneously shifted to the left.
Similarly, if the content of the display start address register
is decremented, the displayed contents of the first and the
second lines look as if they are shifted simultaneously to

Table 8. Change of display start address

the right. When the display start address is siluated on the
boundary of the display data region of the first line of the
RAM, by incrementing or decrementing the display start
address the result becomes as shown in table. 6.

Display Start Address -
Before inc/dec After inc Alter dec
(00} (01)4 {(4F)
{4F )15 {0015 (4E )¢

Case of 4-line LCD (for 160 words of DD RAM and 96 words of CG RAM) ; Fig. 8.

RAM —» & E— 5 T 5 § = T 3 n
Address = =z =z e 2 =2 <
N\ ¥ W ¥ N ¥ N ¥ {
| | T
~ ( i {
DD RAM | 0D RAM i DO RAM i DD RAM
RAM | | { CG RAM (96 words)
(40wordstor | (sgwordstor | (40 wordstor | (40 words tor
15t line) 'L 2nd line) : 3stiine) | 4nd line)
Fig.8 DD/CG RAM
When the content of the display address register is {17) s,
LCD wiil be as Fig. 9:
Digit of LCD — 1stdigit  2nd digit —————-— 16th digit  17th digit  18th digit  19th digit — — — — — 39th digit  40th digit
15t line R(17).6 R(18),g ( R(26) .6 R{27}e | R{0O) R(01),¢ R(15)6 R(16).4
2st line R{3F) g R{40) s )) R{4E) g R{4F )¢ R(28) s R(29),c R{3D),s R(3E}g
’ 3st line A(67) g RIEB) ¢ \\ R(76),6 R(77)e R(50},6 R(51) 6 R(B5) 4 R{66)+¢
4th tine R(8F) ¢ R{90),s ( R{SE},s R{9F),¢ R{78)¢ R(79),¢ R(8D) s R(BE)s
Fig.9 Example of display address
MITSUBISHI 9
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When the content of the display start address register is in-
cremented, the result is (18), and the LCD will be given

by Fig. 10
Digit of LCD —» 1stdigit  2nd digil —=— — = 16th digit  16th digit  17th digil  TBth digit = —== === — 30th digit  40th digit
1st ling R{18) s A{19}. R{26).q R(27 )6 R{0G) e R{01 ) g R(16),¢ R{17)s
2st line R(40},e R{41),s R{4E),q R{4F)q R{28) s R(29),6 R(3E}g R{3F} g
3st line R{BB),s R(69}6 R{76)¢ R{77)s R(50) ¢ R(51)¢ R{66}:s R(67}6
4th line R(90),4 R{91).g RI9E )6 R(9F )5 R{78).4 R(79) e A(BE)s R(BF)4g

Fig.10 Example of display address

The displayed content of the first, second, third and fourth
lines look visually as if they are shifted sumultaneously to
the left. Similarly, if the content of the display start address
register is decremented, the displayed contents of the first,
second, third and fourth lines look as if they are shifted
simultaneously to the right. When the display start address
is situated on the boundary of the display data region of the
first line of the RAM, if the display start address is in-
cremenied or decremented, the result will be given by
table 7

Table 7. Change of display start address

Display Start Address
Before inc.fdez; ! Alter inc L After deé -
{00). e | (27|
(27} 10016 j (26)1

7 DISPLAY ADDRESS REGISTER

Thig is the register for designating the address of a dis-
played data of the RAM to be displayed by the liquid
crystal.

To read alt of the displayed data of the BAM during the
times for the respective common signals, convert them to a
character pattrern, and transfer them to the column driver;
the content of the display address register is continuously
and successively changed from the display start address,
and the RAM address is scanned and designated.

8 ADDRESS DATA CONTROL

This is to execute display processig, instruction processing,
and more for the address and data of the RAM and the
ROM by controlling the cursor address register, display
start address register, disptay address register, and so
forth.

9 DISPLAY DATA/CHARACTER
GENERATOR RAM (BD/CG RAM)

This is the RAM for storing the data and the character {onts
for the character generator to be displayed by the liquid
crystai.There are altogether 256 words, each word consist-
ing of 9 bits. The 256 word RAM can be divided into a re-
gion to be used for display data {DD RAM) and a region to
be used by the character generator (CG RAM). The divi-
sion of the RAM into the DD RAM and the CG RAM is car-
ried out by the instruction SF. and there are 4 kinds of divi-
sions {table 8):

Table B. Instruction SF and RAM word number

Instruction SF RAM Word Number!Sbits Jor a word)

RAM i

——--—-7----——  DDRAM | CGRAM
RA, | RAg :

1] : o 2568 words Owords

0 \ 1 224 words . 32 words

1 _[ o] 192 words L 64 words

TR DD
! | 1 . 160 words 96 words

9-1 Display Data RAM (DD RAM)
When 9 bits of a word in the RAM are used as a display
data, 8 bits are used for display character code and the re-
maining 1 bit is used for underline display.

Dg D, De D, o Dy 0, [*H [o)%
l 1 ] 1 | | 1

K(.‘,haracter code (display data)
for designating one font out of
256 kinds.
RAM data.

L Data tor designating whether
there should be an underling,
with one character as a unit.

Fig.11

10 MITSUBISHI
ELECTRIC



DOT MATRIX LIQUID CRYSTAL DISPLAY CONTROLLER-DRIVER

190 4 FUDEDINE L DS

M50530-XXXFP

The DD RAM is given the composition of table 9 by the

Table 9. Instruction SF and RAM composition

duty whtch designates one of 1-line display, 2-line display, "1 tine Display 2-line Display a-line Display
and 4-line display, and the font setting instruction SF. I T
Next, the addresses for each display line of the DD RAM Instru- EF""'l ! L Duty 1/8 Duty 1118 Duty 1132
and the addresses of the CG RAM will be shown in the dia- ction | mg T ’ ; T
. T3] 0!  Dulyl1/12 Duty 172 Duty 1/48
gram {9-1-1~9-1-4) for each of these 4 kinds of RAM s L____Jm_ ] oty U d
composition. Lo, i o R :
1
O i
R\ Ry . 0 1 0
77707‘ i o i IlneXg.‘_J_B_!ruds 2IineX128w£{ds 4 line X HWO@L
0 __l_ 1 line X 224 words 2 ling X112 words 4lineX 56 words
1 0 ! lineXI1R2words | 2lneX %words | 4lineX 48 words
1 1 ‘ Viine X160 words | 2lineX 80 words | 4lineX 40 words
9-1-1 Case of 256 words for DD RAM and 0
(. word for CG RAM
o o e
RAM _, = Py
Address § é
¥
1-line
. DD RAM
Display .
RAM (256 words for 1 line portion)
RAM = £z =
Address § :u:, § o
N X ¥
T
‘ |
2-line 1
Display DD RAM ) DD RAM
RAM {128 words for 1st hne) ! (128 words for 2nd 2ine)
i
i
— RAM z 5 = R P 2
Address 8 = E lrt 2 Iﬁ 8 &
¥ h4 N K N ¥ M
1 T T
_ i : !
Sa:g:y B0 RAM : DD RAM i 0D RAM : DD RAM
RAM (84 words for 1st ling) t (B4 words for 2nd line} ] (64 words for 3rd line) ) (64 words for 4th line)
| ! !
) 1 ]
MITSUBISHI n
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9-1-2 Case of 224 words for DD RAM and
32 words for CG RAM

. e e e
RAM oy —~ = —~
—
Address § é g E
¥ N ¥ v
1-tine
Display DD RAM CG RAM
AAM (224 words for 1 fine portion} (32 words)
o @ w - = w
RAM = &3 =~ = =
Address § 8~ & T Y
¥ N K £ v
T
. l ¢
2-line |
Display DG RAM I DO RAM CG RAM
RAM (112 words for ¥st line} | {112 words for 2dn line) {32 words)
S !
t
RAM I B 22 22 2o 2
Address & 5 3 s £ < 2 & 3 i
¥ LY N ¥ N Y N4 ¥
1
l i
4-)i | | |
-line 1
Display DO RAM i DD RAM | DO RAM i DD RAM CG RAM
RAM (56 words for 1st line} i (56 words for 2ndt line) | {56 words for 3rd line) { (56 words for 4th fine) (32 words)
| | |
| 1 |
9-1-3 Case of 192 words for DD RAM and
64 words for CG RAM
RAM = S 2 £
Address ™ 2 o Q et
N ¥ { ‘
. 14ine
Display DD RAM CG RAM
BAM (192 words for 1 line portion) (64 words)
RAM =z 2 % g ® £
- PR T =
Address 2 PR w o w
—~ 2 % e 2 b
\1/ N ¥ ¥
1
2-line |
Display DD RAM ) | DD RAM CG RAM
RAM (98 words for 1st line) | (96 words for 2nd line) {64 words)
|
I
12 MITSUBISH!
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RAM e e @ e @ 2 e e e ®
= — = — e — =~ — —
Address _8__ 5 E g)’ § gué § & 8 &
N K N K N ¥ Y i
T T
! I |
4dine i I i
Display DD RAM DD RAM DD RAM DD RAM CG RAM
RAM (48 words for st line) | (48 words for 2nd ling) | (48 words for 37d line) | (48 words for 4th line} (64 words)
} I !
I | 1
9-1-4 Case of 160 words for DD RAM and
96 words for CG RAM
RAM - .5 22 K
Address § > I E
1 L4 §
1-line DD RAM
Display CG AAM
{1680 words for 1 line portion) (96 words)
2 2 e = 2 2
RAM . & T 3 L o I
Address = I = 2 = n
N £ N4 {
T
I
) i
[gr-hr;e DD RAM | DO RAM CG AAM
::hfy (80 words for 1st fine) 1 {80 words for 2nd line) (96 words)
|
]
RAM —== ¢ 2 e S 22 . 2
Address 8 ) "',E e = E é =1 w
) W Y NS N/ i
T
{ ! !
) ! [
a-line DD RAM | 0D RAM ! oo Rram i DD RAM cGR
Display {40 words for (40 words for i (40 words for I (40 words tor AM
RAM Tst line) l' nd ling} : 3rd line) I athline) {96 words}
|
l | |
MITSUBISHI 13
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9-2 Character Generator RAM (CG RAM)

In the CG RAM the user can write an arbitrary font of 5X7
dots or 5X 11 dots. A maximum of 12 character fonts in the
case of 5X7 dots, and a maximum of 6 fonts in the case of

5X 11 dots, can be written in the CG RAM.

The address of the CG RAM which is written a character
font and the character code of the character font are made
to correspond in a 1 to 1 fashion as shown in the diagram
(9-2-1~9-2-4}

CG RAM
9-2-1 CG RAM capacity of 32 words p e
RAM . % 2 2 2 2 2 22 2 @
Address 2 ud' ATV R o e
{ NFE NK NFE N ¥
RAM in the © = 2 o
case of DD RAM S = E =
5X7 dots o & = =
RAM @ £ e e = H
Address § ‘5 ] b2 b
¥ N ¥ N S ¥
RAM in the @
case of Iﬁ 1]_:
5X11 dols Ao <
9-2-2 CG RAM capacity of 64 words
RAM s 2 e g 2 s 22 22 2 2 25 2 o»
Address 3 s 80868580 2L 8 Bk ¥ ot
¥ 2 ¥ WK WK NK N NN NE Y
RAM in the © @ @ " © o © )
case of ~ -~ -~ — — ey ~ P
5X T dots g g E E _("_e, ?, E ;
AAM 2 2 =2 2z L 2 2
address g 5 8 % 3B t 8 L 7 n
t N K N ¥ N F N4 §
RAM in the -
case of 8‘ = £ I
5X 11 dots o Ty e e
9-2-3 CG RAM capacity of 96 words
AAM 2 g e 2 £ ¢ g e 2 oz 2 E 2TET e T o rP P 2 % f
Asdress 3 $ 2% 2235 3% 306 86 8580 286 83 @ o
WA N K NF NK NF N NE NFE NE N N NF Y
RAM in the - - “, - ° - @ o © w w o
case of = = = = z 3 — = — iy = =
5X7 dots < 2 - i R 2 | g o s
RAM 2 e ¢ £ 2 e = e € e @ L £
= = = ~ = 2z LI Iz < LT =
Address § é 2 E:L/ @ luLJ 8 t‘} 8 B ; E g i
P N ¥ N ¥ N ¥ % ¥ Wi N\ ¥ 4
RAM in the - - ° ° °
case of = T = s = 2
5X11 dots b o o g o Y
14 MITSUBISHI
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Next, an example of constructing a character font from an code will be described.
address and a data of the CG RAM for each character

CHARACTER FONT OF 5X7 DOTS

CG RAM Address CG RAM Data
Ar As As Ay Az Az Ay Ay D7 Dg Dy D, Dy Dp Dy Do
0o a0 o0 VA
Exampie for character
Example for 0 0 1 patterm "A"
character code{FE) g o 1 0
o 1 1
1 1 1 1 o] *
1 o o
1 Qo 1
1 1 0
CG RAM upper 1 1 1
addresses determined —_— i e |
0 by character code ¢ 00
0 o Example for character
1 apqn
pattern “B
— 0o 1 0
o 1 1
1 1 1 1 1 *
t 0 0
Example for 1t 0 1
character code(FF),e 11 0
1 1 1
The portion of the CG RAM marked with an " * ", namely,
data D; Dg Ds and data D;~Dg in which the address for A;
Ay Agis (111),, will not be used as a pattern for a character
font. However, it can be used for general dala RAM.
MITSUBISHI 15
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CHARACTER FONT OF 5X11 DOTS

CG RAM Address | = CG RAM Data
Az As As AL Ay Ay A Ag D; De Dy D4 Dy D, D. Dy
o o0 o o
‘o o0 o 1
o 0o 1 0
{0 0 1 1
Example for character ! c 1 0 0
code(FE} e i LI UN
;01 10
1 1 1 0 ’ oo
i1 0 0 0
it 0 0 1
i1 0 1t o
P10 1T
i1 1 0 0
T1 1 0 1 *
1 10
GG RAM upper Cr o114
addresses determined [— 1 .- -
by character code .00 0 0O
-0 0 0
00 1 0 4
' Y
i ¢ 0 1 Y ”70 //0,__ 0 ¥ Aexample 1or character
0 1 0 0 07 A4 0 g dpatem g
‘o001 o0 o 8,0 % 5’
001 1
11T 1 l oo
1 0 0 0
Exampie for character . T a0
code{FF)g P10 oo
10 1 1
‘11 0 o
11 01 *
11 1 o
111
The portion marked with an “* ", namely data D; Dg D5 and
data D; ~ Dy in which the address A; A, A, Ag is in the
range from (1011), to {1111),, will not be used as a pat-
tern for character font. However, it can be used for general
data RAM.
MITSUBISHI
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To write and read character pattern data for character font
from the CG RAM, the address is set in the cursor address
register with the instruction WC, analogous to the case of
writing and reading a data from the DD RAM. Writing and
reading are executed with the instructions WD and RD us-
ing 8 bits per word. Of the 8 bits in a word 5 bits are made
to correspond to 5 dots in a line as character pattern data
for the character font. The bits of the CG RAM data, (1},
corresponds to the disptay selection by the LCO dots while
(0); corresponds to the nondisplay selection. In the case of
a character font of 5X7 dots, the bit is written 7 words for 7
line portions, and in the case of a character font of 52X 11
dots, it is necessary to write the bit for 11 words for 11 line
portions.

Table 10. Display font number

10 CHARACTER GENERATOR ROM

(CG ROM)
This is the ROM for generating a fixed character font from
the character codes with display data 8 bits. The content of
CG ROM (character fonts) is programable by mask ROM.
256 kinds of character fonts of 5X7 dots or 5X 11 dots as
dot-matrix characters can be stored.
These 256 kinds of font represent the sum of the number of
the character fonts generated in the CG RAM and the num-
ber of the character fonts generated in the CG ROM.
Accordingly, the number of fonts that can be generated in
the CG RAM and the CG ROM varies depending upon the
division ratio of the DD RAM and the CG RAM regions and
also upon whether using 5X 7 dots or 5X 11 dots. Those
combinations are shown in table 10.
The relationship between the range of the character codes
corresponding o the CG RAM and the range of the charac-
ter codes corresponding to the CG ROM will now be
shown.
Ot the character codes, the space code is a special code
which is used for the clear display. All of the dot bits in the
character font 5X 11 dots for the CG ROM content that cor-
réspond to the space code are {0),, indicating nondisplay.
And the space code must be set up between from charac-
ter code (00}, ta (F3),e.
When the DD RAM content is cleared by the autoclear or
the instruction CH, all of the dispiay data go to the space
code.

Dol Matrix Vivﬁmlnst.ru(.:_lipr_\_SF e CE Rihj ) CG ﬁOM
| Composivon |Font8/12] A, | Raq | Memoy Capsciylwords) | Font Number(kinds) | Fomt Number(kinds)
PR LA S N B
X7 : 0 1 ' K74
I S — RS
dols Pl ] LB R
S S S DN R B S N
LCR DN NN S B
5)(" 0 __0— _l_ l, 7,,,,3,2,,7 4
dots ; l_...: - ? i ,: -k :
‘ ! |

MITSUBISHI .
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CASE OF CHARACTER FONT OF

5X7 DOTS
== e » 2 2 2 ¢ 2 & 2 T e 2 £ o
Crarscloreade = gRomoo-oo— oo o S5 iPPLEEEBOBE L
RAM
RA, RA,
g 0 a ’ 256 kinds
0 1 / 252 kinds ‘ d\kinds
248 kinds 8 kinds
1 0 —— / \
244 kinds 12 xinds .

1 1 |
/

Character code range corresponding to CG ROM

Character code range cofresponding to CG RAM

CASE OF CHARACTER FONT OF

5X11 DOTS
z e = £ 2 2 T 2 2 @
Character code — 85___.._.__._____________EggEEEE E
RAM
RA, RAg
0 0 7 256 kinds
- i 2 kinds
0 1 254 kinds
4 X
252 kinds 4 kinds
1 [ ( ~
e 250 kinds 6 kinds
1 1 - - .
4 N
Character code range corresponding to CG RAM

Characler code range corresponding to CG ROM

MITSUBISHI
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11 SERIES/PARALLEL CONVERSION
CIRCUIT

This is the circuit for sending a paraliel font pattern data
from the CG ROM or the CG RAM to the column driver by

converting it to a serial data.

12 DISPLAY, CURSOR, AND BLINK

CONTROLS
They control the ON/OFF of the LCD, cursor display, blink-

ing display, and so forth. Various display modes given be-
low can be set using the instruction SD.

5X8 dots

5X7 dot font 4

Cursor position —-

* ON/OFF of the entire display

° ON/OFF of the cursor

» ON/OFF of the underline display

@ Blinking of the cursor display

e Blinking of a character at the cursor position

By the use of the instruction SB, 1 biinking frequency can
be selected out of the following 4 kinds.

0.5Hz 1Hz 2Hz 4Hz

{for an oscillation frequency of about 2.5MHz)

The cursor will be displayed on the lowest line of the font
matrix as indicated befow.

5X12 dois

5%11 dotfont <

Cursor position —=

Fig.12. Position of character font and cursor,

MITSUBISHI 19
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The cursor display and the blinking display will be display-
ed at the digit position of the RAM display data which is
designated by the cursor address register.

When the content of the cursor register is (69),5 and the
content of the display start register is (17) 4, the display
positions of the cursor and the blinking are as shown below.

* 1 line of LCD (for 160 words of DD RAM and 96 words of CG RAM)
Cursor position

Digitof LCD  Tstdigit  2nd digit Bistdigit  82nd digit \asm digit 84th digit 59th digit  160th digit
1-line LCD | R{17)y; R{18)¢ R(67),6 R{68),s R(69) g R{6A) ¢ R(15)¢ R{16),¢

* 2 lines of LCD {same conditions as abave)
Cursor position

Gigit of LCD 1st digit 2 digi\ Ird digit 4th digit 5th digit 77th digit 78th 79th digit 80th digit
LCOD/
Istline | R{17}s R(18},¢ R(19),¢ R{1A) R{1B),, R{13) s R{14} ¢ R(15),4 R{16)g
2nd line R(B7 )4 R(68) s R{69),¢ R(6A) 4 R(6B).¢ A(63}e R(64},¢ R(65}6 R(66).5
[zrriarsi]

* 4 lines of LCD {same conditions as above)

Cursor position .

Digitof LCD  tst dtigit 2nd digi& 3rd digit  dih digit 5th digit 37th digit  3Bth digit  39th dligt  40th digit
LCD/
1st line R(17) e R(18},¢ R(19) | RO1A), REEB) . R{13),g R{14},g R{15):5 R{16} s

2nd line R(3F}e R{40),¢ R41) R{42),¢ R{43)

\

3rd line R{67)14 R(BB}g R{63),4 R(BA),¢ R{6B)}s

R(3B),¢ R{3C},s R(3D}.s R(3E},s

R{63}s R(64)5 R(65) s R{66),¢

an line R{8F) ¢ Ru90) 6 R{91) s R(92}, R(93),6 R(8B) e R(BC) g R(8D}¢ R{8E),s

20 MITSUBISHI
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13 COMMON SIGNAL OUTPUT CIRCUIT The number of displayed digils can be expanded by trans-

There are 32 lines of common signal drive output which ferring the character fon! pattern data to an external column
directly drive the common side of the LCD. driver (M50521FP or M50524FP) from the column data out-
Therelore, it is possible to directly drive the common sig- put signat CLD . Depending upon the number of bits of the
nals with the display duties ranging from 1/8 to 1/32. Furth- colurn driver {which is connected externally) it is possible
er, by connecting a common driver for expansion, to expand the character display from an arbitrary digit num-
M50521FP or M50524FP in the outside, it becomes possi- ter to a maximum digit number.

ble to drive common signals up to a duty of 1/48, The out-

put signal CMD is the common signal to be sent to the ex- 15 TIMING SIGNAL GENERATING

ternal commeon driver. CIRCUIT
The unused common drive outputs become nondisplay The ocsillatton circuit generates various kinds of internal
selection signals. For example, when duty is 1/16, the com- timing signals to be used for display processing, instruction
mon outputs COM1~COM16 output common scanning sig- processing, and so forth,
nals, but COM17~COMa32 always output nondisplay selec- In addition, the circuit generates timing signals for controli-
tion signals. ing the external LCD driver in order to expand the digit
The instruction SF can set the character font and the duty, number of the LCD.
and the number of display lines and the eflective common The processig of an instruction is executed totally indepen-
signal are given as shown in the Table. 11. dently of the LCD processing so that there will be no
change in the processing time of LCD which is determined
14 COLUMN SIGNAL OUTPUT CIRCUIT by the duty employed.
The display data which is converied to a character font pat- Further, the period for liquid crystal to disptay all of the dis-
tern is sent to a 40-bit shift register as seriai pattern data, play patterns once, (the period of the common signal) de-
and is then latched. pends only on the osciltation frequency. The period of the
The latched output controls the driver to output 40 lines of cursor/character display blinking, also depends only on the
column signals that directly drive the fiquid crystal display. oscillation frequency.
With the 40 tines of column signals it is possible to direcrly
drive an 8 digit portion LCD for either a 1-line, 2-line, or 4-
line dispiay.
Table 11. Effective common signal output
‘ Instruction SF : i Number of Effective Common
Character Font FOE‘E_DT I’[;T - Duty oicotan L -
e PR BR L oeeriees ) Saraloupn |
J 1 0 0 \ 148 1 ] COM1~COMS
5X 6 dots | 1 Loy T 116 2 COMI~-COM1B
- e T e
\. 0 [' 112 1 I COM1~COM12
H DR B S S S
5 X12 dats | 0 1 ‘ 1724 l 2 GCOM1~COM24
; I o0 ‘ 1/48 i 4 i *COM1~COMa2
|

# By the use of an external common driver for expansion COM33~COM48B can be generated.

MITSUBISHI 2
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16 OSCILLATOR

To generate an internal clock, it is possible to let the built-
in oscillator induce self-oscillation by connecting a simple
external part. it is also possible to input a clock to the oscil-
lator from the outside,

16-1 Using an external clock

Input the external clock to the oscillator input terminal
0OSC1, and teave the oscillator output terminal OQSC2 dis-
connected.

16-2 Using built-in oscillator

{16-2-1) The built-in cscillator can be set to oscillate by

connecting an external resistor for oscillation be-
tween the terminals O3C1 and OSC2.
Try to minimize the wire length for connecting the
resistor in order to reduce the external capaci-
tance to be connected to the terminals OSC1 ang
0sC2.

{16-2-2) It is possible to set the built-in oscillator into
oscillation by connecting a ceramic vibrator be-
tween the terminals OSC1 and OSC2 as in the
figure.

Next, the oscillation frequency of the osciltator and the

period of the commaon signal are related by the following

equatloré%

TC.;,M=--f == Here, Tgom - Period of common signal (s}
( ose foom | inverse of Teom (Hz)
fcom="36864 tasc ¢ Osciilation frequency {Hz)

For example, to obtain 70Hz for icom. fose must be about
2.58MHz.

05C1 0sc2

Open circuit

External clock

0. 7X Voo
Tw T

0. 3XV°_DJ»

Input clock wavetorm T =Ty

Tu+ T =330~500ns

Q5Ch 05C2

| when the oscillation frequency
L is about 2.5 MHz,
) A1 = 39KN 2%
Rt

(Reference value)

Ret
osC1 0562 efrence viave

R (flose = 2.5MHz)
,VJ,\, . Ry =M E 0%
| ———— Ceramic . _ . 220pF

& i
_._|D vibrator
| Cp = 100 ~ 220pF

— C, C, .
Ceramic vibrator: CSA
2.500MK

{Made by Murata Coep.)
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17 AUTOCLEAR ized as Fig. 13

Alter closing the power supply. a built-in autoclear circuit is ~ 1© OPerate the autoclear circuit withoul failure -p.iease? b.e
actuated to linitialize RAM and various kinds of mode flags. sure fo let .!he pawer supply Voo sa.tllsfy the COﬂdlth‘TS md'_'
While the autoclear is in operation, the busy ftag is set to caled in Fig. 14, When these conditions are not fultilled, it
(1), is necessary to meet the conditions by the execution of in-
° All of the Bbit disptay data of the RAM display data re- structions.

gion are set to the space code, and all of the underline
bits are set to {0),(nondisplaying)

= The display start address and the cursor address are set
fo (00)15.

° The mode flags to be used for the instruclions are initial-

Function mode 170G | FONT puTY RAM
{tnsteuction SF) 8/4 | 812 | DT, | DYy | RA, | RAp
. 1 ¢ 0 0 0 0
Entry mode CSR |CSRCONDITION| DSP |DSP CONDITION
(tnstruction SE) /1 w R O/t w R
~—
0 ] 0 0 li] 4]
Display mode DSP | CSR [ UND | CSR | CHR
(Instruction SD) [oN/OFF{ON/OFF| ONFOFF| BLINK | BLINK|
0 0 0 1 !
Underline mode USA | UND
(Instruction SU) oniore| s/R
¢ 1
Blinking mode BLINK FREQ
{Instruction SB) T.{ B |
¢ 1
Fig.13 Mode of initialization
' Waveform of Vg +5V--~
—

L

Maximum 10ms Minimum 10ms

Fig.14 Vg waveform

MITSUBISHI 23
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An example of a software initialization method is shown below.

Power supply ON

Example of Set Data{for 8-bit mode)
7O 70 Contirm Vpp = 5V
R/wW|D8; 08 DBy DE, DE; DB, DB, DBy
C1 c2
0 o0 1 Flag check Busy flag check {RB)
Mode discrimination
¢ 0 0j0 ¢ t 0 0 0 1 7 Set display mode (SD)
0 0 o1 1t 1T 0 0 0O 0 O Set tunction mode (SE)
0O 0 0j0 1+ D O O O 0O O Set entry mode (SE}
0 0 0j0 0 0 0 1 1 0 1 Set underline mode (SU)
0 0 0j]0o 0 0 0 0 1 0 1 Set blinking frequency {SB)
DD AAM display
Data clear
Cursor home
00 0|0 0 0 0 0 0O 9 1 Display start
address home
LCH)

Setting complated

Hereafter, carry ot busy Hag check whenever
an instruction is to be executed. if a check is
not given, it is necessary to wail until

the execution of the preceding instruction is
compleled.

Refer 1o the mode discrimination method at the time
of turning on the power supply described in “Read
instrucions for busy flag and function flags (RB)™

Dispiay OFF, cursor and character btinking ON

Length of the interface data is 8 bits, 256
characters 5 X 12 dot font are displayed in 1 tine.

No change in the cursor address as well as
in the display start address at the time of access
ta the RAM.

No change in undedine bit

Blinking frequency
_.. fosc(Oscillation frequency)
B = 4716582 x2

RAM data clear
Cursor home
Display start address home

Note - Letters within () are abbreviation
symbols for an instruction.

24
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INSTRUCTION CODE

dON srpg uatiesedo oy wduy
BWOY ssaippe LRis Aeids)p pug
HO SWEZ'§ ndul I
‘Bwoy 8iep Ae(dsd WyH (1Q |0 J0SiND JeaD
- -
HIN $702 WOy F53.0P0 bAls Aedsip pur swoy K8IRY indu) i 1 4]
s inoe Aaugnbay) Bupuyg 19g induj 8 . I b .w
M —
O34 MNITE
T 1 ,
nm §1107 i suIIBPUN WYY BiLIAA ndu | 0 !
HSD aNn . o !
H/S  [440/N0 ,
ng sz FPOW BUIBPUN 8T indy( L : ¢
QNN HSN
" a [Is] ,
viN s702 $52.ppe LeIs-Ae|dsIp/08IND Wy nduy dsQ us2 b 0
dSa HSD ;
XNIIE | WNITE [440/N0 [490/NO1340/NG ] W
Qs $70g epow Aedsip jag wnduj | : !
HSHO | HSO anNn Hs3 dsd ”
T ;
3% srpz apow Anue 18 wnduj 8 [ M va kil M| !
NOILIQNOD dSQ dsd NOILIONOD HSD | uSD
%y | wy | g wa [ oawe | e
48 spg BPOW LOHZUN 185 indut —. H ! - b | 1
Wvy Alng 1NOJ o7 i
Piowy ] wy zi8 v/8
ay a sbey Joyio pue Gey Asng proy nding — t———— 27 | ASNY iy ASNG L
WYY ’ INOA [oF]]
am sz RIED WYl Ol Induy) %a ‘a ‘G fa Q s ‘o ‘a 0 ;
S Lo
ay 8702 Ep Wyy pesy nding °Q 'a w | < ] g g ‘a }
SAA €702 §$0UppR RIS AB1USIP BIAA induy Qv ‘av tay fav *av gy av ‘av i 0
F— 0
Sy $70Z §$8JPPE Vels AR(dsip peoy nding “av ‘ay aw tay ray Qv Qv av |
-t —— e ] —
o1 srpz WiVH |0 S53:pPPE 1081N3 SjUpA indu| Qv gy gy Qv fay Sav Qv ‘av [}
——t —_— —_— t
o sr0z WYY 10 S83I50E 10500 pray nding gy ‘ay av ‘ay 'ay Sav av Qav | 1
USHINRSY] | ZHNGS 2 =50) 151 woyy Inding O 7o 4 £ 14 S 9 L 4 L
- —L- MY
0] J0) awit) UGIIUN 4 LORDARSY| 153 01 indy) ] a 4, 2041 2011
uonelAIggY uonnasxy g q ) apon uonINLsy]
8P0D UoIoMSU|
® )
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DESCRIPTION OF INSTRUCTIONS
1 THE READ CURSOR ADDRESS

instruction code

INSTRUCTION (RC) voc [voe

READ DD/CG RAM CURSOR ADDRESS 1 | g | W DB DB | DB | DB DBy | DB, | DB, | O
This instruction reads the cursor address which designates 1 1 1 | ab, { AD | ADs | AD. | ADy | AD: | AD, | AD,
the RAM address. It reads the B-bit (AD; ~ ADg) cursor y
address register to the data bus (DB;~DBy). Input to the LSI Output from the LS!
The most significant bit (MSB) of the address data is AD;
and the least significant bit (LSB) is AD,.
The cursor address can be used for address designation of
writing and reading for both DD RAM and CG RAM.
This instruction enable the value of the current cursor
address to be determined.
2 THE WRITE CURSOR ADDRESS instruction code

INSTRUCTION {(WC) 7oC | 17oC

WRITE DD/CG RAM CURSOR ADDRESS i | p |PW|DBr| DB DBs | DB | OBy | DB, | DB | DB
This instruction writes a cursor address which designales 1 1 o | AD, | As | ADs | AD. | ADs | AD; | ADy | AD
the RAM address. It writes the 8-bit data (AD;~ ADg) on ]
the data bus {DB,~DB,)} to the cursor address register. Input to the LS1
The most significant bit (MSB) of the address data is AD;
and the least signiticant bit (LSB) is AD,.
The cursor address can be used in address designation for
writing and reading of both DD RAM and CG RAM.
3 THE READ DISPLAY START ADDRESS Instruction code

INSTRUCTION (RS) 170G | ¥OC

READ DISPLAY START ADDRESS | g |PW| DB | 0B | DB DB | OB | DB DB | DB
This instruction reads the display start addres. 1 0 ! 1 | AD; | ADg | ADg | AD4 | ADs | AD; | AD, | ADa
It reads the 8-bit {AD;~ADy)} display start address register  § ‘ i
to the data bus (DB;~DBg). Input to the LSt Cutput from the LSL
The most significant bit (MSB) of the address data is AD;
and the least significant bit (LSB) is ADq.
The display start address conforms to the RAM address
that corresponds to the leftmost digit of the LCD.
This instruction enable the current value of the display start
address to be determined.
4 THE WRITE DISPLAY START Instruction code

e tropAY SeART AGDRESS ) e o e e R R T K K
This instruction writes the display start address. 1 0 0 | AD; { ADg | ADs | AD. | AD; | AD: | ADy | ADg
1t writes the 8-bit data {AD;~ADg) on the data bus (DB;~ :
DB,} to the display start address register. Input 10 the LS|
The most significant bit {MSB) of the address data is AD;
and the least signiticant bit (LSB) is AD,.
The display start address corresponds to the RAM address
that corresponds to the leftmost digit of the LCD. in the 2-
line and 4-line dispiay, the display start address agrees
with the RAM address that corresponds to the leftmost digit
fo the first line.
The region of the display start address for various DD RAM
regions and numbers of display lines are shown Table.12.
Choose the display start address within the range indi-
cated.

MITSUBISHI
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Table 12. Range of display start address

Instruction S§F t-line Izisplay mg-!ine Display 4-line Displiy__
bT, ) 0 1
o,
AA, RAo ¢ 1 1]
0 o | o-ms 0~127 0~63
0 1 0~223 0~111 0~55
B 0 0~191 0~ 95 047
1 0~159 0~ 79 0~39
5 THE READ RAM DATA INSTRUCTION Instruction code
READ DD/CG RAM DATA rocToc T -
This instruction reads RAM data. 1 » | F/w DB | DB | OB, I DB. | DB, | DB, | DBy | DBy
It reads the 8-bit data {D;~D,) of the DD RAM or CG RAM 0 . . 0 | 0 | 0| D0 | 0 0; | D | D
designated by the cursor address to the data bus (DB, ~

DBy).

The most significant bit {MSB) of the data is D; and the
least significant bit (LSB) is Dy.

After the RAM data is read, the cursor address or the dis-
play start address is incremented (- 1) or decremented
{—1) according to the entry mode conditions.

{See the entry mode instruction SE.)

input fo the LSt Qutput from the LSI

Instruction code

6 THE WRITE RAM DATA INSTRUCTION
(WD)
WRITE DD/CG RAM DATA N
This instruction writes data to the RAM.
It writes the 8-bit data (D, ~ Dy} of the data bus (DB, ~
DBg) to the DD RAM address or the CG RAM address
which is designated by the cursor address.
The maost significant bit {MSB) of the data is D; and the
least significant bit (LSB) is Dy
When the system is set to USR=1, the instruction SU sets
the underline bit of the cursor address RAM data 1o {1),
when UND S/R=1, and resets to (0}, when UND S/R=0.
{See the underline mode set instruction StJ.)
After writing data to the RAM, the cursor adaress or the
display start address is incremented (+1) or decremented
(1) according 1o the entry mode conditions. {See the en-
try mode set instruction SE.)

T
DB, | DB,y

DS | Da Da D2 Da

1¥GC | I/0C ‘ : J I :
i , R/W | DBy | DBs | DB, :
P | i
o | ¢ [ 0 ‘ Dr | O |

D8;

tnput to the LSt

MITSUBISHI »
ELECTRIC



MS0530-XXXFP

DOT MATRIX LIQUID CRYSTAL DISPLAY CONTROLLER-DRIVER

7 THE READ BUSY FLAG AND
FUNCTION FLAGS INSTRUCTION (RB)

READ BUSY FLAG & FUNCTION FLAGS
instruction code

8 THE SET FUNCTION MODE
INSTRUCTION (SF)

SET FUNCTION MODE.
instruction code

/ voc | 1roc I
: ?C Uf:c R/W | DB; | DBg | DBy | DBy | DBy | DB, | DB, | DBg 1 2 R/wW  0B; | DBg | DBs | DB, | DBy I DB, | D&, DBg
o 0 y pusy| 4.2 1/0 |FONT pusy| au2 RAM o o o 1 1 170 |FONT DUTY RAM
4| a4 | Bnz “* [ra [ rag 8/4 |8/12| DT, [ DTo | RAL | RAG

L

Input to the LSI Gutpwt from the LSI

The busy flag and the 4 function mode tlags are read to the
data bus(DB;~DBy) by this instruction. In DB; and DB, the
status of the busy flags (which show whether an instruction
other than the instruction RB is in execution) is read.

It BUSY=1, the LSl is executing an instruction.

It BUSY==0, instruction execution is completed.
The busy tags are the flags which show whether the
MG50530-XXXFP can accept an externat instruction. There-
fore, when it is desired to issue an external instruction other
than the RB to M50530-XXXFP, be sure to read the busy
status using instruction RB. If BUSY =1, issue the instruc-
tion RB repeatedly until BUSY=0. Issue the nex! instruction
after confirmation that BUSY=0.
In DBs, DBy, DB,, and DBy, the flag status of the 4 function
modes that were set by the function mode set instruction
SF and read out.

1/0 8/4 Interface data length flag

FONT 8/12 Font flag

RA,, RAg RAM region flags
in DBg and DB, (4u2) the flag statuses indicating the cur-
rent instruction state of the M50530-XXXFP are output to
the interiaces with the 8-bit and 4-bit microcomputers,
When 85/uc is in the “L” state, the result of execution of
the instruction RB is as shown in Table. 13.
it is to be noted that when 85/uc is in “H” state, DB; and
DB, always go to “L” state.
Show in Fig. 15, an example of status discrimination by
means of the flags is presented.

Table 13. Result of excuted instruction RB.

Input to the LSI

This instruction sets up the interface width, font, duty, and

RAM region.

These prerequisites to the internal data processing are set

by the instruction code as follows.

The /O 8/4 determines the widih of the data to be trans-

ferred through the external interface.

°|/O 8/4=1 ! The 8 lines of the inputfoutput data bus
(DB;~DB,} are used for the transfer of 8-
bit data. Interfacing with an 8-bit uc is
possible.

° /0 8/4=0 . 8-hit data is transferred in 2 portions (the
upper 4 bits and the lower 4 bits), by using
the high nibtle (DB, ~DB,) of the 8 input/
output data bus (DB,~DB,).

Intertacing with a 4-bit uc is possible.

The FONT B/12 determines the dot matrix composition for

one character font.

° FONT 8/12=1 ! The font for 1 digit is composed of 5X8
dots. Of these, 5 X 7 dots are for the
character font, and the 5X 1 dots in the
bottom row are for the cursor.

e FONT 8/12=0 © The font for 1 digit is composed of § X
12 dots. Of these 5X 11 dots are for the
character tont, and the 5X 1 dots in the
bottom row for the cursor.

The DUTY (DT, and DT,) sets the duty and the line num-

ber of the display. The RAM (RA, and RA;) sets the DD re-

gion and the CG region.

This is shown in Table. 14.

L Data BUS
OBy OB, BBy DB, DB; ) 0B, DBg
BUSY 4ud Vo FONT BUSY Au2 RA R
it
B/4 8/12 “ ! Ao _/
. Result of execution in
B-2it mode BUSY L H 8/12 ausy “L" RA, RAgq
8-bit operation mode
. First BUSY . e 812 Result of execution in lirst
4-bit | half data 4-bit operation mode
mode | Second BUSY . aa, RAg e Result of execution in second
half data i 4-bit operation mode
MITSUBISHt
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RB instruction executed
using the second half of
the 4-bit xc mode

H

‘ POWER ON ’

Execution of
RB instruction

|

H

. —

L

Execution of the second
half of the RB instruction

Execution of
RB instruction

Execution of
SF instruction

!

To next instruction

.1, RB instruction execuled using

the first half of the 4-bit xc mode

RE instruction executed
with B-bit mode

Fig.15 Example of status discrimination

Mode discrimination method at the time of turning on the
power supply (when the power on clear is inoperative)

Table 14. Region of RAM

. Setting of 8-bit/4-bit mode

Instruction SF

RAM {9 bits for 1 Word)

DD RAM
1-line Dispiay 2-iing Display 4-jine Display CG RAM
h FONTl 1 Duty 1/8 Duty 1716 Duty 1732
CG character
18/12] @ Duty 1112 Duty 1/24 Cuty 1748
number
DT, 0 [+] 1 FONT 8/12
b DTo - _ S
RA, RAG 0 i Q 1 0
0_ | o lImeXESé words 2 line X 128 words. ’ -;;inex Hwoe;:r; Oword Eé}\aracler DJ:;acfer
0 1 1 line X 224 words 2line X 112 words 4lineX 56 words | 32words |dcharacler | 2character
1 [ 1 line X 192 words ZlineX % words 4lineX 48 words | G4wards [Bcharacier|dcharacter
1 1 1 line X 160 words. 2lineX Blwords ! 4lineX Dwords  : Bwords i 2characled beharacier

L

Please refer 1o item DD/CG RAM Regarding the RAM addresses.

MITSUBISHI
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9 THE SET DISPLAY MODE Instruction code
INSTRUCTION (SE)
SET ENTRY MODE

This instruction determines whether the cursor address or 0 0 0 [}

the display start address is incremented (4 1) or de- pr¥

cremented {—1) alter writing a data in the RAM with the

110C | ¥OC
! e

Rw | DB; | DBg | DBs § DB, | DB,

DB; | DB, | DB

A

A

CSR [CSR CONDITION
|CSR CONDITION

D/t W

DSP jDSP CONDITION
— e

R

input to the LSI

instruction WD, or after reading a data from the RAM with

the instruction RD.
The conditions for the cursor address and the display start
address can be set independently of each other. The set-
ting conditions are shown in Table 15, 16.

Table 15. Cursor Address setting Conditions

CSHR CSR CONDITION |

o/l W ] a Cursor Address
X ] No change in the cursor address occurs due 1-0 the instroction WD or RD.
1 0 1 The cursor address i:t;écremenled after reading the data wi?r; lhe nstruction RD. -
a o] 1 The cursor address is incremented aller readiﬁg \hg dala_;:th the instruction RO, |
1 1 - 0 : The cursor address is decrégr;;;1éc;.-;;1;r writing data using the insir-;:tion' WD,

- -0-.“ 1 1} i The cursor aaaféss is incremented after writing Eal—z: usm::.; {he instruction WO ]

1 i 1 ; 1 The cursor addrass is decwememea ;—t{e;“;;ét;l:l}ﬁn of the instruction WDioir RD. T
G P 717 o | 1 The cursor address is increménled after execution of the mslruc!ioniwa .or RD.

Table 16. Display Start Address setting Conditions

DSP DSP CONDITION

o --—--—\;\}- I b 7’__[ Display Start Address

ER 0 Mo change in the display start address occars due 1o the instruction WO or RD -
1 . ) . _] ’ __1__ J The displ-a‘;' ;Ear! address isia;;;'en%;ar\-led after reading lheda-lam with the instruction RD T
1) ] -l} : 1 ] ! The l-:lisolay start address is“u:c_r;memed alter :;;i;é;he dala with the insirrt-J:ti;\‘ RO. ]
1 ! 1 ! (; The displayﬁl:art address is dec:eménte; ;ﬂe_r-v;:'[:n;g dala with lht;_ i’l"]slfljl;li()n wbD. -

W,O, | 1 0 1_"’1e disple;;‘ slart address is |Vr7|7c7r;m;amed after wriling d_al;-;t;;;ﬁ;iinisiaéi;ii[;ﬂ ST

.1 T ‘_.... 1 The display start addreshs- l‘-s decremented aﬂ‘é‘r‘::e‘c’ullon of ihe i thm W__ re. |
0 1 1 ' The drsplay- ;fan address is rncreér;églf;d aller ex;;:ut;n Volnlh"e mslrucri“o_n-\;‘irb or ;lD R

30
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10 THE SET DISPLAY MODE 11 THE SHIFT CURSOR/DISPLAY-START
INSTRUCTION (SD) ADDRESS INSTRUCTION (MA)
SET DISPLAY MODE MOVE CURSOR/DISPLAY ADDRESS
Instruction code Instruction code
"?C "20 Rw | DB, ’ DBs | DBs ; DB, | DB, | DB, | DB, ’ [} ”?C ugc R/W | DBy | DB | DB, | DB, | DBy | 0B, | DB, | D8,
DSP | CSR | UND | CSR | GHR| | csl
g 0 0 0 0 U lowore ON/OFFJON/CFF| BLINK | BLINK g o 0 g ¢ 0 1| CsR D: ose [;F:T
7 Input to the LS| 7 - ;ﬁ)vutlolhe LSH ’

This instruction sets the display modes.

This instruction increments (+1) or decrements (—1) the
The following display modes can be set by this instruction

cursor address or the display start address.

code. The cursor address and the display start address can be
° D3P ON/QFF=1 : This turns on all displays. incremented or decremented independently of each other.
DSP ON/QFF=0 I This turns off all displays. : The results of the execution of the instruction code are as
. ° CSR ON/OFF=1 . This turns on the cursor display. shown Table 17, 18.
CSR ON/OFF=0 : This turns off the cursor display.
- > UND ON/OFF=1 : This turns on the underline display.
UND ON/OFF=0  This turns off the undertine display.
> CSR BLINK==1 [ This causes the cursor display 1o blink.
CSR BLINK = 0 ! This displays the
cursor display
without blinking.
° CHR BLINK=1 ! This causes the character display of the
. cursor position to bliink.
CHR BLINK=0 ! This displays the character dispiay with-
out bfinking.
The blink displays are presented as shown Fig. 16 depend-
ing upon the position of the cursor.
CSR
ON/OFF ! ! !
CSR —_1_ T 0 - 1
BLINK _ o e o _
' CHR o i . y
BLINK | ‘ o R
—_ :
Examples
are for a
5X8 dot
(OTTTT) S | N N (77777 -
matrix S - i ~—
Displayed alternatety i Displayed alternalely Displayed aiternately
l i

Fig.16 Example of biinking
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Table 17. Shift of cursor address

Table 19. Set underline mode.

Table 18. Shift of display start address

DSP
DsP on Display Stant Address
I 0 X No change occurs i the display starl address. o
The display s;;;;t_address isidvevzrcrrfe;ﬁenled
! 0 The display as a whole appears o be shifted to the right,
The dispiay start address is incremented.
! 0 The display as a whole appears to be shilted to the left,

12 THE SET UNDERLINE MODE
INSTRUCTION (SU) *
SET UNDERLINE MODE

Instruction code

CSR USH UND
CSR Cursor Address Underline Bit Sel/Reset Mode
DA ON/OFF|  S/R
0 x No change occurs in the curser address : ' One can sat the underline bit by means of the instruc-
. ] This decrements the cursor address. tion WD fcllowing the execution of this instruction SU.
The cursor appears 10 be shifted to the lett, ' o One can resel the underling bit by means of the instruc-
. o This increments the cursor address. tion WD flollowing the execution of this insiruction SU.
The cursor appears (o be shifted to the right. o x The sel/reset mode is canceled so thal the underline

bit will neither be set nor resel by the instruction WD.

13 THE WRITE UNDERLINE BIT
INSTRUCTION (WU)
WRITE UNDERLINE BIT

instruction code

1¥0C | 1oC i
|, |RW| D8 | D& | DBs | DB, | OB: | OB: | DB\ | DB,
UND | CSR
0 o 0 1
ol oo o o | onl s

1/0C | OC i

; , | AW DB | DB | D8 | DB, | DBy | 0B; | DB, | OB
USA | UND ]

0 0 0 0 0 ¢ 0 1 ' SR | uND
ON/OFF! S/R

Input to the LSI

This instruction determines whether or not to set or reset
the underline bit at the time of writing an 8-bit data in the
RAM by means of the instruction WD.

The instruction code can set Table 19 conditions:

input to the LSI

This instruction sets or resets the underline bit in the 9-bit
data of the cursor address of the RAM. It can also incre-
ment the cursor address after setting or resetting. This in-
struction performs Table 20 operations.

When display data for which the underline bit is set is dis-
played in the underline display mode, a 5X1 dot underling
at the position of the bottom row of the dot matrix (position
where the cursor line with 531 dot is displayed)} will be
displayed, in addition to the display of characters.

Since every word of the RAM carries an underline bit, the
underline display can be set for every word in the display.

Table 20. Set underline and cursor address

When display data for which the underline bit is set is dis- UND ) CSR Underline Bit/Gursor Address
. . . /|
played in the underline display mode, a (5X1) dot under- SR ! o’ ——
. . . e tt h derl, i is in-
line will be displayed at the bottom row position of the dot 1 1 . :’:ele':gt @ undariine bl the cursor address (s in
remen 5
matrix {position where the § X 3 let cursor line s This sets the underling bit_
displayed), in addition 1o the character display. 1 % | No change occurs in the cursor address
Since every word in the RAM carries an underline bit, one o 0 . After resetting the underline bit, the cursor address is
can set the underline display for every character displayed. B incremented.
o o This resets the underling bil
f . T"‘[‘ No change occurs in the cursor address,
#’ Wiy /}._pl'f‘l Yy A, SD d‘l/ *
; s .
- : R I oA {
“Uah o _/]j‘,, Jwl !
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14 THE SET BLINK FREQUIENCY
INSTRUCTION (SB)
SET BLINK FREQUENCY
This instruction sets the blinking frequency for the gursor
line o a character situated at the position of the cursor. The
blinking trequencies are assigned by the instruction code
as Table 21.
Table 21. Blinking frequency

B, J Be l Blinking Frequency
NN S ) _ .
0 l o | fa=logc /4718592
0 ] fo={1ogc/4718592} X 2
!
U fg= (s /4718582) X 4
1 1l fa={Foec 4718502} X 8
|

Here, tggc is he oscillation frequency of the oscillator

15 THE DISPLAY/CURSOR ADDRESS
HOME INSTRUCTION (MH)
MOVE DISPLAY/CURSCR ADDRESS HOME
This instruction writes (00) ;4 in the display start address
register and the cursor address register. By this, both the
display address and the cursor address are set to the home
address.

16 THE CLEAR DISPLAY/ADDRESS
HOME INSTRUCTION {CH)
CLEAR  DISPLAY, MOVE  DISPLAY/CUROR

Instruction code

1O | 140G
1 5 JH DB; | DBy | DBs | DB, | D8, | DB; | DB, | DB
‘; o | o o_— . 0' o |l o 1y BLINK FREQ |
8 | B
input to the LSt
Instruction code
170C | 110 I
. ! N Infw DB, | DB | DBs | DB, | DBy | DB, | 0B, | DB
i
- I
0 ‘ 0 { 0 0 0 0 o ¢ 0§ 1 1
i [ i
N e e - e ——
Input to the LSI
Instruction code
T H
1oc | 1r I
; | gcln/w DBs | DBs | DB, | OBy | DB, | DBy | DB

08, |

!
I H
ool e o0

ADDRESS HOME 0 00 | i | 0 0 0 1
This instruction converts all of the 8-bit display data of the = . p—— .
RAM display data region to the space code, and all of the Input to the L3I
underline bits to (0), (nondisplaying.)
In addition, it writes (00) s to the disptay start address reg-
ister and the cursor address register. By this, both the dis-
play start address and the cursor address are set to the
home address.
17 THE NO OPERATION INSTRUCTION fnstruction code i
(NOP) 0G| 10C ‘ R/W | DB; | DB i DBy ! DB, | DB | DB; | D8, | DBy
NO OPERATION L L i et |
This is the instruction for doing nothing. No change occurs ool o J ¢ 0o 0 J 9 ! 0 0 0 0
from this instruction. — I T L. Lo T
Input to the LSI
MITSUBISHI 3
ELECTRIC



MS0530-XXXFP

DOT MATRIX LIQUID CRYSTAL DISPLAY CONTROLLER-DRIVER

INTERFACES WITH xc AND up
MS0530-XXXFP can interface directly with 4-bit xc, 8-bit
c and 8085 up .

1 The interface with 8-bit »c

The 8-bit xc and M50530-XXXFP are connected as Fig. 17:
The output ports of the 8-bit xc are connected to the EX, I/
OC1. I70C2, and R/W terminals of M50530-XXXFP, The in-
put/output port of the 8-bit z¢, is connected to the data bus
terminal of M50530-XXXFP,

By giving an input/cutput instruction to the 8-bit x¢, via the
ports, to the I/0C1, 1/0C2, R/W, and DB; ~ DB, terminals,
and by applying a start signal to the EX terminal, M50530-
XXXFP will execute the instruction.

8-bit uc

I one designates instructions other than RB (read busy flag
and function flags} by IR {NOT RB), then M50530-XXXFP
assigns (1); to the busy fiag to indicate that it is executing
an instruction, when it is executing autoclear al the time of
closing the power supply or it is executing an instruction IR
(NOT RB). When the busy fiag is set (1),, even if a subse-
quent instruction IR {NOT RB) is given, M50530-XXXFP wilt
not execute it. Accordingly, in giving an instruction to
M50530-XXXFP, it is necessary to examine, using the read
busy flag instruction RB, whether the busy Hlag is (1), or
(0),. Ititis (0), an instruction IR (NOT RB) given next to
M50530-XXXFP will be executed,

Fig. 18 is an example of instructions exchange hetween the
8-bit uc and the M50530-XXXFP timing sequence.

MS50530-XXXFP

EX

Gutput ports

HO C1

=1 1/0 G2

Input/output port

R/W

Fig.17

DBr~DBg

. BS/uc

Interface with 8-bit wc.

Instruction WC

[Instruction HB]

[Instruction HBJ Ilnslruc(‘oon RB] [Instrucl’on W[?I

3 (N G (e G (G S G G O

11OCT _r 1

11QC2 _( L

R/W _L (

[

DB, /ﬁﬁﬁﬁ“ AD; Mﬁ/f/ﬁ BUSY Efﬁé//ffé//q usy  (/7/117/TA No Busvﬁ?//?//???m o,

DBs~DBg

w0400 XFiHfIK Fxs e XTTTTTTTINCFeas e XTI EAS = XD

De~Dy

execution of instruction WC

Fig.18

Interface timing with 8-bit xc
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2 The interface with 4-bit «c

The 4-bit x¢c and M50530-XXXFP are connected as shown
Fig. 19.

The output ports of the 4-bit ¢ are connected to the EX, 1/
OCH1, I/OC2, and R/W terminals of M50530-XXXFP, and the
input/output port of the 4-bit xc is connected to the upper
4-bit terminals of M50530-XXXFP data bus (DB, ~ DB,).
The lower 4-bit terminals (DB;~ DBy} of the data bus are
left disconnected, and will not be used in this case.

Teo simplify the explanation, the data bus instruction code
DB;~ DB, for the 8-bit is be renamed in the 4-bit zc mode.
The upper 4-bit instruction code is defined as UB; ~ UB,
and the lower 4-bit instruction code will be defined as LB,
~1.Bg.

Data Bus Instruction Code

8-bit mode 4-bit mode
DB; = UB;
DBy ————+UB,
DBy —— > UBg
D8, — - UB,
DBy =By
DBy ——————1LB,
DB, —————— =8,
DBy — — - LB,
4-hit uc

In the case of the 8-bit xc, the EX signal is applied one
time to execute an instruction. However, in the case of the
4-bit ¢ mode, the data bus is used twice to execute one
instruction, as such it is absolutely necessary to start ex-
ecution by applying the EX signal twice. Therefore, identic-
al instruction codes are given to the +#0C1, ¥OC2, and R/
W terminals for beth the first and second times. UB,~UB,
are given to the data bus terminais DB;~ DB, the first time
and LB,~LB, the second time. It the instructions other than
the read busy flag and function flags instruction RB are cal-
led IR {NOT RB), during execution of autoclear at the time
of closing of the power supply and during execution of an
instruction IR (NOT RB), M50530-XXXFP shows (1), for
the busy flag, indicating that it is in execution of an instruc-
tion. When the busy flag is set {1);, even when the next in-
struction IR (NOT RB) is given to MA0530-XXXFP, the in-
struction will not be executed.

Therelore, busy flag status, (1), or {Q),, must be examined,
by means of the read busy flag instruction RB before initiat-
ing an instruction. M the flag is {0),, the next instruction IR
{NOT RB) given to M50530-XXXFP will be executed.

M5G530-XXXFP

EX

Output ports J

17GC
170C2

'L

R/W

De;~DB,

Input/output port

OPEN | DB,~D8,

‘r——- 85/ uc
T

Fig.19 Interface with 4-bit uc.
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In the case of the 4-bit x¢, it is necessary to apply EX sig- function flags instruction RB subsequent to the closing of
nal twice times for the execution of an instruction. the power supply (at this time still in the 8-bit mode). The
When the power supply is turned on, it is in the B-bit u¢ instruction SF at this time is 4-bit xc mode instruction, and
mode. If 4-bit 4c mode is desired, then instruction SF is it is necessary to hold for two EX signals. Fig. 20 is a timing
given after confirming the completion of the autociear op- sequence diagram example of an instruction exchange be-

eration. This is done with the use of the read busy flag and tween the 4-bit «c and the M50530-XXXFP.

llnsiruction wC |lnstruction RB\ Ilns:ruclion Hal [lnslruclion HBI [!nslrucﬁon WD—I

A

A

(L re e s e re re

OB,

DBe~DB,
ADg~AD, AD,~ADy FLAG eic. FLAG FLAG etc.  FLAG FLAG etc.  FLAG De~D, D,~D,
UB,~UB, ? ie ? jE % jx ? ] .
LBy~LB,
execution of instruction WG
Fig.20 Interface timing with 4-bit uc.
15 MITSUBISHI
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3 The interface with 8085 . p
(«p mode)

The 8-bit #p 8085 and M50530-XXXFP are connected as
shown in Fig. 21,
In this mode the signal terminals ALE, RD, WR, and IOM
unique to the B085up are connected to the EX, R/W, I/
0OC1, and IOC2 terminals of the MS0530-XXXFP. The
address data bus AD;~AD, of the 8085up is connected to
the data bus DB;~DB, of M50530-XXXFP.
The instruction codes KVOC1, I/0C2, and R/W from the uc
mode are sent in this mode on the address data bus AD,~
ADy.
FThe terminals tor the signals R/W, I/0C1, and I/QC?2 of the
MS0530-XXXFP become independent of the instruction
codes, and come to be used exclusively for RD, WD, and
1OM of 8085.
To give an instruction to M50530-XXXFP from the 8085, the
8085 input and output instructions IN and QUT are used.
When the ¥OM singal is “H", the 8085 sends two kinds of
data on the 8-bit address data bus AD;~AD,. Of these, it
the data sent first is designated AD;3~ ADga and the next
data sent is designated AD,p~ADpp, then

ADza~ADga is I/O port address and

AD;p~ADgp is read or write data
By using the address data bus in the above for the 8085 in-
put and output instructions IN and OUT, M50530-XXXFP is
controlied as shown below.

——> Al
———> ADga

1
1
1= ADsa Gives the High Levei of logic “17.
1
1

————> ADaa
———— AD3y
RIW  —-wADyq
1/0C1 ——= ADy,
1/0C2 ~——= ADga

Next, of the instruction codes, DB; ~ DBy are placed on
AD;b~ADgh as shown below.

DB, AD;p
DBg ADgp
D8, ADsp
DB, ADub
DB, Ay
DB, ADzg
0B, AD,p
DBy Abgp

In the above, the address (chip select) when MS50530-
XXXFP is seen as an I/0 port is given by

{AD;a, ADga. ADsa, ADua, ADsa, ADza. ADya. ADga)= (1111xxx);
where the symbol x stands for 1 or 0.

M5LE0BSAP M50530-XXXEP
ALE EX
AD R/W
WR 1¥0 Ct
iOM 10 C2
&y
AD;~-AD, DE,~DBy

Voo ¢p—— 85/uc

Fig.21 Interface with 8085.p.
MITSUBISHI 17
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A timing sequence diagram examplie of the instruction ex- tn all other cases, the instruction sequence is similar for the
change between the 8085 up and the MS50530-XXXFP is #p mode and the ¢ mode.

shown in Fig. 22. However, the data width of DB in the u4p mode has 8 bils,
When many instructions are executed, the |OM signat of and it is not possible to set the I/0 interface to the 4-bit

the «p mode {80B5up)} corresponds to the EX signal of the mode by means of the instruction SF.
¢ mode (B-bit zc mode).

MBOS30-XXXFP 8085¢p

Terminal Terminat
name of name of
M50530-XXXFP 8085 up

EX ALE _/_\

R RD AN 4 o
vocs wh N /
~
voce oi S N
o8, AD, yd : X (08,] >
D& ADs yd ! X [08y) >
DB, AD: S : X (0By) >
0B, AD. S | Y (0B >
D8, ADs / ! X (0B, >
DB, AD, < aw) X (DB,) >
0B, AD,  mocn X (08,) > .
- DBy ADG woey X o8y >

In the above, [ ] shows an instruction code.

Fig.22 Interface timing with 8085up
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AN EXAMPLE OF APPLICATION

CIRCUIT AND WAVEFORMS FOR

LIQUID CRYSTAL DRIVING -

1 A circuit example {Display of 4 charac-
ters with 58 dots)

(\ R
- ¥ - =
- N N
PR k-_
N
-~ 4 -
] N -
e ] _ N -
T S
' 1 t 1 1 ' 1
Y L A i ol
L -
¢ n
— -
- - =
- = c
T —r &
l ] i ] i
PR — . w
-] - @
] [
__ . &)
— A=
— - ‘5
o . a
T T T
! 1 ! ] 1 1 1
il I 5 A -
N -
—
T —_—h.n—:
s D ---_
I T T ~r
| | [ | t
| [ | 1 -
- LR SR RIS L LI T TR 5333 2¢g; =
9 g38¢948888433383 4443 83332323 2
a G000 000 [&]
3 =
+ o o]
— =
d)_>° S ;‘?—E
T
vy
[=
— o noN 3 g
O O Q9 l
) & = 2560 & - - - - -
Q C w e > = o > > = > >
¥ X
4 | i
. \L > &
T I i85
2 =
M=)
Microcomputer g
a
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2 Waveforms for liquid crystal driving
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M50530-XXXFP one chip system example

1 line 8 digit (5X8 or 5X12 dot)

coL3
!
COL40 1
coLl
GOM1
' 1 M50530 (1":_30 :a;‘_a'_n
coL40 R M ine igi
M50530 XXXFP COMB(12)
XXXFP COPW ( LCO panal ) coms{;ha) ( LCD panal
1 line 8 digit 1 line 8 digit)
COMB{12) COoL16(24) °

2 line 8 digit {5X8, or 5X12 dot)

1 line 16 digit (65X 8, or 5X12 dot}

CoL1
COELAO l ]'
M50530 Com? LCD panal LCD panal
-XXXFP coms’(m) {1 line B digit) (1 line & digit)
COMS(13)
cowé(za)

COoLy
i
CoLaD 1
CC;M1 LCD panal
COMS (1 line 8 digit)
MS50530 COoM9 LCD panat
SXXXFP Coims {1 line 8 gigit)
COM17 LCD panai
{ (1 tine 8 digit}
COM24
GOom2s LCO panal
H (1 line 8 digit)
CcOMm3z2
4 line 8 digit (5X8 dot}
jeloli]
? -
COoL40 l l
COM1 LCD panal LCD panai
) ) . ) .
oM {1 tine 8 digit} {1 line 8 digit)
M50530
SXXXFP  COMS LCD panal LCD panal
COILHG {1 ling B digi) (1 line B digit}
COM17
!
COM24
CO?AZS
com32
2 tine 16 digit (5X8 dot)
MITSUBISHI »
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8-bit action, B characters X 4 lines display example

tnstruction B
No. (Lo N RF{e] C B Display Action
Abbreviation R/W
c1ce rlelsfala]2l1 0
Power ON — Initiatized by internal reset curcuit,
Nothing displayed.
" -—
N N O O A
Sat function mode B-bit action, 4 lines displayed.
Font is §X38 dat
2 SF
ofoJol 1 [ [1]+]ola]e
Set enlry mode Mode is set to increase cursor address after writ-
. ting data by instruction W(,
3 SE
ofa}ofoi1\’o]1}o|o|ojro
Set display mode ’7 Cursor is displayed.
4 S0
T - 1
| ejotofelo 1 [1[1J0]0]e
Write data to RAM Fr "M is displayed. and cursor shifts right.
5 wD
ofrjoJol ool 1] 1 — ]
[} Write data lo RAM “50530" is displayed.
S mis[o]s]3]el |
3 wio
9
: - | Ll
¢ ! o[ [0 xTx[xx[xIx[x]x
Write cursor address Cursor moves to 2nd line 1st digit.
M 5|/0|5|310
n wC
L , _ ( L]
t]+JoJof1]o]a]efola]o o
i2 Write data to RAM “Liquid™ is displayed.
13
14
15 wD
i6
17 - - T
| o[ el x =[x Ix[xixIxTx

4z MITSUBISHI
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Instruction
No. oo D B Display Action
Abbreviation AW 73T
i ciles 7ie]s]ala]e2]1]o
Write cursor address R S S e v Cursor move Lo 3rd line 1st digit
M.siols 3iof | |
H i i N . )
18 WC L-Li,!,%,q ujiid; |
Pt
. - [ A 1
_ wfaftfolfofofelofofefo]
19 wD - “Crystal” is displayed.
) imlslols]ale 'Y paves. .
lLi rkq e Cursor moves o 4th line, 1st digit and “DispIAY™
WC D is displayed.
lclrlyisit]alt play
. g R -
Y wD ol islel1]aly
N I N 0
Shift cursor and display start address Cursor address is decreased. Namely Cursor
shifts left.
. k! MA Display stanl address don't change.

(o]ojoe]ofoeiel1[1[v]o]a

Cursor address is decreased. Namely Cursor
shilis left.

Shift cursor and disptay start address

35 MA Display start address don't change.
A ofoJolofolef1[1]r]efo]
Wrile data to RAM ~a" is displayed.
36 wD
of1To]ojTrJefolelo] vl :
Shift cursor and display start address Only display start address is decreased.
Display shitts leit.
37 MA
e T v
oj0folofoyo 1 0 -
Clear GD RAM data and address home ol display T Display is cleared, and cursor moves to ist line
start address T Tst digit.
. 38 CH 4
[ SRS TR N
1

| o' oJoloJolela]ololals]
— Note)  Please enter instructions, after checking busy Hlag with instruction RB.
If busy flag is set, it is necessary to wait for the execulion of the previous iastruction before entering new instruction.
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AN EXTENSION OF THE SYSTEM

The LCD system of the M50530-XXXFP can be expanded
by connecting to it an external liquid crystal driver IC
MS0521FP or M50524FP.

1 AN EXTENSION OF THE COLUMN
DRIVER

The MS50521FP uses the M5Q524FP as the column driver.

For this case, the SCL, CLD, CS, DST, and FRM terminais

of the M50530-XXXFP are connected to the SCL, DI, CSI,

DST, and FRM terminals of the driver IC, respectively. A

ABSOLUTE MAXIMUM RATINGS

maximum display of 256 digits (1 line ) is possible.

2 AN EXTENSION OF THE COMMON
DRIVER

The MS50521FP also uses the M50524FP as the common
driver. For this case, the CMD, DST, and FRM terminals of
the M50530-XXXFP are connected to the CSI, DST, and
FRAM terminals of the driver IC, respectively. A maximum
display of 4 lines (for duty of 1/48) of 5X 12 dot characters
is possible.

Symbol Parameter Conditions Ratings Unit
v Logic circuit —0.3~42.0 v
ViowEw] SUPPly volage LGD driving circult —0.3~+15 v
v, Input voitage _ Ves—0. 3=V =Vpo+0.3 v
Topr Operating ambien temperaiufe —20~—+70 T
Tstg Storage temperature —40~+12% C
Pd Maximusm power dissipation 300 mw
¥In the above, it is assumed that V52> V42 V32 V22 V1.
RECOMMENDED OPERATING CONDITIONS (Ta=-2¢to +70¢)
Symbol FParameter 77L.j31its_'________ ; Unit
Typ Max
Voo Supply voltage lor Iogié circuit ) _5 E“ |. 57.75”# o \:f“_ )
vE* Supply voltage for LCD driving circuit T 14 1 v B
mm\-/”_ “L” inpul voltage . Vgs 10 BXVDD Q_ T
ﬁV.H “H" input voltage ) VD;, i Vgo 1 :_\_;___
fosc Clock oscillation frequency 2.5 El MHz
¥ Connect 1o V5 a resistor not less than 470 ( +10% )in series with the power supply.
ELECTRICAL CHARACTERISTICS (untess otherwise noted, for Vo =5V at Ta=25¢ )
I N [ Limits ]
Symbol Parameter ! Test condition r - i —= Unit
i B g M TR Max
loo Supply current for logic Jfosc=2.8MHz N : P 10 mA
lvs Supply current for LCD _ N(HD@C_I _LCG autput st_lf\{k” i L [ 100 L
Voo “L" output voltage i1} lay=2mA T i 0.4 v
Von “H” output voltage (1 JM _ ‘IU.:;'—ZmA o i o v
N Input leak current 121 B ’ V.=0—-VC; T ”‘!”0 N ,u_A__
| Voz OFF-state output current\gri ! vo'"='u-vcc __1.0__ ) ,uA
o A R  is0 | a |
Ron 1.CD output ON resistance (4] i--\;i;=5vd - - - - 1| 2——-‘— T

Applicable 1o the outpul terminals: DST, SCL, FRM, CS$, CMD, and CLD
Applicable to the inputs of 85/ux¢: I¥/OCT, 1/0C2, R/W, EX, and OSCH.
Applicable to the outpul terminals: D8; to DB,

iy
12
{3}
(4} Applicable to each LCD outpul of COL1 to GOL40 and COM1Y to COM32.
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TIMING CHARACTERISTICS UNDER THE 8-BIiT xc CONTROL

(untess otharwise noted, for Voo =5V at T,=25T )

Symbol Parameter Test conditions Lirmits Unit
Min Typ Max
twiex) | EX signal pulse width ) 200 ns
sy Control data selup lime 200 ns
—:h Control data hold time 100 ns
tdiex~-ny | Data output delay time C,=I15pF 300 ns
" twtex—py | Dala effective time G = 15pF 300 s
tsuio—ex; | Dala setup time 200 ns
thiex—p) | Dala hold time 100 ns
TIMING CHARACTERISTICS UNDER THE 4-BIT xc CONTROL
(uniess otherwise noted, for Voo=5V at Tg=25C)
Symbol Parameter Test conditions Limits Unit
Min Typ Max
twiex) EX signal pulse widih 200 ns
tolex) EX signal intarval 804 ns
tsw Control data setup lime 200 ns
th Controt data hold lime 100 ns
lgcex—p) | Dala output delay time G =15pF 300 ns
tyex—p) | Dala effective time C, =15pF 300 ns
tsyip—ex) | Dala setup time 200 ns
thiex—o) | Data hoid time 100 ns
TIMING CHARACTERISTICS UNDER THE 8085 »p CONTROL
(unless otherwise noted, for Vog=5V at Ta=25C)
. Limits
Symbot Parameter Test conditions - Unit
Min Typ Max
twtexs EX signal pulse width 200 ns
tsu Control data seltup time 200 ns
—t;., Control data hotd time 100 nsg
tdio) Data delay llmt; Cyo=I15pF 300 ns
tyco) Toata ettective time - CLtISA;F 300 ns
tsuio} Data setup time 200 ns
thio) Dala hold time 100 ns

TIMING CHARACTERISTICS FOR EXTENDED

SIGNALS

(unless otherwise noted, for Voo =5V and losc=3MHz at Ta==25C}

Symbol Parameter Test conditions - Limits Unit
Min Typ Max
lemisoLy | Shift clock “H puise widih - 300 ns
twiiscL) | Shift clock “L” pulse width ’ ’ 300 ns
twics) Et‘;iMp_;-elecl pulse width B 300 ns
thiscL—cs) | Chip select holg fime T B 300 ns
tnics—scur | Shift clock hold time 300 ns
Tsuipy | Column data setup lime B T 200 ns
Column data hotd time Il T 300 ns
wiost) | Data sel puisa time T 450 ns
thisci-ps | Data set hoid time 600 ns
Ml;(c”m Common data pulse width B 1950 ns
lsytemp-psty| Data setupAiin:r; N 200 ns
_!d[DST:;m] frame delay time o T 300 ns
Note [ Al values reler to the case of load capacity of G, =15pF.
MITSUBISHI -
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MS50530-XXXFP

DOT MATRIX LIQUID CRYSTAL DISPLAY CONTROLLER-DRIVER

Timing Wave forms under 8-bit #c Control

1) Read
Llweex;
Z Y orxves
EX ] k 0.3% Voo
i
tsy -(_-. — 1n

I10C1, 1/0C2 :) i
7

R/W ? !
Idiex-01 tyiex-p .

R
DB,~08, Effective dala

2] write

fwiex:

x / 1
1/0C1, 110C2 j ] K
I Zl_—_———

R/W :

1SLI.\ O-Ex]

—]
i

0By~ DB, B Etfective data X
|

% MITSUBISHI
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M50530-XXXFP

DOT MATRIX LIQUID CRYSTAL DISPLAY CONTROLLER-DRIVER

Timing Wave forms under 4-bit ¢ Control

1} Read
I“ twign , tW'EEK_’__"_
Fs Y 07X Voo
X { \anvm
toieny
tgy = *h
j
IYOC1, 11OC2
L 7
R/W ’
taiex-o tytex.n) d ex.0:
' [T - .F_.L }-hﬁtwsxo

I ~ m
DB~ Effective ! Effective
e Bo~-DB, data data
2 = } j

2] write
twiexs Twten
ey e
i |
| |
EX LY
N | ! 4
toiew [ i
tsu + ! 4-1 = 1y

: L
f . : vi )
1/OC1, 1/0C2 H i
K. 3
| J . |
J
tl |
| ¢ i
R/W I r ]
.
’] thiex. o) tsu:u-tx i
surp.ext !-F‘ 4 .--——' 1= "f‘h(zx ot
DB, ~DB, ~ Efective Eflective
— _ data . data

MITSUBISHI -
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M50530-XXXFP

DOT MATRIX LIQUID CRYSTAL DISPLAY CONTROLLER-DRIVER

Timing Wave forms under 8085up Control

t) Read
twiex)
0.7X Voo
EX{ALE) \ 0.3X Ve
— e
R/W(AD) ’S
110C1 (WD)
1/0C2(10M) { ) \
!SU h

bl dooy ty(o .
DB,~DB, X Effective K x Effective Y
— {ADy~AD;) data § data y

2} Write
twiExs

g’
EX{ALE) z &
A/W(RD) X Z

110C1{WD) i
1rQc2(1om) ] . R .
h

tsy _J tsuto) thio

S 4 A X
DBy~DB; EHective Effective x
(ADo~AD;} : ; data i*i ; x data A

48 MITSUBISHI
ELECTRIC



MSO0530-XXXFP

DOT MATRIX LIQUID CRYSTAL DISPLAY CONTROLLER-DRIVER

Timing Wave forms for Extended Signals

bwntscL)
I} Column driver interface wave form e

- ) W A v

twics)

thisce-gs)
(935

? thics-scu) twi(scu)

tsyin) thio

e XL E X :X:

2) Common driver interface wave form

twipsr)

DST th(sx:l.-usr)z &

twicmo)

cMD f S
|
tsuicmo-osm)
e
3) FRM
DST
tdtosT-FAm)

FRM K

MITSUBISHI 2
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MS0530-XXXFP

DOT MATRIX LIQUID CRYSTAL DISPLAY CONTROLLER-DRIVER

'
0

B

Character coc'e

Character codes and character patterns (1/2)

(example of M50530-001FP)

11T

5F
GF

1]

TTTT

||
ju i
(B

i)
1
nal

IR

2C
c

38

4D

4C

1|
1]
L]

4B

A
1
11

3JA

o [T

B

5 7

SHERR

Ll

2
TT
T

IREI
J
1T

1l

1T

39

TIaE

| &N
1T
It

49

1T

38

37

1m |

48
i
1

5

I

11T T

36

iI8u]

AlLll

-

1T

35

T

44
%
}Ill
It

a4

1T
11
T
43
1
T
11717

23

T

INEBI

31

20
30

1T
111

46
T
[ms
o

BE
7E

ke & i by

ja i

et
14

50
T
I
11t

60

i

I
11 b1

6C

T11]l
11t
T

6B
ot
78

1(20)

%

6A
TA

SPACE CQDE

1177
1IIT
11T

69
79

11

58
H
=)
78

T
b
77

x MITSUBISHI
ELECTRIC
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)
J11
I1T

-

11171

41
| =y 1T
B 11
|31 1T

40

11

50

(o

50



1l

L
ET

MSO0530-XXXFP

-}

9B
AB
H

1T
0
BB

-1z}

87

H

1]

IRDEI
17T

1177

1113

LT
FF

T L
T

£EF

DF

gF
1
CF

I

111

11
K
)
11

DE

H

HHH

tHi

cb

DD

E o 0

CE

9E
1T
1t

AE

BE

FD
13
11
1

jama
-
A my
ED

13

11
c8
[o]:]
EB

FB

H
jad
1L

LI

L

113l

FA

1 1

9A ac
@ ]
I'I_‘
b
"
AA AC
BA BC
CA cC
»
H 11 -‘J_l
[ 1T
DA oC
i H
EA EC
FG
I

99
Ag
H |
T
1TT
89
i
1
g
T
1
D9
£9

IEEA

F9

—

jnamasani

3 i+

A8

1T

;

T1
B8
ITT
ca

T

1T
D8

1 %

1
11
E8

| |
T
Tt
Fg8

|

ﬁ
my

DOT MATRIX LIQUID CRYSTAL DISPLAY CONTROLLER-DRIVER

1]

H

Character codes and character patterns (2/2)

- H
[ ~ Il ~ T ~ ~ -
@ - - ~
<< o 1T 0 - a 11T w thy
TIT T ]
-
H H 1 H
[7e [f<] 1] ©w w @O
& 11T < B L1t 8 nid
@ L1717 [ ] &} i) w
T -
H ! . T
& < [T} L N
T m T [3] Tt O w - £ 1
TTIT
HH f I :
4 « i I ~ - T Hi
] a=n <t 1 @ o HH 3 HH ©H 4
TT T IT T
o HH f HH
= «H HH o " . H
Eisnaan b H I - l -
uan B nal O u o 1 il 2
u T T
a » - H ] S na
o~ o~ o~ = (Y] — o [T
ottt [amun; 1 o FFH
< o 1T [&) 1T a oo W o HH
T T 1T 1T 1]
H I'T
- —[] I — [l -
g saa Anwu 7 o - o { w
I [&] [a] w iy
= 1]
H HH HH
< = < o ]
[=3] T < @ O -1 m } W m

51
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MS0530-XXXFP

DOT MATRIX LIQUID CRYSTAL DISPLAY CONTROLLER-DRIVER

Examples of system extension {data RAM of 256 words)

!

M50530
-XXXFP

o
i 5X8 dot 256 digits per ling LCD I

M50530
“XXXFP
+,{ } 5X12dol 256 digits per tine LCD }
12 _—
M50521 M50524) 524
- 4—"_&;‘—4__ FP) FP! FP|
MS0530 fo g 480 § 20 e {80 {80 §80 Ja
T
-XXXFP
: S X Bdot 128 digits for 2 limes LCD
16 ]
Lo . P N
ME0521 M50524 M5052a]__, [M50574
FP F Fe FP
M50530 o fo 180 { w0 j
T
-XXXFP : 5X 12dot  12Bdigits for 2 lines LCD
24 H
M50530 :
5 X 8 dot 64 digits
- -XXXFP | 9
I for 4lines LCD
32 i
i
M50530
|
-XXXFP
32 |5 X 12 dot 64 digits
| tor4lines LCD
——d
M50524
FRf e

MITSUBISHI
ELECTRIC
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MS0530-XXXFP

DOT MATRIX LIQUID CRYSTAL DISPLAY CONTROLLER-DRIVER

AN example of system connection

7

laued =540 pinbiy

12/
BLLNG, 4 z500m

4

l
LLNO

aw &

Om 3
08~11N0
Z'iaw
I
dIvzSOEN 100
180
W
a0
Wy W
Mo

— 152

08
0g~tino _
2w
Ia
108
dd4rISasW
18a
o o o N2
w W QY
s C =

—1 2083

0z
oy~~12Lino
2an
10
{2/2) 108

ddizgogw 59
[215F]
9]

2z]
g
!

= ¢SO

or

o m (9]
v I [
S 2
ZEWOD o
, z
LWOD ©
7080
09100
)
1709
L0850

d4XXX-0E505W

‘A
EA
YA

A<t

Aiddns jamod oM

_.lm

[

1~0gq
[3e] 20071
a1o L2041
a8 M7y
180 X3

Microcomputer

w4
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