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DESCRIPTION a total of 256 words, with 9 bits to a word, and
to select one configuration out of the 4 types
described below that ofter 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 underiine)
------ 4 types from a maximum of 256 words to a mini-
mum of 160 words

= Character generator RAM (hereafter referred to as CG

The M50530-XXXFP is an LSl 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 dala and directly drive a dot matrix liquid crystal
display of 256 font types including alphanumerics, kana
characters and symbols by a simple control from zc and
p.

The MS0530-XXXFP offers a system for controlling and

driving a dot matrix liquid crystal display, and also expands RAM)
the number of display digits by the simultaneous use of the 5X7 dots - 4 types from a minimum of 0 to a max-
IC for the liquid crtstal drive, M50521FP or M50524FP. imum of 12 characters

or 5X 11 dotg--- 4 types from a minimum of 0 to a

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.

maximum of 6 characters
° Character generator ROM (hereatter referred to as CG

ROM)
. FEATURES 5X7 dotg----- 4 types from a maximum of 256 to a mini-
® Interfacing {It is possible to interface directly with a 4- mum of 244 characters
— bit #¢ and an 8-bit c. It is possible 1o inter- or 5X11 dots:---4 types from a maximum of 256 to a
face directly with 8085 xp.) minimum of 250 characters
® Characters (256 font types with 5X8 dots or 5X12 dots
[cursor is common to both} )
® Memory {Generally for a display data RAM and for a
character generation RAM, it is possible to use
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DOT MATRIX LIQUID CRYSTAL DISPLAY CONTROLLER-DRIVER

® |Instructions {The following comprehensive instructions
are given.}

e Cursor address set-up for DD/CG RAM

> Display start address set-up

e Data write and read from RAM

o Display shift and cursor shift

o Interface changeover between 8-bit xzc/4-bit uc

° Font changeover between 5X8 dots /6X12 dots

= Duty changeover between (1/8, 1/12), (1716, 1/24),
and (1/32, 1/48)

> Selection between DD/CG RAM configurations

» Underline set-up for each character

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

¢ 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 lines,
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 respectively.)

1 line 256 digits, 244 digits, 192 digits, and 160 digits
2 lines -+ 128 digits, 112 digits, 96 digits, and 80 digits
4 line--++- 64 digits, 56 digits, 48 digits, and 40 digits

@ |nternally provided for liquid crystal dispiay drive circuit

= Common signal: 32 lines (corresponds to 4-line portion
for 1/32 duty)

. 40 lines (corresponds to 8-digil por-
tion for § lines per digit)

= By using the IC for the liquid crystal drive M50521FP or
MS50524FP, 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 2.58MHz (for a frame frequency
of about 70Hz)

Colurnn data transfer speed (1.29Mbit/set  (for oscilla-
lion frequency of 2.58MHz) )

Blink frequency {About 0.5Hz, 1Hz, 2Hz, and 4Hz
{for oscillation frequency of 2.58 MHz] }

Supply voltage for togic circuit © {+4.5~5.5 V)

Output voltage of liquid crystal drive © (+3~14 V)
On-resistance of liquid crystal drive :

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

° Column signai

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

OA apparatus (portable personal computer, etectical type-
writer e.t.c), Information apparatus {Telephone, Fax e.t.c).
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DOT MATRIX LIQUID CRYSTAL DISPLAY CONTROLLER-DRIVER

FUNCTIONAL DESCRIPTION

The LS| M50530-XXXFP is controfled by instructions from a
#C of up on the outside. In other words, the uc or xp 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 «¢ or u«p and the in-
ternal RAM within the MS50530-XXXFP first the RAM
address is set by an instruction in the cursor address regis-
ter, then, either externa! 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.

MS0530-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 mode regis-
ter, and they are used in subseqguent 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 trom 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 1o drive
the common side of the LCD via the commaon signal 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 1o 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 LCOD 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 signals; 2) display dala is read successively 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 coiumn side is driven,

The LCD operation is independent of the execution of an
instruction from the outside and is processed within a pre-
scribed lime, so that no flickering will be generated in the
display regardless 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 IC for the LCD drive; either M50521FP or
M50524FP. These ICs for LCD drive can drive a LCD as a
common signal drive or column signal drive. Furthermare,
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 tine number of the dis-
play, duty ratio, digit number of the display, and character
font.
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TERMINAL DESCRIPTION

Pin Name 740 Function
85/uc Interface changeover t This is used as a signal for changing over Ihe interface belween x¢ and ep. it should be set to "1” for
signal 80854p and to “0” tor xc 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-
control signal XXXFP, and is used as part of the instruction code. In the BOBSup maode, it is connected to the WR signal of
the B085up.
1/QC2 Input/output { In the uc mode, this is usad a5 the control signal lor sending an instruction from the wc to the M50530-
contral signal XXXFP, and is used as parl of the instruclion code. In the 80854 p mode, it is connected lo the I0/M signal
of the B085up.
R/W Writa/read signal | In the w& mode, this is used as the control signal for sending an instruction from the u¢ 1o the MS0530-

XXXFP, and is used as part of the instruction code. i is set to “0” for write instruction and 1o “1" loe read in-
struclion. In the 8085:p mode, o is connected to the RD signal of the BO8S.p.

EX Instruction start signal I In the uc mode, this is used as the signal for the uc to cause the M50530-XXXFP to start the execution of
an instruction. In the 8085.p mode, it is connecled to the ALE signal of the 8085up.

D8~ Data bus 17O Thses represent the 4 upper lines of the 8 line data buses. They are in tri-state bidirectional mode which

DB, enables inputting as well as outputling. These are used for instruclion data iransler between the M50530-
XXXFP and the pc of xp. When interfacing with the ¢ is 4 bits, the lower 4 bils data are also translerred
by these 4 kines ol data buses. The DB; is also used for reading a busy flag.

DBy~ Data bus 170 These are the 4 lower lines of the 8 line data buses. They are in tri-state bidirectional mode which enables
DBy inputting as well as oulpuiting. These are used for insiruction data transfer between the MSO530-XXXFP
and the uc or up. When interfacing with the x¢ is 4 bils, these 4 lines are not usad,

DS8T Data set signal o Signal for setling serial data sent to the drive IC to a lalch.

SCL Shitt clock signal 8] Clock tor successively shilling a serial data set sent to drive 1C. o

FRM Frame signal (o] Display frame signal. Used as a changeover signat Jor driving the liquid crystal by AC power.

Cs Chip select signat o Signal for selecting the tolumn drive IC. Dala will be transterred only to ihe drive IC 1o which this signai is
supplied.

CMD Common data signal o Common data signal 1o be sent to :he common drive 1Cj‘ o o ]

Connected to chig seledt of the drive IC

CLD Column dala signal (o Column data signal to be sen tg column drive IC.
Sends a character pattern seriaity. Value “0” corresponds to non-seleciion while “1~ corresponds to selec-
tion
COM1~ | LCD Common signat 8] Comrmon signal for driving the scanning side of the liquid crystal Common signals that are nol used are all
CcOoM32 given the non-select waveform. For instance, if the duly is 1/16, then COM17 to COM32 will always be

given non select waveforms.

COL1~ LCD Celumn signal Q Column signal for driving the data side of the liquid ¢rystal. Drives the respective B-digit portion of the RAM
CcoL40 display data of the display siart address for each line.
Q5C1, Oscillation /0 Terminai for osciilating internal clock. Connected 16 a reésistor or a ceramic liter. Glock input from outside
O8C2 | input/output is supplied to QSC1.
ViV Power supply(LCD) I Pawar supply lor driving liquid crystal display. Voltages Vss. Vi, Vy, and Vg are common white Vg, V. V3,

and Vs are for column,

Voo Powaer supply(Logic) i Power supply for the logic circuit, +5V
Vss Power supply{GND} ! Ground power supply, OV
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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 © Low voltage level

Binary number 1 I High voitage level

Furthermore, the following notations will be employed.

{  )o means that the numerical value within the parenth-
eses is that 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 unless otherwise stated, numerical

values without sutfix are meant for decimal notation.

For instance,

(BF )1 =1{(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
~P
These are the circuits for controlling input and output when
instructions and data are transferred between the M50530-
XXXFP and external u¢ or wp that control the M50530-
XXXFP.
By means of the input signal 85/uc¢, it is possible to select
either 8085 v p or xc as an external contral.
When uc is selected, it is further possible to select 8-bit x
¢ or 4-bit uc by the instruction SF. For the transter of an in-
struction code from the 8-bit uc to the M50530-XXXFP, the
input signals IVOC1, 1/0C2, R/W, and the input/output sig-
nals DB; ta DB,, are used and the input signal EX are used
for starting the execution of the instruction. For the transter
of an isntruction code from the 4-bit xc 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 DB, with 8 bits are used, and in the case of the 4-
bit ¢, the data buses DB; to DB, with 4 bits are used.
When the B08S wp is selected, by connecting the signals
AD; to ADy, ALE, RD, WR, and IO/M of the B08S pp to the
signals DB, to DBy, EX, R/W, IYOC1 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
HP.

The external uc and up and the M50530-XXXFP operate
asynchronously. Accordingly, there is no need for the inputs
from the u¢ and w«p to be synchronous with the internal
clock of M50530-XXXFP, Furthermore, the handling of the
interface for the signals from the external uc and up, or the
execution of the instructions from the x¢ and p, 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 ang 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
Hxc will be accepted. Therefore, it is necessary to give an
instruction to 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 ap or #c enters the instruction reg-
ister via the «c and xp 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 dots font disptay line
number, RAM region
Instruction SE  Cursor shift mode, display shift mode
instruction SO | Display mode, blink mode
Instruction 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.

Output data is outputted from the output data register to the

£p or #¢ 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 1o write data inlo the RAM using the instruction
WD, or read data from the RAM using the instruction RD, or

MITSUBISHI 5
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DOT MATRIX LIQUID CRYSTAL DISPLAY CONTROLLER-DRIVER

add an underline to the RAM using instruction WU, it is
necessary to set, beforehand, the address of the RAM in
the cursor address register. With the instruction WC it is
possible to sel 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)
4] 0 No automatic inc or dec‘_mmm ]
0 ' N _I-r;c“oﬂr.aéé‘;(i;-r_;;;;u!ion of instruction RD o]
1 0 Inc or dec alter execulion of instruction WD
1 1 inc or dec afler execution of instruction RD and WD

The increment and decrement of the cursor address regis-
ter are executed 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

P S i &
Address _% @& < o
¥ y ¥ }

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

Fig.1 Example of dividing RAM

the character generalion 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

the first line and the second line have a commoen value, and
in the case of 4-line display, the display start addresses for
the first through tourth lines have a common vaiue. in the
case of disptay of more than 2 lines, the value of the dis-
play start address of the first line is used as the value of
the display 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 disptay lines, as table 3.

Table 3. Range of display start address

RAM Cursor Address
Region Belore inc/dec | Atering | After dec
T VW(VOCV))-;S- i {01)¢ (9F )1g
Po RAM (F)e (00l | (3Ehe
T o mam (A TOoM (FF)yg
(FF) (A0} {FE)s

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 disptay 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

Instruction SF | ) Range of Display Stan Address
DO RAM Region — —
RA: | RA ——._.. [|lfire Dispiay | 2-line Display : 4-line Display |
256 worgs b
0 0 100}~ {FFlis (m)m"'(?F)mE(Dﬂ)m’"(GF)\a
(00)!5~(FF)|6:
— L SRR RIS SEr e RS S U
o |1 ] B 0y e (DR (08 (6F 1 | (00)16(37)
(00~ (0F),, | T T T
b0 | IS (B b (00) s (5F g 00} (2F)
i — i o Tie —~
(Oo)m"‘(BF)‘ﬁ 16 16 -] IB:\ 18 15
S ST e LIt O S SR
b OIS e (8F b | (00) g (4F g | (00} 1527
~ ) - ; -
! (00)‘6"(9':)‘6! 16’ 1% 16 1% 18 1%

By sefting a disptay start address in the display start
address register with the instruction WS, it is possible to
display stanting with the first digit of the LCD, from an arbit-
rary address of the DD RAM.

The content of the display stant address register can be
read with the instruction RS,

By incrementing (4 1) or decrementing {—1) the content
of the display start address register wilh the instruction MA,
the position of the liquid crystal display with respect to the
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CRYSTAL DISPLAY CONTROLLER-DRIVER

RAM can be shifted upward or downward.

After writing or reading the data with the instruction WD or
RO, it is possible to automatically increment (+1) or de-
crement (—1) the content of the display start address reg-
ister by designating the entry mode with the instruction SE,
This is shown in table 4.

Table 4. Instruction SE and display start address

fnstruction SE ‘
DSP CONDITION | Automaltic inc/dec of Display Star Address

(w) (R}

. Ll U _ .
o ’ 0 | Ne automatic inc or dec

e e T bl -
a L 1 _Llnc or dec alter execution of the instruction RD
1 : 0 | Inc or dec alter execution of the instriction WD
e T TSR Kl Moo batehhorgh kel A
1 ' 1 i {nc or dec afer execution of the instryctions AD and WO

An example of the case of 1-line of LCD (for 160 words of

The increment and the decrement of the content of the dis-
play start address register are executed within the data re-
gion for the first line in the display data region of the RAM.
The relation between the RAM address and the content of
the display start address register will now be expiained,
when the RAM is divided into 160 words of DD RAM and
96 words of the CG RAM (one of the 4 possible
configurations}.

DD RAM and 96 words of CG RAM) ; Fig. 2.

< o » b3
RAM s = =
- Address—} g E E E
¥ WS ¢
RAM 0D RAM (160 words) CG RAM (96 words)
Fig.2 DPD/CG RAM
When the content of the display start address register is
{17}1¢. the liquid crystal display will be as Fig. 3.
Digitof LCD - 1st digit 2nddigt  — — — — 136thdigit 137th digit 138th digit 139thdigit — — _ __ 159th digh  160th digit
1-line LCD R{17),, R{18), R(9E),g R(9F),q R{0C} ¢ R{01},g R(15),4 R{16}),¢
. R(  }a means the content of {  )n of the RAM
Fig.3 Example of display address
Here, if the content of the display start address register is
incremerted {++ 1), the result becomes {18} ,,, and the
LCD display wil! be given by Fig 4,
Digit of LCD -~ 1st digit 2nd digit =~ — — — 135th digit  136th digit 137th digit  138th digit =~ — — — 1501h digit  160th digit
R{1B1,, R(19),, R{9E} R{OF),, R{00}, R{01},4 R{16).s R{17} s
Fig4 Example of display address
MITSUBISHI 7
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start address is situated 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
table 5.

Visually, the content of the displayed content Igoks as if it is
shifted to the left. 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 dispilay

Table 5. Change of display start address

Display Start Address
Before inc/dec Alter inc After dec
(00} (01)45 (9F}ye
{9F)is (60)s5 (9Ehe

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

RAM = EI L 2
Address ™ § L 2 & 2 e
¥ N N K ¥
! ®
]
AAM DD RAM | 0D RAM CG RAM
{80 words tor 1st line) : {80 words for 2nd tine) (96 words {or 3rd tine)
|
Fig.5 DD/CG RAM
When the content of the display start address register is
{17)ye, the LCD is given by Fig. 6.
Digit of LCD —3 1stdigit  2nd digit — — — — B6th digit  57th digit  58th digit  53th digit — — -- — 79th digit  80th digit
1t line R(17) . R{18) s R{4E) g R{4F )5 R(00},¢ R{01},¢ A(15)4s R(16):s
2nd line R{B7)s R{68) R{9E)ss R{9F) ¢ R{50) s R(51),s R(65})5 R(66):s
Fig.6 Example of display address
When the content of the display stant 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 56th digit  57th digit  5Bth digit — — — — 78th digit  BOth digit
1st ling R{18}:s R{18) R{4E] e R{4aF},g R{00}4s R{C1}p R{18}5 R(17)6
2nd line R(68) . R(69)s R{9E),s R{9F) 5 R(50}¢ R(5Yhs R{66).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 the right. When the display start address is siluated on the
look visually as if they are simuitaneously shifted to the left. boundary of the display data region of the first line of the
Similarly, if the content of the display start address register RAM, by incrementing or decrementing the display start
is decremented, the displayed contents of the first and the address the result becomes as shown in table. 6.

second lines look as if they are shifted simultaneously to

Table 6. Change of display start address

Display Start Addrass
Before inc/dec After inc After dec
(00)e (01)4s (4F)
{4F)yg (D0} (4E} g

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

v e ® e = L Tz 3
RAM —> = = 2 T3 S g w
; Address = oo X2 = & = L
N ¥ N ¥ N ¥ N ¥ #
] T T
| | t
- DD RAM | DD RAM i DO RAM i LD RAM
RAM ( i { CG RAM (96 words)
(40wordstor | (apwordstor | (40wordsfor | (40 words for
15t line) J'_ 2nd line) : 3t line) | 4nd line)
Fig.8 DD/CG RAM
When the content of the display address register is {17),,
LCD will be as Fig. 9:
Digit of LCD —» 1stdigit  2nd digt — - — ——— 16th digt  17th digit  1Bth digit  19th digit — — — — — 39th digit  40th digit

1t line Ri17).6 R(18),6 A(26) g R(27}e R{00) 6 R{01} R{15}¢ R(16),6

25t line R(3F) ¢ R{40},s R{4E),, R{4F},¢ R{28) ¢ R(29),e R{3D)4s R(3E} e

o 3st line R{B7 )6 A(68) ¢ \\ R(76) .6 R{77).e R{50),6 R(51) g R(65),¢ R{66).s

4th iine R(BF) e R{90),s R{SE},s RA{9F),¢ R{78)¢ R{79),¢ R(8D).s R(BE} s

Fig.8 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),s, and the LCD will be given
by Fig. 10

Digit of LCD — 1stdigit  2nd digt — — — — 15th digit  16th digit  17th digit  18th digit —— — = — 30th digit  40th digit
1st line R{18},s R(19).4 R{26)a A{27) .5 R{00} s R{01}16 R{16)e R(17).g
25t line R(40)s R{41) g R{4E},s | R{4F) R(28), R(29) ¢ R(3E):s A(3F} 6
3st line R{68),¢ R(69),6 R{76)s R{T7 )46 R{50}s R{51)e R{66}s R(67}g
4th line R(90) s R(91),¢ R{9E),¢ R(9F ) R(78)s R(79)4s R(BE)s R(BF )44

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

Dispiay Start Address
Before incfdec_ i Alter inc i Afler dec- 7
(000 (@0 (27he |
(2he | (W0he | (26)w

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 all of the displayed data of the RAM 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 dispiay 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, dispiay address register, and so
forth.

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

This is the RAM for storing the data and the character fonts
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 (tabte 8):

Table 8. Instruction SF and RAM word number

Instruction SF RAM Word Number{Jbits for a word)
RAM H
~———q-—--—=  DDRAM ;| GG RAM
RA, | R L Lo ]
1] i 0 256 words Q0 words
V] i 1 224 words 32 words
1 0 182 words i 64 words
BRI T
] 160 words % words

9-1 Display Data RAM (DD RAM)}
When 8 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.

Dy D, De D, Dy 851 0. D, Dy
| 1 | | ] 1 1

\’ECharacter code (display data)
for designating one font out of
256 kinds.
RAM data.

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

Fig.11
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The DD RAM is given the composition of table 9 by the

Table 9. Instruction SF and RAM compaosition

duty whlch gesagnales one of 1-line display, 2-line display, T 1-tine Dispiay 7-lne Display a-line Display
and 4-tine display, and the font setting instruction SF. I Y
Next, the addresses for each display line of the DD RAM tnstry- [Fonll 1 'l Duty 1/8 Duty 1716 Duty 1432
and the addresses of the CG RAM will be shown in the dia- etion l , I e 2 . ]
. SFo8/12t 00 Duty I/ Duty 1724 Duty 174
gram (9-1-1~9-1-4) for each of these 4 kinds of RAM i T “ ‘”
mposition. : :
composition % 0 o \
| DTU ‘
RA, RAo : (1 L 0
0 l 0 i llineX26words | 2lineX128words | dlineX b4 words
0 | 1 llineX24words | 2ineXilZwords | 4lineX 56 words
1 ¢ ! lineX192 words | ZhneX % words | 4lineX 48 words
1 1 | 1 #ne X160 words ZlineX 80 words 4lineX 40 words
9-1-1 Case of 256 words for DD RAM and 0
@ word for CG RAM
o - e
RAM _, = =
Address § E
¥
1l-Iine DO RAM
Display .
RAM (256 words for 1 line portion)
RAM = £z z
Address E E § o
N K ¥
T
i |
2-line ]
Display DD RAM ) DD RAM
RAM {128 words for 1st line) ! {128 words for 2nd 2ine)
i
i
_ RAM 2 f 2 S P 2
Address 8 o E lrt % E 8 &
¥ £ N K N\ K ¥
1 T T
_ | : '
{;i:g:gy DD RAM : DD RAM | DD AAM : DD RAM
RAM (64 words for 1st line) [ (64 words for 2nd line) | 164 words for 3rd fine) ] {64 words for 4th ne}
| | 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
AAM S P =
Addres? § _L‘_S, ?, E
¥ L4 ¥
1-line
Display DO RAM CG RAM
AAM (224 words for 1 line portion} (32 words)
RAM £ L. ot 2
Address” § i"é E & é E
¥ N ¥ N ¥ v .
T 3
. i ®
2-line |
Display DD RAM | DD RAM CG RAM ¥
RAM (112 words for ist line} I {112 words for 2dn line) (32 words) ®
— |
|
RAM = 2 2 22 L 2 £
— — —~ = _— = ~
Address S 5 8 s B < 2 5 @ i
¥ N/ N K N ¥ N Y ¥
T )
i ‘ :
4-line i
Display OD RAM ! DD RAM | DO RAM | DD RAM CG RAM
RAM (56 words for 1st line) i (56 words for 2nd line) : {56 words for 3rd line) | (56 wards for 4th fine) (32 words)
| |
[ ! |
9-1-3 Case of 192 words for DD RAM and
64 words for CG RAM
RAM = I ©
Address”~ & o O w
W K {
1.iine
— Display DD RAM CG RAM
RAM (192 words for 1 line portion) (64 words)
pAM 2 ER 2 2
Address =4 'uu_: é‘ L 3 E
} W4 N ¥ ¥
T
|
2-line |
Display DD RAM ) | DD RAM CG RAM
RAM {96 words for 151 line) | (96 words for 2nd line} {64 words)
|
I
12 MITSUBISH!
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BAM e e 2 e k4 * =& - b3
- T = = PR PR S =
Address _8__ E\Ll’ 5 g)’ § E‘-’; E ‘n‘: 8 &
\l/ N K A\ 4 LW ¥
T i
] I 1
4-tine i I !
Display 0D RAM ] DO RAM DD RAM DD RAM CG RAM
RAM (48 words for st line) | {48 words for 2nd line) | (48 words for 3¢d line} | (48 words for 4th line) (64 words)
| ; !
i ] 1
9-1-4 Case of 160 words for DD RAM and
96 words for CG RAM
RAM = .32 =2 =
( Address § o £ &
‘ 3 LY. {
— 1-ling DD RAM
Dispiay D CG RAM
{180 words for 1 line portion) (96 words)
2 2 e e 2 2
RAM .. 35 T S = "
Address = T =2 & =2 I
N/ Y }
L
|
) i
2-line DO RAM ! DD RAM CG RAM
Disptay .
RAM (80 words for sl jine) | {80 words for 2nd line) (96 words)
!
|
AAM -t z e sz z N e
Address § ™ ?é‘ E ] E E 5 2 m
, ! Y Ny ¥ K N A N
H T
© i !
| ! '
4-line DD RAM | 0D RAM | poram | DD RAM G R
—_ Display {40 words for (40 words for i (40 words for | {40 words for AM
RAM 1st line) |' 2nd line} : 3rd line) I 4th ling) (96 words}
i
| | I
MITSUBISHI 13
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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}).

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.

0
[n}
]
>
4

9-2-1 CG RAM capacity of 32 words

RAM
Address

—

RAM in the
case of
5X7 dots

RAM
Address

RAM in the
case of
5X11 dots

9-2-2 CG RAM capacity of 64 words

RAM
Address

RAM in the
case of
5X 7T dots

RAM
Address

RAM in the
case of
SX 11 dots

9-2-3 CG RAM capacity of 9

RAM
Acdress

RAM in the
case of
5X7T dots

RAM
Address

RAM in the
case of
5X 11 dots

pe—- {00},

Ps {DEds5

* (EQ)s
- (E7)ys

(B8l

Fe
*

(EF),s >

(FD)1g
# (FTls

™ (F8)

< (FF)ys

GO RAM

(FClis

{(FO)q

{FE) s

(FF).g

b (00) ¢

> (DF)\ﬁ
* (E0he

y’s (EF}m
W (FD)

b~ (FF) g

{FEhs

{FF}y

w

Q
(=]

v

» (BF)
W (COhe

w# [C7)e
®{CByy

# (CF)yg
* (D0)yg

o (D7)

A (D8)ya
« (DF)yg

® (B0}
« (EThe

X (B8}
& (EF)ie

™ (FO)1e
L (FTha

(8

< (FF).g

N—

(Fa)ts

(F9)e

(FA}g

{FB)g

(FC)\a

{FD}s

(FE)

(FFlig

fe {00} 6

¥ {BF}is

. (CO) e

4 (Gl

\(DO)m

p (DF)ys

. (EQ)e

4w (EFlig

W {FO) e

ke (FF)ys

(FClig

(FDyg

\
I

FE

[FF) e

o
(=]

* (AC)y ;’ Sy

[
=2]

N

(D0
V4 D7},

(D8}

» (DFhe

* {(EQ} s

o BT

™ {E8)g

o (EFlie
N FO)yg

» (FThe

N F8)

b= {FFl,g

(FA),

iFBlig

{FClie

iFDJ g

{FE).g

(FFq

(00},

& (9F) s

®{AQ) 4

2 (CF

(D0}

L (CF e
E

w (EF)yg

B (FO g

' th

.

< (FF

(FA}y

(FBlis

(FClis

LFD}

(FE) s

(FF) e
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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
i.’_. As As Ay Ay Ay Ay A Dr Dg Ds Dy Dy D2 D, Dy
0 0 o 7
Example for charactar
Example for ¢ o 1 patterm "A"
character code(FE) g o 1 0
1
1 1 1 1 0 0 ! *
1 0 0
1 o 1
1 1 0
CG RAM upper 1 T 1
addresses determined — i
0 by character cede 0 0 0
0o 0 1 Example for character
patiern “B"
—— o 1 0
o t 1
1 1 1 1 1 *
1 0 0
Example for 1 0 1
character code{FF),s 11 0
1 1 1
The portion of the CG RAM marked with an “ * ", namely,
data D; Dg Ds and data D;~ Dy 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 | L CG RAM Data
Az Ae As Al Ay Ay Ay Ag D; Ds Ds Da Dy Dy Dy Dg
io 0 0 0 0 AR 0
lo 0o 0 1 7
lo 0 1 o
i ¢ 0 1 1 Example for character
Example for character ' 61 0 0 patiern 8
code(FE).g i 0 1 0
{001 1 o
jo ot 1
1 1 1 0
11 0 0 0
i Tt 0 0 1
i1 0 t o0
. 1 0 1 1 .
i1 1 0 o . J
P11 0t *
11 1 o
CG RAM upper 11 d
addresses determined [— 1 - -
by character code .00 0 0
00 0
;0@ 1 0
! T
i g 0 1 ¥ Aexample for character
0 1 0 0 “Apattern *§"
‘o1 o0
0 10
[ - I TS B
11 1 1
1 0 0 0
Exampie for character : T 0
code(FF),q (10 10
10 11
11 0 a0
i1 01 *
11 1 0
17 11
The portion marked with an " %", namely data D; Dg D5 and . i)
data D; ~ Dy in which the address A; A; A, Ay 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 bils are made
to correspond to 5 dots in a line as character pattern data
for the character fonl. The bits of the CG RAM data, (1),
corresponds to the dispfay selection by the LCO dots while
(0); corresponds 1o 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 5X 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 B 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 ratic 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 to the CG RAM and the range of the charac-
ter codes cofresponding 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 conlent 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) 5 to (F3)6.
When the DD RAM content is cleared by the autoclear or
the instruction CH, all of the display data go to the space
code.

Dot Matrix Instruction SF i CG RAM CG AOM
e Y e o L T
Composition |Font E./12!L AA, I RAg | Memory Capacity{words) | Font Number(kinds) | Font Number(kinds}
| e ! ,,,,,,L,,io,, | oo TR AR IR DO Tumben RinGs, | ren fumoen nds/
[ SN I
5X7 ; 0 :
1 e S S
dois 1 I
n P 4‘ .- —_————.
Lot
0 1
5xX11 ] "
0 S
dots 1
! |

MITSUBISHI 7
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CASE OF CHARACTER FONT OF

5X7 DOTS
z 2 = » 2 g 2 @ ¥ =2 ®2 2 2 © g 9
Character code — @ = _ D = T T~ S S
2 A A S A o
RAM
RA, RA,
0 0 256 kinds
g 1 C{ 252 kinds J at‘:inds
1 0 / 248 kinds g kinds \
, ] / 244 Kinds 12 kinds . . '
Character code range corresponding to CG RAM

Character code range corresponding to CG ROM

CASE OF CHARACTER FONT OF

5X11 DOTS
2 e @ & g & e 2 w e
Character code — 'ég_A_v*_.ﬁﬁ“Vfg*______Egg&geg W
RAM
RA, RAg
0 0 7 256 kinds
0 ] 254 kinds 2 kinds
4 Y
1 252 kinds 4 kinds . .
0 3=
y b
R 250 kinds 6 kinds
1 T - o
’ X
Gharacter code range corresponding to CG RAM

Characier code range corresponding to CG ROM

18 MITSUBISHI
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11 SERIES/PARALLEL CONVERSION
CIRCUIT

This is the circuit for sending a parallei font pattern data
tfrom 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.

5X 8 dots

EX7 dot font {

Cursor position —=

@ ON/OFF of the entire display

° ON/OFF of the cursor

» ON/OFF of the underline display

e Blinking of the cursor display

¢ Blinking of a character at the cursor position

By the use of the instruction SB, 1 blinking frequency can
be selecled 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 dots

5X11 dot font 4

Cursor position ——=

Fig.12. Position of character font and cursor,

L

MITSUBISHI 19
ELECTRIC



MS50530-XXXFP

DOT MATRIX LIQUID CRYSTAL DISPLAY CONTROLLER-DRIVER

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 cursar register is (69),, and the
conlent 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 Bist digit  82nd digit \Bsra digit  84th digit 59th digit 160t digit
1-line LCD | R{17) R{18)ss R(67),6 R{68).¢ R(69)is | R(6A)w R{15}4 R(16) 5

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

Digit of LCD st digt 2 dfgi\ ard digit  4th digit  5tn digh 77th digit 78in 79ih digit  80th digit
LCD/
1st line R{17hs R(18).s R{19),¢ R{1A) R(1B), R{13},s R{14) s R{15} ¢ R{16) 45
2nd fine R(67) ¢ R(68) s R(69),¢ R(BA) g R(6B).¢ A(63) 16 R(64},¢ R{65}s R(66).5
CZZZ77}

= 4 lines of LCD (same conditions as above)

Cursor position .

Digit of LCD  tst digit 2nd digix 3rd digit  4th digit 5th digit 37th digit ~ 38th digit  39th digit  40th digit
Lo/
1st line R(17) 46 R(18},¢ R19)s | R(1A},e R{1B}g R(13)g R{14}, R{15).5 R{16}45

2ndline | R(3F) R(40} R{41),q R{42).4 R{43)4s

{

3rd line R(67 )6 R(6B}e R(69),6 R{BA) ¢ R(6B) s

R(3B), R(3Che | R(3D)s | RI3E}.

R{63}.¢ Ri{64).4 R(65)s R(B6},4

an line R{8F) g Ru90) 6 R{91),4 R{92},4 R({93),6 R{8B) s R(BC) g R(8D}¢ R{8E),s

20 MITSUBISHI
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13 COMMON SIGNAL OUTPUT CIRCUIT
There are 32 lines of common signal drive output which
directly drive the common side of the LCD.

Therefore, it is possible to directly drive the common sig-
nals with the dispiay duties ranging from 1/8 1o 1/32. Furth-
er, by connecting a common driver for expansion,
M50521FP or M50524FP in the outside, it becomes possi-
ble 1o 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-
ternal common driver.

The unused common drive outputs become nondisplay
selection signals. For example, when duty is 1/16, the com-
mon outputs COM1~COM16 ocutput common scanning sig-
nals, but COM17~COMa32 always output nondisplay selec-
tion signals.

The instruction SF can set the character font and the duty,
and the number of display lines and the effective common
signal are given as shown in the Table. 11.

14 COLUMN SIGNAL OUTPUT CIRCUIT
The display data which is converted to a character font pat-
tern is sent to a 40-bit shift register as serial pattern data,
and is then latched.

The latched output controls the driver 1o output 40 lines of
column signals that directly drive the liquid crystal display.
With the 40 lines of column signals it is possible to direcrly
drive an 8 digit portion LCD for either a 1-fine, 2-line, or 4-
line dispiay.

Table 11. Effective common signal output

The number of displayed digits can be expanded by trans-
ferring the character font pattern data to an external column
driver {(M50521FP or M50524FP) from the column data out-
put signal CLD . Depending upon the number of bits of the
calumn driver (which is connected externally) it is possible
to expand the character disptay from an arbitrary digit num-
ber to a maximum digit number.

15 TIMING SIGNAL GENERATING
CIRCUIT

The ocsillation circuit generates various kinds of internal

liming signals fo be used for display processing, instruction

processing, and so forth.

In addition, the circuit generates timing signals for controli-

ing the external LCD driver in order to expand the digit

number of the LCD.

The processig of an instruction is executed totally indepen-

dently of the LCD processing so that there will be no

change in the processing time of LCD which is determined

by the duty employed.

Further, the period for liquid crystal to dispiay all of the dis-

play patterns once, (the period of the common signat) de-

pends only on the osciltation frequency. The period of the

cursor/character display bfinking, also depends only on the

oscillation frequency.

i 7 T
| Instruction SF | Number of Effective Common
Character Font 'F'*i”'! T T 4 Duty
i on
‘ | DT, DT, ‘ Display Lines Signal Qutput
e B2 T e e
1 . ]
I I o i o | 1/8 1 COM1~COMB
| '[___ S, — —_ S S
X6 dots | (N 116 2 COMI~-COM1B
I [,,,, — : —_ T —— —_ I e e
; 1 o | 1132 ] ’ COM1~COMa2
! i
e T g V— f—- ,.___4._.. — T e
! 0 o ! 112 1 COM1~COM12
5 %12 dots ‘ 0 ! 0 1o 124 J 2 COM1~COM24
Ponem . * e [ - —_—— L _ e e
i 1
! o0, 1748 i 4 i *COM1-~-COMI2
I . |

#  Bythe use of an external common driver for expansion COM33~C0OM48 can be generaled
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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 1o 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
0SC1, and leave the oscillator output terminal OSGC2 dis-
connected.

16-2 Using built-in oscillator

{(16-2-1) The built-in oscillator can be set 1o oscillate by

connecting an external resistor for oscillation be-
tween the terminals OSC1 and 0OSC2.
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
0OSsC2.

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

Next, the oscillation frequency of the osciltaior and the

period of the common signal are related by the following

equations:
36864

Tecom™= p Here, Tgowm - Period of common signal (s}
¢ ose foom . Inverse of Toom (Hz)

fcoM="36864 tosc © Osciltation frequency {Hz)

For exampte, to obtain 70Hz for icom. fose Must be about

2.58MHz.

0SC1

0sc2

Open circuit

External ctock

0. 7XVao
Th T

0. 3)(\.'0_,,;‘»

Input clock wavetorm

— |

=T,

Te+ T =330~500ns

0SC1 0SC2

-

O8Ct Qsc?
Bt
AN .
e A
ill; vibrator
.

— C C.

5 .

When the oscillation frequency
is about 2.5 MHz,

Ay = 39KN+2%
(Reference value)

Retrence viaue
{fose = 2.5MHz)
R = 1M + 10%
C, = 100 ~ 220pF
Cz 100 ~ 220pF

Ceramic vibrator: CSA
2.500MK

{Made by Murata Corp.)

I
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17 AUTOCLEAR ized as Fig. 13

After closing the power suppiy, a built-in autoclear circuit is To operate the autoclear circuit wn‘houl failure -p.ieasg b.e
actuated to linitialize RAM and various kinds of mode flags. sure to. let -the power supply Vpp sa.tllsfy the cmdmuTs |nd|.-
While the autoclear is in operation, the busy ttag is set to caled in Fig. 14. When these conditions are not fuitilled, it
(1), is necessary to meet the conditions by the execution of in-
° All of the 8bit display data of the RAM display data re-  Swuctions.

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

* The display start address and the cursor address are sat
fo (00)|5.

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

Function mede 1/OC | FONT DUTY RAM

{Instruction SF) 8/4 {1 8/12) DT, | DTy | RA, | RAg

Entry mode CSR |C5A CONDITION| DSP |DSP CONDITION

- (tnstruction SE) o/ | oW R {Dn | w R
0 0 0 0 & 0

Disptay mode DSP | CSR | UND | CSR | CHR
(Instryction SD) ON/OFF{GN/OFF|ONAOFF| BLINK | BLINK|
¢ 0 e ! ¥
tnderline mode USA | UND
(Instruction SU) ON/GFF| S/R
[ 1
Blinking mode BLINK FREQ

{Instruction §8) T.[ By

o |

Fig.13 Mode of initialization

(" Waveform of Vgp +5v--~

ov

L

Maximum 10ms Minimum 10ms

Fig.14 Vgp waveform
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An example of a software initialization method is shown below.

ON

Power supply

Example of Set Data{fer 8-bit mode)
170 140 Confirm Voo = 5¥
R/W|DB; D8y DBy DB, D8; DB; DB, Dy
Cc1 c2
0 o0 1 Flag check Busy flag check {RB)
Mode discrimination
o
0 0 0|0 ¢ 1 0 0 0 1 1 Set display mode (SD)
o0 01 1 1t 0 0 0 0 O Set function mode (SE)
0O 0 00 1+ 0 ¢ 0 0 0 0 Set entry mode (SE}
0 0 0j0 D O O 1 1 0 1 Set underline mode (SU)
0 0 0OjOo O 0O 0 0 1 0 1 Set blinking frequency {SB)
b S
DD AAM display
Data clear
00 0|0 0 0 6 0 0 O 1 Cursor home
Display start
address home
()

| Setting completed |

Hereatter, carry out busy flag check whenever
an instruction is to be executed. Il a check is
not given, it is necessary to wail until

the execution of the preceding instruction is
completed.

Refer to 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 bitinking ON

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

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 undetline bit

Blinking frequency
__ losc(Oscillation frequency)
B = 4718553 x2

RAM data clear
Cursor home
Disptay start address home

Note © Letters within { ) are abbreviation
symbols for an instructien.

24
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INSTRUCTION CODE

dON ERliv votigsado oN ndu)
|uwoy ssaippe ueis Awds)p pus
HO SWSZ L wnduy 1
‘swoy gep Ae[dsiD WYH (Q O 108N JBe|D
S . .
HWN $70g Bwoy §53uppe Leis ARdsIp pue Swoy 05.nY ndu) t 1 9
— e 1
as oz Aougnbay) Bupyuyqg 195 indy| i g — 1 |
O3H4 ¥NITE
T 1 ,
nMm 11074 g SUIBPUN WYY il indu | e i
HSD | awnn . 0 |
H/S  [440/N0 I
ns 102 BPoW BuipspUn 188 indy I o]
anNn HEN
[Ie] 14Q |
i sz §S8UpPY HRIS-AR|dSID,/05IND IS indu) dsQ 130 S 0
d50 Hso
1 /
0s sroz opow Azidsio 105 1ndu) WNITE | WNIME {440/NO [ 430/M0 | 440/ND _ .4
8HD ; HSD2 ann H52 a50 i
I8 $702 spow Anue jag induy . _ M "9 : M| v % '
NOILIONOD d50 dsad NOILIONOD HSD | 48D |
T [ T T
s sz opoLL LoIOUN) 165 Jndut ]?m 1 ] a 10 | ozwe v/ . . |
Wy Alna 1NOS (o] i
vy | vy zig v/2
a4 o sbey Jeyo pue Beyj 4sng peay nding [ b Zry q ASNg zry ASNG 1
Wy : INO4 [o7]]
am $70Z RIBP WYY OlIM indu °a ‘a ] fa 'a s ‘0 ‘a 0 :
i
—
ad s7102 wep Wyy pesy inding g ] o q ] g g ‘a }
SM €702 B$9JPPR Leis ABdsID B1pA induy Qv gy el ‘av *av sav av gy o
- -4 8
Sy 810z §62JpPR Lels Aeds|p pesy nding Qv ‘ay gy tQy ray Qv Qv ‘ay I
|||\A, - — —_— -_— —
DM 81z WYH 0 $S3PDE I0SIND S indyj Qv 'gy ‘av Qv fav fOv fav ‘av 0
— —_— t
o2} H $702 WVH |& Ssa1ppe 105D pray nding ‘av ‘av tav oy ray fQv ‘qv Qv 1
[
usnionnsy|l | ZHWES Z="59) 157 waif Inding [i] L z € i g 9 i 2 L
0| 0 Bwi) uonIUNY LoONISY| 1577 01 1ndyy g a ‘ ) A_ /e Q04 1 204
uchelAsIqqy uonnNaIsxy g a ) apon co__u:hpm:_

K |

8pOD UOHONIISU|
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DESCRIPTION OF INSTRUCTIONS

1 THE READ CURSOR ADDRESS instruction code

INSTRUCTION (RC) voc Tioc

READ DD/CG RAM CURSOR ADDRESS y | g |FW| DB DB | DB DB, DBy | DB, | DB, | DB
This instruction reads the cursor address which designates 1 4 t | AD, | ADs | ADs | AD. | ADy | ADy | AD, | ADg
the RAM address. It reads the B-bit (AD, ~ ADy) cursor - y
address register to the data bus (DB;~DBy). Input to the LSI Output from the LS

The most significant bit (MS8) 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) 170G | 170G ‘
WRITE DD/CG RAM CURSOR ADDRESS ;| p [F/W| 08| DB DB | DB | DB, | DB, | DB | OB 4
This instruction writes a cursor address which designates 1 1 0 1 AD; | ADs | ADs | AD. | AD; | AD, | ADy | ADo
the RAM address. It wriles the 8-bit data {AD; ~AD,) on v
the data bus (DB,~DB,) to the cursor address register. Input 1o the LSI

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 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 | 14OC

READ DISPLAY START ADDRESS i | g | P/W | DB | OB | DB | DB, | D6y | DB, | DBy ) DB
This instruction reads the display start addres. 1 0 | 1 | AD; | ADg | ADy | AD, | ADs | AD; | AD, | ADq
It reads the 8-bit {AD;~AD,} display start address register | .
to the data bus {DB;~DBg). Input to the LSt Output from the LS

The most significant bit (MSB) of the address data is AD;

and the teast 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
ADDRESS INSTRUCTION (WS) woc Troc] o T T o1 e, | 0B, | o8, | 08 [ oe o,
WRITE DISPLAY START ADDRESS HER 7| DB | DB, | DB. | D8y ) DS | LB
This instruction writes the dispiay start address. 1 0 0 | AD; | ADg | ADs | AD. | ADs | ADz | ADy | ADg
1t writes the B-bit data (AD;~AD,) on the data bus (DB;~ :
DB,} to the display start address register. Input to the LS

The most significant bit (MSB) of the address data is AD;
and the least significant 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.
Chaose the display start address within the range indi-
cated.
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Table 12. Range of display start address

Instruction SF t-line Display . 2-ting Display 4-line Display
o1, 0 0 t
DTo
AA, HA., ] 1 0
0 0 0~255 0~127 0~63
0 1 0~-223 0~1m 0~55
1 0 0~191 0~ 85 9~47
IR 0~159 0~ 79 0~38

5 THE READ RAM DATA INSTRUCTION Instruction code

READ DD/CG RAM DATA oo Tioc T ' \
This instruction reads RAM data. o 2 /W DB | DB | DB, i DB. | DB : D8, | DB, | DB
: . It reads the 8-bit data {D;~D,) of the DD RAM or CG RAM ol v 1t o] oelo| o] o ; D | 0 | by
designated by the cursor address to the data bus (DB, ~ !
DB,). tnput fo the LSt Outpul from the LS1
T

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 (4 1) or decremented
{—1) according to the entry mode conditions.

{See the entry mode instruction SE.)

6 THE WRITE RAM DATA INSTRUCTION Instruction code
(WD) VGE | 170C | ! | i i i
WRITE DD/CG RAM DATA 1| p pW PR D8 | DB DR 0B | 0B | DB,

This instruction writes data to the RAM. o i ] ! o ‘ o | o |

It writes the 8-bit data (D; ~Dy) of the data bus (DB, ~ : :
DBg) to the DD RAM address or the GG RAM address tnput to the LSt
which is designated by the cursor address.
The most signiticant 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={.
{See the underline mode set instruction SU.)
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.)

Os | D« Dy D2 Dy
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MS0530-XXXFP

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

/oc | voc 1roc | 1oC
'? 2 | R/W{ DBr | DBs | DB; | DB, | DB; | DB, | DB, | DBy , , | ®W | 08 | DBy | DB | DB, | DB | DB; | D8, | DB
140 [FONT AAM o |FONT| DuTY RAM
1 {pusy| 4u2 BUSY| 4u2 0 0 0 1 1 .
el 4] B4 B2 ** [ra | Rag 8/4 |8/12| 0T, | DTa | RA, | RA
i
Input to the LSI Output from the LSI Input to the LSI

The busy flag and the 4 function mode flags are read 1o 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 LS| is executing an instruction.

If BUSY=D0, instruction execution is completed.
The busy flags are the flags which show whether the
M50530-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 untit BUSY={(. issue the nex! instruction
after confirmation that BUSY=0.
In DBs, D84, DB,, and DBy, the Hlag status of the 4 tunction
modes that were set by the function mode set instruction
SF and read out.

170 8/4 Interface data length flag

FONT 8/12 Font flag

RA,, RAg RAM region flags
in DBg and DB, (412) the flag statuses indicating the cur-
rent instruction state of the M50530-XXXFP are output to
the interfaces 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/«c is in “H” state, DBy 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.

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

RAM region.

These prerequisites to the internal data processing are set

by the instruction code as follows.

The I/C 8/4 determines the width of the data to be trans-

ferred through the external interface.

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

° |/O 8/4=0 : 8-bit data is transterred in 2 portions (the
upper 4 bits and the lower 4 bits}, by using
the high nibbie (DB, ~DB,) of the 8 input/
output data bus (DR;~DB,).

Interfacing with a 4-bit zc is possible.

The FONT 8/12 determines the dot matrix composition for

one character font.

° FONT 8/12=1  The font for 1 digit is composed of 5X8
dots. Ot 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 5 X
12 dots. Of these 5X 11 dots are for the
character font, 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
0B, 08¢ DB;s DB, [o]:1Y DB; 0B, DBg
3]s} FONT “
BUSY 4u2 BUSY
B/4 8/12

a2 RA, RAg
4 L

B-bit mode BUSY i H /12 ausy

"L RA,

Ao ‘ Result of execution in

| 8-bit operation mode
. First BUSY - o, 612 : Result of execution in first
4-bit | half data | 4-bit operation mode

mode | Second
half data

BUSY "W RA, RAy

e Resull of execution in second

4-bit operation mode
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‘ POWER ON )

Execution of
RB instruction

| . g U

Execution of the second

REB instruction executed
half of the RE instruction

using the second half of
the 4-bit uc mode

H

Execution of
RB instruction

L

., RB instruction executed using
the tirst half of the 4-bit xc mode

H

RB instruction executed
=" with B-bit mode

ti - bit/4-bi
Execution of L‘r——’/se ing of 8-bit/4-bit mode

SF instruction

!

To next instruction

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

‘ AAM {9 bils for 1 Word)
i‘ Instruction SF B —
DD RAM
1-tina Display 2-line Display 4-line Display CG RAM
e Foml 1 Duty !/8 Duty 1116 Duty 1732
i CG character
iB8/12] 0 Duty 1/12 Duty 1724 Duty 1748
number
DT, 0 0 1 FONT 8/12
b DTo -
Ra\ A 0 L] 0 1 0
0_ N & 1 Iune)(% words 2 Iiﬁe)(128 words SiineX Bdwoeg; Oword |Ocharacter Dn;a;lcter
0 1 1 line X 224 words 2 bneX 112 words dlineX S6words | I2words dcharacter | 2eharacter]
1 o] 1 line X 192 words ZlineX % words dlineX 4B words | B4words [Bcharacier | dcharacter
1 1 1 lineX 160 words 2lineX 80 words } dlineX dwords . Ywords |i 2characled Seharacier

Please refer to item DD/CG RAM Regarding the RAM addresses
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Instruction code

9 THE SET DISPLAY MODE
INSTRUCTION (SE) HOCH VOC | bw DB; | D8 | DBs | DB, | DB, | DB, ' D8y | OB
SET ENTRY MODE LI i
This instruction determines whether the cursor address or o 0 0 i} 1 CSH ﬁf‘_@'ﬂ? 10K] DsP QDSPCD:(D'T'ON
DNl w | AR D w | R

the display start address is incremented (+ 1) or de-

cremented (— 1) after writing a data in the RAM with the input to the LS
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

csa CSR CONDITION !
oA W ] A Cursor Address .
X 0 0 No change in the cursor address occurs due to the instroction WD or RD. o . /
1 Q 1 The cursor address is decrememed after reading the data with the instruction RD. B
: 6 a 1 The cursor address is incremented after reading the data with the instruction RD.
1 1 0 : The cursor address is deéré;;r;1éc-!.-;;1;r writing data using the insir-;tion'rwo.
o ;3-.“ 1 ] i The cursor aaaféss is incremented after writing . Eal; usnn;; I'he instruction WO ]
1 i 1 i 1 The cursor address is decramemted after execution of the instruction WD or RD.
[} i 1 i 1 The cursor address is incremented after execution of the instruction Wb or RD.

DSP |  DSP CONDITION

on TTTRTTTTT a Display Start Address

X0 |0 o change in tne cpiay start adaress occurs dus to e nsiuciion o o 6
1 L i 1 ‘ The display start address is decremented after reading the dala with the instruction RD
0 | o t ) 1__ ! The display start address is mcremenled a!'ler reading the dala with the nnstrucuon RO. B
1 ! 1 L ___(l The dlsplay start address is dec:emented aﬂeir’v;riu:r;g dal_a_VV)I'II!J[KEJI\?ILI{&[IEX\_WDiT:.:-: M

. 07_‘_ o t | 0 The display slart address 5 incremented afler wrltmg daia with the mstrucllon wD.

1 !_.... i 1 The Glsplay slan address is decrememed aﬂer execution ol |h i chon P E__-_T:_T
0 1 1 ' The display start address is incremenied afler execution or me instruction WD or RD

30 MITSUBISHI
ELECTRIC




LI A TR T T I S T Y-}

MS0530-XXXFP

DOT MATRIX LIQUID CRYSTAL DISPLAY CONTROLLER-DRIVER

10 THE SET DISPLAY MODE
INSTRUCTION (SD})
SET DISPLAY MODE

Instruction code

11 THE SHIFT CURSOR/DISPLAY-START
ADDRESS INSTRUCTION (MA)
MOVE CURSOR/DISPLAY ADDRESS

Instruction code

1/QC | 1/0C ! I¥oC | 110G
) . | R DBy ’ DBs | DBy | DB, | DB, | DB, | DB, ’ D8, ] [ , | /W | DB | DB, | DB, | DB, | DBy | DB, | DB, | D&
DSP | CSR | UND | CSR | CHR| | CSR DSP
o folo| ol o} 1
i ON/OFF|ON/OFFON/GFF| BLINK | BLINK oo 0o po 0o VOLESR 1SR o

Input to the LSI

This instruction sets the display modes.
The following display modes can be set by this instruction
code.
° DSP ON/OFF=1  This turns on ail displays.
DSP ON/QFF=0 | This turns off ali displays.
= CSR ON/OFF=1 : This turns on the cursor display.
CSR ON/OFF=0 : This turns off the cursor display.
s UND ON/OFF=1 I 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
CuFsOr display
without blinking.
© CHR BLINK=1  This causes the character disptay of the
' cursor position 1o biink,
CHR BLINK==0 : This displays the character display with-
out blinking.
The blink displays are presented as shown Fig. 16 depend-
ing upon the position of the cursor.

fnput ta the LSk

This instruction increments (+1) or decrements (—1) the
cursor address or the display stant address.

The cursor address and the display start address can be
incremented or decremented independently of each other.
The results of the execution of the instruction code are as
shown Table t7, 18.

CSR
ON/QFF

C5R
BLINK

CHR

BLINK

Examples
are tor a

5XB dot

HH

A

111

matrix

*
Displayed alternately

-~
Displayed alternalely

-~

Displayed aiternately

Fig.16 Exarmnple of blinking
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Table 17. Shift of cursor address Table 19. Set underline mode.
CSR CsA Cursor Address USR UND Uinderline Bit Sel/Reset Mode
DA ON/OFF S/R

0 ).(_" No change occurs in the cursor agdress. ] - 1 1 One can set the underline bil by means of the instruc-

. . This decrements the cursor address. tion WD icllowing the execution of this instruction SU.
The cursor appears 1o be shifted to the leit, . a One can reset the underting bit by means of the instruc-

. o This increments the cursor address. i tion WO lollowing the execution of this insiruction SU.
The cursor appears (o be shifted to the right. a % The sel/resat mode is canceled so thal the underline

bit will neither be set nor resel by the instruction WD

‘Table 18. Shift of display start address
13 THE WRITE UNDERLINE BIT

DSP
DSP on Display Starl Address INSTRUCTION (WU)
B - - WRITE UNDERLINE BIT
0 x No change occurs i the dispiay start address.
} 0 The display slart address is decremented. Instruction code
. ) T
The display as a whole appears (o be shifted to the right, oG ; 1100 .
s display 78 2 whold 2P g Rw | DBy | DB | DB | DB, | OB. | DB, | DB, | DB,

The display start address is incremented. 1 2

! 0 ; UND | CSR
The display as a whole appears to be shilted to the left. 0 [ 0 0 0 0 o 1 0

— S/R [

input to the LS|

12 THE SET UNDERLINE MODE L i . - )
INSTRUCTION (SU) % This instruction sets or resets the underline bit in the 2-bit

SET UNDERLINE MODE data of the cursor address of the_RAM. It can. also |‘ncr‘e-
ment the cursor address after setting or resetting. This in-

Instruction code struction performs Table 20 operations.

o . . . . il

YOG | 110C AW | DBr | DB | DEs | DB, | OB | OB, | DB | DB, When display data for which the underline bit is set is d.|5

! 2 -] played in the underline display mode, a 5X1 dot underline

0 0 g 0 0 f [ 0 1 ! USH | UND at the position of the bottom row of the dot matrix (position
ON/OFF: S/R

— - where the cursor line with 5X 1 dot is displayed) will be
Input to the LSI dispiayed, in addition to the display of characters.

This instruction determines whether or not to set or reset  Since every word of the RAM carries an undertine bit, the

the underline bit at the time of writing an 8-bit data in the underline display can be set for every word in the display.

RAM by means of the instruction WD.

The instruction code can set Table 19 conditions:

Table 20. Set underline and curser address

When display data for which the underline bit is set is dis- LN Csh Underline Bit/Cursor Address
. . . S/R
played in the underline display mode, a (5X 1) dot under- ! pou ——
. ] . - tting the underline bil,
line will be displayed at the bottom row position of the dot 1 1 . :’:‘L:gt @ undetline Bl the cursor address (s iv .
remen 5
- m.atrlx (pDS.I[IOf'I }f\.'here the 5 X 1 qat cursor line is 1 . T
— displayed), in addition to the chara.cler display. N Na change occurs in the cursor address.
Since every word in the RAM carries an underline bit, one 0 After resetling the underline bit, the cursor address (s
can set the underline display for every character displayed. B ! incremented.
o o This resets the underline bil
Y . Fa} No change occurs in the Gursor address
¥ My /,%” Vi An SO 4
: R .
6o Y RV
U ,f / yi Sl
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14 THE SET BLINK FREQUIENCY Instruction code
INSTRUCTION (SB) 1OC | 110G | o w D8; | DB; | DBy | DB, | DB, | DB; | DB, | DBo
SET BLINK FREQUENCY . 2 L] ]
L . s BLINK FREQ
This Instruction sets the blinking frequency for the cursor 0 0 0 0 L} 0 ] 0 1 & | B
tine or a character situated at the position of the cursor. The
blinking frequencies are assigned by the instruction code input ta the LS!
as Table 21.
Table 21. Blinking frequency
B, I Bq I Blinking Frequency
0 I 0 ‘ 18=lg5c /4718592
i i —
0 1 1 fe—{losc/4718502) X 2
e —— . . o
1 ‘ 0 ‘ to=(1osc/4718552) X 4
. 1 : 1 i fa=(1gsc/4718592) X 8
~ Here, lgqc is the osciliation frequency of the oscillaloe
15 THE DISPLAY/CURSOR ADDRESS Instruction code
HOME INSTRUCTION (MH) 1oc [ 11oc | R | D8, | DBy | DBs | DB, | DBy | OB, | OB, | 0B,
MOVE DISPLAY/CURSOR ADDRESS HOME L |
This instruction writes {(00) ;¢ in the display start address [1} ‘ 1] I o 0 0 a i} ] [ | 1
register and the cursor address register. By this, both the \ L . —
display address and the cursor address are set to the home Input fo the LSI
address.
16 THE CLEAR DISPLAY/ADDRESS Instruction code
T i H
HOME INSTRUCTION (CH) MG | VOC | o w | o8y | DB JI DBy | DB, | DB, | DB, | DB, | 0B,
CLEAR  DISPLAY, MOVE DISPLAY/CUROR |t 2 | |7 SRR
ADDRESS HOME 6 0o o | ¢ | o [ ol oo | o} 1
This instruction converts all of the 8-bit dispilay data of the —— N -
Inpul to the LSI

RAM display data region to the space code, and all of the

underline bits to (0); {nondisplaying.)

In addition, it writes (00) 4 to the display start address reg-
’. ister and the cursor address register. By this, both the dis-
play starl address and the cursor address are set to the
home address.

17 THE NO OPERATION INSTRUCTION Instruction code
{NOP) woc 1voc | R’WJ o8 | o8, |
2 r
SR Bt

| T
DB, ! DB, f DB; | DB; | DB, | DBy
NO OPERATION L | = ‘ -
This is the instruction for doing nothing. No change occurs 0 ‘[ [ J 0 0 0 | 0, 0 0 0 0
from this instruction. — T T
Input to the LS|
MITSUBISHI 13
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INTERFACES WITH .c AND up It one designates instructions other than RB (read busy flag
MS0530-XXXFP can interface directly with 4-bit uc, 8-bit 4 and function flags) by IR {(NOT RB), then M50530-XXXFP
c and 8085 up . assigns (1), to the busy fiag to indicate that it is executing

an instruction, when it is executing autoctear at the time of
1 The interface with 8-bit x ¢ ¢closing the power supply or it is executing an instruction IR

The 8-bit ¢ and M50530-XXXFP are connected as Fig. 17; (NOT RB)}. When the busy flag is set (1), even if a subse-
The output ports of the 8-hit xc are connected to the EX, I/ quent instruction IR (NOT RB) is given, M50530-XXXFP will
OC1. I70C2, and R/W terminals of M50530-XXXFP, The in- not execule it. Accordingly, in giving an instruction to
put/output port of the 8-bit zc, is connected to the data bus M50530-XXXFP, it is necessary to examine, using the read
terminal of M50530-XXXFP. busy flag instruction RB, whether the busy flag is (1), or
By giving an input/output instruction to the 8-bit u¢, via the (0),. 1t itis (0}, an instruction IR {NOT RB} given next to
ports, to the I/OC1, I/0C2, R/W, and DB; ~ DB, terminals, M50530-XXXFP will be executed.

and by applying a start signal to the EX terminal, M50530- Fig. 18 is an example of instructions exchange between the
XXXFP will execute the instruction, 8-bit uc and the M50530-XXXFP timing sequence.
8-bit uc M&0530-XXXFP .
N
EX
Output ports Vo e
-~ 110 C2
R/W
input/output port = 8 0B;~DBy
i—"" 85/uc
-

Fig.17 Interface with 8-bit xc.

llnstruction WC] [Inslruction HBI llnstruction RBJ [Ins\ruc(‘oon RB] [Ins!rucuon wE,
o« L L . [ v

— 1+0C1 _r _L
vocz [ - [
R/W _L { _L

ou TN o YA o QT wvs A o oo (TN o

execution of instruction WC

Fig.18 interface timing with 8-bit ¢
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2 The interface with 4-bit ¢

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

The output ports of the 4-bit ¢ are connected to the EX, |/
OCH1, I/QC2, and R/W terminals of M50530-XXXFP, and the
input/output port of the 4-bit uc 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.

To simplity the explanation, the data bus instruction code
DB;~ DB, for the B-bit is be renamed in the 4-bit ¢ mode.
The upper 4-bit instruction code is defined as UB; ~ UB,
and the lower 4-bit instruction code will be defined as LB,
""'LBU

Data Bus Instruction Code

8-bit mode 4-bit mode
DB; -~ UB,
DBg — e By
DBy —————+=UB;
DBy ——————UB,
DBy —— e | By
b8y —— 1B,
DB, -———————=| B,
DBg —— - ——+LBy
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 zc mode, the data bus is used twice to execuie one
instruction, as such it is absotutely necessary to start ex-
ecution by applying the EX signal twice. Therefore, identic-
al instruction codes are given to the {/OC1, IYOC?2, and R/
W terminals for both 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 lags 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 1R (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 M50530-XXXFP, the in-
struction will not be executed.

Therelore, busy lag status, (1), or {0},, must be examined,
by means of the read busy flag instruction RB before initiat-
ing an instruction. Y the flag is {0),, the next instruction IR
{NOT RB) given to M5(3530-XXXFP will be executed.

M50530-XXXFP

EX

170C1

Output ports J

1/0C2

l

R/W

DB,~DB.

Input/output port

OPEN | DBy~DBy

l[—— BS/ ue
T

Fig.19 Interface with 4-bit uc.
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In the case of the 4-bit uc¢, it is necessary to apply EX sig- function fiags instruction RB subsequent to the closing of
nal twice limes for the execution of an instruction. the power supply (at this time stiil in the 8-bit mode)}. The
When the power supply is turned on, it is in the 8-bit uc instruction SF at this time is 4-bit xc mode instruction, and
mode, If 4-bit xc mode is desired, then instruction SF is it is necessary 1o 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 tlag and tween the 4-bit ¢ and the M50530-XXXFP,

llnstruction wC Ilnstruction RB\ Ilnslruclion RBI [lnst!uclion HBI [!nslruction WD—I

A

A

=« (L resre e e re e e re e

DB,

DBe~D8,
ADg~AD, AD;~AD, FLAG etc. FLAG FLAG etc.  FLAG FLAG etc.  FLAG De~D. D,~D,
ue;~usg, ﬁx ? 9 j? 9 : jF ? J .
LBy~LBy
—~—
execution of instruction WG
Fig.20 Interface timing with 4-bit xc.
16 MITSUBISHI
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3 The interface with 8085 «p
(#p mode)

The 8-bit «xp 8085 and M50530-XXXFP are connected as
shown in Fig. 21.
In this mode the signal terminais ALE, RD, WR, and IOM
unique 1o the 8085up are connected to the EX, R/W, I/
OC1, and I/OC2 terminals of the MS0530-XXXFP. The
address data bus AD;~AD, of the 8085up is connected to
the data bus DB;~DBg of M50530-XXXFP.
The instruction codes KOC1, Y/QC2, and R/W from the uc
mode are sent in this mode on the address data bus AD;~
ADy.
The terminals for the signals R/W, I/OCT, and I0C?2 of the
M5B0530-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 eutput instructions IN and QUT are used.
When the IOM 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~ADyp, then

ADza~ADgg is I/0 port address and

ADzp~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 QUT, M50530-XXXFP is
controlied as shown below.

—>AD;y
———+ ADga

1
1
1 - ADsa
1
1

———— AD4a
————=AD;,
R/W ——ADgg
1HQC1 —— Al
/0C2 ~—— ADgy

Gives the High Levei of logic “17.

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

OB, ADp
DB, ADgy
D8, ADsp
B, AD4p
0B, ADsp
DB; ADagy
DB, AD,h
DB, ADgh

In the above, the address (chip select) when MS50530-

XXXFP is seen as an 1/0 port is given by
{AD;7a, ADsa. ADsg, ADya, ADaa, AD2a, ADya. ADga)= (1111xxx),
where the symbol x stands for 1 or 0.

M5L80B5AP M50530-XXXFP
ALE EX
AD A/W
WR 170 Ct
oM 1O G2
8
AD;~AD, L DB;~DB,
Voo {p-——- B85/uc

Fig.21 Interface with 8085up.
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A timing sequence diagram example of the instruction ex-
change between the 8085 xp and the MS50530-XXXFP is
shown in Fig. 22.

When many instructions are executed, the IOM signal of
the #p mode {BOB5up) corresponds to the EX signal of the
uc mode (8-bit uc mode).

tn all other cases, the instruction sequence is similar for the
#p mode and the xc mode.

However, the data width of DB in the up mode has 8 bits,
and it is not possible to set the 1/O interface to the 4-bit
mode by means of the instruction SF.

MS0530-XXXFP 80854p
Terminal Terminal
name of name of
M50530-XXXFP 8085 up
£x ALE _/_\
__ < 7
R/W RD N v .
1/0C WR \ /
e
11OC2 1oM __/ \_
0B AD, / 1 Y {08/ >
DB AD; / ! X (DB¢ >
DB, ADs / 1 \< (0By) >
DB. AD, / 1 X (DB >
DB; AD, / 1 \< {DBy) >
D8, AD, Q [(R/w) X (DB;) >
o8, AD, < wocy X {08, >
DEo AD, < (ivoca) 3( (DB} >
Inthe above, [ ] shows an instruction code.
Fig.22 Interface timing with 8085.p
18 MITSUBISHI
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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 5X8 dots)

- 3 -
N N
TR Y
N
- -
PR 3 -
o N = -
T T L T
£ 1 t 1 1 t 1
e L L A —
- | |
o
7 .—n
- -
S B
— -1 5
.lr ] ; ] [ o
P P . &
- -4 »
e [l
J— | - &
-_ o
—_——— - a
- ] - -
-
T T -
! | 1 ] 1 1 1
L bkl L
_——— - -
—
__ -
—— -]
—
—t L -]
T T T -
| S T T T !
| (- [ ! J
R N o, o v - s 323 2 9o 2
i S35 5553352858535 2 233 ==
(] §83835383839823833343 53533383 B
. a C OO0 o oo 0
3 X
+ a % k
" O > 3
o & >
«r
vy
Q
& uy
— ™ -
5} ) Qo Q =
) @D = 9_ 8] " - - ~ -
o o w = 3 = > > > >
A

0

> R/W

f
g
- L L

Microcomputer

7

:

for LCD
1000

Power supply
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2 Wavetorms for liquid crystal driving
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M50530-XXXFP one chip syslem example

cout

!
coL40
M50530

XXXFP CO;"”

!

COMB{12),

LCD panal
(1 tine 8 digit)

1 line 8 digit (5X8 or 512 dot)

coL1
!
CoL40
M50530 COM?1

: !
XXXEP comalie)

COMS{13)

!
COM16(24)

M50530

-XXXFP COMS8(12)

COL3

!
CoL4g

COMI

!

COMa(13)

LCD panal
{1 line 8 digit}

H
COL16(24)

LCD panat
(1 line & digit)

‘

I

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

LCD panal
{1 line B digit)

LCD panal
(1 line 8 digit)

1 line 16 digit (5X8, or 5X 12 dot}

COoLy
!
COL40 1
C()?M1 LCD panal
COMSB ™ (1 line 8 digit)
M50530 com9 LCD panal
XXXFP coarms (1 tine 8 aigit)
COM17 LCD panai
! (1 tine 8 digit}
COM24
Ccom25 LCD panal
! (1 line 8 digit)
COM32
4 iine 8 digit (5X8 dot)
COLt
l) >
COL40 l L
COM1 LCD panal LCD panal
CSMS (1 tine B digit) {1 line B digit)
MS50530
-XXxFp  COMS LCD panal LCD panal
come (1 tine 8 digi1) (7 line B digit)
COMI17
¢
COM24
CO?/I?S
COM32
2 line 16 digit (5X8 dot)
MITSUBISHI
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8-bit action, 8 characters X 4 lines display example

tnslruction
No. oo C B Display Action
Abbreviation R/W
c1lc? rlels]a]s]2f 1 o
Power ON Instialized by inernal reset curcuit.
Nething displayed.
" -
A N D O O
Set function mods 8-bit action, 4 lines displayed.
Font is 5X8 aat
2 SF
ofofof i v [1]+Jefa]e
Set enlyy moda L Mode is set to increase cursor address after wril-
. ting data by instruction WD.
3 SE
030§0f0i1i0f‘i°|0|0[,0
! Set display mode ,7 Cursor is displayed.
4 ‘ sD
T v N
I efojofolo 1 {1[1Jo]o]o
Write data to RAM M “M" is displayed, and cursoe shifts right.
5 wD —
-
| o rfololi[oTe 1t o 1 - |
4] i Write data to RAM "50530" is displayed.
5 MENBEE
3 wo
9 T
10 - 1
! ol [0 xIx = Ix[xIx[%xTx
Write cursor address Cursor moves to 2nd fine 1st digit.
M 5j0[5(3jo
n WwC
- , . ]
t]1Jafo[1Telo[e]o]0]o0 ]
i2 Write data to RAM “Liquid™ is displayed.
13
14
15 wb
6
Yo ol o X [ X [ xIX[*xixIxTx

42
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L Instruction
No. | [IZeRRTIe] D B Display Action
Abbrewiation AW 7375
cifez 7]s]s[al3]2]1]0
Write cursor address R Pt e LI S v Cursor move o 3rd line 1st digit
Misiols3jof I
N -
18 weC L,Lj‘.!_%_q ulild
i -
. P A S oL i
o o411 fef 1 JejoJelolalela]
19 wD - “Crystal” is displayed.
) mlslols[3]o b playad. "
L Pt Ta Cursor moves Lo 4th line, 18t digit and “DisplAY™
ijqlu "
WC D 1 is displayed.
. [Q__r ylsitia/1; play
% | wo o[ i]slaliialy
T O A A O
Shift cursor and display start address Gursor address Is decreased. Namely Cursor
shifts left.
. kL) MA Display starl address don't change.

| oJofe]e]ofoli]1 1]o]0

haadl Shift cursor and display start address Cursor address is decreased. Namely Cursor
shilis left.
35 MA Display start address don't change.
. ofofofefofef [ rTefa] "~
Write data to RAM Fort T e s S et "a" is displayed.
iM(5|0{5{3|0|
ror T *i’?
% WD 1 L[ iigiu | ild
Clriy s tiagly ]
Diis;pplfaly i
R e i TR T Rt 0 A
ofrJo]ejrTrfefofelof ] -
Shitt cursor and dispiay start address TR TR TR AT T Only display start address is decreased.
[ ‘l» Iy Display shifts ledt.
37 MA
e T o T oz
oiofolojojojtjofo] ]
Clear GD RAM data angd adgress home ol display T A Display is cieared, and cursor moves to st line
start address ; | Tst digh.
. 8 CH L
[N TR U S i
| '
4 .

! 0 oJoloJolo[o]ololal+]
— Note)  Please enter instructions, after checking busy Hag with instruction RB.
It busy flag is set, it is necessary 1o wait for the execution of the previous instruction before entering new instruction.
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AN EXTENSION OF THE SYSTEM

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

The LCD system of the M50530-XXXFP can be expanded

by connecting to it an external liquid crystal driver IC

M50521FP or M50524FP.

1 AN EXTENSION OF THE COLUMN

DRIVER

The MS50521FP uses the M50524FP as the column driver.
For this case, the SCL, CLD, CS, DST, and FRM terminais

DRIVER

2 AN EXTENSION OF THE COMMON

The M50521FP aiso uses the M50524FP as the common
driver. For this case, the CMD, DST, and FRM terminals of
the MB0S30-XXXFP are connected to the CSI, DST, and

FAM terminals of the driver IC, respectively. A maximum
display of 4 lines (for duty of 1/48) of 5X12 dot characters

of the M50530-XXXFP are connected to the SCL, DI, CSi, is possible.

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

ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Conditions Ratings Unit
Voo Logic circuit —0.3~+7.0 v
Vivgk| Supply vollage LCD driving circuit —C.a~415 v
v, tnput voltage _ Ves—0. 3=V, =Vpe+0.3 v
Topr Operating ambien temperalure —20~—+70 T
Tstg Storage temperature —40~+125 C
Pqd Maximum power dissipation 300 mwW

¥In the above, it is assumed that VE>VA2 V32 V2= V1,

RECOMMENDED OPERATING CONDITIONS iT,=-20 1t +70¢)
Symbol Parameter ?” - ;--——L-imitfﬁ — Unit

i Min Typ Max

Voo Supply voltage lor Iogié circuit ' 4, 57 ’ 50 : 57_7577?” E \:'_ -

mys"‘ Supply vollage for LCD driving circuit i Y Y'Y 1 v
Vie “L” input voltage . T Vss Vgs 0 33‘("\"00 “i,r T

ﬁV.H "H" input voitage l{).,_'."_XIVDDI V,D‘D ] \"TDT: 1 __\.;-__—_
fosc Clock oscillation frequency H 2 1 2% 3 | MHz

*Connect to V5 a resistor not less than 4702 { +10%)in series with the power supply.

ELECTRICAL CHARACTERISTICS {untess atherwise noted, for Vop=5V at Ta=25T )
Symbot Parameter Test condition l - i Limits .| Unit

R e MIn [ Typ  Max

loo Supoly current for iogic 1 losc=Z.5MHz : P 10 | ma
lvs Supply current for LCD No-load LCE oviput \{f?_=_1‘4\3'#” L ! 100 A
Voo “L" output valtage i1 T i 0.4 \
Von “H” outpul voltage (1 JM o ' 3_5__ : v
I nput leak current (2] . B o ; ) 7—170 T '!“OW« o ,uiAii

i Voz QOFF-stata oulpmi_current-i:i) _ ) - B i S 1' —_76_ T ::]Vii ) 2.

N resistance 14) - J ; 1 2

Ron l L.CD output O ! 5] o

Applicable to the output terminals: DST, SCL, FRM, CS, GMD, and CLD
Applicable to the inputs of 85/x¢: IYCC1, I/0C2, R/W, EX, and OSC1.

(n

[2)

{3} Applicable to the output terminals- D8; to DB,
(4)

Applicable to each LCD output of COL1 to COL40 and COM?Y to COM32.
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MS0530-XXXFP

DOT MATRIX LIQUID CRYSTAL DISPLAY CONTROLLER-DRIVER

TIMING CHARACTERISTICS UNDER THE 8-BIiT xc¢ CONTROL

(untess otherwise notad, for Voo=>5V at Ta=25T)

Symbol Parameter Test conditions Limits unit
Min Typ Max
Iwi(Ex) EX signal pulse width ) 200 ns
sy Controf data selup lime 200 ns
_:h Control data hold time 100 ns
tdiex~pr | Data oulput delay time C =15pF 300 ns
_Ev(exéo) Data effective time C=15pF 300 ns
tsuto~-exy | Data setup time 200 ns
thiex—p) | Dala hold time 100 ns
TIMING CHARACTERISTICS UNDER THE 4-BIT xc¢ CONTROL
(untess otherwise noted, for Vpo="5V at To=25T )
Symbol Parameter Test conditions - Limits Unit
Min Typ Max
bt EX) EX signal puise widih 200 ns
tecex) EX signal interval 800 ns
tsy Control data setup time 200 ns
th Contrel data hold lime 100 ns
lgcex—p) | Data output delay time G =15pF 300 ns
tvex—p) | Data effective time C,=15pF 300 ns
Isuip—ex) | Data setup time 200 ns
thiex—o) | Data hold 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
tarex) EX signal pulse width 200 ns
tsu Control data selup time 200 ns
—t;., Control data hotd time 100 ns
tdioy Data delay llmt; C =15pF 300 ns
tyio) 1 Data eftective time . C._-=IE:|;F 300 ns
tguio) Data sefup time 200 ns
theo) Data hold time 100 ns

TIMING CHARACTERISTICS FOR EXTENDED

SIGNALS

(unless otherwise noted, for Vpp=5Y and losc=3MHz at Tq==25T }

Symbol Parameter Test conditions - Limits Unit
Min Typ Max
_l\;;(;_;_, Shift clock "H™ puise width 300 ns
turiscr) | Shift clock "L” pulse width B ) 300 ns
twics) E;;i};;eiect puise width ) - ” 300 ns
thisci-cs) | Chip select bold time T T 300 ns
thics-scu) “Shit clock hold time 300 ns
Ai;u(o) Column data Séii];;a.iime - - 200 ns
thio) Column data hotd time T B 300 ns
—twc osT) | Dala Se!l;):lg;—;lrl:ﬂt‘: - T 450 ng
thiscL-psty | Data sat nold time h 600 ns
Ml;(c,,m Common data pulse width - 1950 ns
lytcmp-psmy| Data selupllin:n; ) 200 ns
_1dmsx :;;M; Frame delay time o T 300 ns

Note [ Al values refer 1o the case of lcad capacity of G, =15pF.
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MS0S530-XXXFP

DOT MATRIX LIQUID CRYSTAL DISPLAY CONTROLLER-DRIVER

Timing Wave forms under 8-bit «c Control

1) Read
Tweexs

Z 0.7XVyp
Ex ] k 0.3X Voo

1/0G1, 1/0C2 j i
|
RAW ] \

tgtex-o} tviex.0)

A
DBy~0DB; Eftective data

2) write

twiex:

ex 7 \
170C1, 110C2 j ! K
i o
R/AW !
I

tsuo-ex

!

i
—~ DB.~DB, B Effective data X
! )
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M50530-XXXFP

DOT MATRIX LIQUID CRYSTAL DISPLAY CONTROLLER-DRIVER

Timing Wave forms under 4-bit e Control

1} Read
I‘ twigx) \ leexii
f ) &7 X Vps
EX y { \ 0.3X Vg
toieny
tse = th
X
170C1, 14OC2
g 1
R/W

tdienm tytex.on fdexo:
- | ,..__,L }-‘— ﬁ byiexp:

~ Efective ™ Ettective
DBo~0B, ) data g x data R
= .

2] Write

twiext twipx:
|t %‘ -~

EX

1VOCT, 110C2 g b H >
K. g}

I
|
|

i
|
!
i
|
' , J thiex. 0! lSiJ‘D—Ex‘-[ i
lsuroext 9-%‘ ' ‘-——-*-1 b ——"r thex.o!
DB~ OB, " Eftecive Effective
g data data .
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M50530-XXXFP

DOT MATRIX LIQUID CRYSTAL DISPLAY CONTROLLER-DRIVER

Timing Wave forms under 8085.p Control

}) Read
twiex)
0.7% Voo
EX(ALE) Z \ 03X Ve
J— o —_—————
RAW(ED) \
110C1{WD)
1/0C2{(10M) Z . \
h
t
= o] tdio) tvio

DBy~ DB, Effective K x EHective Y
{ADg~AD;} : ; data data 7

2} Write
bwiEx)

A‘
EX{ALE) Z &
RIW(RD) \r ]
11OC1{WD) ’
170C2(10M} .
l h \:

gy _' tsyton thio
4 A

DBy~DB; x Etfective x Effective K
(AD,~AD;} data : data
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MS50530-XXXFP

DOT MATRIX LIQUID CRYSTAL DISPLAY CONTROLLER-DRIVER

Timing Wave forms for Extended Signals

bwnisc)
1) Column driver interface wave form

e [ [\ [ el

twics)

thiscr.cs)
(3 ? S

thics scu) tw(scL)

tsuios thip

A ) L X

2) Common driver interface wave form

th osT)

DST th(SCL-DST)z &7

twicmo)
1
CMD ’ s
|
tsytcmp-psT)
Sy
3) FRM
DST
tdiosT-FAm)

FRM X
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MS50530-XXXFP

DOT MATRIX LIQUID CRYSTAL DISPLAY CONTROLLER-DRIVER

¥

0 @
10
20
30
T
11
IER NI
40

Character codes and character patterns (1/2)
Character coce

(example of M50530-001FP)

SBR[ e g 3 BT ST

.
f;%

11T
7F
—.—é:

H
n3
-

1
1

1
as

5E
513

T
1117
11t
6D

EE § E:i [ E
{
1 1]
[sanns

jai
m
tt
7E

i
; ek
=

7

HHERR)

» T ...:_“ T 1T
o H ] HH HH ney nan HH
H o H o HH o i el o 1
wma RS [T &0 1l = I3 % uns S s wusana
- M
o :..i.ﬂ HHE OR HH H R @
{ ana u . £
o H o @ OH o T =)
I ] u ~ L1 W [ o oo P 11T S
I T T T w
< .8 HH 11 a
H < < HH < <« HH <« O
1T ™ -~ Wi r-4 11 - [&]
_ w
= uwe mal = %)
o T ans uan e T =
2 HH 2 H o HH ¢ any =)
u [ - 11 -
-] w an o 111 w© EN T T
- e @ bt A
® @ a3 o 3 o © LTH

37
HH
1T
T

47

57
1
T
11T

67

7

11] }
11
* MITSUBISHI
ELECTRIC

T
a8 =
© 0 < .
© was B o
—1—1 = . ”
" an aag an
1T
ann uen -
w HH = I HH =2 . of

q

34
I3
1T
1
a4
ﬁ
131
[
|aE R
64
74
AR
1
T11 )

- H-H sau 1
~ 14 “TU 41 ]
L . an I'TH
fac} 4 3 o n% an m bt n.?.u
ana - Tt
o H o A o~ oy 1+
. - or N 2 b o e HH

IManas:

.

IRED
11371

1"
R
H
H .
“ﬁ:-
81
Il
31
TITT
I
INEDI
41
H g
jsssws]
=4 1T
61

50
)|
)|
1
o
60
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IR

9F

17T

AF
H

LT
17

9E

9D

IT

AD
11

MS0530-XXXFP

-}

-1z}

8A

89

88

87
87

B6

N

CF

L]

CE

LX

FF

1117
LTy

£F

i

1T

CLIT

1T

BA
CA

LT

AZ

11
1T

A8

A7
7
11

89
o]

DD
uuH
ams

ED

DA
T

s
ot

EE

EC

EB

EA

ITT

B8
ca

Cc7

B6
C6

95

A5
T
3

94

DOT MATRIX LIQUID CRYSTAL DISPLAY CONTROLLER-DRIVER

93

21T

11

A4
T
1

1L

B3

T

Al

T

20

AD

Character codes and character patterns (2/2)

1T
1T

B2
c2

B1
TT
c1

11
117

BO

CO

D8
1
11

1|

1T

] w
sas L
H-H
ﬁ Iy HH
[V
1
-
1
=
IT L. -
I B
1
® ass
IT
<
18 1
INAA
brig
| ] 1
tH =
[ 1

1T
LIT

ES

1T
L

D4

1]
T3]

D3

o2
g
1
o

D1

DO

E4

aEEE

E3

E2

E1l

ED

F7

6

ROEn

F

Fa

F3

F2
1
T
1T

FO

Py
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MS50530-XXXFP

DOT MATRIX LIQUID CRYSTAL DISPLAY CONTROLLER-DRIVER

Examples of system extension (data RAM of 256 words)

!

M50530
-XXXFP

o
1 5X8 dot 256 digits per line LCD

M50530 —’}L
i1

“XXXFP
H 5X12 dot 256 digits per tine LCD l
M50521 M50
- ——-IJT}——I—
M50530 Jo {o %0
I
-XXXFP
Ao I 5 X B dot 128 digits for 2 lines |.CD
16 1

M50521 M505§4 M50524 M505F23 MSOSEg-‘

EP e F
M50530 o o 180 J o0 j I
T
e | : 5% 12dot  128digits for 2 lines LCD
24 H
M50530 :
5 X 8 dot 64 digits
- “XXXFP [ 9
[ for 4)ines LCD
32 i
]
M50530
{
-XXXFP
| | o
32 |5 X 12 dot 64 digits
|  tordlines LCD
M50524 T
FP{ e
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MS0530-XXXFP

DOT MATRIX LIQUID CRYSTAL DISPLAY CONTROLLER-DRIVER

AN example of system connection

[43

—]

r g4
L
13ued |e)sA0 pinbiy
{c
i r
09 08 0z "
oF
08~ 1100 0§~1LN0 _ 0¥ ~12400
Z'Han ¢ Z'an 2aW [—d
1a 1a 10
108 108 /e) q08
d4rZG05KW d4¥ZS0SIN o
450 e 80 daizsosw 150
Hi b Y3 W b,
22g" 2288 29
[ e B Qw8 O = g 2

(2/1)
wr_mnon_u:umomz
LLAO
LW
ZEROD O
) z
LNOD ©
2080
0100
!
1709
1080

d4XXX-08506W

ml.DmD
8D c201
a1 Jele7]]
108 M/
18a X3

wed

Sp e

Aiddns jamod oM

(o3

Microcomputer
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