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DOT MATRIX LIQUID CRYSTAL DISPLAY CONTROLLER-DRIVER

MITSUBISHI LSIs

MS0530-XXXFP

DESCRIPTION

The M50530-XXXFP is an LS| for a dot matrix liquid crystal
display control drive which has been developed by making
use of the silicon gate CMOS process, and can controd mul-
ti-digit dala and directly drive a dot matrix liquid crystal
disptay of 256 font lypes including alphanumerics, kana
characters and symbols by a simple control from zc and g
p.
The MS0E30-XXXFP offers a system for controlling and
driving a dot matrix liquid crystal display, and also expands
the number of display digits by the simultaneous use of the
IC for the liquid crtstal drive, MS0521FP or M50524FP.

By using the MS50530-XXXFP it has been possible to create
a liquid crystal display system which is compact, has low
power consumption and is very versalile.

FEATURES
® |nledacing (It is possible to interface directty with a 4-
bit 4c and an 8-bit uc. It is possible to inter-
face directly with 8085 «p.)
® Characters {256 fonl types with 5X8 dots or 5X12 dots
(cursor is common 1o both) )
® Memory (Generally for a disptay data RAM and for a
character generation RAM, it is possible to use

a total of 256 words, with 9 bits to a word, and
to select one configuration out of the 4 types
described below that oler maximum and mini-
mum ¢onfigurations. }
= Display Data RAM (hereafter referred to as DD RAM)
9 bits to a word (of these, 1 bit is used to underline }
‘‘‘‘‘‘ 4 types from a maximum of 256 words to a mini-
mum of 160 words
= Character generator RAM (hereafter referred to as CG
RAM}
5X 7 dotg---- 4 types from a minimum of 0 to a max-
imum of 12 characters
or 5X 91 dotg -+~ 4 types from a minimum of Q to a
maximum of 6 characters
¢ Character generator ROM (hereafter referred to as CG
ROM]
5X7 dotg------ 4 types from a maximum of 256 to a mini-
mum of 244 ¢haracters
of §X11 dots------4 types from a maximum ol 256 to a
minimum of 250 characlers
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® Inslructions {The following comprehensive instructions = Common signal! 32 lines {¢orresponds 1o 4-line portion
are given.) for 1/32 duty)

o Qursor address set-up for DD/CG RAM = Column signal : 40 lines {corresponds to 8-digit por-

= Display start address set-up tion for 5 lines per digit)

= Data write and read from RAM = By using the IC for the liquid crystal drive MS0521FP or

« Display shift and cursor shift MS0524FP, it is possible 1o expand the display to the

= Interface changeover between 8-bit xc/4-bit uc maximum number of digits.

= Font changeover between 5X8 dots /512 dots ® Automatic reset at power cut-off

= Duty changeover between (1/8, 1/12), (1/16, 1/24), ® Built-in oscillator {An exiernal resistor or an external
and {1/32, 1/48) ceramic filter)

= Selaction between DD/CG RAM configurations = Oscllation frequency 2.58MHz (for a frame frequency

= Underline set-up for each character of about 70Hz)

+ Display ON/OFF, cursor display ON/OFF, underline ® Column data transier speed {1.20Mbit/set (for oscilla-
display ON/OFF, character blink, and cursor blink tion frequency of 2.58MHz] )

= Blink frequency set-up #® Blink frequency (About 0.5H2, 1Hz, 2Hz, and 4Hz

» Display address home and cursor address home [lor oscillation frequency of 2.58 MHz] }

o Clearing entire display ® Supply voltage for logic circuit | {+4.5~55 V)

& Display difgit No. : ® OQutput voltage of liquid crystal drive [ (-+3~14 V)

=1 chip system (8 digits for 1 line, 8 digits for 2 lines, ® On-resistance of liquid crystal drive
and 8§ digits for 4 lines) 5000 (14V) and 2k 0 (5 V), maximum

= Maximum system configuration (The 4 tollowing types ® Low power consumplion : Silicon gate CMOS process
of maximum system configuration are avaitable for 1 ® Package | 100-pin plastic flat QUIP, lead pitch 0.85mm

line, 2 line, and 4 lines respeclively.}
1 line 256 digits, 244 digits, 192 digits. and 160 digits  APPLICATION
2 lines -- 128 digits, 112 digits, 96 digils, and 80 digits QA apparatus {portable personal computer, electical type-
4 ling--e 64 digits, 56 digits, 48 digits, and 40 digits writer e.1.¢), Information apparatus (Telephone, Fax e.t.c).
® Internally provided for liquid crystal display drive circuit
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FUNCTIONAL DESCRIPTION

The LSI M50530-XXXFP is controlled by instructions from a
#C Or up on the outside. In other words, the zc or 4p lakes
the rote of master processor and MS50530-XXXFP takes the
role of slave processor. M50530-XXXFP can control com-
pletely the liquid crystal display (LCD).

When transferring data between the pc of 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 external data is written by an instruction in
the internal RAM via the internal input data register or data
is read by an instruction from the RAM to the outside via
the cutput data register.

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

When RAM data is displayed by LCD, the address of the
RAM data to be displayed as the first digit on the left-hand
side of the LCD is sel with the display start address. First,
set by instruction the first digit in the display start address
register 1o the RAM address desired for display. Data is
displayed by LCD from this address to successively higher
digits.

As regards the LCD drive, a common signal is generated in
the timing generation circuit on the scanning side to drive
the common side of the LCD via the common 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 to the common scanning signal in the line matrix of
the character pattern, to the shift register as a column sig-
nal, the column side of the LCD is driven via the column
singal drive.

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

The LCD operation is independent of the execulion of an
instruction from the outside and is processed within a pre-
scribed time, so that no flickering will be generated in the
disptay 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. Howaver, if a LCD
with more digits is desired, it is necessary to connect an
external IC for the LCD drive; either M50521FP or
MS0524FP. These ICs for LCD drive can drive a LCD as a
common signhal drive or column signal drive. Furthermore,
when a large number of these |Cs 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 coments are present for a prescribed frame time
which is determined by the oscillation frequency, and the
time is constant independent of the line number of the dis-
play, duty ratio, digit number of the display, and character
font.
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TERMINAL DESCRIPTION

Pin Name 170 Function

B85/uc inlerface changeover L] This is used as a signal for changing over the inlerface between #¢ and up. 0 should be set to "1" for

signal B0BSup and to 0" for pc mode,

1700 Inpul/ouiput | In the pc mode, this is used as lha conirol signal for sending an instruciion Irom the uc 10 the M50530-

conircd signal JOOXFF, and 13 used as part of the instruction code In the BOBSup mode. il is connected Lo the WR signal of
the 8085:p.
1:0C2 Inpul/ouiput I In the «c mode, this is used as lhe control signal for sending an instruction from the uc to the MS0530-
conirol signal XAXFP. and is used as parl of the instructon code. In the B0B5up mode, it is connected to the 1O/M signal
ol the BOBS.p.

R/W Write/read signal ] In the we mode, this is used as the controt signal for sending an instruction from the «¢ 1o lhe MS0530-
XXXFP, and is used as part of the instruclion coda. H s sel to 0" for write instruction and to *1" for read in-
slruction. In Lhe B0854p mode, it is connected to the AD signal of the B085.p.

EX Ingéruction start signal ] In the w¢ mode, this s used as the signal for the wc lo cause the M50530-XXXFP 1o slart the execution of
an instruction In the 80854 p mode, it 15 connecled 10 the ALE signal of the 8§085up.

DBy~ Data bus [F{e] Thses represenl the 4 upper lines of the 8§ line data buses. They are In tri-state bidirectional mode which

0B, snables inpuiting as well as oulputting. These are used lor mslruchion data transier between the Ma0S30-
KXXFP and the vc of »p. When interfacing with the «c is 4 bits, the {ower 4 bils data are also ransferred
by these 4 lines of data buses The DB; is also used for reading a busy Nag.

DBy~ Data bus 1410 These are the 4 lower lines of the & ne dala buses. They are in iri-staie bidirectional mode which enables

DBy inputhing as well as cutputting. These are used for instruction data transler between the MS0530-XXXFP
and the u:¢ or wp. When inleracing with the 4 ¢ Is 4 bilg, these 4 lings are not used.

DST Data et signal O Signal for setting serial dala sent to the drive I 10 a latch.

SCL 3hif clock signal O Clock lor successively shifing a serial data sel senl 1o drive 1C.

FRAM Frame signal Q Display frame signal. Used as a changaover signal for driving the liquid crysial by AC power.

cs Chip seleacl signal O Bignat lor selecting the column drive {C, Daia will be transfarred only Lo the drive IC to which this signal is
supplied.

CMD Comman dala signal Q Common data signal Lo be senl o the common drve IC.

Connecled to chip select of the drive I1C

CLD Column data signal Q Column data signal to be sent to column drive I1C
Sends a character patlern sefially. Value 0" corresponds 10 non-seleclion while "17 cormesponds (o selec-
tion.

COMI—~ LCO Common signal (o] Commaon signal for driving the scannng side of ihe liquid crystal, Commen signals that are nol used are all

COM32 given tha non-select waveform, For insiance, if the duty is 1/16, then COMI17 to COM3Z will always be
given non select waveforms,

CoL1~— LCO Column signat [a] Column signal tor driving the dala side of the liquid cryslal. Drivag the respeclive 8-digil portion of the RAM

COL40 digplay data of the display start address for each line.
(o104 Oscillabion 11Q Terminal for oscilkating internal clock. Connected to a resistor or a ceramic filer. Ciock input from outside
Q3C2 | inpui/output is supplied to OSC1.

Vy~Ws Power supply{LCD) ] Power supply for driving liquid crystal display. Vollages Vss, V., V., and Vs are common while Vs, Vi Vs,
and ¥ are jor column,

Voo Power supply!{Logic} 1 Pawer supply lor the logic circuit, -+ 5V

Vss Power supply{ GHD} I Ground power supply, 0V
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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

abbrewiations 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 . High voltage level

Furthermore, the following notations wilt be employed.

{ Jn 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 lhe radix.

R{ n means the content of the RAM addrass { Jn.

It should be noted that unless otherwise stated, numerical

values without suffix are meant for decimal notation.

For instance,

(8F) g =(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 «c¢ AND
up
These are the circuits for controlling input and output when
instructions and data are transferred between the M50530-
XXXFP and external xc or x#p that control the MS50530-
XXXFP.
By means of the input signal 85/«c¢, it i5 possible to select
either 8085 up or ¢ as an external control.
When uc is selecied, it is further possible to select 8-bit «
¢ or 4-bit ¢ by the instruction SF. For the transfer of an in-
struction code from the 8-bit «c to the MS0530-XXXFP, the
input signals 170C1, 1/0C2, R/W, and the input/output sig-
nals D'B; to DBy, are used and the input signal EX are used
for starting the execution of the instruction. For the transfer
of an isntruction code from the 4-bit uc to the M50530-
XXXFP, the input signals I/0C1, /QC2, R/W, and the input/
output signals DB; lo 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 «¢, the data buses
DB, to DBy 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 8085 4p is selected, by connecting the signals
AD; 1o ADg, ALE. RD. WR, and 10/M of the 8085 up to the
signals DB; to DBy, EX. R/W, 1/OC1 and I/0C2, respective-
ly, of the MB30530-XXXFP, il is possible to control directly
the M50530-XXXFP by producing an instruction code for
MB0530-XXXFP using the input/output instructions for 8085
P

The external «c and zp and the MS0530-XXXFP operate
asynchroncusly. Accordingly, there is no need for the inputs
from the pc and pp 1o be synchronous with the internal
clock of M50530-XXXFP. Furthermore, the handling of the
interface for the signals from the external »¢ and «p, or the
execution of the instructions from the xc and «p, will in no
way affect the LCD processing within M50530-XXXFP.
Therefore, no flickering will be generated in the display
due 1o inputs from the ¢ and «p.

2 BUSY FLAG

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

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

Howevar, 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 fram the zp or zc enters the instruction reg-
ister via the ¢ and #p interface circuits. The instruction is
executed when its content has been decoded.
Among the included instructions are those which can set up
the following modes.
Instruction SF . 8-bit/4-bit interface
5X 8 dots / 5X 12 dots font display 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 emntered 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.

Cutput data is outputted from the oulput data register to the

up or z¢ by the read instructions RC, RS, and RD. The out-

put data for these instructions is prepared beforehand in

the output data register.

5§ CURSOR ADDRESS REGISTER

This is the register for specifying the DD/CG RAM address.
In order to write data into the RAM using the instruction
WD, or read data from the RAM using the instruction RD, or
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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 set cdata in the cursor address regisier. 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 ot 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 lable 1.

Table 1. Instruction SE and cursor address

Ingtruction SE
CSR CONDITION Automatic ING/OEC of the Cursor Address
(W) (R}
0 1] N avtomatic inc or dec
a 1 Ing or gec aner execulion of instruction RD
1 1] Ine or dec atler execulion of inslruclion WD
1 1 E Ing of 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 inlo the display data region and

H e @ 2
RAM __ = P Z
Address™™ 2 5 g £
y # {

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

Fig.1 Example of

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

Table 2. Cursor Address

dividing RAM

the first line and the second line have a common value, and
in the case of 4-line display, the display start addresses for
the first through fourth lines have a common value. In the
case of display ¢f more than 2 lines, the value of the dis-
play start address of the first line is used as the value of

RAM - Gursor Addrass the display start address. Accordingly, the range of the dis-
Region Belore inc/dec Alter Inc Aflet dec play start address is given depending upon the size of the
{00)1s {014 (9F) e RAM region and the number of display lines, as table 3.
DU RAM
(QF}‘G {ﬂﬂ)m (QEJm
oo ramt T a0he (A1) (FFhye Table 3. Range of display start address
{FFl (AQ)w (FEhs SF DD RAM Regionl Range of Display Start Address
The boundary conditions in the increment and the decre- RA, 4 RAg 1-line Display | 2-line Display | 4-line Display
ment of the cursor address are displayed in 2 lined and 4 o | o ( 2?6:‘;‘15) (00) g~ | FFhag [ 000167 (TF1q | (00316 (3FT 1
lines so that the conditions will remain the same as in the 90} e~ (PPl
above table even when the RAM region Is further subdi- 0 [ ¢ | BB 00 e DFhre| (00}~ (8F Mg | €00IG{37)1s
. (60}~ [OF )1 |
vided. |
192 words
1 ] (00) (BF] (00)1a~{BFlag | (00} 1~ {5F 15| {00) 15~ [2F)1s
167 18
6 DISPLAY START ADDRESS REGISTER 160 woras
This is the regisler for determining the relative retationship ! U (000 15~ [9FD g (00016~ (9F 1, | (00} 15~ (4F) 16| (00) 16~ (27 hrg

between the position of the displayed characier in the LCD
and lhe 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 dispiayed in the first digit on the left end of
the LCD.

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

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

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

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

By incrementing (+1) or decrementing {—1) the content
of the display start address register with the instruction MA,
the position of the liquid crystal display with respect to the
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RAM can be shifted upward or downward.

After writing or reading the data with the instruction WD or
RD, it is possible to automaticalty 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.

Tabie 4. Instruction SE and display start address

instruction SE
DEP CONDITION Automalic inc/dec ol Display Start Address
{w} (A}
o 0 No automatic inc or dec
a 1 Inc ot dec afler exgcution of the insiruction RD
1 Q Inc or dec afler execullon of the ngiruction WD
1 1 inc of dec aftar execulion of the instructions AD and WD

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 explained,
when the RAM is divided into 160 words of DD RAM and
96 words of the CG RAM (one of the 4 possible
configurations ).

An example of the case of 1-line of LCD (for 1680 words of DD RAM and 96 words of GG RAM) ; Fig. 2.

= w w ©
RAM = - = —_
Address ~ 2 s g £
¥ K I
RAM DD RAM (160 words ) CG RAM (96 words)
Fig.2 DD/CG RAM
When the content of the display slart address register is
{17 }1¢. the liquid crystal display will be as Fig. 3.
Digit of LCD —> 1st digit 2nd digt  — — . _  136th digit 137th digit 13B1h digit 13%th digit — — — _ 158th digit 160th digit
1-line LCD R{#7}s R{18)s R{SE}e R(9F ) e R0} R(01) e A{15):¢ R{16),¢
R{ In means the conteni of [ )n of tha RAM
Flg.3 Example of display address
Here, it the content of the display slanl address register is
incremented (4 1}, the result becomes (18] ,5, and the
LCD display will be given by Fig. 4.
Digit of LCD —> 1st digit 2nd digit — — — — 135th digit 136th digit 137th gigit  138th digil == = ~— — 159th digit 160th digit
R{18),¢ R(19] 5 R{9E)ys R{GF) R{00} R{Ot} R{16he Ri{17}.q

Fig.4 Example of display address

* MITSUBISHI
ELECTRIC

Copyrighted By Its Respective Manufacturer




MITSUBISHI LSis

MS50530-XXXFP

DOT MATRIX LIQUID CRYSTAL DISPLAY CONTROLLER-DRIVER

starl 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 conient looks as if it is
shifted to the left. Similarly, when the content of the display
starl address register is decremented, the displayed con-
tent looks as it it is shifted to the right. When the display

Table 5. Change of display start addross

Digplay Stan Address
Belore inc/dec After inc After dec
{00718 01} {9F e
(9F)1s {00)ss (9E)s

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

k3 w = 3 w 2
RAM = = = = = iy
Address” & 5 8 % 2 Iy
¥ % ¥ i
I
|
RAM DO RAM I oD ARAM CG RAM
{80 words Tor 1st line) : {80 words for 2nd line} {96 words for 3rd line)
l
Fig.5 DD/CG RAM
When the content of the display start address register is
(17 }4¢ the LCD is given by Fig. 6.
Dight of LCD —=~ 1st digit  2nd digt — -—- — — 56th digh  57th digit  58th digit  SGth digit — — — — 7th digit 80t digit
1st Fine BR{17).s R{18}g R{4E),, R{dF )¢ R{00).¢ R{0O1},g R{15)4s R{16)5
2nd line R{BT}¢ RIGBY ., R(QE}m R{9F),, R{50}¢ A(H1] R{B5} g [L1L:1-9
Fig.68 Example of display address
When the content of the display start address register is in-
cramented, the result becomes (18) 14, and the LCD be-
¢omes as shown in Fig. 7
Digit of LCD 1st digit  2nd digit — — — — 55ih gigit 56th digil  57th digit  58th digit — — — — 79th digit  BDth digit
18t line R{18}.s R{19},4 R{4E},¢ R{4F}.q R(00}¢ A(01), R{18}.s R{17}.s
2nd line R{68},s R(69),s R{SE ), R(9F) ¢ R{50).¢ R{51}g R{66),s R{67}.¢
Fig.7 Example of digplay address
8 MITSUBISHI
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The displayed contents of the first and the second lines lhe right. When the display start address is situaled on the
look visually as if they are simultaneously 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 fines look as if they are shifted simultaneously to

Table €. Change of display start address

| Display Slart Address
Belore inc/dec Alter inc After dec
(00) 4 {01)4g {4F g
(4F b1 (00)4s {4E}1s

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

2 £ @ £ ¢ € @ L. ©
RAM — g 5 8 s 8 £ g s g &
Address = — = - = - o 1
¥ 3 ¥ N g N ¥ N ¥ 1
T T T
I | |
DD RAM 1 DD AAM | 0D RAM I DD RAM
RAM | | | CG RAM (96 words)
(40words for | r4owordsfor | (40wordstor | (40 words for
15t tine) : 2nd line) : 3stiine) | 4nd line)

Fig8 DD/CG RAM

When the content of the display address register is (17) .
LCD will be as Fig. 9:

Digit of LCD —» 1sidigit 2nd digd —————— 16th digit  17th digit  18th digit  19th digit — — — — - 39th digit  40th digit
18t tine R{17}4¢ R{18}s R{26}g R{27)4g R{00} 6 R(O1}q R{15)4g R{16],g
2st line R{3F},s R{40},¢ R{4£) s R{4F} R{2B}, R{29).; R(AD),, R(3E),¢
3st line R(B7 e R(68), R{76}:s R{77 0 R{50}:q R{&1}g R(65}:e R{66) ¢
4th line R(BF) s Ri90}45 R{9E) s R{9Fhg R{78):¢ R{79)s R{BD}g R{BE)s

Fig.9 Example of display address
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When the content of the display start address register is in-
cremented, the result is {18}, and the LCD will be given
by Fig. 10

Digit of LCD —» 1stdigh 200 digit  wm == w= — 15th digit  16th digit  17th digit  18ih digit. — — — — 30th digit  40th digit
1st line R{18),4 R{19)4s R{26},5 R(27 )1s R{00},4 R{01}4s R{16].s R{17he
2st line R{40) s R{41)e R(4E},s | R{4F),q R{28) s R(29) e R(3E}g R{3F )¢
3st line R{68}¢ R{69} s R{76).s R(77)s R{50}s A(51).g R{66) g RIB7 ).
4h line R{90),¢ R{91}, RI9E},s R{OF) g R(78 )¢ A{79),4 R{8E) ¢ R(8F 1,

Fig.10 Exampie of display address

The displayed contenl 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
simuitaneously 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-
cremented or decremented, the result will be given by
table 7

Table 7. Change of display start address

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
crystal. There are altogether 256 words, each word consist-
ing of 9 bits. The 256 word RAM can be divided into a re-
gion 1o be used for display data (DD RAM} and a region to
be used by the character generator {CG RAM). The divi-
sion of the RAM into the DD RAM and the CG RAM is car-
ried out by the instruction SF, and there are 4 kinds of divi-
sions (table 8):

Table 8. Instruction SF and RAM word number

Cisplay Start Address
Before inc/dec After inc Ater dec
{00)45 (01} (27 he
{27)16 {0014 {26015

7 DISPLAY ADDRESS REGISTER

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

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

8 ADDRESS DATA CONTROL

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

Ingtruction SF RAM Word Number{9bits lor a word)
RAM
T CD RAM CG RAM
RA, RAg
[ a0 256 words 0 words
0 1 224 words 32 words
1 0 192 words 64 words
1 1 160 words 9% words

9-1 Display Data RAM (DD RAM)
When 9 hits of a word in the RAM are used as a display
data, B bits are used for display character code and the re-

maining 1 bit is used for underline display.

De

=5

Dg Dy
l 1

D, D D2
] |

D, DOy
1 1

1 Data ror designating whether
there should be an underline,
with one character as a unit.

Fig.11

E Character code {display dala}
for designating one tont out of

256 kinds.
RAM data.
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The DD RAM is given the composition of table 9 by the
duty which designates one of 1-line display, 2-line display,

Table 9. Instruction SF and RAM compaosition

X | 1-line Display 2-line Dizplay I 4-line Display
and 4-line display, and the font setting instruction SF. ) | f i
Next, the addresses for each display line of the DD RAM nstru- |Fontl 1 Dufy 1/8 Duty 1418 Buty 1132
and the addresses of the CG RAM will be shown in the dia- chion 8,»‘12!_0. w1112 uts 1126 s 1748
A SF / ; 1
gram (9-1-1 ~9-1-4) for each of these 4 kinds of RAM | v Uty v
composition, DT, 0 0 1
Dy, -
1 0
RA; \ A, 0
0 | 6 | llinexs5bwads | 2imex128words ; dlineX 6dwerds
o ! 1 LneX 224 words | 2hineX112wards | 4 lneX 56 words
1 0 I line X192 words 2hneX 9 words dline < 48 warog
1 I 1 1 line X 160 words 2hine X B0 words 4line* 40 words
9-1-1 Case of 256 words for DD RAM and 0
word for CG RAM
© 3
RAM = &
Address § w
{ {
1_—line DO RAM
Display . .
RAM {256 words for 1 line portion}
© ® 2 £
RAM = = = £
Address 2 £ 8 [
¥ N £ 4
L)
24 !
Da's.';:y DD RAM : DD RAM
RAM (128 words tor 1st line) | (128 words Tor 2nd 2ine}
]
1
™ W w w " w w P
RAN = = = = = = = z
— .
Address. 8 6 B = 8 &5 3 r
¥ W ¥ N ¥ {
T T T
] | : I
E‘)‘_I;':‘I:Y DD RAM : DD RAM | DD RAM : DD RAM
RAM {64 words tor 1st line) 1 {64 words for 2nd line) ] {64 words for 3rd line} I {64 words tor dth line)
! | I
[ | 1
MITSUBISHI n
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9-1-2 Case of 224 words for DD RAM and
32 words for CG RAM

° R 2
RAM b=y = = Py
Addrass_;- § é @. t"t,
¥ LY i
1-line
Dis::ulay DC RAM CG RAM
RAM {224 words or 1 line portion ) (32 words)
R @ g @ 2z <
AM = = = = = =
Address ™ § § E é @ &
N S N ¥ ¢
I
Del-s:‘)l::y DD RAM : DD RAM CG BAM
RAM {112 words for 181 line) I (112 words for 2dn line) (32 words)
|
|
@ w @ £ e - @ H o ©
RAM = L = = =3 = = =
Address S 5 & s E T 3 & o iy
LY ¥ LY 3 ¥ "
) Ll 1)
I | 1
4-line | ] |
Display DD RAM I DD RAM | DD RAM I DD RAM GG RAM
RAM (86 words for 1stline] | (86 wordsfor 2nd line} | {56 words for 3rd line} | (56 words for 4th line) {32 words)
| [ |
i 1| |
9-1-3 Case of 192 words for DD RAM and
64 words for CG RAM
© g ® 3
RAM = w = [
Addres? § o O I
Sy # 4
1-lineg DD RAM CG RAM
ispla
Dl;l:M ¥ {192 words for 1 line poriion} {64 words)
RaM _ f E 2 R 2
Address 2 Log B O s
4 W4 W4 ¥
L)
|
i |
I;:isi:::y DD RAM | LD RAM CG RAM
FAM {96 words for 1st line) i {96 words for 2nd fine} (B4 words)
I
1
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AAM ® z e R z e g ¢ »
- = = P JESE <= =
Address § é § E § § § 3 § &
{ NS N s NS \ S i
T |
| | |
4-line I i |
Display oD RAM | DD RAM | DD RAM | DD RAM Ca RAM
RAM {48 words Tor Ist line] | (48 words for 2nd line) | (48 words for 3rd line} I (48 words tor 4th line} (64 words)
| | |
1 1 ]
9-1-4 Case of 160 words for DD RAM and
96 words for CG RAM
I g € w
RAM == o T S £
Address S 2 = k
$ K ¥
1-line
Display DD RAM CG RAM
{160 words tor 1 ling poriion] {96 words)
3 e = ez 2 o
RAM .» 3 [P I ™
Address = T e 2 X «
4 5 ¥ N ¥ )
L
|
) |
Liline DD RAM | DD RAM CG RAM
HAJM)! (80 words for 1st line} | (80 words for 2nd line) {96 words)
|
|
RAM = % S gz z =z e 2 B
Address § - 3 § E @ “L’.L’. g i
£ X ¥ N K i
i | |
' ! t
A-line D0 RAM | DD RAM | DD RAM | D0 AAM CG RAM
Display {40 words tor (40wordsfor | (apworastor | {40 words for
RAM 1st line ) : 2nd line) : 3rd line) : 4th line) (96 words)
1 ! I
MITSUBISHI .
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9-2 Character Generator RAM {CG RAM) The address of the CG RAM which is written a character
In the CG RAM the user can wrile an arbitrary font of 5§X7 font and the character code of the character font are made
dots or 511 dots. A maximum of 12 character fonts in the to comespond in a 1 to 1 fashion as shown in the diagram
case of 5X7 dots, and a maximum of 6 fonts in the case of {9-2-1~9-2-4).

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

CG RAM
9-2-1 CG RAM capacity of 32 words P
RAM @ e ® ¥ 2 2 ® o9 w e
Address 2 8 3L 3 8 g« R
W ¥ w K w ¥ WK ¥
RAM in the =@ 4 = ©
case of DI RAM I e I, ™
5X7 dots * o b b
HAM —— .—? -I~£ .—? £ 2 Ed
Address § é @ i § E
N\ ¥ N ¥ M
RAM in the
case of 2 £
EX11 dots ry &
9-2-2 CG RAM capacity of 64 words
RAM & € 2z 2 @9 2 a4 £ 2 £ 2 & v @ 9w ¢ £ @
Address 2 a8 56858885880 syt @t
W AR YR YWY YWY ALY S
lt”;'he = ® @ ® © 2 = ©
e — — —_ — — -~ — ey
5X7 dols g £ b £ g 2 Iy &
RAM - .F z 2 a @ e e e e z
Address 8 w § S §_ & B e =
¥ y ¥ w # N K &
RAM in the
case of 2 = 2 £
5 A =
5X11 dots £ e oy i
9-2-3 CG RAM capacity of 96 words
RAM @ ¢ e £ 9w @ 9 ® L @ e @ ¥ g & w @ € 2 w2 £ LT £ 2 o @
pawes ¥ 5223358538585 3888858k2k¢¢t
{ NF N g NFK NFE NF NF NFE NFE_NF N NF NFE
E:;:i;me 4 © 4 ® © ° = = = k4 ® =
¥ = 3 IS = = < o o a o w
5X7 dots L w < v w ot ot v = u - L
RAM @ & @ R @ ¢ ¢ @ @ e e @ 2
Address = T 8 T 9 T3 [T T & w o u
g & = = 8 5 3 s 8 & & & g D
¥ N ¥ kW N ¥ 5 ¥ W ¥ Ny F {
RAM in the
case of =2 4 £ = 2 2
5311 dots prs m Q g b vy
14 MITSUBISHI
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Next, an example of constructing a character font from an

address and a data of the CG RAM for each character

CHARACTER FONT OF 5X7 DOTS

code will be described.

CG RAM Address

CG RAM Data

Example for
character code{FE}

CG RAM upper

addresses determined
by character code

Example for
character code{FF)ye

Ay Ay As Ay Ax A AL A Dy Ds Ds Dy D3 D Dy Dy
0 0 o o oA ]o o
a o 1
g 1 Q¢
Q 1 1
1 1 1 1 Q v o0 o *
1 4 1
1 1 0
1 1 1
0 0 0
o 0 1
¢ 1 0
a 1 1
1 1 1 1 1 1 o o *
1 o 1
1 1 0
1 1 1

Example for character

pattern “A*

Example for character
pattermn “B"

The portion of the CG RAM marked with an “ %" namely,
data D; Dg D5 and data Dy~ Dy in which the address for A,
Ay Agis (111)g, will not be used as & pattern for a character

font. However, it can be used for general data RAM.

MITSUBISHI
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CG RAM Data

DOT MATRIX LIQUID CRYSTAL DISPLAY CONTROLLER-DRIVER

CG RAM Address

Ax Az Ay Ag

Al

Ar As Ps

1

QO 0 0

o

0 Q

CHARACTER FONT OF 5X11 DOTS

Example for character
addresses determined |-
bty character code

code{FE}g
GG RAM upper

Example for charactes

CD"B(FF)m

D5 and

namely data D; Dg

"
1

*

The portion marked with an

data D; ~ Dy in which the address Ay A; A, Ag 5 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.
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To write and read character pattern data for ¢character font
from the CG RAM, the address is set in the cursor address
register with the instruction WC, analogous to the case of
writing and reading a data from the DD RAM. Writing and
reading are executed with the instructions WD and RD us-
ing 8 bits per word. Of the 8 bits in a word 5 bits are made
to correspond to 5 dots in a Jine as character pattern data
for the character font. The bits of the CG RAM data, {1},
corresponds to the display selection by the LCD dots while
{0}, corresponds to the nondisplay selection. In the case of
a character font of $X 7 dots, the bit is written 7 words for 7
line portions, and in the case of a character font of 5X 11
dols, it is necessary to write the bit for 11 words for 11 tine
portians.

Table 10. Display font number

10 CHARACTER GENERATOR ROM

(CG ROM)
This is the ROM for generating a fixed character font from
the character codes with display data 8 bits. The contenl of
CG ROM {character lonts) is programable by mask ROM.
266 Kinds of character fonts of 5X7 dots or 5X 11 dots as
dot-matrix characters can be slored.
These 256 kinds of font represent the sum of the number of
the character fonts generated in the CG RAM and the num-
ber of the character fonts generated in the CG ROM.
Accordingly, the number of fonts that can be generated in
the CG RAM and the CG ROM varies depending upon the
division ratio of the DD RAM and the CG RAM regions and
also upon whether using 5§X 7 dots or 52X 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 corresponding to the CG ROM will now he
shown.
Of 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 $X11 dots for the CG ROM content that cor-
respond to the space code are (0}, indicating nondispiay.
And the space code must be set up between from charac-
ter code (00},5 to (F3)46.
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 CG RAM GG ROM
Compaosition |Fom 8/12|  RA, A4y | Memory Capacity{words} | Font Number(kinds) | Font Number!kinds}
Q 0 ] o] 56
5X7T ) 0 1 12 4 252
dels 1 \] 64 g 248
1 i % 12 Ty
[ 0 0 o 0 26
g1 1] 1 32 2 254
dots 0 1 4 B4 4 52
] 1 96 ] 250
MITSUBISHI 17
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CASE OF CHARACTER FONT OF

5X7 DOTS
e ¢ 2 e = ¥ - -3 3 - “ - w @ E
Character code — = = P S T~ I P o
g8~~~ SEIFrEEEEREEESEEGER
RAM
RA, RA,
0 0 a , 256 kinds
252 kinds 4 kinds
0 1 . / \
1 0 (’ 248 kinds B kinds
1 1 / 244 kinds 12 Kinds

Character code range corresponding to CG ROM Character code range corresponding 1o CG RAM

CASE OF CHARACTER FONT OF

e o e 2 & 2 2 € e @
Character code — g e — e ———— — T2 @ 9 o u E
RAM
RA, RA,
0 0 - ( 266 kinds
254 kinds 2 kinds
0 1 — (
252 kinds 4 kinds
1 0 e (
250 kinds 6 kinds
1 i g f

Character code range corresponding to CG ROM Character code range cofresponding o CG RAM

18 MITSUBISHI
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SERIES/PARALLEL CONVERSION
CIRCUIT

This is the circuit for sending a parallel font pattern data
from the CG ROM or the CG RAM to the column driver by
converting it to a serial data.

L

12 DISPLAY, CURSOR, AND BLINK
CONTROLS

They control the ON/CGFF ol the LCD, cursor display, blink-

ing display, and so forth. Various display modes given be-

low can be set using the instruction SD.

5X8 dois

57 dot tont 4

Curgor position —a=

= QN/OFF of the entire display

= ON/OFF of the cursor

= QN/OFF of the underline display

@ Blinking of the cursor display

o Blinking of a character at the cursor position

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

0.5Hz 1Hz 2Hz 4Hz

(for an oscillation frequency of about 2.5MHz}

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

5X12 dots

5X 11 dot tom <

Cursor position ——==

Fig.12. Position of character font and cursor.
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The cursor display and the blinking display will be display-
ed at the digit posilion of the RAM display data which is
designated by the cursor address register.

when the content of the cursor register is {83),, and the
content of the display start register is (17} ;5 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)
Cursot position

Digit of LCD  tsidigit  2nd digit st digit  B2nd digit \sard digit  84th digit SOth digit  160th digit
1-ine LCD | R{17)46 R{18] s R(67),4 R{E8 ¢ R{69),s RiBA} R{15),4 R{16}5

+ 2 lines of LCD (same conditions as above)
Cursor position

Digit of LCD st digit 2 digx rd digit 4th digit Sth digit 77th digit 75th 79th digit  BO0th digit
LCD/
1stiine | R(17}e R{18)}s R{19%, R{1A) e A{ 1B R{13).g R{14).g R{15),a R{16)1¢
2nd line R(67 )5 R{68),5 R(69),5 A(6A} g R{6B)4s R(63}e R(64) s R(B5}¢ R{66).¢

» 4 lines of LCD {same conditions as above)

Cursor position

Digh of LCD  1stdigit 2nd digik 3rd digit  4th digit sth digit 37th digit  36Ih gigil  39th digit  40th digit
LCD/
Tst line R(17he | Ri18) R(19}s | RO1A),s | RUIBY, R{13}s | Rit4he | R{15) [ RUt6)y
2ndling | R{3F),s R{40),s \ Rid1),6 R{42),¢ R{43) ¢ R{3B)s R(3C),s R(3D} R(3E) ¢
3rd line R(B7 )6 R(B8) .6 A{69),s R{BA}L,s RIEB),, RiB3} . R(G4) ¢ RiB5) 1 RiB6) ¢
Ath line R(8F}.¢ R{00),¢ RI91). R(92), R{9A),g R{8B)¢ R(BGC e R{8D)¢ R{8Ets

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 display duties ranging from 1/8 to 1/32. Furth-
er, by connecting a common driver lor expansion,
M50521FP or M50524FP in the outside, it becomes possi-
ble to drive common signals up to a duty of 1/48. The out-
put signal CMD is the common signal to be sent to the ex-
ternal common driver.

The unused common drive outputs become nondisplay
selection signals. For example, when duty is 1/16, the com-
mon outputs COM1~GOM1E output common scanning sig-
nals, but COM17 ~COM32 always oulput nondisplay selec-
tion signals.

The instruction SF can set the character font and the duty,
and the number of display lines and the elfective 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 patlern data,
and is then latched.

The laiched output controls the driver to 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-line, 2-line, or 4-
line display.

Table 11, Effective common signal output

The number of displayed digils ¢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
column driver {which is connected externally) it is possible
to expand the character display from an arbitrary digit num-
ber to a maximum digit number.

15 TIMING SIGNAL GENERATING
CIRCUIT

The ocsillation circuit generates various kinds of internal

timing signais to be used for display processing. instruction

processing, and so forth.

In addition, the circuit generates timing signals for controll-

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 lime of LCD which is determined

by the duty employed.

Further, the period for liquid crystal o display all of the dis-

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

pends only on the oscillation frequency. The period of the

cursor/character display blinking, also depends only on the

oscillation frequency.

! Ingtruclion SF I Numbasr ol Eflective Common
Character Fonl . Font - -—T — Dty i
gz 0T, DTy . Digplay Lines Signal Qulput
N AL - i . e
; 0 Q 178 | 1 COM1~COMB
5xsdots | N | "H— 118 o 2 co;:com:m
| e T e T T oo |
0 0 112 . 1 COM1~COM12
5 X112 dots o] 0 : 1 1724 2 COM1~COM24
B 1 Q 1748 4 *COM1~COM32

# By the use of an exlernal common driver [or expansion COM33-—~COM48 can be generaled.
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16 OSCILLATOR

To generate an internal ciock, it is possible to let the buiit-
in oscitlator induce self-oscillation by connecting a simple
external part. It is also possible 1o input a clock to the osgil-
lator from the outside.

16-1 Using an external clock

input the exiernal clock to the oscillator input terminal
OSC1, and leave the oscillator output terminal QSC?2 dis-
connected. 95

O3C2

Opsn circuil

External clock

0. 7% Voo
Tu T,

03)(\!&

inpul clock wavetorm Tul=TL

Ty +T, =330~500ns

16-2 Using built-in oscillator
{16-2-1) The built-in oscillaler can be set to oscillate by
connecting an external resistor for oscillation be-

tween the terminals OSC1 and OSC2. osct 0sc2 When the cscillation frequency
Try to minimize the wire length for connecting the is about 2.5 MHz,

resistor in order to reduce the external capaci- " Rf = 39K0+2%

tance to be connected to the terminals OSC1 and Ri {Retarence value)

0sC2.

(16-2-2) It is possible to set the buili-in oscillalor into
oscillation by connecting a ceramic vibrator be-
tween the terminals QSC1 and OSC2 as in the

Refrence viaue

figure, Q5C1 OsC?
o . (fosc = 2.5MHz)}

Next, the oscillation frequency of the oscillator and the 3& Rf= 1M + 10%
perloclj of the common signal are related by the following -t ?f?l;?;: G, = 100 ~ 220pF
equations; 1 ":H [ _

035864 - pert \anal () L. -4 . C» = 100 ~ 220pF
Toom™ oo Here, Toonm © Period of commeoen signal (s ' ? Ceramic vibrator: CSA

¢ foom - Inverse of Teom (Hz) 2 S00MK
fCOM=WO§'§4 fase - Oscillation frequency (Hz) (Made by Murata Corp.)
For example, to obtain 70Hz for fzom. fosc must be about
2.58MHz.
2 MITSUBISHI
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17 AUTOCLEAR
Alter closing the power supply, a built-in autoclear circuil is
actuated to linitialize RAM and various kinds of mode flags.
While the autoclear is in operation, the busy flag is set to

{1}z

@ All of the 8bit display data of the RAM display data re-
gion are set to the space code, and all of the underline
bits are set to ().{nondisplaying)

o The display start address and the cursor address are set
to (00)13,

= The made flags to be used for the inslructions are initial-

Function mode
{Instruction SF)

Entry mode
{Instruction SE)

Display mode
{Instruclion SD)

Underline made
{Instruction SU)

Blinking mode
{Instruction SB)

Fig.13

ized

as Fig. 13

To operate the autoclear circuit without failure please be
sure to let the power supply Voo satisfy the condilions indi-
caled in Fig. 14. When lhese conditions are not fulfilled, it
is necessary to mest the conditions by the execution of n-

Mode of initialization

Waveform of Vi +5v-—-—

ov

Maximum 10ms

structions.
1¥0¢ |FONT|  DUTY RAM
8/4 | 8112 | DTy | DTe | RA, | RAg
1 0 0 0 [ [
CSR [CSA CONDITION| DSP |BSP CONDITION)
oA | W | A Do | w | R
0 [ 0 [ [ 0
DSP | CSR | UND | CSR | CHA
JON/OFF|ON/OFF|ON/OFF| BLINK | BLINK
[ [ [ 1 1
USR | UND
ON/OFF| S/R
0 1
BLINK FREQ
B. | By
0 1

SR

Minimum 10ms

Fig.14 Vpp waveform
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An example of a software initialization method is shown balow.

Power supply ON
Example of Sat Dataltor 8-bit mode}

7O 170 Gonfirm Vgp = 5V
c1 2 R/W|DB; DBy DEs DB, DBy DBy DBy DBy

Hereafter, carry out busy flag check whenever
an instruction is 10 be executed, If a check is
not given, it is necessary to wait until

the execulion of the preceding instruction is
completed.

a o 1 Flag check Busy flag check (RB)

Refer 1o the mode disctimination method at the time
of tumning o the power supply described in “Read

Mode discrimination instrucions for busy flag and function flags {RB)”

¢ o o0 0 1 0O O 0O 1 1 Set display mode (SD} Display OFF, cursor and character blinking ON

_ Lengih of the interiace data is & bits, 256
¢ 001 11 00000 Set function mode (SE) characters 5 X 12 dot lent are displayed in 1 line.

No change in the cursor address as well as
o 0o 0o|l0 1 0 0 0O 0 0 O Set entry mode {SE) in the display start address at the time of access

to the RAM,
!

0 9 0|0 o 0 0 1 1 0 1 Set undenine mode {SU) Mo change in underling bit

!

Blinking frequency

0 0 0(o o 0 O O 1 0 1 Set blinking frequency (SB} _ Josct Oscillation frequency)

e 4718592 Xz
DD RAM display
Data clear RAM data clear
Cursor home Cursor home
066 0]0 000000 Dhsplay start Display starl agdress home
address home
{CH)

‘ Setting completed ’ Note | Letters within [} are abbreviation
symbols for an instruction.
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INSTRUCTION CODE

dON 8702 wolesada oN ndu)
JWOY STHIPRE WeIS AvjdsIp pue
HY SWETL nduy 1
“awioy erep ARIdSIP Wyl 0Q J0 J0SIND ©a)
HW 8702 W0Y SE3PPE RIS ABdSID PUE SLLOY X5IN) ndu 1 1 0
L
as s702 Asuanbay) Buiyug 185 nduy il 9 1
D344 XN
| /s
Nk §702 U SupSpUN WL Sl nduy 1]
. 48D aNN . o
ng $70Z BPOUI SUIPSEHIN WS ndu| Y5 4dOMNO) 0
anNn gsn
143 [Fa]
Y s70g SSRIPPE LEIS-AE0SID/0SIND NG ndu) <54 kel t 0
450 48D
o8 sroz apow Aeidsip 195 \nduy ANITE | AN |430M0|430/K0 [340/ND L
HHO [ioa] aNn yso 450
= S0z opow Anus 1o ) [ M 113 d M g .
N NOILIANOD 450 | dSO | NOILIONOZ HED | HSD
o ) 1 ]
5 . apow onaun 155 ndu; v | vy 19 19 | zus 2} . .
] Wyd AlLng INOA s3]
Oy Ly
g o stiey Jayp pue Be)y Asng peey nding 4 _ 9 27 Asnd ove o8 M ASNg 3
Wv¥H ANDOS [a}]
am s ep WYY SIUm nduy| % 'g 9 a g a a9 q 0
—- - 1
ay s702 Blep WYy peay ndingy ‘g ‘a Eal q 9 g * q L
SM 811z sSeIppe Lels ke|dsip s ndy ‘qy ‘av Qv oy rav fav ‘qy Qv 0
0
s s702 $551ppE Leis Avidsip proy wding Qv Qv Qv Qv *av sqv *qy Qv L
.- — R ———— 1
oM sHg2 WYY 10 S521DPE JZINT NP wdu) 2y ‘Qy {0y oy rav Qv Sqv v [}
N 1
oY 702 WYY 10 $S8IPDE 108D pBoY nding v ‘Qy ‘ay oy rav SQy ay {ay 1
vononnsul | ZHWAS T="%9) s1upang | o i z T | v 5 9 i z | ]
] 10 By UOJIoUNS UOIaNISY| 157 01 Indy -] 4] . 301 2040
LOneIABIqqY uoeNg 9 a B - P07 LONANSY| o

BPOD BONINSU|
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DESCRIPTION OF INSTRUCTIONS

1 THE READ CURSOR ADDRESS Instruction code

INSTRUCTION (RC) #OC | I70C

READ DD/CG RAM CURSOR ADDRESS v | 2 |?W | DB | DB DBs | DB | DBy, DB | DBi | DB
This instruction reads the cursor address which designates ¥ 1 v | AD; | ADs | ADs | AD, | ADs | ADs | AD, | A
the RAM address. It reads the 8-bit (AD; ~ AD,) cursor -
address register to the data bus (DB, ~DBy). Input 1o the LSI Outpud from 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 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) ¥OC | 70T

WRITE DD/CG RAM CURSCR ADDRESS 1 | g |PW| D8 | DB | DB | DBaj DBs | DB | DBy DB
This instruction writes a cursor address which designates 1 1 0 | D, | ADe | ADs | AD. | ADs | aD. | AD, | ADs
the RAM address. It writes the 8-bit data {AD; ~ ADs} on

the data bus (DB,~DB,} o the cursor 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 cursor addrass 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) woc wocT T o T oo | os. | os. | o R

READ DISPLAY START ADDRESS t | 2 B7 | DBe | DBs | DB, [ DBs | DE2 | DBy | DBy
This instruction reads the display start addres. ' 0 v | aD; | aDs | aDs | AD, | Ay | AD, | aD, | AD,
It reads the 8-bit (AD;~ADy) display start address register -
1o the data bus {DB,~DBy). Input to the LSI Quiput from the LSt

The most significant bit (MSB) of the address data is AD;
and the least significant bit {LSB} is AD,.

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) oC | 700
b
WRITE DISPLAY START ADDRESS 1 | 2 |PW| DB | DB DB | DB | DS, § DE; | DG | DB
This instruction writes the display start address. 1 0 0 | AD; | ADs | ADs | AD. | AD; | AD, | AD, | ADg
It writes the 8-bit data {AD;~ADy) on the data bus (DB,~ 7
DBy} to the display start address register. Input 15 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 display, the display start address agrees
with the RAM address that corresponds to the leftmost digit
fo the first line.

The region of the display start address for various DD RAM
regions and numbers of display lines are shown Table.12.
Choose the display start address within the range indi-
cated.

% MITSUBISHI
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Table 12. Range of display start address

Insiruction SF 1-line Display 2-ine Display 4-1ine DIsplay
oT, 0 o] 1
DTo
RA, N R Ao o 1 o
0 o) 0~-255 0~127 0~83
o] 1 0~223 0~111 0~55
1 0 0191 0~ %5 047
1 1 0~159 O~ 7% 0~33

5 THE READ RAM DATA INSTRUCTION
READ DD/CG RAM DATA

This instruction reads RAM data.

It reads the B-bit data (D;~Dy) of the DD RAM or CG RAM

designated by the cursor address to the data bus (DB, ~

DB,).

The most significant bit {MSB) of the data is D; and the

leasl significant bit (LSB) is Dy.

After the RAM data is read, the cursor address or the dis-

ptay stanl 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
(WD)
WRITE DD/CG RAM DATA
This instruction writes data to the RAM.
It wriles the 8-bit data (D;~ Dy} of the data bus {(DB;~
DBy} to the DD RAM address or the CG RAM address
which is designated by the cursor address.
The most significant bit (MSB) of the data is D; and the
least significant bit (LSB) is D,.
When the system is set to USR=1, the instruction SU sets
the underline bit of the cursor address RAM data i (1),
when UND S/R=1, and resets to (0}, when UND S/R=0.
(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 to the entry mode conditions. {See the en-
try mode set instruction SE.}

Instruction code

V0G| 170C
| row

1 2

T T T
DB | DBy DBs DB, | OB; | DE: . DB,

DBy

01
|

1 H
| |

o,|nﬁlns 0. | D

B

D1|Do

Input 1o the L5I

Instruction code

Qutput from the LEI

110G : 1OC

1|2RN‘Ir

DE; | OBg | DBy | DB, | 0Bs

DB, |

DB, .

08,

T
Ju] 1 4]

I ' T
le =73 DJiDaiDg:

[a5)

=]}

Do

Inpul o the LSI
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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

0c |1 i 1OC | 1OC T T ; T j
'?C 2‘3 R/W | DB; | DB | DBy | DB, | DBy | DB, | DB, | DB, ; , |{R/W DB | DB; | D8; | DB, . DBy | DB; j DB . DB
L i ;
VO |FONT © RAM ¥O [FONT DuTY RAM
1 Y 4u2 BUSY| 42 o 8] o 1 1 : b
6|0 BUSY} 442 | 54 | 812 “* | Ra; | RAg 8/4 {8/12| DT4 | DTg | RA: | RAg
AN
Input 1o the LS! Qutput from the LSI Inpit to the L3I

The busy flag and Lhe 4 function mode flags are read 1o the
data bus{DB;~DB,) by this instruction. In OB; and DB, the
status of the busy flags {which show whether an instruction
other than the instruction RB is in execution) is read.

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

If BUSY=0, instruction execution is completed.
The busy flags are the flags which show whether the
MS0530-XXXFP can accepl an external instruction. There-
fore, when il is desired to issue an external instruction other
than the RB to M50530-XXXFP, be sure to read the busy
status using instruction RB. If BUSY =1, issue the instruc-
tion RB repeatedly until BUSY=40. Issue the next instruction
after confirmation that BUSY=0(.
In DBs, DBy, DBy, and DBy, the flag status of the 4 function
modes that were set by the function mode set instruction
SF and read out.

11O 874 Interface data length flag

FONT 8/12 Font llag

RA, RA, RAM region flags
In DBg and DB, {442) the flag statuses indicating the cur-
rent instruction state of the MBOS30-XXXFP are outpul 1o
the interfaces with the 8-bit and 4-bit microcomputers.
When 85/u¢ is in the “L” state, the result of execution of
the instruction RB is as shown in Table. 13.
It is to be noted that when 85/uc is in “H” stale, DB, and
DE; always goto “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 interace width, font, duty, and

RAM region.

These prerequisites to the internal data processing are set

by the instruction code as follows.

The 170 8/4 determines the width of the daia to be trans-

terred through the external intertace.

o /O B/4=1 | The 8 lines of the input/output data bus
(DB;~DBy) are used for the transfer of 8-
bit data. Interfacing with an 8-bit uc is
possible.

= 140 B8/4=0 . 8-bit data is transferred in 2 portions (the
upper 4 bits and the lower 4 bits), by using
the high nibble (DB;~DB,} of the 8 input/
output data bus (DB;~DB,}.

Interfacing with a 4-bit x¢ 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. Of these, 5 X 7 dots are for the
character font, and the 5X 1 dots in the
bottom row are for the cursor.

> FONT 8/12=0 ' The font for 1 digit is composed ¢f 5§ X

12 dots. Of these 5> 11 dots are for the
character font, and the 5X1 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,) seis the DD re-

gion and the CG region.

This is shown in Table, 14.

\\ Data BUS
. DB; DB; DB, | DB, | DE 0B; DB . DB |
\\ BUSY | 4u2 VO L FONT I alsy | a2 RA ' RA; |
i g4 | sz “ ' Ao
! | Result ion §
8-bit mode BUSY L H 812 | Busy | L By | RAg | LCSultof exetution in
i i 8-bit operation mode
First : Resull ion n i
BUSY oL gL 812 esull of execulion i frst
4-bit _I]a_l_f data_ _ i 4-bit operation mode
mode | Second @ I | Resull of gxeculion n
! BusY - RA, | RAy | ! SXesUlion mn secong
halt dataj | | 4-bit oparation mode
a8 MITSUBISHI
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( POWER OM l

Execution of
RB instruction

| T

REB instruction execuled
using the second half of

the a-bit 2c mode
H

Execition of the second
half of the RB instruction

Exagution of
RE instruction

(e

L

[

BJ’4/
H

RB instruction executed
a—""" ith 8-bit mode

Execution of
SF mstruction

'

To next instruction

Fig.15 Example of status discrimination

Mode discrimination method at the time of lurning on the
power supply {when the power on clear is inoperative)

Table 14. Region of RAM

.. AB instruction executed using
the first half of the 4-bit «c mode

. Setting of 8-bit/4-bit mode

RAM (3 bits for 1 Word }
Instruction SF
0D RAM
1-line Display 2-line Display 4-line Display <G AAM
FONTI 1 Duty 1/8 Duty 1116 Duty 1/32
GG charact
B/12 0 Duty 1/12 Duty 1/24 Duty 1/48 racter
number
DT, 1] Q 1 FONT 8512
DTO
RAY Ry 0 1 0 1 0
[ 1] 1 line X 256 words 2 line X128 words 4lineX, 64 words Oword |Ucharagter | Ocharacher|
0 1 1 line ¥ 224 werds 2 e 112 words dlinex Yiwords | 32words |4character | Zcharaster|
1 0 1 ling 192 words 2line X 9% words 4linaX 4words | Sdworas |Beharacter | dcharacter
1 1 linex 160 words 2 line X, B0 words AlneX. 4 words | Mwords |1 Zcharacienbeh

Please refer to ltem DD/CG RAM Regarding the RAM addresses.
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9 THE SET DISPLAY MODE Instruction code
13
INSTRUCTION (SE) Vec | KO8 | b rw DB; | DB | DBy | DB, | DBy | DB, | DBy | DB,
SET ENTRY MODE 1 2 !
This instruction determines whether the cursor address or [} 0 0 0 1 (;3: CSSVGOND'EON ?ﬁr _DSLCOND'T"
the display start address is incremented (+ 1) or de- l

cremented (— 1) after writing a data in the RAM with the
instruction WD, or after reading a data from the RAM with
the instruction RD.

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

Table 15. Cursor Address setting Condltions

Input to the LSI

GSR CSAR CONDITION

ot " " Cursor Address
> 0 0 No change in the cursor address occurs due to tha insiroction WD o RD.
1 0 1 The cursor address |5 decremented after reading the daia with the instruction RD
V] 0 1 The cursor address i5 incremented atier reading the data with the insiruclion RO
1 1 0 The cursor address |s decremented afler writing data uging the ingtruction WD.
0 1 0 The cursor address is incremented atter writing data using the instruction WD.
1 1 1 The cursor address (s decrementsed after execulion of the Instruclion WD or RD.
¢ 1 1 The cursor address is incremented after execution of the instruction WD or RO

Table 16. Display Start Address setting Conditions

DSk D3P CONDITION

o/l w P Display Start Address

x 0 ¢ Mo change in the display start address occurs due 1o the instruction W0 or RO,
1 0 1 The display start address is decremenied allar reading the data with the inglruction RD.
a 0 1 The display start address |5 { ted afler reading Lhe data with the insiruction RO
1 1 1] The display start address is decremenied aftar writing data with the Instruction WD,
0 1 0 The display slarl address is incremented after writing data with the instruction WD.
1 1 1 The display start address is decremented atler execution of the instrugiion WD or RD
Q0 1 1 The display star address is incremented after execution o the instruction WD or RO,

30
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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

1/0C | 110G 1/QC | 140G
. 2 R/W | DB; | DBg | OBs | DB, | DBy | DB; | DB, | DBy 1 2 R/W | DBy | DBy | DBs | DBy | PBs | DBz | DBy | DBa
DSP | CSRA | UND | CSA | CHR CSR DSP
N 0 0 0 0 ! QNAOFFIONFOFFION/OFF| BLINK | BLINK 0 0 0 0 0 0 ! Csk D/l osP L/l
Input 10 the L3I

This instruction sets the display modes.
The {ollowing display modes can be set by this instruction
code.
= DSP ON/QFF=1 : This turns on all displays.
DSP ON/OFF=0 : This turns off all displays.
« CSR ON/QFF=1 . This turns on the cursor display.
CSR ON/OFF=0 : This turns off the cursor display.
+» UND QON/QFF=1 : This turns on the underline display.
UND ON/OFF=0 * This turns off the underline display.
° CSR BLINK=1 ! This causes the cursor dispiay to blink.
CSR BLINK = 0 . This displays the

cursor display
without blinking.

= CHR BLINK=1 : This causes the character display of the

cursor position to blink.

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.

CHR BLINK=0:

Input to the LSI

This instruction increments {41} or decrements {—1) the
cursor address or the display start address.

The cursor address and the display start address can be
incremanted or decremented independently of each other.

The results of the execution of the instruction code are as
shown Table 17, 18.

CSBR
ON/OFF

C&R
BLINK

10 1

CMR
BLINK

1

Examples

are lor a

5x8 dot

This Materia

matrix

HH

.
Displayed allernately

HE

.-
Displayed alternately

1
- ¥
Displayed alternaialy

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

Table 19. Set underline mode.

CSA
CSR Cursor Adoress

o | B
¢ > * Mo change ocours in the cursor addrass
1 | This decrements the cursor address.

The curser appaars to be shifted to ihe lefl
. i 0 This increments the cursor address
| The curser appears to be shifted te the right.

Table 18. Shift of display start address

psp |
DSP H Display Starl Address
DA |
] X No change occurs in the display stan address.
1 o The digplay start address is decremented.
The display as a whole appears 1o be shifled to the right.|
| o The display start address is incremented
The display as a whole appears lo be shifled Lo the lel.

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

Instruction code

USR UND -
oncorrl sm | Underline Bil Sel/Reset Mode
| 5 . .‘ One caﬁ s_el the underiing kil by rneans.oi e insruc-
| . tion WD follewing the execution al}tjis instruction SU,
i 0 Ong can reset the underline bit by meéans of the instruc-
| tion WD following the execution of this instruction SU.
o >< The set/resel mode is canceled so that the undertine
| | bit will naither be et nor reset by the Instruchion WO,

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

Instruction code

YOC | OC
1 2 R/ | DB; | DBy | OBy | DBy | OBs | GB; | DB, | DBy
UND | CSA
0 0 0 ¢ 1] 0 0 1
0 S/R !

170G | 170G

1 2 R/W | DB; | DBy | DBs | OB. | DB3 | DB: | DB, | DBy

¢ 0 a ] Q ] 1] 1 1 USR | UND
ON/OFF| S/R

Input to the LSI

This instruction delermines whether or not to set or reset
the underling bit at the time of wriling an 8-bit data in the
RAM by means of the instruction WD.

The instruction code can set Table 19 conditions:

Inpul 1o the LSI

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

Whean display data for which the underline bil is sel is dis-
played in the underline display mode, a 51 dot underline
at the position of the bottom row of the dot matrix { position
where the cursor line with 51 dot is displayed) will be
disptayed, in addition to the display of characters.

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

Table 20. Set underline and cursor address

When display data lor which the underline bit is set is dis- UND CSR Underling Bit/Cursor Address
ptayed in the underline display mode, a (5X 1) dot under- L. SR - — — — —
ling will be displayed at the bottom row position of the dot t 1 ;:::::.Z::g (he underline bil. the cursor address is in-
matrix (position where the 5 X 1 dot cursor lineg is — M rnis sots tha P — “
displayed), in addition to the character display. 1 % 1 o change occurs in The cursor address.
Since every word in the RAM carries an underline bit, one Afles resetting the undertine bit. ihe cursor address is
can set the underline display for every character displayed. 0 ! incremented.

o o This resels the underline bl T ]

No change occurs in the ¢ursor address.
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14 THE SET BLINK FREQUIENCY

Instruction code

INSTRUCTION (SB) 1voc l YOC | arw | DB, | DB, | OB | OB, | DB, | DB, | DB, | DB,
SET BLINK FREQUENCY 1 2 BLINKIFREO
This instruction sets the blinking frequency for the cursor 0 0 0 o i] c 0 0 1 1 B | B
. - I 1]
line or a character situated at the position of the cursor. The
blinking frequencies are assigned by the instruction code Input 10 the L3I
as Table 21.
Table 21. Blinking frequency
By By Blinking Frequency
0 0 Ie=Fe5c /4718592
0 1 1g=1pa 7180821 2
'R e
* 0 te={lnge/A718582) X 4
LI la={Io5c/A718592) X B
1 L
Hare, [gsc 18 the oscillation frequency of the oscllator.
15 THE DISPLAY/CURSOR ADDRESS Instruction code
T T
HOME INSTRUCTION {MH) VOG | YOG | o | oe, | DB | OB, | DB. | DB, | DB, ! DB: | DB,
MOVE DISPLAY/CURSOR ADDRESS HOME ! 2
This instruction writes (00) ;¢ in the display start address [ 0 0 0 [ ] 1} 0 0 1 1
register and the cursor address register. By lhis, both the 3 T . _ L — 7
display address and the cursor address are set to the home Input ta the LS|
address.
16 THE CLEAR DISPLAY/ADDRESS Instruction code
HOME INSTRUCTION (CH) Woe | VOC ow DB; | DB; [ DBs | OB, | DBy | DB: | DB, | DBy
CLEAR DISPLAY, MOVE DISPLAY/CUROR | 1 2
ADDRESS HOME 0 0 0 0 0 [} 0 0 0 0 1
This instruction converts all of the 8-bit display data of the
RAM display data region to the space code, and all of the Input 10 the L3I
underling bits to (0), {nondisplaying.)
In addition, it writes {00}, to the display start address reg-
ister and the cursor address register. By this, both the dis-
play start address and the cursor address are set to the
home address.
17 THE NO OPERATION INSTRUCTION Instruction code
(NOP) roe | V0G| o 0B; | OBy | DBy | DB, | DBs | DBy | OBy | DBy
NQ QPERATION 1 2
This is the instruction for doing nothing. No change occurs 1] 1] o o 0 ] ] 1] ] 1] o 1]
from this instruction. P— E—
Input to the L3I
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INTERFACES WITH »c AND up
M30530-XXXFP can interface directly with 4-bit «c, 8-bit «
¢ and 8085 up .

1 The interface with 8-bit «c

The 8-bit ¢ and M50530-XXXFP are connected as Fig. 17
The output ports of the 8-bit «c are connected to the EX, I/
0C1, 1/0C2, and R/W terminals of M50530-XXXFP, The in-
put/output port of the 8-bit ¢, is connected to the data bus
terminal of M50530-XXXFP.

By giving an input/output instruction to the B-bit «c, via the
ports, to the 1/OC1, 1/0C2, R/W, and DB;~ DB, terminals,
and by applying a start signal to the EX terminal, M50530-
XXXFP will execute the instruction.

8-bit ¢

If one designates instructions other than RB (read busy flag
and function flags) by IR (NOT RB}, then M50530-XXXFP
assigns (1), 1o the busy flag to indicate that it is executing
an instruction, when it is executing autoclear at the time of
closing the power supply or it is executing an instruction IR
{NOT RB). When the busy flag is set (1},, even if a subse-
quent instruction IR (NOT RB) is given, M50530-XXXFP will
not execute it. Accordingly, in giving an instruction to
ME0530-XXXFP, it is necessary to examine, using the read
busy flag instruction RB, whether the busy flag is (1}, or
{0). Wit is {0):, an instruction IR (NOT RB) given next to
M50530-XXXFP will be executed.

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

MS50530-XXXFP

EX

Qutput ports

170 C1

17 C2
RAW

Input/output port

Fig.17

DB:“"DBo

f 85/ e

Interface with 8-bit «c.

[instruction  wc) binstruction  RBJ

|Iistrucllon ns)

[nsyuction  wpl

{instrucvon  ra|

S s WY e U G U au G e N

1oc J l_

wooz _| L

R/W -'l {

DB :/ZX AD, Xéﬂﬁﬂﬂ BUSY l’éﬂﬁﬁﬂﬂﬂ susy (//7/77], Noausvm o,

) SN /1) G I G (A G ),
execulion of instruction WG
Flg.18 Interface timing with 8-bit uc
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2 The interface with 4-bit v ¢

The 4-bit «¢ and M5S0530-XXXFP are connected as shown
Fig. 19.

The output ports of the 4-bit #c are connected to the EX, I/
OC1, 170C2, and R/W terminals of M50530-XXXFP, and the
input/output port of the 4-bit «¢ 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 simplify the explanation, the data bus instruction code
DB;~DB,; for the 8-bit is be renamed in the 4-bit ¢ mode.
The upper 4-bit instruction code is defined as UB; ~ UB,
and the lower 4-bil instruction code will be defined as LB,
~LB,.

Data Bus Instruction Code

8-bit mode 4-bit mode
DB; uB;
DB, UBe
DBs UB;s
DB. UB,
DB, LB,
DB; LB,
DE, LE;
DB, LBs
4-bit gc

In the case of the 8-bit xc, the EX signal is applied one
time to execute an instruction. However, in the case of the
4-bit ¢ mode, the data bus is used twice to execule one
instruction, as such it is absolutely necessary to start ax-
ecution by applying the EX signal twice. Therefore, identic-
al instruction codes are given to the I/0C1, YOC2, and R/
W tlerminals for both the first and second times. UB;~UB,
are given to the data bus terminals DB,~ DB, the first time
and LB;~ LBy the second time. If the instructions other than
the read busy flag and function flags instruction RB are cal-
led IR {(NOT RB), during execution of autoclear at the lime
of ¢closing of the power supply and during execution of an
instruction IR {(NOT RB), M50530-XXXFP shows (1), for
the busy flag, indicating that it is in execution of an instruc-
tion. When the busy flag is set (1}, even when the next in-
struction IR {NOT RB) is given to M50530-XXXFP, the in-
struction will not be executed.

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

M50530-XXXFP

EX

Output poris

HQGCH
14QC2

R/W

Inpuifoulput port

Fig.19

DB;~DB.

OPEN | DBy~DBRy

’JT_ 85/ e

Interface with 4-bit ¢
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In the case of the 4-bit xc, it is necessary to apply EX sig-
nal twice times for the execution of an instruction.

When the power supply is turned on, it is in the 8-bit uxc
mode. If 4-bit xc mode is desired, then instruction SF is
given after conlirming the completion of the autoclear op-
esation. This is done with the use of the read busy flag and

function flags instruction RB subsequent to the closing of
the power supply (at this time still in the 8-bit mode}. The
instruclion SF at this time is 4-bit z¢ mode instruction, and
it is ne¢essary to hold for two EX signals. Fig. 20 is a timing
sequence diagram example of an instruction exchange be-
tween the 4-bit ¢ and the M50530-XXXFP.

Instruction WC l | Instruction RB l

| Instruciton FIEI

] Instrugtion RB |

Il_nstruction WO |

A A

« _ e ruesre e s resre i

f'_'A—‘\

(M

17oc1 _r l_

NO BUSY

ADg~ADy  AD:~ADy FLAG etc. FLAG

FLAG etc.  FLAG

FLAG etc. FLAG

PR T S
LBy~LBg J _J J
axecution of instruction WC
Fig.20 ' Interface timing with 4-bit wc.
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3 The interface with 8085 «p 1
{« p mode) 1
The 8-bit up 8085 and M50530-XXXFP are connected as 1
1

1

——— Dy

ADsy Gives the High Lavel of logic “1"
shown in Fig. 21.

unique to the 8085u4p are connected to the EX, R/W, |/ R/W -—AD2g
OC1, and IYOC2 terminals of the MS0530-XXXFP. The 1/GC1 ——= ADyq
address data bus AD; ~ AD, of the 80BSup is connected to 1/0G2 —= ADqy

the data bus DB;~ DB, of M50530-XXXFP.
The instruction codes 1/0C1, I/0C2, and R/W from the ¢ Wext, of the instruction codes, DB; ~ DBy are placed on

mode are sent in this mode on the address data bus AD;~ AD;p~ADgp as shown below.
ADy.

The terminals for the signals R/W, I/0C1, and 1Y0C2 of the DBe; AD;p
M50530-XXXFFP become independent of the instruction DB —= ADch
codes, and come to be used exclusively for RD, WD, and DB, ADsp
IOM of 8085, DB, ADub
To give an instruction to MS0530-XXXFP from the 8085, the DB, Alhh
8085 input and output instructions IN and OUT are used. DB. ADqp
When the IOM singal is “H”, the B085 sends two kinds of DB, ADyp
data on the §-bit address data bus AD; ~ ADg. Of these, if DB, ADsb

the data sent first is designated AD;g~~ ADyg and the next
data sent is designated AD;p~ADgb, then

AD;g~ADgyg is 170 port address and

AD:p~ADgh is read of write data
By using the address data bus in the above for the 8085 in-
put and cutput instructions IN and QUT, M5O530-XXXFP is
controlled as shown below.

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

{ADra, ADga. ADsa. ADug, ADsa, ADsa. ADja, ADgai= (111 1xxx);
where the symbol x stands for 1 or 0.

M5LE0BSAP M5D530-XXXFP
ALE EX
RD R/W
WR 150 G1
oM 171G 02
8
AD;~AD, DB,~DB,
Voo —] Bhruc

Fig.21 Interface with B085.p.
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A timing sequence diagram example of the instruction ex-
change between the B08S u«p and the MB0S53ID-XXXFP ig
shown in Fig. 22,

When many instructions are executed, the 10M signal of
the 4p mode (8085:p) corresponds to the EX signal of the
#¢ mode (8-bit uc mode).

In all other cases, the instruction sequence is similar for the
zp mode and the zc mode.

However, the data width of DB in the xp mode has 8 bits,
and it is not possible to set the 170 interface to the 4-bit
mode by means of the instruction SF,

MBE0S30-XXXFP 085:p
Terminai Terminal
name of name ol
M50530-XXKFP 8085 up
EX ALE _/_\
— < 7
R/W RO ~— e e ey
1HOCt WHR t ______ ~ /
1702 10M _/ ¥
DB, AD, / 1 \( (DB} }
DB AD; / 1 X (08, >
DB AD: yd 1 £\ 4 (DBy) >
DB, AD, / ! X (DBJ >
DBy AD; S/ 1 h ¢ (oe,) >
D8, AD, < (RrW) X (DB2) >
DB, Al ( [1/0C1) X (DB,] >
DEo AD, 4 woca X (0B,) >
In the above, [ ) shows an instruction code.
Fig.22 Interface timing with 8085 p
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AN EXAMPLE OF APPLICATION

CIRCUIT AND WAVEFORMS FOR

LIQUID CRYSTAL DRIVING

1 A circuit example (Display ot 4 charac-
ters with 5X8 dots)

Ty
Q3 _E
1 ] ]
E B
- - =
T T =
RN B 3
] ] 2
- &
-—] || G
- 2
—— -] 3
|— i=3
_— -4 -
b—t
R T
L L -
T T T r T
| ] 1 1
k I v 0y 1 ! Y,
LR R R - T 2T e e~ 3
Il i S g e dhi i
§33383334353384944333 23332823 &
o OC OO O3S O
= g
¢7‘_‘> é >
[Ty )
-y " §
3 oo !
2 2 =] o
& = = g = = = > >

[
T
!
%
i

for LCD
1000

Microcomputer

Power supply

This Materi al

MITSUBISHI 29
ELECTRIC

Copyrighted By Its Respective Manufacturer



MITSUBISHI LSis

M50530-XXXFP

DOT MATRIX LIQUID CRYSTAL DISPLAY CONTROLLER-DRIVER

2 Wavetorms for liguid crystal driving

[ I o [ [ Lo 1 [
N IR AR T I N
___“__ui C T |__ai||._.j_ _||r,r N |I||_|_ T |ﬂTh|_LI|__ o r
_I_. I_|_I|r | ] TlIII_I, _|kll._ - o | III_ | i ____ !
r 0 N I R 1 L I_.__ ___|_|+ﬂI|J|_._|__ _|
|
||||| » - LIy _ _ Ll ——L
T4ﬁ__ k IA+ ST e ++4__ F+7T - al
SRR ¥ AL NI N IO S I oy Logyl
T TRTTT R L | A e
THrE =T [T == b o gy omm o g L ——H-H e
._4,.___.--r+i__._._qur|||r _|_|||__ r-rTrlf.u._.T_u_- 1“|T_s_||J|L.I.-r_
1| K [ 111 _
e ____ =y T Tﬁllil-_u?__.: tm._:_:ﬂ_jrw
b == - - Hd-- _ i-_-|||14.1. b p ot —
L : L = .Y SN R R 1A
! | | Lol _ | |
R IR I e e i
RN S - S IV B _ [N .
7:_._r¢_,.:__ CIE nin Jﬁ_ R
T .“-_._._- L_|||."|1._q il __:_n_-|||+_,_r|_ :.“._._uju:_.ZTL_JF
_J%ql_|_._{__}_lr|_.t_J_r_r-I__u_-i_:-ir._._-Tiﬁ_rw-_.i_?-_:_
SR BN ST Wbkt HA ) AISTRIY SN 1IN
i = ___.|_4||II _|_|_|I|Iﬁl_|_||7||_ _J - T T +4
} - [ o II_r_I., _ —_ L l_|||_|_|| 4 o 1
R S IR N HEHIE
R LR ST AT A
L RN N A [ T AN i | 1Y L |,
AT e
RN Fryrrd il IR R N A
PElr gl P | AERAR RINEREEEEE Pl
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MS0530-XXXFP one chip system example

coLl
i
COL40 \l
coL1
2 l msosa0 oM LCO panal
COL40 XKXE {1 line § digi}
MS0530 XXXFP COMBS(12)
Xxxpp COMI ( LGD panal ) COM?{ 13) LED panal
1 line 8 digil {1 line 8 digit)
GOMB12) COL16(24) o
1 line 8 digil (5% 8 or 5X12 dot} 2 line 8 digit {5X 8, or 5212 dot)
coL1
!
COL40 ! ]
M50530 C'::N" LCD panat LCD panal
- i igi 110 igit
KXKFP o 1ot 1) {1 line 8 digit) {1 line & digit)
COMA(13)
!
COM16(24 ]
1 line 16 digit {5X8, ar 512 dat)
coLl
1
COL40 \L
cc{gw LCD panal
COME {1 line 8 digit)
ME0530 CcOmMe LCD panal
! \ iai
XXAFP it {1 line 8 digit}
COM17 LGD panal
coiuu {1 line & digit}
COM325 LCD panal
? {1 line 8 digit}
COM32
4 line & digit (548 det)
coLt
'} e
COL40 ‘[ ]’
COM1 LCD panal LSO panal
coms {1 line & digit) {1 line 8 digit)
M50530
-XXXFP COM9 LCD panal LCD panal
Cor{Ma {1 line 8 digit) {1 line 8 digii}
COMIT
!
CcOM24
co?nzs
COM32
2 line 16 digit {5X8 dot)
MITSUBISHI 2
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8-bit action, 8 characters X 4 lines display example

Ingtruction
No. . oo AW D 8 Display Action
cifez|" [ 7[e]s[afa]2]1To
Power ON d by ink } resel curcuil.
Nothing displayed.
l —
| T T T T T T T ]
Sat function mode 8-bit action, 4 lines displayed.
Font i3 5X8& dot
2 SF
ocJoJeJ1 1 J1J1[1JeJofoe
Set entry made Mode is set 1o Increase cursor address after wril-
ting data by instruction WO.
3 SE
ofJefofJoJ1]oT+JoloJoTo
Set display mode Cursor Is displayed.
4 sD
oJofJoJoJo[tJ1J1JeJoToe
Write data to RAM " “M" is displayed, and cursor shifts right,
5 wo
o[rJoJoe[1JaJo[1[1]a]1
g Wrile data to RAM mlsTaTsTalo “50530" is displayed,
8 whr
9
10 o [1Jex[x[x[x[x[x[xIx
Write curser address Cursor moves 10 2nd line 1st digit
M|6(0|5 (30
1" wcC
t]vJoJoJr]oJoJoeJelo]e
:§ Write data te RAM MlsT0l31315 “Liguid” is displayed.
14 Lii|g|ulifd
5 wD
16
7 o [ 1Jo[x]x]xx]x]x]xIx
42 MITSUBISHI
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Instruction
N [F{a JRFla D B Display Action
Abbrevialion R
crjcz| | 7]e[sJa]s]2]1]e
Write cursor address Cursof mave 10 Wrd line 15t digit
5|0 3|0
18 we Lli[{q|u|ild
1J1JoJ1JoJoJoJoJoJo]o
19 WD “ I” s digpl .
s MIs]0(5130 Crystal sd:spayed_ B . )
Llilalujild Cursor moves to 4th line, 18l digit and “DisplaY’
wC ia displ. .
cliIyTslt]a is displayed
5 WD lifsip[l|A
| [ T TP T T ]
Shift cursor and display starl address M 5.0 sTalo Cursor address is decreased. Mamely Cursor
Ll uliTa shifts left.
34 MA cly : s tla Digplay slart address don't change.
Dliis|p|!]|A
ofofoJofoJo[ 11 [1Jofo0
Shift cursor and display stan address Cursor address is decreased. Namely Cursor
M|5.0]5 3 o shifte lefi.
35 MA Litlajutild Display start address don't change.
Clriy|s|t]|a
Dii|s|p|l]A
olofJoJoJoJo[aJ1]1]e]oe
Write dala 1o RAM "a” is displayed.
M|5|0]|5|3]|¢ play
oy WD Liijqlu|i|d
Clrly|s|t]|a
Dli{s|pjl]|a
oJ1JoJoJ1J1JeJofoJo]1
Shift cursor and display start address Only display starl address is decreased.
.5 03 3 9 Display shifts (sft.
7 MA fjqjuiild
riy|sjt|ajil
ijs|pjl|a|y
o[ofofJofJe[oftJoJo o
Clear DD RAM data and address home of display Display s cleared, and cursor moves (¢ 1s1 lina
start address 15l dight.
38 CH
oJofoJofofoeJoJoJoJo]
Mote}  Please enter instructions, after checking busy flag with instruction RE.

I busy flag is set, it is necessary to wait for the execution of the previous instruclion betore entering new instruction.
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AN EXTENSION OF THE SYSTEM

The LCD system of the M50530-XXXFP can be expanded
by connecting to it an external liquid crystal driver IC
MS50521FP or M50524FP,

1 AN EXTENSION OF THE COLUMN
DRIVER

The M50521FP uses the M50524FP as the column driver.

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

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

2 AN EXTENSION OF THE COMMON
DRIVER

The M50521FP also uses the M50S24FP as the common

driver. For this case, the CMD, DST, and FRM terminals of

the M50530-XXXFP are connected to the CSI, DST, and

FRM terminals of the driver IC, regpectively, A maximum

display of 4 lines {lor duty of 1/48} of 5X 12 dot characters

of the M50530-XXXFP are connected to the SCL, DI, GSI, is possibte.
DST, and FRM terminals of the driver IC, respectively. A
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Conditions Ratings Unit
W Logic shrcult —Q,3~+7.0 v
V1D2-v5*‘ Supply vollage LGD driving cirguit —0.3~+1% v
v, Input voltage Vas—0. 3=V SVpp 0.3 v
Topr o lem —20~—+70 C
Teig Storage lemperature —40~-+4+125 . T
Pd Maxi pawer dissipation 300 | mw
#¥In the above, il is assumed that Vi>VAZVIZV2a vl
RECOMMENDED OPERATING CONDITIONS (T,=—20tc +70T)
Symbol Parameter B—— Limits Unit
Min | Typ Max
Voo Supply vollage for lagic cheull ; 4.5 5.0 9.5 v
v5* Supply vellags tor LGD driving cirouil I 3 14 | v
Vi “L~ inpul voliage Vas Ves [0.3%XVon|  V
Vg “H* inpul veltage & 7% Vol Veo Voo T v
Tosc Clock oscillalion trequency 2 2.5 3 . MHz
#Connect 1o V5 a resistor not less than 47£1{ =103 Yin serias with the power supply.
ELECTRICAL CHARACTERISTICS (uniess otherwise noled. lor Voo =5 al Ta4=25T }
- i Limils _
Symbol Paramsater Test condition Uil
Min Typ Max
Ine Supply current tor logic lase=2. BMHz 10 mA
lys Supply current ior LCD - Mo-load LCD oulput  W5=14¥ 100 A
Voo "L" output voliage (1) loL=2mA B 0.4 vl
Van “H" gulpul voltage (1) lon™ — 2mA ] 3.5 ; v |
Iy Inpui jeak curent 12} T W=0~Veo o —1Q 10 F7E-Y
Voz OFF-stale oulput current (3 Vo=l~Veae 10 | m A
. ve=14v T 17500 ° =a
Rown LCD outpnd ON resistance (4] p=—y - - 7 0 Y

111 Applicable to the output terminals: DST, SCL. FRM, C35, CMD, and GLD,
(21 Applicable to the inputs of 85/.»¢: 1/0C1, 1/OC2, AW, EX. and QSC1.

31 Applicable to the output terminals. DBy 10 DBy,

(4]  Applicable to each LCD output of GOL1 to COL40 and SOGM1 1o SOM32.
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DOT MATRIX LIQUID CRYSTAL DISPLAY CONTROLLER-DRIVER

TIMING CHARACTERISTICS UNDER THE 8-BIT uc¢ CONTROL
{unless otherwise noted, for Vpo=5V al T=25T
Symbot Parameter Test conditions Limits Unit
Min Typ Max
e EX signal puise width 200 ns
sy Control data salup time 200 ns
th Contral daia hald time 100 ns
ldiex—co | Data outpul delay time C =15pF 300 ns
\yiex—~p) | Dala eflective time C =15pF 20 ns
L«.'.§.'-"°‘ ex) | Data setup tma 200 ns
thiex—p) | Data hold time 100 ns
TIMING CHARACTERISTICS UNDER THE 4-BIT ¢ CONTROL
(unless ctherwise noted, for Vpp=5V at Ta=25T)
Symbol Parameter Test conditions Limits Unit
Min Typ Max
b B3 EX signal pulse width 200 ns
tocew EX signal interval 800 ns
isu Gontrol data selup time 200 ns
th Control gala holg time 100 ns
tdtex—p1 | Data output delay time C =15pF 300 ns
tyiex—o) [ Data efective lime C_=15pF 20 ns
tsyip—ex} | Data setup time 200 ns
thiex—o: | Data hold ime 100 ns
TIMING CHARACTERISTICS UNDER THE 8085 .»p CONTROL
{unloss otherwise noted, for Vgo=5V at T=25C}
Syrnbrol Parametar Test conditions Limits Unit
Min Typ Max
twiex) EX signal pulse width 200 ne
L Conirol dala setup lime 200 ns
th Conirgl data hold time 100 ns
tdie Data delay bme G, =15pF 300 ns
tyip} Data effective time C,=15pF 20 ns
tsuip) Dala setup time 200 ns
thip} Data hold timea 160 ns
TIMING CHARACTERISTICS FOR EXTENDED SIGNALS
{unless otherwise noted, for Ypp=5V and fggc=3MHZz at Ta=25T )
- Limits )
Symbol Parameter Test conditions ain Typ AR Unit
twniscL; | Shift clock "H" pulse width 00 ns
bwiiacL) | Shift ctock “L" pulse width oo ns
bwical Chip select pulse width 300 ns
thiscL—cs) | Chip select hold time 00 ns
thics—scLi | Shift clock hold lime 300 ns
tsyio: Column data setup time 200 ns
thipy Column data hokd time 300 ns
twiost) | Data set pulse time 450 ns
thiser—nsty | Data sat hold time 600 ns
twicip: | Common data pulse width . 1950 ns
Luiomo_ogrl| Dala setup time | 200 ns
Adioer—eami| Frame delay time ! 300 ns
Note : All values reler to the case of load capacity of G, =15pF.
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DOT MATRIX LIQUID CRYSTAL DISPLAY CONTROLLER-DRIVER

Timing Wave forms under 8-bit uc Control

1} Read
bevieses |
EX - ;|§ 0. 7X Voo
- 0. 3XVop
sy ’
1/OC1, 1/0C2 B'L
N

R/W ,;
tdiex-o

X
N

e

DBo~DB; F
o

Eftective data

o~

)

2) Write
|__ bwiex |
EX 4 jB
— A
[ th
oc2 2" )K
17QCA, If
A >
R/W 5( —;é
taunp-ex) thiex-o)
DBy~ DBE- Effeclive data
4 MITSUBISHI
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DOT MATRIX LIQUID CRYSTAL DISPLAY CONTROLLER-DRIVER

Timing Wave forms under 4-bit z¢ Control

1) Read

TwiEx) twigx
0.7XVop
EX K 0. 3% Vpg
teu l‘ leiex) | ‘h
P,
1/OC1, 1/OC2 X h
e A
= -
A — \_
tdiex-o) briex-o) tdiex.o tiex-or
DBy~ DB; - Eftactive Effective
data data
2) Write
Ywiex) twiex:
EX _Zt l-
—_— K 7 <~
teu toiex "
- N
I¥QCY, 1¥OC2
N 7
R/W . /_
tsuio.ex) thiex.0) tsuioen thiex.ot
Eflective Eftective
DB~ DBy data data
MITSUBISHI e
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DOT MATRIX LIQUID CRYSTAL DISPLAY CONTROLLER-DRIVER

Timing Wave forms under 80854 p Control

1) Read
Twviex)

0.7X Voo
EX{ALE} s

0.3% Voo

_J

R/W(RD}
FOC1{(WD}

1/OC2(10M) Z

tsy

‘dEDJ

tyio)

DBy ~Dg;
(ADy~—AD;)

Effective
data

X

Effective
data

2} Write
bwigx)

EX{ALE)

R/W{AD}
rOCH{WD)

170C2{IGM)

tsy

teuins

Thio)

DB,~DE;
(ADg~AD;)

K
Effective
data 3

Efleciive
data
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DOT MATRIX LIQUID CRYSTAL DISPLAY CONTROLLER-DRIVER

Timing Wave forms for Extended Signals

Twnisec)
1} Column driver interface wave form

w [ N Ve

bwics)

thics-scet bwtscul

thiscu.cs
cs

I

tsuro thie

X X X X

2} Common driver interface wave form

VAN AVAVAVAVASRY &

twiosT)

YhiscL.osT i
D3T t ! ?
fwicump)

CMD 2 ‘;E

15 CMD-DST!

3) FRM

DST Z !
1dtosT.FRIM!

g
FRM
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DOT MATRIX LIQUID CRYSTAL DISPLAY CONTROLLER-DRIVER

Character codes and character patterns(1/2)
{example of MS50530-001FP)

Character code

+
0 1 2 3 4 5 6 7 B g A B C D E F
% E E % E % ﬁ ﬁ E E ; H : 3 : : H .
11 T
L1 L L1
10 11 12 13 14 15 16 17 18 19 1A 1B 1C 1D 1E 1F
- ] - “ - ﬁ | ﬁ % % %
= =z == H
r | LE
11 1
20 21 22 23 24 25 26 27 28 25 24 2B 2C 20 2E 2F
- H u T T
:i: E !: % % j ﬁ i
=- - u T I
: : : : - 1 : = Ll H ﬁ: i: [ ===
n) THT s s 1 H imms HH H
LL A LIl | 4 1Ll 1
30 n az a3 34 35 36 aw 38 39 3A o] 3C an JE arF
% :: :P H ﬁ: % : : H
mm H = H T+t HH +H u
111 1 1 | 1 111 111 111 | m
40 41 42 43 44 45 46 A7 43 49 4A 4B 4C 4D 4E 4F
ﬂ H : B ﬂ % E @ B £ E g -T] % % a : E
HH H tH=HH e =+ HHH
50 51 52 53 55 56 57 58 59 5A, 58 5C 50 5E 5F
Al L B LR
I T | .| N T 1 11
| | .- =L - 1111 Ll L1110
60 61 652 83 ) 65 66 &7 658 69 6A 68 6C 60 6E 6F
:- E % - % % %
| | I mE H HON 1T | 1 ] n-n
| 'y | 3 .| O I I T H .
] TT1T 11 [ m s i m | | W oaaT | HE N L 11 Ll
70 71 72 73 74 75 76 77 TA 7B C 7D 7E 7F
N u =
H = = = 4 H -
mu .- mEE - u - - o K 4 H -
1 O an » a ] u 11 Il
=1 | 1 11 I T 11
w 1 | ) T i | |
il L 17 F | 1T - I
SPACE CODE : {20),5
50 MITSUBISHI
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DOT MATRIX LIQUID CRYSTAL DISPLAY CONTROLLER-DRIVER

Character codes

and character patterns (2/2)

82 83 a4 85 86 87 88 8G BA 2B ac 8D 8E 8F
E::i ::E laneaal
OH um T [
=mm mmm == - - = =
amE ==w == = . a H e
=mm amE = H - - .
H H LL H L1 Ll
o 1T
90 91 92 23 94 95 96 g7 a8 99 9A 9B ac ob 9E 9F
i BHHEEEE: o :
I F B R :
-"|_I_I_l 11 H Ll H LLLY
1 1 K I | LLLL L1l Tl LT
L1y FIF N ] 111 111 ]
AQ Al A2 A3 Ad AS AB A7 AR A9 AA AB AC AD AE AF
EH R EHBH H E &%
Illl- I.lll- . Il-- . I- H = ll- % H 11
ot mm 1 | ' | O 1 ]
iy | T T 1 1 T  marn
B0 B1 B2 B3 B4 BS [=1:] 87 B2 89 BA BB Bc BD BE BF
II-- H . -II- I-Il -1 H 4 -‘T ]- LLlY
] L1 11 o LLY F . LLL
T 1T I M | 1T It T 1 T
co 1 c2 <3 C4 c5 <6 Cc7 <8 jo] CA B cc CD CE CF
E : Il : % ﬁ
sz HHH Eé; T a H HHE E E E ||(-l |_|_-|| -lll H E : 1T
1 T 110 :‘rl‘l d] 1 ::: T = am=) - Ll -
DO D1 D2 03 D4 [ D6 o7 53] D9 DA DB oC [n]a] OE DF
%E%g : Eﬁ -lll 1- £ -lll “"-
| TT jwmms H
1 T 1T wmm 1 I
EC E1 E2 E3 E4 E5 EG E7 Eg E9 EA EB EC ED EE EF
% E E E E E E E g -'1 T
[ 1 1 1Ll
1 L ' | )
Fo F1 F2 F3 F4 FS F5 F7 F8 F9 FA FB FC FD FE FF
% E E % E % ﬁ ﬁ E -Il- i H I’-
1T u
LI .
* MITSUBISHI 5
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DOT MATRIX LIQUID CRYSTAL DISPLAY CONTROLLER-DRIVER

Examples of system extension (data RAM of 256 words)

‘IHBJSFESI ,IMSDSE;I _IHE%SFE;l _IMSOSE;' 4M505an-_ e ———
M50530
XXXFP im' 1w {0 foo = 1® ——-
” ' 5X 8 dot 256 digits per line LCD

M50530
KXXFP
' Sx12dot 256 digits per line L.CD |
12 —
MEDS30
_XXXFP
XXXFP | 6X &dot 128 digits for 2 lines LCD
6
M50521 MS50524 M50524 M50524 M50524 M50524 M50524 MET524
EP Ep (3 £p £, 13 T e
M50530 o v 180 1 80 {% {0 Js0 Jw 7 80
T
XXEE : 5 X 12dot  128digits for 2 lines LCD
2 H
M5E0521 [¥] 2 [X] M5052
P £P) £ £p)
Jro_ o ge0 jo {%
M50530 3
15 x & dot 64 digits
xxxre |, |
| for 4 lines LCD
2 (
i
M50530
-XXXFP
<2 '
32 '5 X 12 doi 64 digits
| for 4 lines LCD
e
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DOT MATRIX LIQUID CRYSTAL DISPLAY CONTROLLER-DRIVER

AN example of system connection

rgd

L4

[E

(U3 N
08~L1INO
1an
g
darZS0si s
154
[ B} OEIE
B WP
502

{z/1)
2 PUNOy,acen
= !
LLNO
Law
[ | [y)
1aued jeislie pinbi hg g_,
& ZEN0D o
! z
LWOD @
2050
0r100
08 P )
(R lels
1250
08~LLNO P~ 1ZLN0
zianl— zon
1a 1a
(2/2)
d362505W w8 8 dIXXX-0EG05W
15ap— ddrzsosm 159
mmmmzﬁm oozE
@ @ 9 -
w [} m = m m %39
R | 50 2901
a1 13041
195 My
180 X3
Wy

A

4|ddne Jemod 900

Microcompuier
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DOT MATRIX LIQUID CRYSTAL DISPLAY CONTROLLER-DRIVER

JAPAN
Semiconduclor Marketing Division
Mitsubizhi Electric Corparation
2-3, Marunouchi Z-chome
Chiyoda-ku, Tokyo 100, Japan
Talax: 24532 MELCC J
Telephone: (03)218-3473

{03) 218-3499
Facsimile: (03) 214-8670

Overseas Markeling Manager
Kia-ltami Works

4-1, Mizuhara, ltami-shi,
Hyogo-ken 664, Japan

Telex: 526408 KMELCO J
Telephone: {(0727) 82-5131
Facsimile: {(0727) 72-2329

HONG KONG
MITSUBISHI ELECTRIC (H.K.) LTD.
25 Fioor, Leighton Centre,

77, Leighton Road. Causeway Bay.
Hong Kong

Telex: 60800 MELCO HX
Telephone. {5) 773201-3

Facsimile: {5) 895-3104

SINGAPORE

MELCQ SALES SINGAPORE PTE.
LTD.

230 upper Bukit Timah Road # 03-
G115

Hock Soon Industrial Complex
Singapore 2158

Telex: RS 20845 MELCO
Telephone: 4695255
Facsimile: 4695347

TAMWAN
MELCO-TAIWAN CO_, Ltd,
1st fi., Chung-Ling Bldg..

363, Sec. 2, Fu-Hsing 3 Road,
Taipei R.O.C.

Telephone: {02) 735-3030
Facsimila: {02) 735-6771

Telex: 25433 CHURYO “MELCO-
TAIWAN"

U.S.A.

NORTHWEST

Mitsubishi Electronics America, Inc.
1050 East Arques Avenue
Sunnyvale, CA 94086

Telephone. {408) 730-5900
Facsimile: {408) 730-4972

SAN DIEGC

Mitsubishi Electronics America, inc.
11545 West Bernardo Court

Suite 100

San Diego, CA 92128

Talephone: [619) 592-1445
Facsimile: [619) 592-0242

DENVER

Mitsubishi Electronics America, Inc.
4600 South Ulster Street
Metropoint Building, 7th Floor
Denver, CO B0237

Telephone, (303) 740-6775
Facsimile:  (303) 694-0613

SQUTHWEST

Mitsubishi Elactronics America, Inc.
991 Knox Street

Torrance, CA 90502

Telephone: (213) 515-3993
Facsimite: (213} 217-5781

SOUTH CENTRAL

Mitsubishi Electronics America,
1501 Luna Road, Suite 124
Carroliton, TX 750086
Telephone: (214} 454-1919
Facsimile: (214) 243-0207

nc.

NORTHERN

Mitsubishi Electronics America,
15612 Highway 7 $# 243
Minnetonka. MN 55345
Telephone: (612) 938-7779
Facsimile: (612) 938-5125

nc.

NORTH CENTRAL

Mitsubishi Electronics America,
800 N. Bierman Circle

ML, Frospect, IL 60056
Telephone: {(312) 298-9223
Facsimile: (312) 298-0567

nc,

NORTHEAST

Mitsubishi Electronics America,
200 Unicorn Park Drive
Woburn, MA 01801

Telephane: {617) 932-5700
Facsimile:  {617) 938-1075

nc,

MID-ATLANTIC

Mitsubishi Electronics America.
800 Cottontail Lane

Somerset. NJ 08873
Telephone: {201) 469-8833
Facsimile: {201) 469-1909

noc.

SOUTH ATLANTIC

Mitsubishi Elecironics America, Inc.
2500 Gateway Center Blvd., Suite 300
Marrisville. NC 27560

Telephone: {404) 268-4850
Facsimile: [404) 662-5208

SOUTHEAST

Mitsubishi Electronics America, Inc.
Town Execulive Center

6100 Glades Road #210

Boca Raton, FL 33433

Telephone: (407) 487-7747
Facsimile: [407) 487-2046

CANADA

Mitsubishi Electronics America, Inc,
6185 Ordan Drive, Unit #110
Mississauga, Ontario, Canada L5T 2E1
Telegphone: (416) 870-8711

Facsimile: {416) 670-8715

Mitsubishi Electronics America, Inc.
300 March Road, Suite 302

Kanatla, Omario, Canada K2K 2E2
Telephane: (418) 670-8711
Facsimiles (416) 670-8715

WEST GERMANY ———
Mitsubishi Electric Europe QmbH
Headquarters:

Gothear Sir 8

4030 Ratingen 1, West Germany
Telex: 8585070 MED D
Telephone: {02102} 4860
Facsimile: {02102} 486-115

Munich Qffice:

Arabellasirabe 31

8000 Munchen 81, West Germany
Tetex: §214820

Telephone: {089) 919006-09
Facsimile:  {D89) 9101399

FRANCE
Mitsubishi Electric Europe GmbH
55, Avenue de Colmar

92563 Ruell Malmaison Ceadex
Telex: 632326

Telephone: 47087871

Facsimile: 47513622

ITALY
Mitsubishi Electric Europe GmbH
Centro Direzionale Colleoni
Paiazzo Cassiopea 1

20041 Agrate Brianza I-Milano
Telephona: (039} 636011
Facsimite: (039} 6360120

SWEDEMN
Mitsubishi Elegtric Europe GmbH
Lastbilsvagan 6B

5-19149 Sollentuna, Sweden
Telex: 10877 {meab S)
Telephone: (08} 9604668
Facsimile: (08} 966877

UK.
Mitsubishi Electric {U.K.) Lid.
Travellers Lane

Hatlield

Hertg AL10 8X B, Engtand, U.K.
Telephone: ((44) 7072 76100
Facsimile: (0044) 7072 TBE9Z

AUSTRALIA
Mitsubishi Electric Australia Pty. Ltd.
73-75, Epping Road, North Ayde,
F.O. Box 1567, Macquarie Centre,
N.SW._, 2113, Australia

Telex: MESYD AA 26614
Telephone: {02) (888} 5777
Facsimile: (02) (887} 3635
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