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1. GENERAL

1.1

1.2

General

The M4024 is a low-power-consumption dot-matrix liquid crystal display (LCD)
module with a high-contrast wide-view LCD panel and a CMOS LCD drive controller
built in. The controller has a built-in character generator ROM/RAM, and display
data RAM. All the display functions are controlled by instructions and the module
can easily be interfaced with an MPU. This makes the module applicable to a wide
range of purposes including terminal display units for mierocomputers and display

units for measuring gages.
Features
* 40-character, four-line liquid crystal display of 5 x 7 dot matrix + cursor

+ Duty ratio: 1/16

+ Character generator ROM for 192 character types
(character font: 5 x 7 dot matrix)

- Character generator RAM for eight character types (program write)
(character font: 5 x 7 dot matrix)

+ 80 x 8 bit x 2 display data RAM (160 characters maximum)
- Interface with four-bit and eight-bit MPUs possible
Display data RAM and character generator RAM readable from MPU

+ Many instruction functions

Display Clear, Cursor Home, Display ON/OFF, Cursor ON/OFF, Display
Charaeter Blink, Cursor Shift, and Display Shift

* Built-in oscillator eireuit
+ +5 V single power supply
* Built-in automatic reset circuit at power-on

+ CMOS process

+ Operating temperature range: 0°C to 50°C
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1.4 Absolute Maximum Ratings

Vgs = 0V
ltem Symbol Standard Unit Remarks
Power supply Vbbp -03t0 +6.5 Vv
voltage Vic Vpp - 6.5to Vpp + 0.3 v
input voltage Vin -0.3toVpp+0.3 v
Cperating Toor °
—msnt%%%g@ Tstpg _o;:t;‘ ioso z At 50% RH
__temperature

1.5 Electrical Characteristies

Vpp = 5V£5%, Ve =0V, Ta = 0°C to 50°C

item Symbol Condition Min. Typ. Max. Unit
input High ViHa 2.2 - Vop Vv
voltage* |Low Vi 0 - 0.6 \
Output |High | Voui | -lon = 0.205mA 24 - - Y
voltage** | Low Vou1 loL = 1.2mA - - 0.4 \
Power supply Vop 4.75 5.00 5.25 Vv
voltage Vpp-Vic 3.0 - 6.0 Vv
Current iob - 8.0 12.0 mA
consumption e Vic = 0.25V - 3.0 45 mA
Clock oscillation freq. fosc Resistance oscillation 190 270 350 kHz

*

Applied to DBg to DB, E, RAW, and RS
** Applied to DBj to DBy

Remark: Recommended operating voltage

The viewing angle and sereen contrast of the LCD panel can be varied by changing
the liquid crystal operating voltage (Vopr), that is Vi,C.

The optical characteristies is influenced by an ambient temperature. The
recommended value of Vopr for an ambient temperatures are shown below.

Temperature () 0 10 25 40 50

Vopr (V) 500 | 490 | 475 | 460 | 450 | Ve = Vpp - Vic
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1.6 Timing Characteristics

1.6.1 Write operation

Vpp = 5.0V£5%, Vgs = 0V, Ta = 0°C to 50°C

ltem Symbol Min. Max. Unit
Enable cycle time teycE 1000 - ns
Enable pulse width High level PWEgy 450 - ns
Enable rise and fall time ter e - 25 ns
Setup time RS, RAW — Eq1, E tas 140 - ns
Address hold time tAH 10 - ns
Data setup time tosw 195 - ns
Data hold time tH 10 - ns

RS 4 Vinn ViH1 \
Qlu Vi Y
A lay
RAV \ 4
N Viu /1 Vi
< PWen | [ty
MBS
£ ZZ Vims Vin \S /
1. E2 VL Vit -~ ViHy
/] \ /
ﬁ-—» -— < tosw »! | !
DBy to DB, Vins Valid data ML
Viur Vius
< teycE .

Figure 2 Data write from MPU to module
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1.6.2 Read operation

Vpp = 5.0V£5%, Vgs = 0V, Ta = 0°C to 50°C

Iltem Symbol Min. Max. Unit
Enable cycle time teycE 1000 - ns
Enable pulse width High level PWen 450 - ns
Enable rise and fall time ter et - 25 ns
Setup time RS, R/\—N—>E1, E; tas 140 - ns
Address hold time tAH 10 - ns
Data delay time 1opRrR - 320 ns
Data hold time tH 20 - ns
RS >§/ Vinn Vini
K, Vi Vi
 tas t

Y

— am v
RITY H
_ B PWey ‘ teg

E1 Ez Z[ VIH‘! tEf VIH1 /-
’ Vi1 >
/| Vi R A i
ter — -y oR 1
Voh1 : Vou1
DBy to DBy VoL Valid data Vor
< tevcE

Figure 3 Data read from module to MPU
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1.7 Optical Characteristics

1.7.1 Optical characteristies (TN LCD)

Viewing angle: 6 o'clock (@ = 0°
Ta = 25°C, Voo, = 475 V

Item Symbol Conditions Min. Typ. Max. Remarks
_ N
Viewing angle 0;,-6,|C220,0=0° 35 - - ::1 ZOtes !
Contrast C 60=25, @=0° 5 8 - See Note 3.
Response time (rise) ton [|0=25, @=0° - 60 ms 70 ms See Note 4.
Response time (fall) i |0=25°, @=0° - 150 ms 170ms | see Note 4.
Note 1: Definition of angles @ and 8 Note 2: Definition of viewing angles 0, and 6,
2
(6=0) Cmax 1
Y (2 = 1809 ' '
: Contrast C
L
: ]
\ '\i\ 20f e/
] 1 1
i :
xl : T X 1
\\ 1 1 1
o : : :
R 61 62 ~
b ~ ;}vk — Viewing angle
\ IS
Y (2 =0°
(6=90°
Note 3: Definition of contrast C Note 4. Definition of response time
_ Brightness (reflection) of unselected dot (82) ZFR;M
- Brightness (reflection) of selected dot (B1) Vopr
Voltage | ﬂ_' I-l_l ......
| ?ri?lhtngss) N I. A l.... ......... L. [
! reflection) o [ F WOenn I PO
(%) ' By Scelected dot I_I J
(Bright) | Ol | R | I | T R | S
Brightness
I (re?lection)of v) - U
Brightness i unselected dot
(reflection) 1 Unselected | Selected state Unselected state
etlectio ! state | (display ON) _ |(display OFF)
: (Bright) Y
! 10%
(Dark) ] T f A
0 Brightness 100% 90%
Operating voltage (V) {transmission) t
(Dark) i ! 1
] ]
ton tott
Vopr © Operating voltage
feam : Frame frequency
n - Response time (rise)
tott : Response timeé (fall)




1.8 Dimensions
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2.78.109 0.75/.030
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Figure 4
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2. OPERATING INSTRUCTIONS

2.1 Terminal Functions
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Table 1 Terminal functions

Signal name tehll-?r;ir?;ls 170 Destination Function

DBgto DB3 4 IO MPU Tristate bidirectional lower four data buses: Data
is read from the module to the MPU or written to
the module from the MPU through the buses. If
the interface data is 4 bits, the signals are not
used.

DB4to DBy 4 /10 MPU Tristate bidirectional upper four data buses: Data is
read from the module to the MPU or written to the
module from the MPU through the buses. DB is also
used as a busy flag.

Ey, E; 2 input MPU Operation start signal. The signal activates data
write or read: Eq for the upper 2 lines, and E; for the
lower 2 lines.

RW 1 Input MPU Read (R) and Write (W) selection signals

0: Write
1: Read
RS 1 Input MPU Register selection signals
0: instruction register (Write)
Busy flag and address counter (Read)
1. Data register (Write and Read)
Vic 1 - Power |Power supply terminal for driving liquid crystal
supply |display: The screen contrast can be varied by
changing Vic.
Vpop 1 - Power +5V
supply
Vsg 1 - Power | Ground terminal: 0V
supply
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2.2 Basic Operations

Since the M4024 has a controller for the upper two lines and a controller for the lower
two lines, initialization and instructions (including Write Data to CG RAM or DD RAM
and Read Data from CG RAM or DD RAM) are executed separately for the upper two
and lower two lines. Upper and lower lines are selected by the E1 and Eg signals, so
that the contents of the CG RAM or DD RAM of the controller for the upper two lines
cannot be written or read with the controller for the lower two lines. The cursor does
not move continuously from the second line to the third line.

2.2.1 Registers

The controller has two kinds of eight-bit registers: the instruction register (IR)

and the data register (DR). They are selected by the register select (RS) signal
as shown in Table 2.

The IR stores instruction codes such as Display Clear and Cursor Shift, and the
address information of display data RAM (DD RAM) and character generator

RAM (CG RAM). They can be written from the MPU, but cannot be read to the
MPU.

The DR temporarily stores data to be written into DD RAM or CG RAM, or read
from DD RAM or CG RAM. When data is written into DD RAM or CG RAM
from the MPU, the data in the DR is automatically written into DD RAM or CG
RAM by internal operation. However, when data is read from DD RAM or CG
RAM, the necessary data address is written into the IR. The specified data is
read out to the DR and then the MPU reads it from the DR. After the read

operation, the next address is set and DD RAM or CG RAM data at the address
is read into the DR for the next read operation.

Table 2 Register selection

RS | RW Operation

0 0 | IR selection, IR write. internal operation : Display clear

0 I | Busy flag (DB7) and address counter (DB to DBg) read

1 0 | DRselection, DR write. Internal operation : DR to DD RAM or CG RAM
1 1 | DR selection, DR read. Internal operation : DD RAM or CG RAM to DR




2.2.2

2.2.3

2.2.4
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Busy flag (BF)

The flag indicates whether the module is ready to accept the next instruction.
As shown in Table 2, the signal is output to DB7 if RS = 0 and R/W = 1. If the
value is 1, the module is working internally and the instruction cannot be
accepted. If the value is 0, the next instruction can be written. Therefore,
the flag status needs to be checked before executing an instruction. If an
instruction is executed without checking the flag status, wait for more than
the execution time shown by 2.4 Instruection Outline.

Address counter (AC)

The counter specifies an address when data is written into DD RAM or CG
RAM and the data stored in DD RAM or CG RAM is read out. If an Address
Set instruction (for DD RAM or CG RAM) is written in the IR, the address
information is transferred from the IR to the AC. When display data is
written into or read from DD RAM or CG RAM, the AC is automatically
incremented or decremented by one according to the Entry Mode Set. The

contents of the AC are output to DBg to DBg as shown in Table 2 if RS = 0
and R/W =1,

Display data RAM (DD RAM)

DD RAM has a capacity of up to 80 x 8 bits and stores display data of 80
eight-bit character codes. M4024 has two controllers and its capacity is 160

characters. Some storage areas of DD RAM which are not used for display
can be used as general data RAM.

A DD RAM address to be set in the AC is expressed in hexadecimal form as
follows.

Example: DD RAM address = 07

[— Upper bits Lower bits —

AC : AC5 AC5 AC4 AC3 ACZ AC1 AC()

- 10 -



Line 1

Line 2

Line3

Line4
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DD RAM addresses 00H to 27y are set in the lines 1 and 3, and 40y to 687H in

the lines 2 and 4.

Display digit

DD RAM
address

Note: The addresses in the digit 40 of line 1 and the digit 1 of line 2 are not
consecutive. Also, the addresses in the digit 40 of line 3 and the digit 1
of line 4 are not consecutive.

1 2 3 4 5 6 7 34 35 36 37 38 39 40
00 02103]04 (05|06 }.——___. 21122 (23|24 }25|26 |27
40 42 143 |44 | 45 | 46 |----~~- 61 (6263|164 (6566|667
00 l 02 (03({04{05]06 |-—cu—_- 21122123124 (25|26} 27
40 i 42 143 {44 145 | 46 [----—-- 61162 |63 |64 |65)|66]67

If the display is shifted to right with E] activated, DD RAM address moves as

follows.
1 2 3 4 5 & 7 34 35 36 37 38 39 40
Line 1 0310405 ]|------ 20121122123 |24 |25 26
Line 2 43 144 |45 |--—-—- 60 | 6162|6364 )65]66
Line3 04 105{06 |-—co. 211222324 25|26 |27
Line 4 44 1 45 | 46 |-~----- 61 (6216364 |65|66]|67

If the display is shifted to right with Eg activated, DD

Display digit

DD RAM
address

RAM address moves as

follows.
1 2 3 4 5 6 7 3 35 36 37 38 39 40
Line1 | 00 02{03104|05[06|-—co__. 21 1221231241251 26 |27
Line2 | 40 42 143 144 |45 | 46 |---—--- 61162 |63|64|65|66]|67
Line3 | 27 03|04}05|--—--- 20 1212223242526
Line4 | 67 43 | 44 | 45 |- —o-—- 60 | 61 |62 |63 |64 |65]66

Display digit

DD RAM
address

All four lines cannot be shifted at the same time. Instructions must be written
using E] and Eg to distinguish the upper two lines from the lower two lines.

-11 -



2.2.5

2.2.6
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Character generator ROM (CG ROM)

Character generator ROM generates 192 types of 5 x 7 dot-matrix character
patterns from eight-bit character codes.

Table 3 shows the correspondence between the CG ROM character codes and
character patterns.

Character generator RAM (CG RAM)

CG RAM is used to create character patterns freely by programming. Eight types of
character patterns can be written.

Table 4 shows the character patterns created from CG RAM addresses and data. To
display a created character pattern, the character code in the left column of the
table is written into DD RAM corresponding to the display position (digit). The areas
not used for display are available as general data RAM.

-12 -
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Table 3 Correspondence between character codes and character patterns
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Table 4 Relationships between CG RAM addresses and character codes
(DD RAM) and character patterns (CG RAM data)

Character code
(DD RAM data)

CG RAM address

Character pattern
(CG RAM data)

76543210

5 4 3 2 10

N

76543210

¢ Upper bit Lower bit 4 Upper bit Lower bit P Upper bit Lower bit P

10 0 0 * ok ox g
10 0 1
10 1 0
01 1

0000=+000 000:100
51 0 1
111 0

1 1 1 * x x

L

0000111

]
:
Eooo
:001
:010
0000 %001 0o 0 1 !0 1 1
:1 0 0
:‘l 0 1
:1 1 0
11
1
Eooo
| — 10 0 1

—_ a0
O =0

Notes: -

Example of
character
pattern (R)

< Cursor
position

Example of
character
pattern (¥)

In CG RAM data, 1 corresponds to Selection and 0 to Non-seleetion on the display.

* Charzcter code bits 0 to 2 and CG RAM address bits 3 to 5 correspond with each
other (three bits, eight types).

CG RAM address bits 0 to 2 specify a line position for a character pattern. Line 8

of a character pattern is the cursor position where the logical sum of the cursor
and CG RAM data is displayed. Set the data of line 8 to 0 to display the cursor. If
the data is changed to 1, one bit lights, regardless of the eursor.

The character pattern column positions correspond to CG RAM data bits 0 to 4

and bit 4 comes to the left end. CG RAM data bits 5 to 7 are not displayed but
can be used as general data RAM.

* When reading a character pattern from CG RAM, set to 0 all of character code
bits 4 to 7. Bits 0 to 2 determine which pattern will be read out. Since bit 3 is not

valid, 00y and 08§ select the same character.

- 14 -



2.3 Instruction Outline
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Table 5 List of instructions
. Code ) Execu-
Instruction = Function tion
RS | RWl DBy | DBg | DBg| DB4 | DB3| DB, | DB, | DBy time#
Clears all display and returns cursor to
(1) Display clear ofojofo]ofo]o] o] o |1 {homeposition (address 0) 1.64ms
Returns cursor to home position. Shifted
(2) Cursor Home ofojogjpojojojojolfage. display returns to home position and DD 1.64 ms
RAM contents do not change.
Sets direction of cursor movement and
(3) Entry Mode Set otojofojoloqo 1 ]vo | s | whether display will be shifted when data 40 s
is written or read
. Turns ON/OFF total display (D) and cursor
4) Displ / OFF
(4) Display ON o jojojoflolo 1 D | ¢ | B ](C), and makes cursor position column start aops
control o
blinking (B)
Moves cursor and shifts display without
(5) Cursor/Display Shitt | o Jo o oo | 1 [scim].]|. changing DD RAM contents aops
Sets interface data length (DL), the number
(6) Function Set o joejojo v bt N F |~} |of display lines (N), and character fonts (F) 40 s
(7) CG RAM Address Sets CG RAM address to start transmitting
1 AN . B Wikivng (1AM dake Bt
(8) DD RAM Address Sets DD RAM address to start transmitting
Set 0 po | App or receiving DD RAM data 40 s
Reads BF indicating module in internal
(9) BF/Address Read o | t |BF AC operation and AC contents (used for both oOps
CG RAM and DD RAM)
(10) Data Write to CG Writes data into DD RAM or CG RAM
RAM or DD RAM 1 1o Write Data 40 ps
(11) Data Read from Reads data from DD RAM or CG RAM
CG RAM or DD I Read Data aops
RAM
* : Invalid bit I/D =1 : Increment B=1 : Blink ON N=1 :2lines
Acg: CG RAM address VD = 0 : Decrement =0 : Blink OFF N=0 :1lne
App : DD RAM address
AC: Address counter S =1 : Display shift S/IC= 1 : Display shift F=1 :5x10 dot matrix
S =0 : No display shift S/C = 0 : Cursor movement F=0 :5x7 dot matrix
D=1 : Display ON R/L = 1 : Right shift BF = 1 : Internal operation
D =0 : Display OFF R/IL = 0 : Left shift in progress
BF = 0 : Instruction can be
C=1 : Cursor ON DL =1 : 8 bits accepted
C=0 : Cursor OFF DL =0 : 4 bits

# An execution time indicates maximum value when fosc i 250 kHz. It changes at the inverse proportion of f,,..
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2.4 Instruction Details

(1) Display Clear

RS R/W DBy

AN.No.4024-842E

DBy

Code 0 0 0 0 0

Biaplay Gledr clears all display and returne oungop to homa BBAIILR (1ddress D).
Space code 20 (hexadecimal) is written into all the addresses of DD RAM, and DD
RAM address 0 is set to the AC. If shifted, the display returns to the original
position. After execution of the Display Clear instruection, the entry mode is

incremented.

Note : When executing the Display Clear instruction, follow the restrietions listed in

Table 6.

(2) Cursor Home

RS RW DBy

DBy

Code 0 0 0 0 0

* . Don't care bit

Cursor Home returns cursor to home position (address 0).

DD RAM address 0 is set to the AC. The cursor returns to the home position., If
shifted, the display returns to the original position. The DD RAM contents do not
change. If the cursor or blinking is ON, it returns to the left side.

Note : When executing the Cursor Home instruction, follow the restrictions listed in

Table 6.

Table 6 Restrictions on execution of Display Clear and Cursor Home instruetions

Conditions of use

Restrictions

When executing the Display Clear or Cursor
Home instruction when the display is
shifted (after execution of Display Shift
instruction)

The Cursor Home instruction should be
executed again immediately after the Display
Clear or Cursor Home instruction is executed.
Do not leave an interval of a multiple of
400/fosc* second after the first execution.
Example:1.5ms, 3.0 ms, 4.5 ms

for fose = 150 kHz

*fosc:  Oscillation frequency

When 23y, 27y, 63y, or 67, is used as a DD
RAM address to execute Cursor Home
instruction

Before executing the Cursor Home
instruction, the data of the four DD RAM
addresses given at the left should be read
and saved. After execution, write the data
again in DD RAM.(This restriction is
necessary to prevent the contents of the
DD RAM addresses from being destroyed
after the Cursor Home instruction has been
executed.)
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(3) Entry Mode Set

RS RW DBy DBy
Code 0 0 0 0 0 0 0 1 m | s

Entry Mode Set sets the direction of cursor movement and whether display will be
shifted.

I/D : The DD RAM address is incremented or decremented by one when a

character code is written into or read from DD RAM. This is also true for
writing into or reading from CG RAM.

When I/D = 1, the address is incremented by one and the cursor or blink
moves to the right.

When I/D = 0, the address is decremented by one and the cursor or blink
moves to the left.

S : If S =1, the entire display is shifted either to the right or left for writing
into DD RAM. The cursor position does not change, only the display
moves. There is no display shift for reading from DD RAM,

When S = 1 and I/D = 1, the display shifts to the left.
When S = 1 and I/D = 0, the display shifts to the right.

If S = 0, the display does not shift.

(4) Display ON/OFF Control

RS R/W DBy DBy
Code | 0|lo0o|[o]|]o]lo|lo|l1{D]|Ccl|B

Display ON/OFF Control turns the total display and the cursor ON and OFF, and

makes the eursor position start blinking. Cursor ON/OFF and blinking is done at the
column indicated by the specified DD RAM address by the AC.

D: When D = 1, the display is turned ON.
When D = 0, the display is turned OFF.

If D = 0 is used, display data remains in DD RAM. Change 0 to 1 to display
data.

-17 -
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C: When C = 1, the cursor is displayed.
When C = 0, the cursor is not displayed.
The cursor is displayed in the dot line below the character fonts.

B : When B = 1, the character at the cursor position starts blinking.
When B = 0, it does not blink.
For blinking, all-black dots and the character are switched about every 0.4

seconds when foge is 250 kHz. The cursor and blinking can be set at the same
time.

Example: C = 1 (cursor display) B = 1 (blinking)

&

~— Cursor 1

(5) Cursor/Display Shift

RS R/W DBy DBy
Code 0 0 0 0 0 1 SIC|RIL}| = * * : Don’t care bit

Cursor/Display Shift moves the cursor and shifts the display without changing the
DD RAM contents.

The cursor position and the AC contents mateh. This instruction is available for
display correction and retrieval because the cursor position or display can be shifted
without writing or reading display data. The cursor is shifted from digit 40 of line 1
to digit 1 of line 2. Displays of lines 1 and 2 are shifted at the same time. Also the
cursor is shifted from digit 40 of line 3 to digit 1 of line 4. Displays of lines 3 and 4
are shifted at the same time. Therefore, the display pattern of line 2 or 4 is not
shifted to line 1 or 3(see 2.2.4 Display Data RAM).

S/C R/L Operation

0 | The cursor position is shifted to the left (the AC decrements one)
1 The cursor position is shifted to the right (the AC increments one)
0

1

The entire display is shifted to the left with the cursor
The entire display is shifted to the right with the cursor

Note: If only display shift is done, the AC contents do not change.
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(6) Function Set

RS R/W DBy DBy
Code | 0 | O [0 | O | 1t |DL|NJF /| *|[=

* : Don't care bit

Function Set sets the interface data length, the number of display lines, and the
character font.

DL : Interface data length
When DL = 1, the data length is set at eight bits (DB7 to DBy).
When DL = 0, the data length is set at four bits (DB7 to DBy).
The upper four bits are transferred first, then the lower four bits follow.

N : Number of display lines
When N = 1, the display line is set to two lines.
When N = 0, the display line is set to one line.

Since M4024 is regarded as two two-line displays, so set N to 1.

F : Character font
When F = 1, the character font is set to 5x 10 dot matrix.
When F = 0, the character font is set to 5X7 dot matrix.
If N is set to 1, F becomes "Don't care bit". For M4024, set F to 0 or 1.

The Funetion Set instruetion must be executed prior to all other instructions except
for Busy Flag/Address Read. If another instruetion is executed first, no function
instruction except changing the interface data length can be executed.
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Remarks: Initialization

1. Automartie initialization

The system is automatically initialized at power-on if the following power supply
eonditions are satisfied.

Vpp —w=m==m=m=mmmmmmeee % o
Aas5V

0.2V 0.2v 2V

tree tore*

0.1ms =t = 10ms torr= 1ms

*torr: Time when power supply is OFF if cut instantaneously or
turned ON and OFF repeatedly

The following instructions are executed for initialization.
+ Display Clear

« Function Set DL = 1: Interface data length: Eight bits
N=0: One line display
F=0: Character font: 5X7 dot matrix

- Display ON/OFF Control D = 0: Display OFF
C = 0: Cursor OFF
B = 0: Blink OFF

- Entry Mode Set I/0 = 1: Increment
S = 0: No display shift

Since the condition is not suitable for the M4024, further Function Set instruction
is necessary.
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2. Initialization by instructions

If automatic initialization is not executed because the above power supply conditions are
not satisfied, use the following instructions. Since it is unknown whether the interface
data length is set to eight bits or four bits at power on, execute Function Set twice to set
the interface data length to eight bits. And then for setting the required interface data
length execute further Function Set instruction.

(a) Interface data length : Eight bits

( Power-on )

Y

Wait for 15 ms or more
after Vpp reaches 4.5 v

RS R/W DBy - = == - - - - DB, The busy flag cannot be checked before the
0 0 0 0 1 1 % =% » = following instruction: Function Set
(interface data length: 8 bits)

Wait for 4.1 ms or more.

Y

RS RRW DBy - - = - - - - - DBy The busy flag cannot be checked before the
0O 0 0 0 1 1 *x *x » = following instruction: Function Set
’ v (interface data length: 8 bits)

Wait for 100 ps or more.

RS RW DB; - - — = — — — - DBy |

The busy flag cannot be checked before the
0 0 0 0 1 1 * * =«

following instruction: Function Set
(interface data length: 8 bits)

Y The busy flag can be checked from the
RS RA'W DBy =- - = = — — = — DB, following instructions.
0 0 0 0 1 1 1 » *» =« Function Set
0 0 0 0 0 O 0 0 0 Display OFF
0 0 0 0 0 O 0 0 1 Display Clear
0 ¢ 0 0 0 0 1 DS Entry Mode Set

End of initialization

*Note. Initialization has to be executed twice, for Eq and for E,.
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(b) Interface data length: Four bits
< Power-on )

Wait for 15 ms or more
after Vpp reaches 4.5 v

Y

RS RW DB; - - DB, The busy flag cannot be checked before the
0 0 0 0 1 1 following instruction: Function Set (interface
data length: 8 bits)

Wait for 4.1 ms or more.

Y

RS RW DB; -~ - DBy The busy flag cannot be checked before the

0 0 0 0 1 1 following instruction: Function Set (interface
data length: 8 bits)

Wait for 100 ps or more.

RS RW DB; - - DB The busy flag cannot be checked before the
0 0 0 0 1 1 following instruction: Function Set (interface
data length: 8 bits)

Y [The busy flag can be checked from the

RS RAW DB; - - DBy following instructions.

0 6 0 0 1 0 Function Set

0 0 o0 1 0 (interface data length: 4 bits)
Function Set

0 0 1 * =

0 0 0 0 00 Display OFF

0 0 1. 0 0 O

0 0 0 0 0 O Display Clear

0 0 0 0 0 1

0 0 0 0 0 O Entry Mode Set

0 0 0 1 WDS i

l

End of initialization

*Note: Initialization has to be executed twice, for Ey and for E,.
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CG RAM Address Set

RS RW DBy DBy

Code 0 0 0 1 AlA]JA|A]A]|A
|<—Upper bit Lower bit —>|

CG RAM addresses expressed as binary AAAAAA are set to the AC. Then data in
CG RAM is written from or read to the MPU.

DD RAM Address Set

RS RW DB DBy

Code 0 0 1 A|A]A]|A Al ALA
|<Upper bit Lower bit -]

DD RAM addresses expressed as binary AAAAAAA are set to the AC. Then data in
DD RAM is written from or read to the MPU. The addresses used for display in lines
1 and 3 (AAAAAAA) are 00H to 274 and those for lines 2 and 4 (AAAAAAA) are 40y

18 §TH

Busy Flag/Address Read

RS R/W DBy DBy

Code 0 1 BF | A A A A A A A
|<Upper bit Lower bit |

The BF signal is read out, indicating that the module is working internally because of
the previous instruction.

When BF = 1, the module is working internally and the next instruction eannot be
accepted until the BF value becomes 0.

When BF = 0, the next instruction can be accepted.

Therefore, make sure that BF = 0 before writing the next instruction. The AC values
of binary AAAAAAA are read out at the same time as reading the busy flag. The
AC addresses are used for both CG RAM and DD RAM but the address set before
execution of the instruction determines which address is to be used.
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(10) Data Write to CG RAM or DD RAM

(11)

RS RW DBy DB,
Code 1 0 D D D D D D D D
-Upper bit Lower bit —>|

Binary eight-bit data DDDDDDDD is written into CG RAM or DD RAM. The CG
RAM Address Set instruection of (7) or the DD RAM Address Set instruction of (8)
before this instruction selects either RAM. After the write operation, the address
and disp.ay shift are determined by the entry mode setting.

Data Read from CG RAM or DD RAM

RS RW DBy

DBy
Code 1 1 Dib|D|D|D|D|DJ|D
|<Upper bit Lower bit —|

Binary eight-bit data DDDDDDDD is read from CG RAM or DD RAM. The CG RAM
Address Set instruction of (7) or the DD RAM Address Set instruction of (8) before
this instruction selects either RAM. In addition, either instruction (7) or (8) must be
executed immediately before this instruction. If no address set instruction is
executed before a read instruction, the first data read becomes invalid. If read
instruetions are executed consecutively, data is normally read from the second time.
However, if the cursor is shifted by the Cursor Shift instruction when reading DD
RAM, there is no need to execute an address set instruction because the Cursor Shift
instruction does this.

After the read operation, the address is automatically incremented or decremented
by one according to the entry mode, but the display is not shifted.

Note : The AC is automatically incremented or decremented by one according

to the entry mode after a write instruction is executed to write data in
CG RAM or DD RAM. However, the data of the RAM selected by the

AC are not read out even if a read instruction is executed immediately
afterwards.

Correct data is read out under the following conditions.

+ An address set instruetion is executed immediately before readout.

For DD RAM, the Cursor Shift instruetion is executed immediately before
readout.

The second, or later, instruction is executed in consecutive execution of read
instruetions.
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2.5.1

Interface data length: Eight bits

AN.N0.4024-842E

No. instruction Display Operation
The built-in reset circuit
Power-on initializes the module.
. || E{RS|RW|DB;, — DB,
_ The interface data
Function Set length for the upper 2
— lines is set to 8 bits.
2 E|RSIRW|DB; —— DBy The character format
becomes 5 x 7 dot-
B4 ] 0] 0 j002111 44 matrix at 1/16 duty cycle.
) The interface data
Function Set length for the lower 2
E |Rrs | RAW DB, DB, lines is set to 8 bits.
3 The character format
E2| O 0 |001 11 %« % = becomes 5 x 7 dot-
matrix at 1/16 duty cycle.
. The display for the lower
Display ON/OFF Control 2lines and cursor are
— turned ON, but nothing
4 E|RS|RW|DB; —— DBy is displayed.
Eq1 O 0O [op00O0O1110
. The display for the upper
Display ON/OFF Control ) .
'splay mr 2linesis turned ON and
E [Rrs | RW DB; —— DB the cursor is t_urngd
5 OFF, but nothing is
E; | O 0 |]oooo0o1100 displayed.
The address is
Entry Mode Set incremented by one and
— the cursor shifts to the
6 | F|RS|RW DB,y DBo right in a write
Ei | O 0 looooo110 operation to internal
RAM for the upper 2
lines. The display is not

shifted.
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No.

Instruction Display Operation
The addressis
Entry Mode Set - incremented by one and
= the cursor shifts to the
7 | € |Re|RW|[DB; —— DBy right in a write
E; | 0 0 l[looooo110 operation to internal
RAM for the lower 2 lines.
The display is not
shifted.
L is written. The ACis
Write to CG RAM or DD RAM L_ incremented by one and
the cursor shifts to the
— ight.
8 e [rs [rw 0B, — DBy "9
Eq 1 0 010011100
9
' 4 is written.
Write to0 CG RAM or DD RAM LCD MODULE M4024_
10 || E RS | RAW |DB; — DB,
E4 1 0 001110100
DD RAM address set LCD MODULE MA4024 The DD RAM address is
set so that the cursor
E | Re | RAW DB, DBy _ appears at digit 1 of line
1 2.
Eq 0 0 11000000
12 | E|Rs|RW [DB, — DBy A_
E4 1 0 00110100
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No. Instruction Display Operation
13
S is written.
Write to CG RAM or DD RAM LCD MODULE M4024
40DIGITS,4LINES_
14 E | RS DB; —— DBy
Eq | 1 01010011
. The cursor for the upper 2
Display ON/OFF Control LCD MODULE Ma024 lines are turned OFF.
E | RS DB; —— DBp 40DIGITS,4LINES
15
Eq 0 00001100
The DD RAM address is
DD RAM address set LCD MODULE M4024 set so that the cursor
40DIGITS,4LINES appears at digit 1 of line
16 || E | RS DB; —— DBy 3.
E; | O 10000000
Display ON/OFF Control LCD MODULE M4024 The cursor is turned ON at
digit 1 of line 3.
E [RS DB; — DBy 40DIGITS,4LINES
17
E;| 0 00001110 1|][_
. H is written.
Write to CG RAM or DD RAM LCD MODULE MA4024
40DIGITS,ALINES
18 E | RS DBy —— DBy '
Ey | 1 01001000][H-
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No.

Instruction Dispiay Operation
_ Lis written.
Write 10 CG RAM or DD RAM LCD MODULE M4024
- 40DIGITS,4LINES
19 [ E |RS [R/W |DB; —— DBy !
E2{1] 0 Jor1oo010001 | ®-
20
Write to CG RAM or DD RAM Tis written.
LCD MODULE M4024
51 ILE_LRS RW |DB; —— DB, 40DIGITS,4LINES
E2] 1] 0 |01010100]| (RIGH CONTRAST
The DD RAM address is
DD RAM address set LCD MODULE M4024 set so that the cursor
— appears at digit 1 of line
22 E|RS|[RW |[DB; — DBy 40DIGITS,4ALINES 4
E;| O 0 [L1000000 HIGH CONRTRAST
Write to CG RAM or DD RAM LCD MODULE M4024 Wiis written
E|Rs|RW |DB;, — DB, 40DIGITS,4LINES
23
E> | 1 0 |01 010111 HIGH CONTRAST
w—
. 1 itt
Write to CG RAM or DD RAM LCD MODULE M4024 s written
2 E|RS|RW |DBy —— DBy 40DIGITS,4LINES
Ex | 1 0 010010001 HIGH CONTRAST

WI_
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No. Instruction Dispiay Operation
25
E is written.
Write to CG RAM or DD RAM LCD MODULE M4024
26 E | RS R/W DB, DB, 40DIGITS,4LINES
WIDE VIEWING ANGLE_
. i F.
Display ON/OFF Control LCD MODULE M4024 The cursor is turned OF
b7 |LE_LRS RW |DB; —— DB, 40DIGITS, ALINES
E2| 0] O [00001100/| [HIGH cCONTRAST
WIDE VIEWING ANGLE
The DD RAM address is
DD RAM address set LCD MODULE M4024 setatline 1.
-y D 4LIN
28 £ [RrRs | RAW DB, DB, 40DIGITS,4LINES
3 0 0 10000000 HIGH CONTRAST
WIDE VIEWING ANGLE
Dlsplay ON/OFF Control LCD MODULE M4024 The cursor_isturned ON at
digit 1 of line 1.
" E | RS R/V_V DB DBy 40DIGITS,4LINES
WIDE VIEWING ANGLE
30
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2.5.2 Interface data length: Four bits
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No.

Instruction

Display Operation
Powsr-on The built-in reset circuit
initializes the module.
E | RS |RW |DB; — DB,
1
) Four-bit operation mode
Function Set is set for the upper 2
— lines. *Eight-bit
2 E | RS |RW |DB; — DBy operation mode is set
Eq 0 0 (0 0 1 0 by initialization, and the
instruction is executed
’ only once.
. The 4-bit operation
tion Set
Function Se mode, 1/16 duty cycle,
E RS | RW DB, — DB, and 5 x 7 dot-matrix
3 character format are
Eq 0 0|0 0o 1 o0 selected. Then 4-bit
E, 0 0 |1 « « « operation mode starts.
. : Four-bit operation mode
Function Set is set for the lower 2
— lines. *Eight-bit
4 E | RS |R/W |DB; — DBy operation mode is set
E, 0 o loc o 1 o by initialization, and the
instruction is executed
only once.
. The 4-bit operation
Function Set mode, 1/16 duty cycle,
E RS | RAW DB; — DB, and 5 x 7 dot-matrix
5 character format are
E, 0 0 |0 0 1 o0 selected. Then 4-bit
E, o 0 11 « « operation mode starts.
_— The display of the upper
Displey ON/OFF Control 2lines and cursor are
— turned ON, but nothing
6 E | RS |RW|DB; — DB, is displayed.
Eq 0 0 |0 0 0 O
Ey | © 0 {1 1 1 0
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No. Instruction Display Operation
. The display of the lower
Disolay ON/OFF Control - 2lines is turned ON and
E RS |RAW |DBy; — DB, the cursor is tgrngd
7 OFF, but nothing is
E2 | 0 0 jo 0 0 0O displayed.
E; | o 0|1 1 0 o
_ The address is incre-
Entry Mode Set = mented by one and the
— cursor shifts to the right
8 E RS |R/W |DB; — DB, in a write operation to
E4 0 0 |lo o o o internal RAM for the
upper 2lines. The
Bty | O 0 (01 1 0 display is not shifted.
The address is incre-
try M S
Entry Mode Set -t mented by one and the
E RS |RW [DB; — DB, cursor S.hlf‘tS to the right
9 in a write operation to
E> 0 0 |0 0 0 o internal RAM for the
lower 2 lines. The display
E2 0 0 jo 110 is not shifted.
. L L is written. The ACis
Write to CG RAM or DD RAM _ incremented by one and
— the cursor shifts to the
10 E RS |R/W [DBy — DB, right.
Eq 1 0 |0 1 0 o
E, 1 0 1 1 0 o
"
. The display of the iower
Displ F .
'splay ON/OFF Control LCM 40x4 2lines and cursor are
Vi _ SEIKO I turned ON, but nothing
12 E RS | /W | DBy DBy is displayed
E, | 0 0 |0 o o o -
E; | © 0 |1 1 1 o
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2.6 MPU Connection Diagrams

2.6'1

2.6.2
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2.6.3 8085A

+5V
31 RIW
o >° — ) | 1kQ~
R L/ [ e VT Qoke
IO/M je l[> 4
= ek
Aqg - 2
Aq3 >°_
Aqp
Aqq RS
ADlo > DIBO
+5V
D Q D
ALE —-{>o— CLK |__ CLK Voo
CLR Q
ek —{>o —l v
READY
8085A M4024
2.6.4 6809
+5V
E B
E
A — 1 < 1k~
? — vie 10kQ
A14 / EZ
A RS
i — +5V
RAW R —T
Do DB, VoD
| C v
b7 DB
6809

M4024
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3. NOTES

Safety

+ If the LCD panel breaks, be careful not to get the liquid crystal in your mouth. If

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

Handling
+ Avoid static electricity as this can damage the CMOS LSI.
+ The LCD panel is plate glass; do not hit or crush it.
* Do not remove the panel or frame from the module.

+ The polarizer of the display is very fragile; handle it very carefully.

Mounting and esign

* Mount the module by using the specified mounting part and holes.
+ Conneect a 10-pF capacitor between the power supply terminals to eliminate noise.

* To protect the module from external pressure, place a transparent plates (e.g.
acrylie or glass), leaving a small gap, over the display surface, frame, and polarizer.

YrExample

Module Small gap Transparent plate Exterior surface
L T
]
— S0 (
‘L AN T | |

LI

2 =10

Screw

Design the system so that no input signal is given unless the power-supply voltage is
applied.

Keep the module dry. Avoid condensation, otherwise the transparent electrodes may
break.
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Storage

* Store the module in a dark place where the temperature is 25°C +10°C and the
humidity below 65% RH.

*+ Do not store the module near organic solvents or corrosive gases.
+ Do not crush, shake, or jolt the module (including accessories).
Cleaning
* Do not wipe the polarizer with a dry cloth, as it may scratch the surface.
* Wipe the module gently with a soft cloth soaked with a petroleum benzine.

* Do not use ketonie solvents (ketone and acetone) or aromatiec solvents (toluene and
xylene), as they may damage the polarizing plate.
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