LMOZOL LMOZOXMBL

T SR

16 character x 1 line
Controller LSI HD44780 is built-in (See page 79).
+5V single power supply
Display color: LM0O20L : Gray
LMO20XMBL : New-gray

MECHANICAL DATA (Nominal dimensions)

Modulesize . .......... 80W x 36H x 12T {max.) mm
Effective display area . .......... 64.5W x 13.8H mm
Character size (b x7dots} ........ 3.07W x §.734 mm
Characterpitch . ... ..o 3.77 mm
Dotsize . .........cciiuinnn. 0.55W x 0.75H mm
Weight . ........... e e e about 25 g
ABSOLUTE MAXIMUM RATINGS min. max.

Power supply for logic (Vpp—Vss) ... .. 0 70V
Power supply for LCD drive (Vpp—Vgp) .. 0O 135V
input voltage (Vi) .. ............. Vss Vop V
Operating temperature (Ta) ......... 0 B0 40*°C

torage temperature (Tstg) . .. ....... —20 70 60*°C

* Shows the value of type LM20XMBL.

ELECTRICAL CHARACTERISTICS

Ta=25°C,Vpp =50V £025V

input “high’* voltage (ViH) . ... .. ........ 2.2 V min.
Input “low” voltage (Vi) . ............. 0.6 V max.
Output high voltage (Vo) (—log =0.2 mA) . 2.4 V min.
Output low voltage (Vg ) (Ior = 1.2 mA} ...04V max.
Power supply current (igp) (Vpp =5.0 V) .. 1.0 mA typ.

2.0 mA max.

POWER SUPPLY FOR LCD DRIVE (Recommended) {(Vpp-Vo)

sV . _HTACHI,

DUl VIS S SO U . S

Ta=25°C ..o 4.4V typ
Ta=50"C . ... .o 4.2V typ
OPTICALDATA .. ... i See page 7

INTERNAL PIN CONNECTION

Pin No. | Symbol Leve| Function

1 Vsgg - ov

I 2 Voo - +5V Power supply
3 Vo - -

L: Instruction code input |
4 RS H/L H: Datainput
N H: Data read (LCD module *MPU)

5 R/W R/L L: Data write (LCD madule +MPU)
6 CE HH-L Enable signal )

: 7 DBO H/L

© 8 DB1 H/L |
8 DB2 H/L
10 DB3 ..-H/L ---J Data bus line
11 Des4 H/L Note {1), (2}
12 DBS H/L
13 DB6 H/l___,
14 DB7 H/L

Notes:

In the HD44780, the data can be sent in either 4-bit 2-operation or

8-bit 1-operation so that it can interface to both 4 and 8 bit MPU's.

{1) When interface data is 4 bits long, data is transferred using only 4
buses of DB,~DB, and DB,~DB, are not used, Data transfer
between the HD44780 and the MPU compietes when 4-bit data is
transferred twice. Data of the higher order 4 bits (contents of
DB,~DB, when interface data is 8 bits long) is transferred first

Duty = 1/16 and then lower order 4 bits {contents of DB, ~DB, when interface
Rangeof Vpp—Vo .. oo i v oot 1.5~525V data is 8 bits long).
Ta= 0°C 46Vt {2) When interface data is 8 bits long, data is transferred using 8 data
.................... . vp. buses of D8, ~0B,
80.0£1.0 Unit: mm
19+95). 750403
15105 T390 12max
< %: 8.0%0.3 (2.54)° Cl4-gl0 5 $mas
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- < o = o
-] I jD - ]]
= a [~ .= . - -
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Fig. 1 External dimensions
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Fig. 3 Display pattern

Voo (+5V)
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l Vpp-~Vo: LCD driving voltage = 1.5~5.25V
VR: 10k~20k0}

Fig. 4 Powesr supply




TIMING CHARACTERISTICS

tcre

Fig. 6 Interface timing (data read)

Item Symbol Tast condition Min, Typ. Max. Unit
Ensble cycle time teye Fig.5, Fig. 6 1.0 - - us
Enable pulse width PWgn Fig.5, Fig. 6 450 - - ns
Enable rise/fall time ter, tet Fig.5, Fig. 6 - - 25 ns
RS, R/W set up time tas Fig.5, Fig. 6 140 - - ns
Data delay time tOboOR Fig.6 - — 320 ns
Data set up time tosw Fig.5 195 - - ns
Hold time ty Fig.5,Fig.6 20 - - ns
RS z.z\{ 4><
0.6V
at
/W 4 v
PWea ) ’_f_n_‘
{71 -
E ,/ L Koy
. W
DBO~DBT Valid Data ;:x
tere
Fig. 5 iInterface timing {data write)
RS F22v 22V
0.6V 0.6V
tas ,’lu
RAW £ 22v 22V
PWen R
a2v .\;\ 22V
E /
0.6V f 0.6V = £/ 0.6V
" ook 1
DB~ DBT ::x Valid Data ::Y,
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= [INTRODUCTION

The LCD-I {HD44780) is a dot matrix liquid crystal display
contraller & driver LS! that displays alphanumerics, kana
characters and symbols. |t drives dot matrix liquid crystal
display under 4-bit or 8-bit microcomputer or microprocessor
control. All the functions required for dat matrix liquid crys-
tal display drive are internally provided on one chip.

The user can complete dot matrix liquid crystal display sys-
tems with less number of chips by using the LCD-Il (HD44780Q).
i a _driver LSl HD44100H is externally connected ta the
HD44780, up to 80 characters can be displayed.

The LCD-I is produced in the CMOS process. Therefore, the
combination of the LCD-Il with a CMOS microcomputer or
microprocessor can accomplish 2 portable battery-drive
device with lower power dissipation.

1. Applicable type

(1} 1line series
LMOS4 - LMO15 - LM568F « H2570 - LMO20L - LMQ20LN -
LMO20XMBL - LMO87LN » LMO70L - LMO38 - LMQ27 -
H2571 « H2752 - LM0S8

(2)- 2line series
* LMOS2L « LMG16L - LMO16LN - LMO16XMBL - LM104L -
LMOSEALN - LMO93LN - LMO93XMLN - LM032L « LMCO32LN -
LMO32XMBL « LM105L « LMQS1LN « LMO91XMLN - LMCEOL -
LMO17L - LM1OTL » LM107XML - LMO18L - LMO18LN -
.+ LMQ92LN - LMOS3XMLN

(3) 4 line series
LMO41L » LM044L

2. Connecting MPU with LCM

2.1 Driver circuit block diagram

Figure 1 shows the driver circuit block diagram of LCM with
built-in controller LSI. Contraller LS| HD44780 (LCD-O) is
built-in this LCM. Also extended LCD driver LSl is built in
the LCM that displays more than 16 digits.

ACHI !

Y

» FEATURES
e Capable of interfacing to 4-bit or 8-bit MPU.

Display data RAM ... ... .. 80 x 8 bits
(80 characters, max.)

e (Character generator ROM . . ..

Character font 5 x 7 dots: 16Q characters
Character fant 5 x 10 dots: 32 characters

e Both display cata and character generator RAMs can be

read from the MPU.

e Wide range of instruction functions
Display clear, Cursor home, Display ON/QFF, Cursor
ON/QFF, Display character blink, Cursor shift, Display
shift .

® Internal automatic reset circuit at power ON. {Internal

reset circuit)

Liguid crysal disply module

HD44780
(Lcot)

P et

—dy
-

LCD .o

~_) Driver LSI !

_ Vobe— ______> Driver LSI L oo = — ~ X
Vg gy s A s !

......_......._._Z._._._-_...-_
g
c .
o O
@o~m X
~ :-a"-—T
‘jL)

Fig. 1 Driver circuit block diagram
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2.2 Interfacing ta MPU
{n the HO44780, data can be sent in either 4.git 2-operation
or 8-bit 1-operatian so it can interface ta poth 4 and 8 bit

MPU's.

{1) When interface data is 4.gits long, data is transferred lower order & bits {cantent of 0By ~ 08, when intarface
using only 4 buses: 08, ~ 085. 08, ~ 08; are nat data is 8 bits lang) is transferred. Check the busy flag
used. Data transfer between the H04478Q and the MPU after 4-bit cata has been transferred twice {one instruc-

e comgletes when 4-bit data is transferred twice. Oata of tian). A 4-3it 2-aperation will then transfer the susy flag
the higher arder 4 Bits {contents of 08, ~ 08, when and address counter data.

interface data is 8 bits long) is transferred first, then the

=

Y RS

R/W /S
£

al

08, TIIX TR X AT AL
08, 77X o X B A AL UL
08, 772X T X RSSO
08. 772X L X LB AXT2XAID AR 2R,

3usy flay ' 3F) and
acdress cuunter {AC) eead

Daw regisiar {OR) read

{asruetiont [R) weie

Fig. 2 4-bit data transfer axample

{2) When interface data is 8 bitlong, data is transferred using
the 8 data buses of 08, ~ D85.

2.3 Interface to MPU
(1) Interface to 8-bit MPU

]S

R/W——————J \
L....,m.\____r lateetal cperation 1 [———
N TS 7 A A A N A,

[ind ctse fuon write Huay flag cherk iasiuciun wreite

Susy flax check i Busy flag check |
i
1

Fig. 3 Exampie of buiy flag chack timing saquancs

@ When cannecting to 8-bit MPU through P1A -
Fig. 4 is an example of using a PIA or 1/Q poart (for buses 084 “ta D8, and PA, ta PA, are connected (0 g,
single chip micracomputer) as an interface device. input R/W and AS respectively. Pay attention to the timing
and output of the device is TTL campatible. relation cecween € and other signals when reading or
In the example, P8, ta P8, are cannected to the data writing data and using PlA as an interface.
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Aus cs, LCM s
Ay p——— CS, PA: -1 RS COMl"‘- b
Au CSa COoM,,
A, RS, PA RAW Connected
HD #4730 to LCD
HD68Boo A RS, PAs E .
RW RW SEG, ~ p—~—
V;:_A.:D_‘ £ HDa3d 21 SEG,,
8
! PBQ“PBv DBQ*DB:
DB¢~DB, % Do~D>r
Fig. 4 Example of interface to HD68BQO using P1A (HDE8821)
(@ Connecting directly to the 8 bit MPU bus line
LCM
VMA \ : co, 1e
B £ ~COM, s ——
A L/ HD+4730 c .
Qnnecte
HDa8 00 Ae 1 RS to LCD
R
R W SEG, | %% . _
. ~SEG,, H
Do ~ Do 7 Dau"'Dav
s L
F‘..
" T
@ Example of interfacing to the HD680S .
i
dny N —_ - E
i
” LCM ;
3 0B coM Lo i
~ ~D8 T e {
A4 - 0P8 oMy, :
[4
HD+44730 Connected -’- -
HD63os c £ to LCD 3
¢ 40 I
C, RS 3EG, p——rFp—r :
~SECso T
C. R, W i
H
@ Example of interfacing to the HD6301 T
LCM
Pas RS COM, Le
Pys AW ~COM, [T ——
Pie E
HD+ 4780 Connected
to LCD
HDe301
P‘-:P” ’; Dan*DBT 40
SEG, }—sbkee
~SEG.a .
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3. Example of interfacing to 230 MPU

Ao RS
f\u__‘ bl Chip
_\/,__ L select| ] -3%
Ay |
Do L2 3 [—
relm 03 a—¢
0%
MPU . - So——C 3 LCM
r1 i (LCco-1)
08Q1 1 M1

Pp———faw

DB,

{a) Above circuit is an example of connection with Z80
MPU and HD44780A00 as an 1/Q equipment. It
can be used as a part of memaories by using MAEQ
signal.

{5 AQ signal can be used for RS signal.

AQ = 0: Instruction register is selected.
AQ = 1: Darta register is selected.

Example of interfacing to 80 CPU family

[0

ok

e —

Note: 280 is the trademark of ZILOG, U.S.A.

le) In order to check busy flag, transfer the data of
D8, ~ 08, to A register {accumulatar) by execut-
ing 1n/Qurt instruction. After that, busy flag can
be easily checked by examining 085.

=]= Dt
" o O
- LCM
. —t Chig
WR ~ ,:‘){;ﬁ (Lco-1)

=R

SI | H R/w
30 l .
ALE w |,! S Q RS
—t > T
Ay (74LST73)
1 [_R . 4
o [ TT1] [
.\9:; AD, DISQ
s,

Fig. 5 Example of connectian with LCM being usad a3 2 part of memaries an the determined addraesx.

Figure S is an example of connectian with LCD madule
being used as a part of memaries an the determined
address.

Generates AS signal (Register Select signal) by latching
the cantent of ADq at the rising edge of ALE signal. 8y
using this methad, you can abrtain AS signal from the
AQD, amang 8 bit addresses generated at the clock of the

first machine cycle. |n case of using LCO madule as an

1/O equipment, chip select signal is necessarily activated
when 1Q/M signal is "High’" level.

Furthermd'rg, by using A8 for RS signal, the interface is
easily realized.

8y bath methads, busy flag can be checked by staring
status data inta A register {Accumulatar) and examining
the bit 7 &y software.
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(2) Interface to 4-bit MPU

The HD44780 can be connected to a 4-bit MPU through
the 4-bit MPU 1/Q port. If the 1/O part has enaugh bits,
data can be transferred in 8-bit lengths, but if the bits are

insufficient, the transfer is made in two aperations of 4

somewhat complex. (See Fig. 6)

Fig. 7 shows an examgle of interface to the HMCS43C
Note that 2 cycles are needed for the busy flag check as

well as the data transfer. 4-bit operation is selected by:

bits each {with designation of interface data length for

program. -
4 bits). In the latter case, the timing sequence becomes

R

R W / \

\

laternal __—_f tnternal +oeratan L
7 T LD 72 PAYSD 77 I /2 B G

{natruction wrie l

: Instruction 7th bit, 3rd bit.
: Address counter 3rd bit.

D8-

Busy flag chak Thalri L) W -

Busy flag Lherk

(Note) [R7,[R3

AC3

Fig. 8 An example of 4 bit data transfer timing sagquencs

Dy
D

HMCS
43C b
Rig~Rys

RS
W
E
3
LCM
DB.~DB8> ‘

Fig. 7 Example of intarfaca to the HMCS43C

3. Precautions on constituting hardwares

3.1 Chip select

3.2 Ability of driving bus line

PR T

PR 2 TR

e

1o pdiaes

HD44780 has no CS (chip select) terminals. Therefore, when
this LSl is connected directly to Data Bus line not through P1A
and so on, add the circuit that inhibits the output of Enable

D84 to DB, can drive ane TTL or capacitance of 130 pF.
The data bus terminals have three-state constructions and re-

signal at the address which is not assigned for HD44780.

main in high impedance stata while Enable signal béing low
level,

Since the data bus has pull up MOS, it outputs high level voit-

“\n ——C>0—7_’\ [ age during the data bus being apened.
f\{:; / E .'LC\( 3.3 Paower supply valtage for liquid crystal display drive
A At Interface of liquid crystal display module, there are three
Ao RS power supply terminals, Vgg., GND, and V,. LCO module
R/W R'W - is driven by the voltage that is equal 1o Vpgg — V,. when
supplying power for liquid crystal display drive to V, terminal.
Fig. 8 Example of addresses (3000}, , ~ (3FFF),, being amigned for g Y Y 0

HD44780

Since suitable -voltage of power supply for LCD shifts ac-
carding to temperawire change adjust supplying power to LCO
by referring to Fig. 9 or Fig. 10.

Ly ey

tant
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/e circuit is an example of connection with 280
and HD44780A00 as an 1/0 equipment. It
e used as a part of memories by using MREQ

3nal can be used for RS signal,
Q: Instruction register is selected.
1: Data register is selected.

: of interfacing 1o 80 CPU famity

T

Note:

280 is the trademark of ZILOG, U.S.A.

{c) In order to check busy flag, transfer the data of
D8y ~ DB, t0 A register {accumulatar) by execyt-

ing In/Qut instruction. After thar, busy flag can
be easily checked by examining D8,.

LCM
(LCD—1)

(74LS74)

Fig. 5 Example of €annection with LCM being used as » part of memories on the determined address,

' #xample of connection with LCD module
i a part of memories on the determined

signal (Register Select signal) by latching
" AD, at the rising edge of ALE signal. By
hod, you can obtain RS signal from the

bit addresses generated at the ciock of ¢

he
ycle,

In case of using LCD module as an

¥fe] equipment, chip select signal js necessarily activated
when [0/M signal is "High" level.

Furthermore, by using A8 for RS signal, the interface is
easily realized.
By both methods, busy flag can be checked by storing

status data into A register (Accumulator) and examining
the bit 7 by software.

e tbeden e
.o

¥ oo ¢

LRV SN .-I. PRSI

ety s
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interface to 4-bit MPU

The HD44780 can be connected to a3 4-bit MPU through
the 4-bit MPU 1/0 port. If the I/O port has enough bits,
data can be transferred in 8-bit lengths, but if the bits are
insufficient, the transfer is made in two operations of 4
bits each {with designation of interface data length for
4 bits).

(2)

In the latter case, the timing sequence becomes

RS

5

HITACHI

somewhat complex. (See Fig. 6)

Fig. 7 shows an example of interface to the HMCS43C.‘
Note that 2 cycles are needed for the busy flag check as
4-bit operation is selected by

well as the data transfer.
program.

{

Internal l

lernal coeration

DB:

1 —
T N7 VD 77 IO 7272 3B OB Y A

lostiruction wrie Buss flag chech

(Note)
AC3

Busy flag chewn l Lnstene twas writ -

IR7.IR3 : lnstruction 7th bit. 3rd bit. -
: Address counter 3rd bit.

Fig. 8 An example of 4 bit data transfer timing sequence

Dy
DI‘

HMCS
43C Dis
Rio~R,s

RS
W
E
LCM
DB.~D8B-

Fig. 7 Example of interface to the HMCS43C

3. Precautions on constituting hardwares

3.1 Chip select

HD44780 has no CS (chip select) terminals. Therefore, when
this LSl is connected directly to Data Bus line not through PI1A
and so on, add the circuit that inhibits the output of Enable
signal at the address which is not assigned for HD44780.

E
At _D'O_L_'\ |
.:\\IJ—"—DC T E 3
Al |""./
A LCM
Ao RS
R'W R W

Fig. 8 Example of addresses {3000), , ~ (3FFF),, being assigned for
HDa4780

3.2 Ability of driving bus line

DB, to DB can drive one TTL or capacitance of 130 pF.

The data bus terminals have three-state constructions and re-
main in high impedance state. while Enable signal being low
level,

Since the data bus has pull up MOS, it outputs high level volt-
age during the data bus being opened.

3.3 Power supply voltage for liquid crystal display drive

At Interface of liquid crystal display module, there are three
power supply terminals, Vpp., GND, and V,. LCD module
is driven by the voltage that is equal 1o Vgp — Vg, when
supplying power for liquid crystal display drive to V, terminal.
Since suitable’ voltage of power supply for LCO shifts ac-
cording to temperature change adjust supplying power to LCD
by referring to Fig. 9 or Fig. 10.

PURNTONSR

e

A RPORTRITE

A
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(1) Example of variable driving voltage by a variable resistance

{(VR)

The driving valtage can be changed by VR to compensate
the influence of surrounding temperature.

Voo Voo
Va §"'_—‘__' Vo
GND - Yss

77T

Heemmended Vit value =100 =200

F-'i:g. 9 Variable driving voltage circuit

LCM TEMPERATURE COMPENSATION CIRCUIT

—
vdd
A2
R1 Vb:\\
Vo
A3
L Vss

4. Initialization

4.1 Initializing by internal reset circuit
The HD4478Q autamaticaily initializes (resets) when power is (8) Write 00 RAM

wurned on using the internal reset circuit. The follawing in-
structions are executed in initialization. The busy flag (BF) is
kept in busy state until initialization ends. (BF =

state is 10 ms after V¢ rises ta 4.5 V.

(1) Display clear

{2) Function set .. .... pL =1
N =0
F =0
(3) Display ON/OFF
controb . ... ..... 0 =
c =g
8 =0
(4) Entry modeset .... I/D =1
s =

: Display OFF

: Cursor QFF

: 8link OFF

: +1 (increment)
: No shift

1) The busy

: 8 it long interface data
: 1-line display
: 5 x 7 dot character fant

Ve will be approximately 3.7 with a
temperatura cgefficient ¢t -2mV/C. The
temperature celficent ¢t mest LCO is
appraximatsly -14mV/C. If A2 is chasenta be g x
A1 then the vahtage acrass e transistar will ba
apprax 4.9y with a tamg c<sif of -t4mVv/C. A3
can be adjustad ta gat tne 2xact threshald
voltage needed, arcund 8v faor most wide temp
LCM. This dreuit warks cathe Qrnciple of the
vaitage acruss A2 being c<atralled by Vbe this in
tum means that the current threugh this rasister
is contrailed as is that threugh A1, Thus the
voitage generated acresS :he circuil is cantrailed
by the tamperature cceficant af the transistar
and classly tracks that cf the LCO.

When the rise time of pawer supply (0.2 —~ 4.5) is aut of
the range Q.1 ms ~ 10 ms, ar when the low level width of
power OF F (less than 0.2 V) is less than 1 ms, the internal
reset circuit will nat operate normally.
In this case, initialization will not be gerfarmed narmally.
|nitialize By MPU according ta '4.2 initializing by instruc:

tian’" at the head of program.
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4.2 Initializing by instruction

1f the power supply conditions for correctly operating the
internal reset circuit are not met, initialization by instruction
is required.

Use the following procedure for initialization.

(1) When interface is 8 bits lang;

{ Power ON

Wait more than 15 ms
after Vgp rises to 4.5V

RS R/W DB: DBs DBs DB. DB:; DB: DB DBe [ BF cannot be checked before rhisinstruction.“[

0 1] 0 0 1 1 X X X X Function set {interface is 8 bits long)

Wait more than 4.1 ms

»

RS R/W DBs DBs DBs DB. DB: .DB: DB DBo ‘ BF cannot be checked before this instruczion.J
.'0 0 0 0 1 1 X X X X Function set (interface is 8 bits long)

Wait more than 100 ds

-

RS R/W DB: DBs DBs DB. DB DB: DB: DBo {BF cannot be checkad before this instruction
0 0 o] 0 1 1 X X X X

Function set (interface is 8 bits long)

BF can be checked after the following instructions. When BF is
not checked, the waiting time between instructions is longer than
the execution instruction time. (See Table 2)

RS R/W DB; DBs DBs DB, DB: DB: DB DBe
o 0 o0 o0 1 1 N F x x

function set

Interface is 8 bits long.

. K The number of display lines
o 0 o o0 o0 o 1 o0 0 O display OFF Specify the "“mb"; of and character font cannot be
?unp‘hy lines and character changed afterwards.
3 ont.
0 0 ] Q 0 o] 0 0 0 1 display ON
-
o o o0 o o o0 O 1 /D S entry mode set

Initialization ends

e

he et eag e

R KR R
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{2) When interface is 4 bits long

Power ON

Wait more than LS ms
aftsr Vpp rises to 4.5V

RS R'Ww DB: 08s DB8:; 0B
0 0 0 0 l 1
Wait more than
4.1l ms
RS R W DB, DBs DB8s 0B
0 0 0 0 1 L
Wait more than
100 us
RS R w DB: D8. DB: 0B
a o] 9] a 1 1
RS R-w DBr 0B. 0Bs 0B
Q 0 o] 0 1 0
Q Q Q 0 0
0 0 N F X X
0] ] "] o]
Q Q a

0 o] 0

0 Q L

Q 0 0 a 0
o] 0 0 1 [/D S

nitialization ends

rBF cannot be checked befare chis instruction.

Function set (interfacs is 8 bits long)

[ BF cannot be checkad before this instructio:l

Function set (interface is 8 dits long)

FB'F cannot be checked befor= this instruction.

Function set (interface is 8 bits long)

BF can be checked after the following instructions. When BF is
nat checked. the waiting time between instructions is longer than
the execution instruction time. (See Table 2)

Function set (set interface o be ¢ Dits long) Interface is 8 bits long

function set

display OFF

display ON

entry made set

[aterface is 4 bits long.
Specify the number of

display lines and character

fant.

The number of display lines
and character {oat cannat be
changed afterwards.
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5.7 Instruction

5.1 Qutline

Only two HD44780 registers, the Instruction Register (IR) and
the Data Register {OR) can be directly controlled by the
MPU. Prior to internal operation start, control information is
temporarily stored in these registers, to allow interface from
HD44780 internal operation to various types of MPUs which
operate in different speeds or to allow interface to peripheral
contral ICs. HD44780 internal operation is determined by
signals sent from the MPU. These signals include register selec-
tion signals {RS), read/write signals (R/W) and data bus signals
(D8y ~ DB,), and are called instructions, here. Table 2 shows
the instructions and their execution time. Details are ex-
plained in subsequent sections.

Instructions are of 4 types, those that,

(1) Designate HD44780Q functions such as display formar,
data length, etc.

Give internal RAM addresses.

(3) Perfarm data transfer with internal RAM

(4) Qthers

In normal use, category (3) instructions are used most fre-
quently. However, automatic incrementing by +1 (or decre-
menting by —1) of HD44780 internal RAM addresses after
each data write lessens the MPU program load. The display
shift is especially able to perform concurrently with display
data write, enabling the user to develop systems in minimum
time with maximum programming efficiency. For an explana-

(2)

tion of the shift function in its relation to display, see 5.3."

When an instruction is executing during internal operation, no
instruction other than the busy flag/address read instruction
will be executed. . 0

Because the busy flag is set to **1” while an instruction is being
executed, check to make sure it is on 1’ before sending an
instruction from the MPU.

s g
i* i
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Note 1
Make sure the HD44780 is not in the busy state (BF = Q)
before sending the instruction from the MPU to the
HD44780. (f the instruction is sent without checking
the busy flag, the time between first and next instructions
is much longer than the instruction time. See Table 2 for
a list of each instruction execution time.

Note 2
RAfter executing instruction of writing data to CG/DD
RAM or reading data from CG/OD RAM, RAM address
counter is autamatically incremented by 1 (or decrement-
ed by 1). In this case, this shift is executed after 8usy
Flag is set to "Low’. tapp is stipulated the time from
the fall edge of busy flag to the end of address counter’s

renewatl.
Busy signal
By gl L
: )
!
Address counter A/
Ay ALl X A+
{ ADD
.
tApD depends on the operating frequency
1.5
> tADD * (s)
fcp or fose

kLt X Ea N P R T PSR

B TR ot LT L P ROy PR

R TR T T R
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Table 2

Instructions

Coge

lastruciion

e —

Oescriptian

i Execution time
(when tosc is

Execution time

{when fosc s

as 'A/w {087 '086 '08s ‘084 083 | 082 ;081 080 i 250 xHz) 160 xHz)
| | ; | ; i ; i ) ; ) i Note 1 Nate 2
! b i | ! ' | ' i i ' i . I
! ' ! i : ! ! : i | Clears all disolay and retyrns the !
| Cleardisolay | Q@ | @ i 0 | a ;0 0o 0 : Q o 1 cursor o the home gasitian ;32 us ~ 164 ms | 120 us ~ 4.9 ms
. X : ] . : ! ; : (Agaress Q). |
i " 1
| i i ! i ! ! i i !
. ( . ! ; Returas the cursar to the home posi-
! ' ' ' ' ' ! { i I tion {Address Q). Alsq raturns the [
Return home 0o io 10 l a o ;0 g o vyt l disolay being shifted (0 the ariginal '40 us~1.6ms [120 45 ~48 ms
t ’ ! i i : ' | pesiuon. Q0 RAM cantents remain l
; ; : ) : ; ! - ynchanged. H
i ! | . i ! ! ; ! b
| ! | ! ! ; . i i
i ! ' ! ! ‘ : | Sets tne cursar mave cireznion anc |
= 1 i i ' H : | . i
° ! ! ] . soecities or nat to smift tn tay.
Eawymade 1 g g 'qg lg o o 0 i1 juois 2t s e guplay Wus | 120w |
set ‘ i | ' i i i . : i These operations are perfarmed i !
; . H I | i ! ¢ during cata write ang read. ! |
! ! ! ! i . : ' i i
: i i i i t ' , i |
» 3 i : i | Sets ON/QFF ot all aisalay (D), ) . i i
OuplayONI | o i g | g | io o o icioe | ONIOFF (C; % ot ' g ! 120 i
QFF cantral ' P9 ! . i ; | cursar F (C}. anc dlink o ; us s
i t ; i : | ! ] | cursar pasition cnaracter (8). i
: ' ! i , ! | H
I ! ; | i ' ! !
Cursor and i l : i i i i | Maves the cursar and shifts the H
o o : 0 o , 0 ’ 0 | v isiC|RIL: " display withaut chamging 00 RAM i a0 us 120 us
display shilt ; 1 ! | ; 1 H |
i | ; i ; | i contents
i ! j : i i i J !
| i R ) ; ' | | i '
] i ! ' , ! Sets intertace cata lengtn {OL) !
Function set o] 0 Q o {1 jot PN T numbper of display lines (L) and | 40 us 120 us
[ i ‘ ; i character font (F). l
| ! i |
] i T
Set CG RAM } i i , Sets tne CG RAM accress. CG RAM
et 0o ' Q a | AcG data is sent and received atter this 40 us 120 us
address. | ! | setting.
i i
) .
Set DO AAM ! Sets the OO0 RAM adarzss. DO RAM
et Q o] 1 [ Apo data is sent and received alter this 40 us 120 us
address i | setung
4 s { '
| } H .
Alead bus I i . Reads Busy tlag {BF) indicating
“" & :‘: Q 1 8F | AC l internal aperation is being perfarmed Tus 1 us
e
g & 3 * i - | and reads aaaress caunter cantents.
Write data
Writes data inta OO RAMor CG
ta CG or 1 Q Write Data RA)‘:‘ ' or 40 us 120 w3
00 RAM . -
Read data i
! Reads data from DO RAM or CG
to CG or 1 LI Read Oarta : r a0 us 120 us
' | : ¢ RAM.
' 00 RAM | l :
. H |
1/0. = 1. increment |+1} 1/O % Q: ODecrament (—1) | Q0 ”RAaM: Quplay aata RAM | Executian time changes when
S = 1. Accampanies cisplay sttt ' CG RAM: Characier generatar AAM : trequency changes.
! 1
S/IC =1: Qisplay shitt  S/C = 0Q: Cursor move ' Acg: CG ARAM addaress I (Example)
R/L =1: Shiltta the rignt. i AQO 00 RAM aaaress | When tosc s 270 xHz:
R/ =0: Shitt to the left.- l Corr=100nds (Q cursor
oL =1: 8o oL =0. 4bis i adcress. ! © SO 17 s
N s1: 2hines N =0: 1 hine 1 Ac: Address caunter used for ! us x 270 #
F =1. S =x10dots F =0: 5 x7dots [ nowr af OO0 and CG RAM {
8F =1. lInternally operating i address. 7 :
8F =0: Can accegtnstruciian i !
I
*No effect

Notes 1. Applied to models driven by 1/8 duty or 1/11 duty.
2. Applied to models driven by 1/16 duty.
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5.2 Description of details

(1)

(3)

Clear display
RS R/M 084 08g

Code [—o_[o[o[olololo[o[o[”’
Writes spaée code 20" (hexadecimal) (character pattern
for character code 20" must be blank pattern) into all
DD RAM addresses. Sets DD RAM address Q in address
counter. Returns display to its ariginal status if it was
shifted. |n other words, the display disappears and the
cursor or blink go to the left edge of the display (the
first line if 2 lines are displayed). Set1/D =1 {Increment
Mode) of Entry Mode. S of Entry Mode doesn’t change.

Return home

RS A/wog, ——————— 08
Code D[o}o{o{o{oio[o[o[;}
* Nao effect

Sets the 0D RAM address 0 in address counter. Returns
display to its original status if it was shifted. DD RAM

contents do not change. The cursor or blink go to the left. .

edge of the display (the first line if 2 lines are displayed).

Entry mode set
RS RWD8,— ———— D8

Code [ofo[o[o[o[__olo[o[uo[sj

1/D: lncrements (/D = 1) or decrements {I/D =0) the DD
RAM address by 1 when a character code is written
into or read from the DD RAM. The cursor or blink
moves to the right when incremented by 1 and to the
left when decremented by 1. The same applies to
writing and reading of CG RAM.

S: Shifts the entire display either to the right or to the
left when S is 1; to the left when I/D = 1 and to the
right when /D = 0. Thus it looks as if the cursor
stands still and the display moves. The display does
not shift when reading from the DD RAM when
writing inta or reading out from the CG RAM does it
shift when S = 0.

(4}
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Display ON/QF F control
RS A/ 08,

08,

1

ERERKE

ofofojojr

D: The display is ON when D = 1 and OFF when D =Q.
When off due to O =0, display data remains in the
DD RAM. It can be displayed immediately by sett.ing
D=1.

C: The cursor displays when C = 1 and does not display
when C = Q. Even if the cursor disappears, the func-
tion of 1/0, etc. does not change during display data
write. The cursor is displayed using 3 dots in the 8th
line when the 5 x 7 dot character font is selected and
5 dots in the 11th line when the 5 x 10 dat character
font is selected.

Code | 0] @ g |

. B: The character indicated by the cursor blinks when 8

250
of fep or f ... 409.6 x 270 379.2 ms when fep
=270 kHz.)
Co—r -==
fea' oy < |
- »
—\ o= S—
Cursor . .
5 x 7 dot character e Alternating display
font S x 10 dot character -
font

(5Y

= 1. The blink is displayed by switching between all
blank dots and display characters at 409.6 ms interval
~when fep or foc = 250 kHz. The cursor and the
blink can be set to display simultaneously. (The
blink frequency changes according to the reciprocal

{a) Cursor Display Example (b) Blink Display. Example.

Cursor or dispiay shift
AS A/ 084

coon oo o[ o]0 (o] -]

* No effect

OBy

Shifts cursar position or display to the right or left with-
gut writing or reading display data. This function is used
to correct ar search for the display. Ina 2-line display,
the cursor maves to the 2nd line when it passes the 4Qth
digit of the 1st line. Notice that the 1st and 2nd line dis-
plays will shift at the same time. When the displayed-data
is shifted repeatedly each line only moves harizontally.
The 2nd line display daes not shift inta the 1stline posi-
tion.

-

e
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S/C R/L
Q 0 Shifts the cursor position to the left.
{AC is decremented by cne.)
0] 1 Shifts the cursor position to the right.
{AC is incremented-by ane.)
1 0 Shifts the entire display to the left. The
cursar follows the display shift.
1 1 Shifts the entire display to the right. The

cursor follows the dispiay shift.
Address counter (AC) contents do nat change if the anly
action perfarmed is shift display.

{6) Functian set
RS R/W 087 08,
Coce {—O—roic[oliiOLN]Fi-[-
) * No effect
DL Sets interface data length. QData‘is sent or received in
8 bit lengths (08, ~ DBgy) when DL =1 and in 4 bit
lengths (08, ~ DB,) when OL = Q.
When the 4 bit length is selected, data must be sent
or received twice.
N: Sets number of display lines.
F: Sets character font.
(Note) Perfarm the function at the head of the program before ex-
ecuting all instructions [except “Busy ’ flag/address read’’).
From this paint. the functian set instruction cannat be
executed unless the interface data lengih is changed.
N F :i:;;l:fy Chfa;:ctte? fg::;/r ! Aemarks
i lines , N
| 0o 1 |Sx 7dows | 18 i
) 1 5 x 10 dots 1711
x | Cannat display 2 lines
ol o. 2 S x 7 dots 1/16 : with 5 x 10 dot charac- |
i ter fant.

® Nao 2ffect

(7)

Set CG RAM address -
RS RA/W 084
Higher Lower

Coce {0 [ Q
Qrder 8its Qraer 8its

Sets the CG AAM address inta the address caunter in
binacy AAAAAA. Oara is then written or read from the
MPU for the CG RAM.

08

OII‘A[A AiAAA

(8)

(9

G

127
Set 0D RAM acddress
AS A:w 08, 08,
Cate |0 a IIA A\AAAAAi
Lo ; i
Higher lawer
Qrcer Bits Qrcer 8its

Sets the OO RAM address into the address counter in
binary AAAAAAA. Datais then written or read fram the
MPU for the OO0 RAM.
Haowever, wnen N = 0 (1-line display), AAAAAAA s
Q0" ~ "4F" (hexadecimal},
whan N = 1 (2-line display), AAAAAAA s
“QC" ~ 27" (hexadecimal) far the first line,
ancd "'4Q'" ~ “67" (hexadecimal) for the second
line.

Read ousy flag & address

RS A/MQg,— 084
Coce | 0} 1§aF|A[AIA!A[A|AlAi
- Higher Lower
Qrder Bits Qrder 8its

Reads the busy flag (8F) that indicates the system is now
internally operating by a previously received instruction.
8F = 1 indicates that internal operation is in progress.
The next instruction will not be accepted until 8F is set
to “0". Check the BF status before the next wire opera-
tion.

At the samsa time, the value of the address counter ex-
pressed in binary AAAAAAA is read out. The address
counter is usad by baoth CG and DO RAM addresses,
and its value is determined by the previous instruction.
Address contznits are the same as in ltems (7) and (8},

(10)Write data ta CG ar DO RAM

AS A/W 08, D8q
r : : 1
Cade (1 iQiC|OfOlO|0O|0O|0O]|O:
Higher Lawer
Qraer Sics Qrder 8its

Writes binary 8 bit data 00000000 to the CG or the
00 RAM. ‘“Whether the CG or 00 RAM is to be written
inta is derarmined by the previous specification of CG
RAM or DO ARAM address setting.  After write, the
address is automatically incremented or decremented by
1 according 0 entry maode. The entry mode alsa deter-
mines disptay shift.
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(11) Read data from CG or DD RAM
RS AM D8, 084

Code F1 1 olo|{ojojDO]|O, ;DD

Higher Lower
QOrder 8its Qrder Bits

Reads binary 8 bit data DDDDODDDD from the CG or DD
RAM. The previcus designation determines whether the
CG or DD RAM is to be read. Before entering the read
instruction, you must execute either the CG RAM or OD
AAM address set instruction. f you don’t, the first read
data will be invalidated. When serially executing the
“‘read’” instruction, the next address data is narmally read
from the second read. The ""address set’” instruction need
.not be executed just before the “read’’ instruction when
shifting the cursor by cursor shift instruction {when
reading out OO0 RAM). The cursor shift instruction
operation is the same as that of the DD RAM’s address
set instruction.

After a read, the entry mode automatically increases or

decreases the address by 1.. However, display shift is not

executed no matter what the entry mode.is. .

(Note) The address counter (AC) is automatically incre-
mented or decremented by 1 after “write” instruc-
tions to either CG RAM or DD RAM. RAM data
selected by the AC cannot than be read out even if
“read” instructions are executed. The conditions
for correct data read out are: execute either the
address set instruction or cursor shift instruction
{only with DD RAM), just before reading out ex-
ecute the "‘read’ instruction from the setond time
the ‘read’’ instruction is serial.

H
T
3
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5.3
(1)

instruction and display correspondence

8-bit operation, 8-digit x 1-line display (using internal
reset)

Following table shaws an example of 8-hit x 1-line display
in 8-bit operation.

The HO44780 functions must be set by Function Set
prior to display. Since the display data RAM can store

8 bit aperatian, 8-digit 1-line display axample (using intarnal reset)

128

data for 80 charac:ers, as explained before, the RAM can
be used for disclays like the lightening board when com-
bined with disglay shift operatian.

Since the display shift operation changes display pasition
onily and 00 AAM contents remain unchanged, display
data entered first can be output when the return home
operation is gericrmed.

Na. Instruction i Qperation
] Pawer supply ON (H044780 is initialized by E f lmisiali .
the internal reset circuit) ! : mitialized. Na display appears. i
] V. . . N .
Function Set : ; ?e.x <] 843: operation and seslects I-hne.dlsplay
7 as a/w 087m50 l , lfn 25 3nd character fant. (Number of display
o 0 a 0 1 1 g 9 . - n2g 3'nd character fonts cannat t.ze changed
i i heraaitar))
1 Display ON/QFF Cantrol : l‘_——ﬁ ' Turns an display and cursar. ‘Entire display is
g ¢ o0 0 0o o 1 1 1 g . - : in scace mode because af initializatian,
! | Sais mode to increment the address By ane and
4 Entry Maode Set ! E:] ta snift the cursar 0 the right at the time of
Q Q o} Q Q Q Q 1 1 a . writ2 to the 00O/CG RAM,
[ ' Oissiay is nat shifted.
i Writ2 "M, The OO AAM has already been
. Write Data ta CG RAM/O0 RAM i sele—::j-:! by initialization when the power is
1t o 0o 1 o0 6 1 0 a 0 H— | furnecon.
| Trha zursor is incremented by one and shifted o
! ‘i the right. "
5 Write Data to CG RAM/O0 RAM i Wrizas “1*
t o o 1 6 @ 1 0 Q 1t} HU- 1 e .
; P
7 i !
I r »
write Data to CG RAM/O0 RAM i s
8 1 0 0 1 o 0 1 o 0 1 l! HITACHI 5"(;;_’ 1,
Entry Mode Set | - , . . . . .
g o a o a a a a 1 1 1 : SHITACH [_{ , Saz: mace far display shift at the time of wrizte.
Write Data to CG RAM/DD RAM f i
1 a a o 1 o a a a 0 | Il TACHI : rizes "Space
43 | Write Oata to CG RAM/OO RAM i Weicas M
1 @ @ 1 @ o 1 1 @ 1 l TACHT M. frEs o
| : i
12 : :
i : ! i
1 N M i !
11 Nrite Oata to CG RAM/DO0 RAM | MICRNOKO_ Weizas Q. |
1 0 6 1 Q@ G 1 1 1 1o |
Cisgl Shift ! : : .
14 gurmor ar O‘m Zy '0 1 0 a . . i MICRNXDN ; Shiixs anly the'cursar pasition to the lett.
ispl Shif I r—"—'——' : .
15 gurxoc; ar 2‘59 aoy (']! . o o - . t MICRNXDN i Shifts galy the cursor positian ta the left.
. i D VAJeleme ft(met . .
16 Write Oata ta CG RAM/O0 RAM | (CRACAH . L \Wrizes 'C" (correction). The disglay maves ta
1 0o @ 1 a o o a 1 1 = ! thetefr,
e
17 Cursor ar Diapiay Shifz I MICRNCO . S‘h‘nf:x the display and cursar pasition ta the
g o a Q Q 1 1 1 - M | right.
isplay Shif i | ]
18 g“"oor ar g'm :" S IO‘ . a1 .. ! MICROCN] Shufrs display and cursar pasition ta the right.
T . t
Write Oata to CG RAM/00 AAM i i . .
1 H - . w <e “M“, v
1y 0o ¢ 1 o 0o 1 1 Q@ 1 (CROCOM joes
O . :
i : E
20 ' : i
: ;
{ an H iginat
2 Return Home : HITACHI . A=turns bath display and cursor ta the angs
o a 0 Q g 0o 0 0 1 a . peuuan (Address Q).
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(2) 4-bit operation, 8-digit x 1-line display (using internal
reset)

The program must set functions prior ta 4-bit gperation,
The following table shows an example. When pawer is
turned on, 8-bit operation is automatically selected and

- n
-
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nothing is connected to D8, ~ D08, a rewrite is then
required. Hcwever, since one aperation is campleted in
two access of 4-bit cperation, a rewrite is needed as 3
function (se=2 the fallowing table).

Thus, 08 ~ 08 of the function set is written twics.

the first write is performed as an 8-bit operation. Since
4 bit aperation, 8-digit 1-line display (using internal resaet}
No. Instructian Display f QOperation
]
1 | Power supoly ON (HO44780 is initialized by :} L it lized. No disol
. . mrial . .
the internal reset circuit) O cisplay appean
Function Set  Sets ta 4-pit ogeration. |n this case, aperation
2 | RSAWDB, — ———— 08, C " is nandled as 8 bits by initialization, and anly
Q Q a o} 1 0 . this instruction completes with ane write,
' : Sets A-bit operation and selects 1dine display
Function Set . and 5 x 7 dot character font. 4-bit ogeration
3 ] Q- Q a 1 Q ::l ! starts from this paint an and resetting is
o] Q _Q o] M M ' needed. {Number of display lines and character
v fants cannat be changed hereafter.}
Display ON/QFF Control. i . . . L.
4 o a a o a o E::] ! Turns onjlxplay and t:v.frs‘o’r,rEnf:re display is in
because
0 0 1 1 1 o 5 sS3ace mode use of inittalizaton,
Entry Mode St Sets fnode to increment th‘e address by<one and
5 o o o 0 0 ) [: 1o shift the cursar ta the right, at the time of
o g " g 1 1 0 write, to the DO/CG RAM. . N
Oisplay is not shifted. :
Write Data.to CG ARAM/D0 RAM T ovrites “H. :
6 L 0 o] 1 o] o] The cursor is incremented by ane and shifts
B A g - 1 0 0 o} o thae right.

. ° o
Hersafter, control is the same as 8-bit aperation.

.
<
)
4
’
'

g

e e
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(3)

8-bit operation, 8-digit x 2-line dispiay

For 2-ine display, the cursar automatically moves from
the first to the secand line after the 40th digit of the st
line has been writien. Thus, if there are only 8 characters
in the first line, the OD RAM address must again be set
after the 8th character is completed. (See the following
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shift are performed. In the example, the disoiay shift js
performed when the cursor is on the second line. Haow-
ever, if shift operation is performed when the cursar s
on the first line, both the first and second lines move
together. When you repeat the shift, the display of the
second display will only move within each line many

table) Note that the first and second lines of the display times.
8 bit operatian, 8-digit x 2-line display axample (using intarnal reset)
No. Instruction Display | Qperatiaon
i
]
N 4780 is initialized H
1 Pawer fugoly o (HQA . ts imual ! Initialized. No dispiay appears.
by the internal reset circuit) !
F N . H . .
, R\;ﬂ;t[::nosaet - s | Setsto 3-bit operation and selects 2-line display
7 ) Q H -
a 0 o 0 1 1 1 a : . { and 3 x 7 dot character font.
R Display ON/OFF Cantral - ' Turns on display and cursar. All display isin
g 0 o Q (o I} 1 1 1 o] ‘ space mode because aof initializatian.
! Sets mode 0 increment the address by ane and
4 Entry Mode Set - | to shift the cursor to the right, at the time of
Q o] Q Q a o] 0 1 1 a write, to the 00/CG RAM.
Qisplay is nat shifted.
Write “H’’. The 00O RAM has alrsedy been
Write Data to CG RAM/DD RAM H_ ‘:'::" :y initialization when the power is
S]!1 o ¢ 1t @ o0 1 0 0 o : on .
The cursor is incremented by ane and shifted
to the right. :
& ! :
5 | Write Data to CG RAM/DO RAM HITACHI{_ Writes 1
1 a9 0 1 0 @ 1 a8 0o 1 fres
a Set OO RAM Address HITACHI Sets AAM address so that the cursor is
Q Q 1 1 Q a Q qQ o] Q pasitioned at the head of the 2nd line.
9 Write Data to CG RAM/DO RAM HITACHI Wri o
1t ¢ ¢ 1 o0 @ 1t 1 0 1 M_ fres "M
10 . .
| .
11 | Write Datata CG RAM/DO RAM HITACHI Writes 0"
1.6 ¢ 1 0 6 1 1 1 1 MICROCO fres "0
Entry Mode Set HI TACHI : : : i
- h f .
12 a o a a 0.0 o ] 1 1 MICROCH Sets mode far display shift at the time of write
Writes M-, Oi — g
,3 | write O3ta to CG RAM/DO RAM [TACHI :;::.‘mv;n . D'“’::I'.;i’,'f:.‘: w the g o
1 a a 1 a a ) 1 o i TTROCOM i 'secc i ift are apera
: = at the same time.
. : i
14 ' ;
Return Home HITACHI Returns both display and cursor to the original
18 MICROCOM it
| Q Q Q o} o} o] o} o] 1 o] ) : position (Address Q).
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Precaution on programming

Instruction of function set

Perform the function at the head of program that accesses
HD44780 before executing all instructions, and not
change the data of the Instruction Register in the pro-
gram. The data of function register can be changed by
the program as follows;

3. sChanging of DL (Data Length)

ePerform the instruction appointed in 4.2 (2), when
OL is changed from 8-bit length to 4-bit length made.

sPerform the instruction appointed in 4.2 {1}, when
DL is changed from 4-bit length to 8-bit length mode.

b. eChanging of N (Calumn Number)

e Perform the instruction of function set after execut-
ing instruction of display clear or display off.

In this case, sequence of AC and DD AAM must be
changed. Thus, rewrite the address set register after that.
c. eChanging of F (Font)

e There is no problem in this case, but for dual-line dis-
play, the font maode of S x 11 cannot be selected (this
moade is forbidden by hardware). -

When N or F is changed, power supply voltage for LCD
must be changed. If not changed, crosstalk will appear, or
contrast will be poor.

(2)

(3)
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Busy flag check

HD4478C is produced in the CMOS process, therefare
internal executing time is long. Standard time is 40 ys ~
1.6'ms. (This varies by instruction)

When the high speed MPU controls it, check the busy flag
before performing instruction or reading data.

While internal operation is active, Enable signal is not ac-
cepted. (Enable signal at reading status register for check-
ing busy flag is accepted) Busy flag signal is output
through ‘D87, as shown in Table 3, when RS = “Q”,
R/W ="1", and Enable = "1,

Input of unidentified instruction code
Undefined inszruction code of HD44780 is anly as follows:
RS R/W 08, ~D8

0 0] 0~
(Others are inctuded to defined instruction)
When' the undefined instruction code is loaded to
HD44780, it accepts the code, but does not change the
internal states (AAM and other status of Flags). Busy
state, however continues for maximum 40 Hs by the
acceptance of the code.

Tabie 3 The relation between the operation and the combination of RS, R/W

RW . E

LRS

., OPERATION

0 0 —\* Write instruction code
.
0 1 _/—_L Read busy flag and address counter
1 0 1 ---- —. Write—c;t-a
1 1 _/—\_ Read data

When performing data and instruction code dy 4 bit, transfer RS, R/W every time.

TNTTER R

e e
ey \..--n-..‘_‘-,,..~..-..-‘,~».,..<-.~.‘.......,‘._...r,
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- .. 7. How to check trouble
o Follow the flowchart below to check errars.

m  Error analysis flowchart

133

r Errar analysis flow

]

¥

Is display made?
(Crosstalk included)

{Immediataty after
POWER ON)

Proceec 0 @

Is the system initialized or
stabilized?

Crosstalk 1s output only in
ane line in display of 2 or
4 lines fcr example.

No

Yes

Proceec 0 @

Is character dispiay erroneaus
{in sequence for instance)?

Yes

' No

Proceed to @

Data can be read?

No

Yes_

Proceed to

Are there any other erroneous
operation?

Yes

No

Proceed ta @

Normal
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7.1 No datais displayed {Crosstalk too)

.

No data is displayed.

}

Is the power supgplied
(VDD' Vg, and Vss)?

) No

1 {Crasstalk, too)

i

Yes

-
¥

Supply the power.

|

Are interface pins set
carrectly in order?

|

|

No

Is display {crosstalk) mede?

HITACHI.

Cannect Vo to Vss, then the
power is supplied.

Correcrt it.

Is display (crosstalk) mode?

Since IC is possible (o be
destrayed, correct it
immediately.

Yes
No

s the supply current flown
several times of its specified

vaiue?

Within the
specified value

Does a fall or deviation
exist in zebra?

If so, 1ICs and resistar are heated.

Is the power ON sequence OK?
{Turn an the {+) first side and
then the (-) side.)

Reas-

Yes

This does not apply ta the
case of a single power supply.

Inverse

Turn on the power first fram
the {+) and then the (-) sice.

!

sembly

Unknown cause

Is display (crosstalk) mace?

After replacing LCM, check if
the actual part is faulty,

=

]

R AL

Is the current restared to normal
canditions?

Still abnormal

& —

ICs and others are gossible to
be destrayed,

B R e T
!

L}

t

PRt

i
ey
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7.2 The system cannat be initialized or it is unstable.

The system cannot be
inttialized ar it s
unstable.

Is the system initialized as described
in the LCO-Il manual {af IC)?

e

£

Yes

Tey to set 17 35 des-
criged in the manual.

StilFno goad

Q_

7 Gaod

Is the system operated while making
3 BUSY check?

O
A

Maxe a 3USY zheck or
Yes make it ogerai2 after
waiting far 3 uimes af
tne BUSY time,

Still no gaad

Q

| 7~ Good
I's the order af interface pins correct?
(Signal system pins RS, R/W, €, anc
08, .,
s No
~ 4
i . Still no goad i

o
)

¢ Goad

. Is the assignment of RS and € or the
setting of data carrect?

|

No
Yes Cgrragt it,
T gd<v>
i Qperatian QK
|
[ Tey 10 replace it with anather LCM. I

Still no good

| There s a ccssibulity of

maifunctian in
the LCM,

Nat caused By LCM

|

!

Recheck the circuit and software.

—

N
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7.3 The character display is erroneous.

r{ The character display i1t erroneout,

When mined according to s
certain ruls {The charactsr

™ .
Mitsing occurs every 4
Characters are displayed, characters for instance.)
Dut MiIiNG 1n some
places,
L. Procsed to
N ] GO
Examole:
{Ingut} (Dispiay) Whaen missed withaut any
- rule { A character it missed
HITACHL  HIAHI Ly at random some where
ditterent each time.)

L

L» Proceed to
It 15 uncertain that trom where the b—= Proceed to
13t characier sTarts., -
Address cruracier other than soecitied —= Proceed to
are reweitten,
N . Proceed to
Even wnen tne 112 line decames full .
in a 2-iine dispiay LCM,
the line is not ted to the 2nd line.
{Same in a 4-line display LCM)
. i
Whm’n the 13t line pecomes il in Proc @
3 4-line display LCM, the character .
> writing starts from
the 3rd line.
Although data is not displayed even
. ‘ i L tpiay . Proceed to
it input, it is found to dDe stored in _—
ODORAM when
resd from DORAM.
5 tront ditferent from the listed Proceed to
> in the character font [able acad
is displayed.
There is an adaress in which na P> Proceed to
character is displayed.

Proceed tQ

@D

Data is fed too fast. = Retry it while making a BUSY check.
It is still too fast even when the BUSY check is made. = The
function of LCD-!l is no good.

G2

Data is fed too fast. = Retry it while making a BUSY check.

)

The address Set command is not included in the initializa-

'—)L Ozner errors.

tion.
Although the address is so designed to be set to 00
[at the power ON according to the Power ON Reset
- | function of the LCD-Il itself, this Power ON Reset
i function does not work in some cases according to the

power ON conditions.

HITACHI

When no error exists in the software, the function of LCD-|

is no good.

&,

The 2-line display LCM is electrically composed of 40 charac-
ters x 2 lines, but it displays 16 characters or 20 characrters
partly. When 18 characters are written (in the 1st line) and
the data at the 17th character is input as it is, it is entered
in the 17th character in the 1st line and its is neither dis-
played on the screen. It is therefore necessary to set the

address { LF| between the 16th caracter and 17th character.
40

. line feed

/
2 =
\

The 4-line display LCM is composed as shown in the right
figure. Consequently, when written continuously from the
1st line, the data is written as A ~ B. When displayed. in 4
lines, the data is moved from the 1st line to the 3rd line. It
is therefore necessary to set the address of @ in this case.

40

/ A ! 8 a

\

'g{}oa)n>

The display ON/OFF flag is turned to the OFF side. (This
flag is by no means set unless turned to the ON side.)-

When employing the shift function together, the screen is
shifted each time a data is written and the data can not be
seen on the screen in some cases. It is therefore necessary
ta correct the application of the shift function.

16 characters

tLeft snift specifiea

(-A is input. _
@[, @1
= | AL

Cursor is moved.

®

Stored in OORAM.

* Since this operation is carried Qut in 3 moment, what can be seen

is the status of | and 4 only. Although not displayed in appear-

ance, the data is stored in the DORAM.

D)

Defective CGROM font — IC is faulty.

Id

If no error exists in the saftware, the IC is faulty.

3-10
Contact our agent for any ather erroneous event.

f

3
ES
3
7

v
N

Lo

IR IO T YT

RS ey

Screen is shifted to left. :
—
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7.4 Data canngt be read

Qata cannat be read. ]

.

1

Ara the cannectian and golarity of AS and RIW are
made as specified in the manuai?

Correct them,

Sall ne zcad

r
No
Yes
Y
Is the timing ceviated Qetween the data display and
MPU read?
; Yes

-

The data can now

be r2ac,

' No

H

Sull rc zzod

[

Is che ather perigheral equipment is.in contention
with che data bus (far a chip select prodlem)?

Yes

The data can now
be read. -
oK

.
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Carrect the chip select conditians.

Still ~c 300d

Is the system agerated while making a 8USY check?

L}

<>j

The data can naow

be read.

(6]
x

[ Make =2 3USY check, ar cpenrate the system after
waiting far 3 times af the 8USY time,

-

The data can now
oK be read.

By

Carrect it

No
Yes
|
Y -
Any ather errar exists in the saftware?
Yes
Na
r LCO-11 s taulty.

7.5 Gthers

{
Check the tallowing:
- Use canditians
- Erranegus events

The data can now
Be read.

i

oK

. Cantents af ageration befare and after the 2rrar zvent

gcgurrences

. Flowchart, it gpossible. (The gragram, if given, can aat Se ceczced.)
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8. Block diagram and function of each block

8.1 Block diagram of HD44780 interior

HITACHI

Vee
GND Address Timing generation 3 cL,
osc > ; counter {AC) circuit 7 CL,
l————) Py M
7
OSC,—) — 7y
cx < 4
o= = 7
=-18/cs
382 3 {
z2 E § — Display data = g.
RS ———> - RAM ‘ 2 | |2 |16
AW (0D RAM) = 3L 508 i COM, ~COM,,
€ 5 80x8 bits =z £ -
3 R £3
5 - I R~ 3z
4 a g X %3 O3
08, ~0B,—*—> O z ==
2 Z| 8 { 353
4 o S I 8 g ¢
0B, ~08,; ~———> ] <z
o % 5 9 i
=5 b =
Q2 Character Character 3 <
generator generator < 140 Z a0
ROM ROM A - - SEG 3
= ve < ~S G
(CG RAM) (CG RAM) N s PR
512 bits 7200 bits 4ol $= g2
v Busy . ¥ LS
> .
Power supply [y o flag ) 5 5
for liquid V:
crystal V) > '
display drive V‘ Parallel/serial data canversion
f—— cireuit 40-bit shif i —
(Pacallel data —serial data) Bie shife register °
=

8.2 Function of each block

(1) Register

The HD44780 has two 8-bit registers, an instruction re-
gister (I1R) and a data register (DR).

The IR stores instruction codes such as display clear and
cursor shift, and address information for display data
RAM (DD RAM) and character generator RAM (CG
RAM). The IR can be written from the MPU but not read
by the MPU.

The DR temporarily stores data to be written into the DO
RAM or the CG RAM and data to be read out from DD
RAM or CG RAM. Data written into the DR from the

MPU is automartically written into the DO RAM or the
CG RAM by internal operation. The DR is also used for
data storage when réading data from the DD RAM or the
CG RAM. When address information is written into the
IR, data is read into the DR from the DD RAM or the CG
RAM by internal, operation. Data transfer to the MPU is
then completed by the MPU reading DR. After the MPU
reads the DR, data in the DO RAM or CG RAM at the
next address is sent to the DR for the next read from the
MPU. Register selector (RS) signals make their selection
from these two registers.

s
i

STYeN]

o~ s

R Rl RURI)

A, )

e
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Table 4 Register selection

| ”Rs 'R W | g | QOgperation I

NN R e

' o]t '—/—\— ?:;istsm::u:::r((%%j Se.)

| s

L e
(2) Busy flag (8F)

When the busy flag is ““1”", the M04478Q is in the internal
agperation made, and the next instruction will not be ac-
cepted. As Table 4 shows, the busy flag is output to 08,
when RS =0 and A/W = 1. The next instruction must ge
written after ensuring that the busy flagis *'0"".

Higher order bits Lower arder bits

i39

(3) Address counzer (AC)
The address counter (AC) assigns addresses tq 00 and CqG
RAMs. When an instruction for address is written in IR,
the address infarmation is sent from |8 to AC. Selectian
of either 00 or CG RAM is also determined concurrently
by the instruction.
After writing into (or reading from) 00 or CG AAM dis-
play data, AC is automatically incremented By +1 (or
decramented by —1). AC contents are oumur 08, ~
08, when RS =0 and R/W = 1, as shown in Table 4.

(4) Display data RAM (0D ARAM)

The display ¢ata RAM (DD AAM) stares display data re-
presented in 3-bit character codes. Its capacity is 80 x 8
bits, ar 80 characters. The display data RAM (0D RAM)
that is not used for display can be used as a general data
'RAM. Relations between DO AAM addresses and gasi-
tions on the liquid crystal display are shown below.

The 0D AAM address (Agg) is set in the Address Counter
{AC) and is rzpresented in hexadecimal.

(Ex.) DD RAM addrass ‘a2

AC ;[ ACs : AC3 | AC4| AC3 | ACZ| ACL | ACO l 1 . 0 0 ; 1 1 1 0
L
—— Hexadecimal —~ Hexadecimal —— 4 £
t-line display (N =Q)
3 2 3 4 s 79 30 - display position
1ine lr a0 ll at l 0z | 03 l 04 | ! 1€ [ +F | —DD RAM address
| — i

(a)

When the display characters are less than 80, the display

begins at the head position.

For example, 8 characters

using ane HD44780 are displayed as:

t 2 3 3 5. 8 7 8

Q7

t
tdine ! 00 | o1

—_ b

OZI.OKICN[OS[OS

— display pasition

— DD RAM address

When the display shift operatian is perfarmed, the DO RAM

address maves as:

’

[UIIOZ al 04{05[0&'07 08

(Left shift display)

l g | ol

(Right shift display)
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{b) 16-character display using an HD44780 and an HD44100H

is as shown below:
I 2 3 4 S 6 7 8 9 10 1t 12 13 14 13 18 —display position
1-line | 00 ! 0l ! 02 03| 04| 05 ! 06 ! o7 ! 08 | 09 | 0a | 0B } 0C | 0D | OE ¥ 0F ! — DD RAM address
L E 1 N .
“————HD44 780 display " HD44100H display ———— =
When the display shift operation is performed, the 00 RAM
address moves as:
; ' [ T ! . . . .
0t ; 02103 04 ! 05 | 06 : a7 | 08 | 09 | 0A | 0B | OC ! op ! 0E i OF : 10 (Left shift display)
B i 4 1 i | ! : . o
; . i : i 1 »
sF| ool o] o2 E 03} 04 | 05 ! 06 | 07 | 08 | 09 | 0a |08 |0C | 0D 0E | (Right shift display)

{c) The relation between display’ position and DD RAM Since the increase can be 8 digits for each additional
address when the number of display digits is increased HD44100H, up o 80 digits'can be displayed by externally
through the use of one HD44780 and two or more connecting 9 HO44100H's.

HD44100H's can be considered an extension of (b).
1 2 3 456 7 8 9 10111213 14151617 181920 7374 73 76 77 78 79 80 —display position
N [ o - [
1-line |00 01i02§03>o4ios 06|07 08|09 oaloaicc 0D{0E|0F| 10} 11{12!13 {43!;93.4543;4C;’4D§4£i4? — DD RAM address
' i i . ) ! .
— HD43780 display — — HD#8100H (1) _,__HD44100H (2) _, __HD44100H (3) _,
display ~.(8) display display
2-line display (N = 1)
1 2 3 4 5 39 30 — display position
1-line 00 4 01 02 03 04 | rerrreesreereereseiie, 26 27 - DD RAM address
2-ine | 40 | 41 32 43 ] 44 b s | &7
‘ 0

{a) When the number of display characters is less than 40 x 2 are not consecutive. For example, when an HD44780 is

lines, the 2 lines from the head are displayed. Note that used, 8 characters x 2 lines are displayed as:

the first line end address and the second line start address

1 2 3 4 H 6 7 8 — display position

tdine | g0 ¢ o1 loz 03 04 [os 06 07 — DD RAM address

:
2dine | 40 | 41 | 42 | 43 | s : 35 | 46 | a7

Wher-1 display shift is perfarmed, the DO RAM address move as:

!m[oz 03!04!05 os‘mioa' 27 {00 | o1 i ooz
: i (Left shift display)
| a1 | 42| 31 44 } 5| 46 | a7 | 67

(Right shift display)
43 44 l 45

40 4 42

¢l 04 0s ! 06
!
!

{b) 16 character x 2 line are displayed when an HD44780 and
an HD44100H are used.

1 2 3 4 S & 7 8 9 10 11 12 13 14 IS 18 ’ - display pasition
|
tdine | 00! 0l { 02| 03| 04| 05| 06 07| 08| 09}0A 0B OC|0OD|OE I oF } — DD RAM address

; ' i
2-line 10 : 41| 42 43 | 44 45 ' 46 E 47 48 49 | 4A | 4B | 4C 401 {E i 4F§

—  HD44780 display ———————/ ———HD44 100H display ——

[ RV B L Lo ‘! X

PRTECELRE RIS L PR
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When display shift is performed, the DO RAM address moves
as follows:
{oxloﬂm o¢iosio&io7!oa 09!0»\ 08 OCioD oEloF:io;
‘ i — : I (Left shift display)
- 41}42!43‘44';5}&61471& 49.4,\}&8 4C‘¢D AE|¢F330'I
27!00 01 02‘03}04!05!06 QTIOSEO9§OA'OB oC ODIOE§
| - - - ; | : (Right shift display)
67l 10 41{42‘ 43|44}45{46 47}43} 49&%\'48’&*40’;3[

{c) The relation between display position and 00 RAM Since the increase can be 8 digits x 2 lines far each ad-
address when the number of display digits is increased ditional HO44100H, up w0 40Q digits x 2 lines can be dis-
by using one HD44780 and two or maore HO44100H s, played by connecting 4 HD44780°s externally.
can be considered an extension of (b).

1 2 3 456 7 8 9101 121314151617 181920 33 34 33 36 37 38 39 40 —dispiay position
! ‘ I v T T & T T
1-line ooiol!oz\oa mlos os!o7ioaio9|o,\iosioc§oo OEiOFEIO{ nl 12| ml --------- izoizz.zz z:‘;uizsizsizr — DD RAM address
I I i ' [ v : [
A l?l_‘]{ll'[[_[_"_' oy l'[
2-line |40 uiuiu 4443 45,4r|4a-49|mlssl'4c|40 45,1? :oial sz|=3| --------- !oolﬁi 52.53 54 65{66!67
! | | L i !

|

- HD44780 display — —— HD44100.(1)——“—HD44100H (2)—~——HD<2100H (3)—~
display (3) display

{d) Display position and DD RAM address for LMQO20L.

7 8 9 10 11412 Il[ 14 ] 15} 16

![fChAracnr NO. 1 2 3 4 l S

Q4

0s os‘or wl a2 a3 u|4s 6 | a7

DD RAM address 0o | ol l 02 | Q3

(Note)Shift display is as same as that of 8 char. x 2 line type.

(e) Display pasition and 0D RAM address for LMQ41L.

L 2 3 4 S ] 7 8 9 10 11 12 13 14 13 I3 — display position

1-line 00!0! 02! 03| 04| 05 06 ;07| 0809 [0A]|0B|OC|0QD|OE! OF — DD RAM address

2-line wfu 42 | 43 ] 44| 45| 46 1 47 | 48| 491 4A | 4B | 4C ;0145‘4?

3-line 1o} a1 124137 14} 1s|1

o

i” 8|19 ]tAl 1Bl IC} D} IE

4-line 50 | 51| s52] s3| 34

w
Iy
w
s

[57153L59 SA | B sclso 5E

{f) Oisplay position and DD RAM address for LMQ44L.

7- 8 9 16 1l 12 13 14 15 13 1T 18 19 20 — display position

w
o

1 2 3 4

oeim[uslos OAlOB oc | 00| o€ oF mlu 12|n — DD RAM address

t-line | 00 i or | 02 | 03 | 04 | 03

2-line 40|u 421 43| 44 ] 48 ;6'47]48'49 4A|48 4C 4Di+E

3-line| 14 | 1S} 16| 17 18‘ 19 IA| 18{1C|ID|IE}|IF| 20} 21 l 22 24| 25|28 | 27

4-line| S4 | 55| S6 | 57 | 38 | 9 64 | 535 | 88 | 67

sa | s8 SCLSD se | 5F| 60 | &l
L

(Nate)Shift display it as same 23 2-line type.
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(5)

(6)

(7)

Character generator ROM (CG ROM)

The character generator ROM generates 5 x 7 dot or 5 x
10 dot character patterns from 8-bit character codes,
It can generate 160 types of 5 x 7 dot character patterns
and 32 types of 5 x 10 dot character patterns. Tables 5(1)
and 5(2) show the relation between character codes and
character patterns in the Hitachi standard HD44780A00.
User defined character patterns are also available by
mask-programming ROM. For details, see “The LCO-I
(HD44780) Breadboard User’s Manual’’

Character generator RAM (CG RAM)

The character generator RAM is the RAM with which the
user can rewrite character patterns by program. With
5 x 7 dots, 8 types of character patterns can be written
and with 5 x 10 dots 4 types can be written. Write the
character codes in the left columns of Tables 6(1) and
6(2) to display character patterns stored in CG RAM.
Table 5 shows the relation between CG RAM addresses
and data and dispiay patterns.

As Table 5 shows, an area that is not used for display car
be used as a general data RAM.

Timing generation circuit

The timing generation circuit generates timing signals to
operate internal circuits such as DD RAM, CG ROM and
CG RAM. RAM read timing needed for display and in-
ternal operation timing by MPU access are separately gen-
erated so they do not interfere with each other. There-
fore, when writing data to the DD RAM, for example,
there will be no undesirable influence, such as flickering,
in areas other than the display area.
generates timing signals to operate the externally con-
nected driver LS| HD44100H.

(8)

HITACHI

Liquid crystal display driver circuit )

The liquid crystal display driver circuit consists of 16
common signal drivers and 40 segment signal drivers.
When character font and number of lines are selected by
a program, the required comman signal drivers auto-
matically output drive waveforms, the other common
signal drivers continue ta output non-selection waveforms.

" The segment signal driver has essentially the same configu-

ration as the driver LS| HDO44100H. Character pattern
data is sent serially through a 40-bit shift register and
latched when all needed data has arrived. The latched

‘data controls the driver for generating drive waveform

outputs.
The serial data is sent to the HD44100H, externally con-

nected in cascade, used for display digit number extension.

Send of serial data always starts at the display data charac-
ter pattern corresponding to the last address of the display
data RAM (DD RAM). Since serial data is latched when
the display data character parttern, corresponding to the
starting address, enters the internal shift register, the
HO44780 drives the head display. The rest displays,
corresponding to latter addresses, are added with each
additional HD44100H.

This is the circuit that generates the cursor or blink. The
cursor or the blink appear in the digit residing at the
display data RAM (DD RAM) address set in the address

When the address counter is (08),4, a cursor position is:

— display position

— DD RAM address

(9) Cursor/Blink control circuit
counter (AC).
This circuit also
AC6 ACS AC4 AC3I AC2 ACI ACO
AC 0 0 0 1 0 0 0
1 2 3 4 5 6 7 8 9 10 11
02 1 03 | 04 | 05 | 06 ’ X

In a 1-line display [ 00 01

07'@ 03 ; 0A
4 i

the cursor po-sition)

In a 2-line display

1 2 3 4 5 6 7 8 9 10 11 — display position
i T
— DD RAM add
tine| 00 | o1 | 02 | 03 | o4 | 05 | 06 | o7 | o8 | 09 i 0A < Hedres
: :
)
2ine| 40 | 41 | 42 | 43| 44| a5 | 45 | 4 4% @ 1A <
|

the cursor position

~ -

(Note) The cursor or blink appears when the address counter (AC)
selects the character generator RAM (CG RAM). But the cursor

and blink are meaningless.

The cursor or blink is displayed in the meaningless position when

AC is the CG RAM address.

[PUIPISINIS
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Table S
CORRESPONDENCE BETWEEN CHARACTER CODES AND CHARACTER PATTERN

{1) 5 x 10dot, applied type: H2570, H2571, H2572, LMQ27

tfigher | .
Lower b.(UU”“ gutu eyttt ooy vyl ey utttl ety lUlllllUU ||”l'lllU [
Ahsl o .,...'I .l-l'v :u:. l' l '
TR \s:::-\ e P b
xxxxQUUUY ) R IR H Dol 1 "t tea"e ;...‘
- ‘ HI.
T Tl - ST
o | FE LR ] | | el
PREE L LA - - . ] "ae"e ceus .. o ! <’ | :"':( *nes :..-E
TP S ey LT
() SRR TN TN B B B T A B vl
xx x9N Q ‘:.'.! :.‘-- l : °. ..-.. : ‘ } : '- $ ‘- :::.- "...
¥
sHRCITRODNT e Toatee T | eaee .
W | SEE T l : ‘ Nl B L Rl e el A
nemmuntd A U L POV IPOVOR I PP P YTul I T |t RN B
T . R T easee® & H
< a twou (S) ::g:. ::.i-llz -' i E -E E ." ‘ : 1 S- {'E.:. E E :‘-.:
e | 0 [ e B LB AL B ‘ ; ‘ R
T S s ] e T e e et .
S RN = R HE i Pl | e
vl NN P B ol I o IS LI e roaet! Fewa® | Toeee
PRTINTN M { ‘ E \Li..ilf.‘.’ ZZFLSJ K \‘ SEEER
n u-I:
SRR N D R e ST E D | e e
DI BTN B Pats A R IR N R A -
- wee ! . o | s s Y e -
e S NG I Gesel P Lt eedleon
SO IR S R I I v ] AL £ 5% L
— T S NDNE T
ST B R I . ‘i \ \ RIEREIE R N e
eennturt | WPTET o ‘ R “ IR R
—r . - ] T L3 " "
DR HEE N et I R TR
(51 | ea | \: POt \ Toleleegiee BP0 R0 3lRfe) il
xxaxllon . S T -l 0 PO O L0 IPOPLA NPV LR B :
‘
T Y L. Toaeeel o | - :
eexxiiol | 8T .....‘5 I l B "‘ R IR S e
.I : :[ ..l - I:I-l ll:‘l . " ==
R RS T IO I A e B 0 B B
xxxxl 110 ‘”\.. [ "l:"l {: :\ . "':} : \::: I
ama nne T T ¥
Y P D U T Bt 1 R P
“x‘l ‘ 1 ‘ (a) -. - : : : : - - 8 : e .: [ ] l. : :
99 ssses eea a2e | sa . oas

Note 1. CG RAM is a character generator RAM having a storage function of characcer satisrn which cnable to change frecly Dy users program-
Note 2. When line setting at initialization is 2 lines (N = 1). pattern becomes § x T dot.
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(2) 5 x 7 dot, applied type: Character display modules (including LED backlight versions)

Higher
Lower pitf 00NN n100{uint Lu10 1011'(100 PIOL Lt O 1ttt
4Dl o o
s LLl :
g(’w ‘. 5 S-.I: ewsaas i -:-.: . . :
B wee ees | s"e 2
xxxx0000 | (1) HHHE - i
sse’ | 2 N R %] "eeta
: T ¥ L3 LS LI L] ' .l
H e ! seves ]
(2) i *
xxxxUQ01 2 . E:E .: ; -: :--.3
:ﬁ
, :
xxxxQUly i3
:m'
(4) see .
xxxx001} N : :
sene see
":II
M
(3) H .
xxxxyl0y H ..
P .
xxxx01U1 (8) L .
see
A eenee | oa see | seens Hab
(7) : : sanss L] n“oeas -.. -l
. L] - L3N] . . - -
xxxxUllu .. o | ¢ & ! secas | ssems. 5... -,
. asas | smase
(8) H ¢ o »a
xxxxi] || - . )
aass | o am
. £) - . . - seasd
- . L] - wsee neseas . .
» . L - - . » - aee - -
“) - e Ll - ] - » L . - s
xxxx1000 HEEE B P e [ - e a®a
L] L L] - [ 1) - - - - -
s s HY™ H .
(2) H ‘e a" wades | & H bl -
xxxx]100} H H R : «* H
nss H e 2 = wees
al R e s s .
(3) H * seeue tie "ela s e | *=ee
xxxx| 0|0 . s * H R I Bt
s snann sesen | weees i 3 3] e : :
A
HS eaeae i ssece | ®
LI . 8 1 seeae L L . sesaa
(4) e T HEE S H
xxxx1011 HN PO I
a . . | __sewe | sewess
L3 L]
: : R B -l R
(s) . H s 3! H I B
xxxxil00 P : eee® | aa" | |
¥ T Y N L]
*e se . seene N - " .
(8) HE ] H e -.! ° ol "3 .
xxxx1101 s s H H o"a i H o] e sesee
A A AN sssaa - [T seva »
- - [ l' L] L3 22 )
. LN seseas sesae L] L]
HIE N e Pty H . « va
(7 [ [} . s . ]
xxxx1110 i IR E &
2 i1 111 189 1 L] L]
l‘“. - [ sasee :'!
Ia, : : e 9 8 s : [ :
xxxx] 111 ' 2 s e _.I .
2O suwea ) e i .

enable to change frecly by users program.

Note: CG ROM is a character generator RAM having a storage function of character pattern which
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Table § Ralation between CG RAM addresses and charactar code (D0 RAM} and character patiern (CG RAM data).

{1} For§x7dot character pattern

! Character Codes . CG RAM ‘ i Characize Patterns
(DD RAM Data) Address , ! (CG RaM Data) | N
(7T 4 5 0+ 12 L0 I s + 1 2 1 0] b7 s s o+ 31 2 U 0]
' —Higher Lower —| - Higher Lower—| j — Higher Lower —
; i (0 0 0 P
; | g 0t ! ; T Y0 0 0t
‘ ‘0L 0 | | o000
: : 01 1 l R T SR N Characeer -
‘g 9 0 0 x 0 0 0! 0 0 0. ! I | : Pattern
‘ 1 0 0; : i i 0 0'l Example (1)
E L0 R L 0
‘, SRS R R ot
: o1 I 0 0; . Cursor
- - o Position
i :0 0 0 SN R o !
i K + H .
A i ‘0 0 1 t g Lo
: ! : .
! i 0 L0 i D 1t
. l 001t ‘ ‘9 0 L 0O Charactar
+0 000 « O 0 0 0 1. : Paccern
. 1 0 0 [T SR U S Example (1)
; R | ‘9 0 1 000
! ‘LU0 L ‘o o't 00
i \ tpot 1 {x < «10 0 0 0 0
i i ‘0 0 0 P E
i ‘000 1
E/_ . »
i |
io 000 ¥ 1 L1 R ‘ ..
i 1 090 t X Ngeffect
'.i Lot
i ‘110 Lo o
| 111 X £ X

(Note) L: Character code bits 0 ~ 2 correspond to CG RAM address bits 3 ~ 5 (3 bits: 8 tyses).
2: CG RAM address bits 0 ~ 2 designate character pattern line position. The 8th line is the cursor position and display is performed in
logical OR by the cursor.
Maintain the 8th line data. corresponding to the cursor display position, in the g’ state for curioc display. When the 8th line data is
*1", bit t lights up regardless of cursor existence.
3: Character pattern row pasitions correspond to CG RAM data bits 0 ~ 3, as shown in the figure (bit & being at the lefX end). Since CG
RAM data bits § ~ 7 are not used for display, they can Be used for the genersl data RAM.
4: As shown in Tables 3and 3, CG RAM character patterns are selected when charczer code bits 4 ~ 7 are all *0*". However, since charac-
ter code bit 3 is a ineffective bit, the R display in the character pattern example, is selected by character code 00 (hex:d:cimal) or
08" (hexadecimal).
§: 1" for CG RAM data corresponds to selection for display and 0" for non-selection.
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For 5 x 10 dot character pattern

i Character Codes CG RAM Character Patterns :
i (DD RAM Data) Address (CG RAM Data) i
75 5 04 3 2 10 5 43 2 10 76 5 4 3 2 L ol
| —Higher Lower— — Higher  Lower~—| — Higher Lower —|
| ‘ :00 00 ¢« 0 0 0 00
| (0 0 0 1 Ti0 0 00 0,
' 000 10 A R ¥
: 000 11 A e R
; : | : Character
! :0 L 0 0! X L0 0 0 | Pattern
o 000 x 0 0 x “lo 0io 1 o 1l Lol i g 0 g | Bxemem
i 0110, i R UR RN
| 011 L . it 0 0 0 0
: too o0l iio 90 0
: Jitoo i b tio 0 00 ‘
S S L0 0L e ncin 00 0 0. —Guser
: L0l Ly [ T S S SRt
: Lo 0;[ Lo . ;
: 1101 Lo
11 L0 ! . |
. 1 11 1 X 4 KIN 4 % & &) ]
‘0 0 0 0 < X X |
0o |
000 0 x 1 1 x 1 1:1 00 1Q T 3
..... SO NS 5 SN0 A T
.10 1 1 X X xi:X x < x X ‘
- L1 o of : : i
- 11 0 1 X No effect T
. 1110 : . <
1 1 1 1 X K X X K &£ X X Z
(Note) 1: Character code bits 1, 2 correspond to CG RAM address bits 4, § (2 bits: 4 types). «

2: CG RAM address bits 0 ~ 3 designate character pattern line position. The 11th line is the cursor position and display is performed
in logical OR with cursor.
Maintain the 11th line data corresponding to the cursor display position in the ‘0" state for cursor display. When the 11th line data is
*“1", bit 1 lights up regardless of cursor existence. Since the 12th ~ 16th lines are not used for display, they can be used for the general :
data RAM. B N
¢ Character pattern row positions are the same as 5§ x 7 dot character pattern positions. i
4: CG RAM character patterns are selected when character code bits 4 ~ 7 are all “0"". However, since character code bit 0 and 3 are :
ineffective bits, P’ display in the charaeter pattern example is selected by character code 00", “o1 ", **08"" and ‘09" (hexadecimal). ;
§: “t” for CG RAM data corresponds to selection for display and *‘0" for non-selection.
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