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General Deseription

Viewing Angle: 6 O’clock direction

Driving duty: 1/16 Duty, 1/3 bias

'SAMSUNG® KS0070B dic form LCD Controller & Driver.
Optional LEDO1G / LEDOAG backlight available.

™

Mechanical Specifications

The mechanical detail is shown in Fig. 1A and summarized in Table 1 below.

16 characters x 2 lines STN XLVPosiﬁve(hmYeﬂawDotMatrb&LCDmodule

Table 1
Parameter Specifications :

Unit

Onjtline dimensjons §4.00W) x 44.0(H) X 10.0 MAX.(D) (see Nots 1)
| 84.0(W) x 44.0(H) x 12.0 MAX (D) (see Note 2)

| 84.0(W) x 44.0(H) x 14.0 MAX.(D) (see Note 3)

m.Jm.

E&wﬁveﬂewmg area 61,0(W) x 15.H)

m.m.

"Display format 16 characters X 2 lines

size 12.95(W) x 5.55(H) (5 x 8 dots)

m.Jan.

spacing__ 0.60(W) x 0.40(FD

mlml

Character pitch 3.55(W) x 5.95(H)

m.m.

Dot size 0.55(W) x 0.65(H)

m.m.

Dot spacing 0.05(W) x 0.05(H)

mlm‘

. | Detpitch 0.60(W) x 0.70(H)

Weight:  witbout LEDO4 backlight | approx. 30.5
o with LEDO4 backlight | approx. 39.0
with LEDO1 backlight | TBD

Ticke - Without LED0A backhight.(see Fig. TA).
Notc2: With LEDO! backlight (se¢ Fig. LA)
Note3: With LEDO4 backlight (sec Fig. 14).
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3. Absolute Maximum Ratings

3.4  Elsctrical Maximum Ratings(Ts =25 °C)

Tahle 2
Parameter Symbol Min, | Max. | Unit
P 8 VO ic) Vpo - GND 0 7.0 \'%
Power Supply voltage (LCD drive) | Vpp- Vo 0 [ 115 | V
Inplut voltage Vin 0 A7 v
.
3.2 Eavironmental Condition
i
Operating Storage
Item Temperature Temperature Remark
! (Topt) (T
- Min. | Max. Min. Max.
Ambient 0°C | +50°C | -10°C +60°C
 Temperature
Humidity Notel Notel no condensation
Vibration Note2 © Noted 3 directions
Shock Note3 Note3 3 directions
Nete 1: 95% max. RH for Ta < 40°C
< 95% RH for Ta> 40°C
Note 2: Prequeacy: 10~ 55 Hz

| Amplitade: 1.5 mm.
‘ Duration: 10 Hz ~ 55 Hz ~ 10 Hz (in | min) for 6 hours
! ‘ (2 hours in cach direction).

Note 3: 3 shocks in 3 mutually perpendicular directions.

Direction normal to surface of LCD glass :

acceleration $0G , half-sine pulse of duration 11 ms.

! Other 2 directions : acceleration 100G with same waveform.




. Pin No. ‘Symbo
1 Va | Ground .
2 Voo | Power supply for logic (+3V)
.3 Vo___| Power supply for LCD driver
| RS Reginter Select Input:
j "High' for Datx register (for read and write)
i ‘Low” for Instruction reginster (for write),
i ___Busy -address countar (for resd) -
5 RW | Read/Write signal: ‘High’ for Read mode.
- ‘Low? for Write mode.
6 E Enshle . To road and write the data.
7 DE0__| Defa iputioutput (LSB) _
8 DB0 | Duts inputioutput
9 DRB2 Data input/output
10 DB3 | Data input/output
11 _DB4__| Data inputfoutput
12 DBS Datz input/output
13 DB6 | Duts input/output
14 DB7__| Daia inptioutput (MSB)
13 LED(Y) | Anode of
T 16 LED(-) | Cathode of backlight
42  Electrical characteristics at Ta = 25 °C;Vpp= 3.0V,Vgy =0V
j Tahle 5
! Parameter Symbol Conditions Min. Typ. Max. | Unit [Remarks
voitags (LOgictLAD) | Voo-Vas - 3,0 - v
Supply voltage (LCD) Vico=Voo- Vo | Yoo=3:.0V 2.5 2.7 3.0 V| Note (I
Tt signal voltage 1 Vie L H vl 19 - | Vo [ V
for E,DBO-DB7,R/W RS Vi L7 level K] - 0.4 v |
Input signal voltage 2 Vin T 0.7V - | Vo vV
fot OSCI V. “olevel | 0 - 102V v
Supply Curren{LogictLCD) T T 95T 0% | oA
Supply Curreat (LCD) I, Note (1) 0.18 020 | 023 | mA
Supply Voltage (LEDOT) Vot Note(2) . 2.1 . V_| Option
!' &1' Currem: (LEDO1) [ Tm0) Note(2) - 40 - mA | Option
) Vi Note(3) 4.0 4.1 4.3 V_ | Option
Supply Current ) [ Note(3) 65 90 140 | mA | Option

NPﬁe(l):Dﬂvingwhme: 1/16 duty, 1/3 biss.
Npte (2): Number of LED chips for LRDO01 = 4 LED chips.
Note (3): Number of LED chips for LRDO4 = 18 LED chips.



Timing Specifications at Ta = -25 ~+75°C, Vpp = 3V10% Vg = OV

4.3
Refer to Fig. 2 , the bus timing diagram ﬁqrwﬁtemodeo’fKSOOTOB.
Tobie 6
. Parspeter Symbol Min, Max. Unit Test pin
| E cycle thme tc 1400 - ns E
E rive time t, - 25 ns E
E fijll ime ty - 25 ns E
Em i Low) tw 500 - ns E
and RS set-up ti g .60 - ns R/W,RS
[ R/W and RS holdme T 20 - | IW,KS
Data set-up time tun 140 - ns DBO-DB7
Dats hold time tg 10 - ns DBO0-DB7
Refer to Fig. 3 , the bus timing disgram for read mode of KS0070B.
Iable?
Paramcter Symbol Min, Max. Unit | Testpin
E cycle ime t . 1400 - ns
E rise time 1, - 25 ns E
E fll tme D) - 25 s E
- E pulse width tor 500 - ns E
R/W mnd RS set-up time 5y 60 - ns R/W,RS
R/W and RS hold time t 20 - ns R/W, RS
Dta output dalzy thme W . 360 ns DB0-DB7
_tow 3 - ns DBO-

Datz hold time
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(Reading data from KS0070B)

“Vantrcmx Limited reserves the right to changs this specification with approval of customer.”
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= INTRODUCTION

The LCD-T {HD44780) is a dot matrix liquid crystal display
controller & 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 dot 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-II (HD44780).
1f a driver LSl HD44100H is externally connected 10 the
HD44780, up to 80 characters can be displayed.

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

1. Applicable type
M

1 line series :
LMO54 « LMO15 + LM568F » H2570 » LMO20L « LMQ20LN -

LMO20XMBL. « LMO87LN - LMO70L - LM038 - LM027 -
H2571 » H2752 + LM058

2 line series

LMO52L » LMO16L - LMO16LN + LMO16XMBL - LM104L -
LMOSSALN » LMOS3LN « LMO93XMLN - LMO32L - LMG32LN
LMO32XMBL « LM105L * LMO91LN « LMOS1XMLN - LMO60L
LMO17L « LM107L « LM107XML » LMO18L « LMO18LN «
LMOS2LN « LMOS3XMLN

{2

4 line series
LMO41L « LMO44L

@)

2. Connecting MPU with LCM

2.1 Driver circuit block diagram

Figure 1 shows the driver circuit block diagram of LCM with
built-in controlter LS!. Controller LS| HD44780 (LCD-I} is
built-in this LCM. Also extended LCD driver LSI is built in
the LCM that displays more than 16 digits.

ACHI1

JESS N'ﬂ

s FEATURES

® Capable of interfacing to 4-bit or 8-bit MPU.
e Display data RAM 80 x 8 bits
{80 characters, max.)
e Character generatar ROM . . ..
Character font 5 x 7 dots: 160 characters
Character font 5 x 10 dots: 32 characters
® Both display data and character generator RAMs can be
read from the MPU.
e \Wide range of instruction functions
Display clear, Cursor home, Display ON/OFF, Cursar
ON/QFF, Display character blink, Cursor shift, Display
shift .
® |nternal automatic reset circuit at power ON,
reset circuit)

{Internal

Liguid crystal disply module

- i
LCD . 1 LcD
]

Driver LS] b e e e =~ J\i' Criver LS

3orlb
'
I
1
|
I\IPU 08,1 HD44780
I S » (LoDt ™
1 DBYI
|
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Fig. 1 Driver circuit block disgram
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2.2 Interfacing to MPU
In the HO44780, data can be sent in either 4.pit 2-operation
or 8-bit 1-operation so it can interface to both 4 and 8 bit

MPU’s.

(1) When interface data is 4-bits long, data is transferred lower order & bits (content of OBy ~ DBj when interface
using only 4 puses: 084 ~ 0B,. 08, ~ DB, are not data is 8 Bbits long) is transferred. Check the busy flag
used. Data transfer between the HD44780 and the MPU after 4-bit data has been transferred twice {ane instruc-
completes when 4-pit data is transferred twice. Data of tion). A d-nit 2-operation will then transfer the busy flag
the higher order 4 bits {contents of 08, ~ DB; when and address counter data.

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

/S

RS

R/W /
£

08, X TE X A A SR A AR
08, TEX TR X R AL SEA UL
08, 772X TR X TR A LSRR
08. 772X TR X TE XA SE AL

lastrurtoni [R) write Busy flay ‘8F) and ‘Oaa regisizr {OR) read

address counier (AC read

Fig. 2 4-bit data transfer example

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

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

RS

a/w____-—-——ﬁ \
N Ve N W

]
(nu:rnal_.__—-—r fatecnal Lperation j r__—

08.7/X_Data Y/ daus,"& ] busy /ﬁngnﬂ 7 vava X0

[osi e 1o wrne

'dua;;‘ flag cheek

Busy flax check i Busy flag check ; fastruction weite
|
i

Fig. 3 Example of busy flag check timing ssquencs

@ When connecting ta 8-bit MPU through P1A

Fig. 4 is an example of using a P1A or 1/O port [for buses 08y !to D8, and PAy to PA, are connected to E,
single chip microcomputer) as an interface device. lnput A/W and AS respectively. Pay attention to the timing
and output of the device is TTL compatible. relation tetween E and other signals when reading or
In the example, P8, to PB; are cannected w0 the data writing data and using PIA as an interface.

aled
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A cs, LCM s
A Cs, PA2 - AS COM, ~
A CS, CoM,,
Ay RS, PA R Connected
HD 44780 to LCD
HD63BOO As RS, PAo E o
R/W SEG!~ f——r——
ij___‘ £ HDed 21 SEG,,
2 )
' PBo~PB; . DBy ~DB+
DBo~DBy j— Do~D5
Fig. 4 Example of interface to HD68B0O using PIA (HDE88B21)
(@ Connecting directly to the 8 bit MPU bus line
LCM
VMA ™ COM, 18
.ﬂ. E ~COM, R A
A I "HD441780 c 4
annecte
HD68 00 As RS to LCD
W Row SEG, (%% o
~SEG,,
Do ~ Do A DB, ~DB+
A 4
® Example of interfacing to the HD6805
LCM
) 16
Ao~Ar DBo~DB; _C_gg‘g‘“ L
HD44780 Connected
HD8805 Co £ to LCD
40
Cy RS 3EGy p—ar~_r—m
~SEGio
C. R, w
@ Example of interfacing to the HD6301
LCM
PJA RS COM| 18 )
Py, R/W ~COM, —
Pie E
HD+ 4780 Connected
HDe3o01 to LCD
PL:F,,- ’; DB.~DB+ 40
SEG, e
~SEGso .

"o

HITACHI -
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{a) Above circuit is an exampie of connection with Z80

MPU and HD44780A00 as an 1/O equipment. it
can be used as a part of memaries by using MAREQ
signal.

AO signal can be used for RS signai.

AQ = 0: Instruction register is selected.

AQ = 1: Data register is selected.

®

Example of interfacing to 80 CPU family

118
Example af interfacing to Z80 MPU
(\/\
Ao—1 RS
A L Chip
._\/1_. - select( | -?V
Dol o] | N 5“3‘5‘
I ea=g [ ) E
ZSOB ' | N
MPU s e Ca | LCM
] ¥ (LCD-1)
I0RQ— M ]
RO M h
i - ) SR
>08°
\}\f: 0B

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

In ordar ta check busy flag, transfer the data of
DB, ~ 08, to A register (accumulatar) by execut
ing |n/Out instruction. After that, busy flag can
be easily checked by examining 08,.

{c)

S

YRVANVAN
—
10M
1 [ ) £
RD EEgN
LCM
WR s e o (LCD-1)
1 select | T3
s, — R/W
80 l
ALE Hs Q RS
A HH’_ ] LT (74LS74)
A, R D
AD, L) L 4D, D,
Q<,_—::V_U e,

Fig. 5 Examgie of connection with LCM being used as a part of memaries an the datermined address.

Figure 5 is an exampte aof connection with LCD module
being used as a part of memories on the determined
address.

Generatas RS signal {Register Select signal) by latching
the cantent of AD, at the rising edge of ALE signal. By
using this method, you can obtain RS signal from the
AD, among 8 bit addresses generated at the clock of the
first machine cycle. In case of using LCD madule as an

oo

1/Q equipment, chip select signal is necessarily actjvated
when 1Q/M signal is “"High’’ level,

Furthermc'r;e, by using A8 far AS signal, the interface is
easily realized.

8y both methods, busy flag can be checked by storing
status data inta A register (Accumulator) and examining
the bit 7 by 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/O port. |f 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 desighation of interface data length for

HITACH]

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

well as the data transfer.
program.

4-bit operation is selected by

4 bits). in the latter case, the timing sequence becomes
R
R W I \

E A S U S U S VR S O — - —

'

\

Internal I
s

lnternal oueration

D8-

1 —
AT 777 O 77 B €O Y/

Lnstruction write Busy flag chevk

(Note) [R7,[R3

AC3

LONLT b WL

Buay flag cherk

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

Fig. 6 An exampla of 4 bit data transfer timing sequence

D|1
‘D

HMCS
43C Dis
Rio~Ris

RS
W
E
LCM
DB.~DB~

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 P1A
and so on, add the circuit that inhibits the output of Enabie
signal at the address which is not assigned for HD44780.

E

Az =0 L’

A {0 . /‘—— E :
- — .

A __I"./ LCM

A ’

Ao RS

R/ W R/'W

Fig. 8 Example of addresses (3000}, , ~ {3FFF), , being amigned for
HD44780

alawmd

3.2 Ability of driving bus line

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

The data bus terminais 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 autputs high level volt-
age during the data bus being cpened.

3.3 Power supply voltage for liquid crystal display drive

At interface of liquid crystal dispiay module, there are three
power supply terminals, Vgg, GND, and V,. LCD module
is driven by the valtage that is equal to Vgg — Vo, when
supplying power for liquid crystal display drive t0 V, terminal.
Since suitable -voitage of power supply for LCD shifts ac-
cording to temperémre change adjust supplying power to LCD
by referring to Fig. 9 or Fig. 10.

!
|
l

T P T T I % L R R
'

b aen

Asbaya ot

by

Che e pdree

PREET I
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ample of interfacing to 780 MPU
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RS
Chip

LCM
h’ (LCD-1)

RW

DB,

/€ Circuit is an example of connection with 280
and HD447B0A00 as an 1/0 equipment. It

Je used as a part of memories by using MREQ

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

: of interfacing to 80 CPU family

Db,

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

{c) In order to check busy flag, transfer the data of
DBy ~ DB, 10 A register (accumulator) by execut-
ing In/Out instruction. After that, busy flag can
be easily checked by examining DB,.

LCM
(LCD—1)

Fig. 5 Example of connection with LCM being used

' éxample of connection with LCD module
P 2 part of merories 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 the
‘yele. In case of using LCD module as an

e d

as a part of memories on the determined address.

170 equipment, chip select signal is necessarily activated
when 10/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

$tatus data into A register {Accumulator) and examining
the bit 7 by software.

DS———

"
-

t

|

e .-'\ R Ry

Vel .

RLLE Y SRR
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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 /O port. If the !/O port has enough bits,
data can be transferred in B-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

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 '

well as the data transfer.
program.

4 bits). In the latter case, the timing sequence becomes
RS
R W / \

{

Internal _____—JV

Iniernal overation

1 [/

DB-

7 PRV 77 O TID) 77, 3B O

Instruchion write Busy flag check

| Buay flag <hei | THalrot Cioh write

(Note) [R7.IR3 :lInstruction 7th bit, 3rd bit. -

AC3

: Address counter 3rd bit.

Fig. 6 An exampile of 4 bit data transfer timing sequence

Dus
DN
HMCS
43C Dis
4
Riyo~Rys —

RS
RW
E
LCM
DB.~DB~»

Fig. 7 Example of interface to the HMCS$43C

3. Precautions on constituting hardwares

3.1 Chip select

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

E
Als@

A {0 >\[ E
An —____f_'*-/
P ] LCM
Ao RS
R'W R W

Fig. 8 Example of addresses (3000), , ~ {3FFF),;, being assigned for
HDA44780

wPnd

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
fevel.

Since the data bus has pull up MOS, it outputs high leve! 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 to Vpp — Vg, when
supplying power for liquid crystal display drive to V, terminal.
Since suitable’ voltage of power supply for LCD shifts ac-
cording to temperature change adjust supplying power to LCD
by referring to Fig. 9 or Fig. 10.

4.bit operation is selected by

!
|

pgeae eee vt

P T

g A

EPIYN Or I

SR gAYy
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(1) Example of variable driving voltage by a3 variable resistance
{VR)
The driving voltage can be changed by VR to compensate
the influence of surrounding temperature.

—]
Voo > Voo
LCM
Vg =%
GND " Vss

7T

Hecommended ¥ value =10k -~20%02

Fi:g. g9 Variable driving valtage circuit
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LCM TEMPERATURE COMPENSATION CIRCUIT

(- Vdd W

A2

R1 \'/be\\

Vbae will De appraximately 3.7v with a
temperatura coefficient ¢t -2mV/C. The
temperatura caefficient cf mest LCOis
approximately -14mVv/C. If R2 is chosentobe 6 x
R1 then the voitage acrass :he transistor will be
approx 4.9v with a temp ceit ot -14mV/C. A3
can be adjustad to get the 2xact threshaid
voitage needed, araund 8v for mast wide temp
LCM. This dircuit works catne principle of the

valtage across A2 being ccntrailed by Vbe this in
tum means that the current through this resister
is controlled as is that threugh A1, Thus the

4. |Initialization

4.1 lnitializing by internal reset circuit
The HD44780 automatically initializes {resets) when pawer is
turned on using the internal reset circuit. The following in-
structions are executed in initialization. The busy flag (BF) is
kept in busy state until initialization ends. {BF =1} The busy
state is 10 ms after V¢ rises 0 4.5 V.

(1) Display clear

{2) Function set ...... DL =1 : 8 bit long interface data
N =0 : 1dine display
E =0 :5 x 7 dot character fant

(3) Display ON/OFF

contral . ... ...l D =0 :Display OFF
¢ =0 :Cursor OFF
g =0 :B8link OFF
(4} Entry made set 1/D =1 : +1 {increment)
§ =0 :Nashift

s

Va voitage generated acress the dircuit is controlled
B3 by the temperature ccatficient of the transistar
and clasely tracks that cf the LCO.
Vss
\— _J

(5} Write 00 RAM

When the risz time of power supply (0.2 ~ 4.5) is out of
the range 0.1 ms ~ 10 ms, or when the low level width of
power OFF (less than 0.2 V) is less than 1 ms, the internal
reset circuit wiil not operate narmally.

In this case, initialization will natbe perfarmed narmaily.
Initialize by MPU according to "'4.2 initializing by instruc-
tian’ at the head of program.
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4.2 Initializing by instruction

If 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 long;

{ Power ON

Wait more than 15 m3
after Vpp rises to 4.5V

RS R/W DB: DBs DBs DB: DB: DB: DB: DBa
Q 0 0 0 1 1 x X X X

Wait more than 4.1 ms

rBF cannot be checked before this instruction.

Function set {interface is 8 bits long)

RS R/W DBs DBs DBs DB: DB: DBz DB: DBe
c 0o o0 0 1 1 x x X X

Wait more than 100 us

LBF cannot be checked before this instruction.J

Function set (interface is 8 bits long)

RS R/W DB DBe¢ DBs DB. DB: DBz DB DBe
0o 0 0 0o 1 1 X X X X

RS R/W DB: DBs DBs DB« DB; DB: DBi DBa
o 06 o o0 1t 1 N F x X

o o0 o0 o 0 0o 0 1 /D S

Initialization ends

aloird

BF cannot be checked before this instruction l

L Function set (interface is 8 bits long)

'HITACHI

the execution instruction time. (See Table 2)

BF can be checked after the foliowing instructions. When BF is
not checked, the waiting time between instructions is longer than

function set

Interface is 8 bits long.

display OFF Specify the number of
display lines and character
. font.
disptay ON

entry mode set

The number of display lines
and character font cannot be
changed afterwards.

N TR
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(2) When interface is 4 bits long
‘ Power ON }
Wait more than 15 ms
after Vpp rises to 4.5v
RS R'W DB: DBs D8; OB [7BF cannot be checked before this mstructxoﬂ
0 0 0 0 1 1 Function set (interface is 8 bits long)
Wait more than
4.1 ms
F N .. i
RS R W DB: DBs DB: DB. ﬁ cannot be checked before this mstructxoll
0 0 0 0 1 1 Function set (intecface is 8 bits long)
Wait more than
100 us
.
RS R W DB: DB. DB8s pe. { BF cannot be checked befors this mstructxon.l
0 0 0 b} 1 1 Function set (interface is 8 bits long)
~
BF can be checked after the foilowing instructions. When BF is
not checked. the waiting time between instructions is longer than
the execution instruction time. (See Tabie 2)
RS R-W DB: DB. DBs DB. Function set (set interface to be 4 dits long) [nterface is 8 bits long
Q 0 0 4] 1 "]
0 0 0 0 1 0 function set
0 0 N F x X
o] 0 0 0 0 .
display OFF . .
0 0 1 0 0 i Interface is 4 bits long. The number of display lines
Specxfy t_he aumber of and character foat cannot be
0 ) 0 0 0 0 display lines and character changed afterwards.
display ON font.
Q Q b] 0 Q 1
0 0 0 0 0 0 entry mode set e
o] b} 0 1 /D S ’

alind

Initialization ends
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5. Instruction

5.1 Qutline
Only two HD44780 registers, the Instruction Register {IR) and
the Data Register {(DR) can be directly controlled by the
MPU. Prior to internal operation start, centrol information is
temporarily stored in these registers, to allow interface from
HD44780 internal cperation to various types of MPUs which
operate in different speeds or to allow interface to peripheral
control 1Cs. HD44780 internal operation is determined by
signals sent from the MPU. These signals include register selec-
tion signals (RS), read/write signais (R/W) and data bus signals
{DOBo ~ 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 HD44780 functions such as display format,
data length, etc.
(2) Give internal RAM addresses.
(3) Perform data transfer with internal RAM
(4) Qthers
In normal use, categary (3) instructions are used mast 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-
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.
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.

¥
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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 lenger than the instruction time. See Table 2 for
a list of each instruction execution time,

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

renewal.
Busy signal
(BD:) Busy state——dl
i
t
Address counter
(DBs ~ DB1) AL X A+l
t ADD

tApD depends on the operating frequency

1.5
tADD = (%)
fcpor fose

o e e e L e 4

Canp oy A LA

iee

serazer

I

Lo b ch i gyt
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Table 2 Instructions

i Execution time

Execution time

|
1 Coge : )
Instruction :L - ' Description i {when tasc is lwhen tosc is
! RS AW los7 loes 'oas ‘084 D83 | 082 081 [ 080 | 2?;%,’2”,” lzclkszl
i ! \ ; | ; | : . ; te
i I ! , \ ; }
| | | | | ' ! : I ' i | Clears all display and returns the !
| Clear dispiay ; a 1o l 4] ; ¢ 10 l 0 0 i Q 0 ; cursar to the home position ;82 us~184ms |120us~49ms
: ' : ; ' . : i ' (Adgaress 0), |
; : i : ' ! ! !
| i ] ] i ! ! i ; !
: : : : ) ; i Returns the cursor 1o the home posi- *
: : : .
! i ! | i ' : ! | : ! tion (Address 0). Also returns the i
Return home o 0 i 0 | Q | o ;0 0 | c 1 l display being shifted 10 the original !40us~16ms {120 us ~48 ms
| , | ; | H X | position. DO RAM cantents remain |
. ! i ;
. ; ' ' : ' : unchanged. :
; e 5 I
T . v T | . : R :
i ; i i . : ‘ ; ; | Sets the cursor mave cirection and §
Entey mode | g o 5 o ‘g g ! o 0 i 1 wo ! specibies ar not 1o shuft the Qisplay. 40 us 120 us i
set \ | ! i i | , : y These operations are dertormed . i '
: ; : : : © during data write anc read. ‘ I :
I N P . i i
: i | ! : : ;
f ! i _ ; | i | Sets ONJOFF of all aisolay (D), i A !
: H I
OusplayON/ | o 1 g | g 10 ;0o to 11 1D cC! | cursor ON/OFF (C}. and blink of : 40 us 120 ps
OFF cantral i i i ; I f | | cursar position cnaracter (B). l
) ‘ ! J . ! : I i
i : : i ! |
| ! i i i ; I Maves the cursor and shifts the !
Cursar °”°! o ;o |0 1o Jo o iscRL display withaut chamging 0O AAM | 40 us 120 s
display shutt i | ! i : l i contents !
i I ! : i ' ; :
I T T sens !
i 1 . ! ! Sets interface cata lengtn (OL) !
Funcuion set Q Q Q o i , o] l N F oo | numper of display lines L) and 40 us 120 us
I ‘ H = character font (F).
H
: Sets the CG RAM aadress. CG RAM
Set CG RAM Q Q Q 1 Aca Qata is sent and received after this 40 us 120 us
adaress. i setting.
i i l
X Sets the DD AAM adcress. DD RAM
Set DO RAM 0 0 1 ApD data is sent and received after this 40 us 120 us
address i setung.
l R N
‘ : ' Reads Busy flag (BF) indicating
Aead buty Q 1 8F AC | internal operation is teing performed Tus 1 us
flag & acddress | and reads adcress counter cantents.
!
Wreite Gata | . .
Weites data into D0 RAM or CG
to CG or 1 o weite Data RAM 40 us 120 s
DO RAM :
X e ]
i
Read data ! Reads data from DO RAM or CG
to CG or 1 A Read Dara D aam 40 us 120 us
0D RAM i l : i
1/O. = 1. Increment {+1) I/D = O: Oecrement {—1} ) OO0 AAM: Disslay data RAM € xecution time changes when
S = 1: Accompanies disgiay shitt, x CG RAM: Character generator RAM ‘ frequency changes.
S/IC =1: -Display shwft S/C = 0: Cursor maove i Aca: CG RAM adaress | (Exampie)
R/ =1: Shift to the nght. i Apo 00 RAM address : When tosc 1s 270 kHz:
R/L =0: Shiftto the lett. I Carresponds ta cursor ;
oL =1: 8w oL =0 anvits i adaress. ' 40 us 250 17 s
N = 1. 2hines N = Q: 1 tine ; AC: Address caunter used for ! u 270
£ =1 §x10cors F =Q: 5 x7dots l both at DO and CG RAM {
8F =1: Internally aperating i address. + :
8F =0: Can accept instructian ‘ :
*No effect

Notes 1. Applied to models driven by 1/8 duty or 1/11 dury.
2. Applied to models driven by 1/16 duty.

o d
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5.2 Description of details

(1

{2)

3

Clear display
RS R/M D84 D8y

Code folo[o[o[olo[o[o[o[ﬂ
Writes space code ‘20" {hexadecimal) (character pattern
for character cade *20°" must be biank pattern) into all
DD RAM addresses. Sets DD RAM address 0 in address
counter. Returns display to its original status if it was
shifted. in other words, the display disappears and the
cursor or biink 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 R/W D87 08,
Code (o[o}o{o[olo{o[o‘lo[-J
* No effect

Sets the OD RAM address O 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 tine if 2 lines are displayed).

Entry mode set
RS RWDB,— ————— D8

Code ﬁ[o[o[olo[olo[o[uo[sJ

1/D: Increments (1/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 = 1and to the
right when 1/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 daes it
shift when S = 0.

PRav Tt
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(4) Display ON/QF F control

RS A/W OB, 08,
Code LO‘O;OLOIO{OL‘{DICiB_l

D: The display is ON when D = 1 and OFF when D = Q.

When off due ta D = 0, display data remains in the

DD RAM. It can be displayed immediately by setting
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/D, etc. does not change during display data
write. The cursor is displayed using 5 dots in the 8th
line when the 5§ x 7 dot character font is selected and
" § dots in the 11th line when the 5 x 10 dot character
font is selected.

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

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

250
of fcp or fosc. 409.6 Xﬁ' = 379.2 ms when fep
=270 kHz.)
E E
—— = ——
Cursor R
5 x 7 dot character _ wem Alternating display
§ x 10 dot character
font

{a} Cursor Display Example (b} Blink Display Example

(5 Cursor or display shift

RS R/W 0B84 D8,
Code F{oiolo\o[ﬂsmlnm[-{;‘i
* Na effect

Shifts cursor position or display to the right or left with-
out writing or reading display data. This function is used
to correct or search for the display. In a 2-line display,
the cursor moves to the 2nd line when it passes the 40th
digit of the 1st line. Notice that the 1st and 2nd line dis-
plays will shift at the same time. When the dispiayed data
is shifted repeatedly each line only moves horizontally.
The 2nd line display does not shift into the 1st line posi-
tion.

R LR
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s/IC  R/L

0 0] Shifts the cursor position to the left.
{AC is decremented by one.}

0 1 Shifts the cursar position to the right.
(AC is incremented by ane.)

1 0 Shifts the entire display to the left. The
cursor follows the display shift.

1 1 Shifts the entire display to the right. The

cursor follows the display shift.
Address counter {AC) contents do nat change if the only
action performed is shift display.

{6) Function set
RS R/W D87 084
Code {—o—ro‘ 0 OIIiOL NIrF RN
) * No effect
OL: Sets interface data length. Dataissentor received in
8 bit lengths (08, ~ DBg) when DL =1 and in 4 bit
lengths (D8, ~ 084) when OL = 0.
When the 4 bit length is selected, data must be sent
or received twice.
N: Sets number of display lines.
F: Sets character font.
(Norte) perfarm the function at the head of the grogram before ex-

ecuting all instructions {except "Busy flag/address read”’).
From this point, the function set instruction cannot be
executed uniess the intertace data Jength is changed.

No. of
. Character Quuy W
F d;ix::y font tactor Aemarks

T

1
]
S x 7 dots RY::! i
'
|

{01 1 S x 10 dots 111
i Cannat display 2 lines :
: - 2 Sx 7dots 1/16 | with 5 x 10 dot charac- |
E ter fant.
* No effect
{7) Set CG RAM address
AS R/W D87 D8g
Cade F [¢] Q 1 Al AL A Al ALA
Higher Lawer
Qrder Bits Qrder Bits

Sets the CG RAM address into the address counter in
pinary AAAAAA. Datais then written or read from the
MPU for the CG RAM.

(8)

{9)
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Set OD RAM acdress

RS AWDB;—————— 08,

CodeLO?oilAAAAAAA

_ Higher lawer
Qrder Bits Order 8its

Sets the DO RAM address inta the address counter in
ninary AAAAAAA. Data is then written or read from the
MPU for the DD RAM.
However, when N = 0 (1-ine display), AAAAAAA is
“0Q’" ~ "4F'" (hexadecimal},
when N = 1 {2:ine display), AAAAAAA is
“QQ” ~ 27" (hexadecimal} faor the first line,
ancd 40" ~ 67" |hexadecimal) for the second
fine.

Read busy flag & address

As A 08— ————————— 08

Code | o] 1ierlalalalalajala

Higher Lower
Order Bits Order Bits

Reads the busy flag {BF) 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 nat be accepted until BF is set
to “0". Check the BF status befare the next wire opera-
tion.

At the same time, the value of the address counter ex-
pressed in binary AAAAAAA is read out. The address
counter is used by both CG and DD RAM addresses,
and its value is determined by the previous instruction.
Address contents are the same as in ltems (7) and (8).

(10) Write data to CG or 00 RAM

RS R/MW 084 08y
T 1
Cade ;! { Qi0j0;|0 ojlo|o0}j0o0|D i
- Higher Lower
Qrder Bits Order Bits

Writes binary 8 bit data ODDODDDO to the CG or the
DD AAM. Whether the CG or 0D RAM is ta be written
inta is determined by the previous specification of CG
RAM or DD RAM address setting.  After write, the
address is automatically incremented or decremented by
1 according 0 entry mode. The entry mode also deter-
mines disptay shift.
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{11) Read data from CG or DD RAM
RS R/W DB~ D8g

Cade 1 1 o/ olo|D|O}|D 0|0

Higher Lower
Order Bits Order Bits

Reads binary 8 bit data DDDDDODD from the CG or DD
RAM. The previous designation determines whether the
CG or DO RAM is to be read. Befare entering the read
instruction, you must execute either the CG RAM or DD
RAM address set instruction. 1f you don’t, the first read
data will be invalidated. When serially executing the
“read” instruction, the next address data is normally read
from the second read. The “address set’”’ instruction need
.not be executed just befare the “read” instruction when
shifting the cursor by cursor shift instruction (when
reading out DD 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 na matter what the entry mode.is. .
(Note) The address counter (AC) is automatically incre-
mented or decremented by 1 after “'write’”” instruc- 1 )
tions to either CG RAM or DD RAM. RAM data e
selected by the AC cannot than be read out even if
“read” instructions are executed. The conditions i
for correct data read out are: execute either the
address set instruction or cursor shift instruction A
{only with DD RAM), just before reading out ex-
ecute the “read’’ instruction from the setond time
the “read” instruction is serial.

-
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5.3
(1)

Instruction and display correspondence

8-bit operation, 8-digit x 1-line display {using internal
raset)

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

The HD44780 functions must be set by Function Set
prior to display. Since the display data RAM can store

8 bit aperstion, 8-digit 1-line display saxample {using intarnal reset)

123

data for 80 characters, as explained before, the RAM can
be used for disctays like the lightening board when com.
bined with dispiay shift operation.

Since the display shift operation changes display paosition
only and DO AAM contents remain unchanged, display
data entered first can be output when the return home
operation is pericrmed.

No. Instruction i Operation
; Power supply ON {M 044780 is initialized by l:] i lmciatized. No displ
the internal reset circuit) i i7ialized. No display appears.
Function Set ; ; lS.a:: <] 3-3:: operanfon and selects 1-lifne.diso|ay
. i na
a 0 0 0 . 1 o 0 . . : inag a'n character fants cannat be changed
! i hereaitzr))
3 Display ON/QFF Cantrol ! E ! Turns on display and cursor. Entire display is
Q Q Q o] 0 a 1 1 1 a in scace mode because of initializatian.
Se:3 made to increment the address by one and
4 Entry Made Set E—:——] to snift the cursor 1o the right at the time of
Q g 0 © 0 0 0 1 1 ¢} writ2 (o the OD/CG RAM.
Oisclay is not shifted.
] writa "H*. The 00 RAM has aiready been
o [ .
Write Data ta CG AAM/DD RAM selecsad by initialization when the power is
5 H turned on.
1 o a 1 o} [} 1 Q Q [s] - . L. .
The cursar is incremented by one and shifted to
the right.
5 Write Data to CG RAM/DD RAM i Writes “1°
1t ¢ o 1+ ¢ o 1 Q@ 0O 1 Hi- o
1
7 E
write Data to CG RAM/CO RAM ; i s eerae
8 |, 9 o0 1 0 0 1 0 0 1 E HITACHI_ !Wm-sl.
Entry Mode Set ! - : . . . .
9 0 0 0 a a a a y 1 1 E HITACHI 3 Sats made for display shift at the time of write.
Write Dara ta CG RAM/O0 RAM | .
o] 1 0 0 a 1 0 o a 0 a Il TACHIT _ : rizes ‘"Soace
1 Write Data to CG RAM/DO RAM | Writas M
T+ ¢ 0 1 0 o0 1 1t a 1 TACHIL M_ | oM
i
| : i
12 . :
Write Data to CG RAM/DO RAM _ . |
1 MICROKN_ Wrizes 0", |
3/t o0 t 0 0o 1t 1 1 1 | Wrizes 70 |
isat nife ! : : .
14 gu“oc; ar g"n Zy S "J " 0 0 N . i MICROKD ‘ Shifts only the cursar pasition ta the left.
ispl hif ! r-———"_' ; ..
15 cc):ursoc;' or 2“9 ;Y s é’t . 0 a . . l MICROXD | Shifts anly the cursor position to the left.
16 Write Data to CG RAM/00 RAM ; Wrizes "C" (correction). The display moves 0
1 0o a 1 Q O o a 1 1 ! theleft,
17 Cursor or QOiaplay Shift MICROCO . ;h-(:: the display and cursor gasition to the
o ¢ ¢ o o 1 1 1 * i | right,
i if I
18 gurso(; ar gnsolaov Shat . a ; . . ‘ MICRNOCO [ Shifts display and cursar pasition to the right.
Write Cata to CG RAM/D0 RAM i : ;
1y 0 0 1 0 0 1 1 @ 1 ICROCOM j e |
0 0 - —
20 ' ! : i
i : ?
21 Return some i HITACHI : Rzturns doth display and cursar 0 the original 1
g Q 0 a Q o] a [o] 1 o | — . paniuan (Address Q). i
+ _____’._4
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nothing is connected to DBy ~ OBj, a rewrite is then
required. Hcwever, since one operation is completed in
two access of 4-hit operation, a rewrite is needed as 3

(2} 4-bit operation, 8-digit x 1-line display {using internal
reset)

The program must set functions priar to 4-bit operation.
The foilowing table shows an example. When power is
turned on, 8-bit operation is automatically selected and

the first write is performed as an 8-bit operation. Since

4 bit operation, 8-digit 1-line display {using internal resat)

function {see the fallowing table).
Thus, D8, ~ D85 of the function set is written twice.

Noa. Instruction

Display

Qgperation

the internai resst circuit}

Power supply ON (HD44784Q is initialized by

]

Initialized. No display appears.

Function Set

2 | RSAWDB, —  —————08,

I

Sets 1o 4-pit operation. In this case, aperation

" is handled as 8 bits by initialization, and only
: this instruction completes with ane write.

a 0 o] Q 1
i Sets 4-bit operation and sziects 1-ine display
Function Set . and § x 7 dot character font. 4-bit operation
3 |0 0 Q Q 1 [::: i starts from this point on and resetting is
0 Q o] 0 . © needed. (Number of display lines and character

fonts cannat be changed hereafter.)

Dispiay ON/QFF Coantrol

Turns on display-and cursar, Entire display is in

4 g cO) ? ? ? E__——————_] space mode because of initialization.
Entry Mode Set Sets mode to increment the address by one and
5 0 Y o 0 0 0 [:j 1a shift the cursor to the right, at the time of
o 0 o 1 1 write, ta the DO/CG RAM. ’
Display is not shifted.

| Write Data to CG RAM/D0 RAM
[ 1 Q Q 1 Q
1 0 1 4] b]

Writes "H"".
The cursor is incremented by one and shifts
to the right.

Hereafter, control is the same as 8-bit operation,

wluond

Cpraseas e

FIRTF RN

R R o L

e -

g
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|3) 8-bit operation, 8-digit x 2-line display shift are perfgrmed. In the example, the display shift s
For 2-line display, the cursor automaticaily moves from perfarmed wren the cursor is on the second line. How-
the first to the second line after the 40th digit of the 1st ever, if shift operation is performed when the cursor is
line has been writzen. Thus, if there are only 8 characters on the first line, both the first and second lines move
in the first line, the DD RAM address must again be sét together. When you repeat the shift, the display of the
after the 8th character is completed. (See the following second display will only move within each line many
table) Note that the first and second lines of the display times.

g bit operation, 8-digit x 2-line display exampie {using internal reset)

No. Instruction Display i Qperation
1
inivializad !
1 Power S,UDOW ON “"9447,80 s initiatiz ! lnitialized. No display appears.
by the internai reset circuit) e 5
Function Set e | Sets to 8-bit aperation and selects 2-ine display
2 | RSR/WOB, 8o i and 5 x 7 dot character font
v} g 0] Q 1 1 1 [} M * ! )
3 Display ON/QFF Control - Turns on display and cursor. All display is in
Q Q 0 Q 0 0 1 1 1 0 * scace mode because of initialization.
' Sats mode to increment the address by one and
4 Entry Mode Set - to shift the cursor to the right, at the time of
o o 0 0o ¢ @ o 1 1 ¢ write, to the DD/CG RAM. '
j Dispiay is not shifted.
Write “H’". The DO RAM has already been
| e h .
Write Data to CG RAM/DD RAM L selected by initialization when the pawer is
5!y 9 o 1t 0 0 1 0 0 O turned on.
The cursar is incremented by one and shifted
to the right.
6 . :
5 | Write Data to CG RAM/DD RAM HITACHI_ Writes “1”
1 o} Q 1 0 o] 1 0 0 1 )
s Set DD RAM Address HITACHI Sets RAM address so that the cursor is
Q Q 1 1 0 0 o 0 o] Q . positioned at the head of the 2nd line.
9 Write Data to CG RAM/DD RAM HITACH! Writes "M* )
1 9 0 1 o 0 1 1 0o 1 M_ .
10 . .
) .
" Write Data to CG RAM/DD RAM HITACH! Writes “0*
1. o o 1t o0 o0 1 1 1 1 MICROCO _| s
' 12 Entry Mode Sex HITACHI Sets mode for dispiay shift at the time of write
o0 0o & 0 0.0 0 1 1 1 MICROCO_ )
(3 | Write Oata to CG RAM/DO RAM [TACHI e “Man;j i'::::’ l'.:::','f::.‘i::r:"' ”f::e'd
+ @ 0 1 6 0 1+ 1 0 1 (CAROCOM . ' e are ope
: e at the same time,
14 : N
15 | Retwrn Haome HITACHI Returns both display and cursor to the ariginal
| 0o ¢ o @ o0 a o0 0o 1 © MTCROCOM positian (Address 0).
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Precaution on programming

Instruction of function set

Perfarm 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;

a. e¢Changing of DL (Data Length)

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

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

b. Changing of N (Column 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 RAM must be
changed. Thus, rewrite the address set register after that.
¢. eChanging of F {Font)

e There is no problem in this case, but for dual-line dis-
play, the font mode of 5§ x 11 cannot be selected (this
mode 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 poar.

Table 3 The reiation between the operation and the combination of RS, R/W

HITACHI

{2) Busy flag check

(3

HD44780 is produced in the CMOS process, therefore
internal executing time is long. Standard time is 40 MS ™~
1.6 ms. (This varies by instruction)

When the high speed MPU controls it, check the busy flag
befare 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 OB, as shown in Table 3, when RS = gQ”,
R/W ="1",and Enable = 1",

Input of unidentified instruction code
Undefined instruction code of HD44780Q is anly as follows:
RS R/W D8, ~ D8
0 o 0~
(Others are included to defined instruction)
When the wundefined instruction code is loaded to
HD44780, it accepts the code, but does not change the
internal states (RAM and other status of Flags). Busy

. state, however continues for maximum 40 us by the

acceptance of the code.

( RS RW . E OPERATION
0 0 —\_ Write instruction code
V] 1 __/_L Read busy flag and address counter
1 0 | ——\_- 0 Write—d;;a
1 1 ﬂ Read data 3

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

i
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- .. 7. How to check trouble
. Follow the flowchart below 10 check errors.

m Error analysis flowchart

Error analysis flow J
y

Is display made?
{Crosstalk included)

{(Immediatety after
POWER ON)

Proceec 0 @

Bl

T % ly i
Is the system initialized or C;osls.talf usdo_utlput ofnzy n
. 1 T
stabilized? e ? ine in Cisplay af 20
4 lines for example.
; No
Proceed :o@
Yes

|s character display erronegus
{in sequence for instance}?

Yes
Proceed t0 @
No
! Data can be read? ]
Na
Proceed to
Yes_

Are there any other erroneous
operation?

Yes

Proceed to @
r Normal I

v h







