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® 16 character x 2 lines

= Controller LS| HD44780 or SED 1278F is built-in ADSOUtLe-ivia b
& 45V single power SUDD!Y item Symbol Min, Max Unit
o 1/16 duty drive . Power suoniy for logie Vpp-Vss o LA B
. Power supply for LCD drive Vpp-Vo o 135 v
N In0ut voltage Vi Vss Voo v
Operating temperature Ta ] s | ¢
Storage tAmpreanite Tsg -20 _-7(-1 - “c
liem Specificstions Unit
“Nodule size 85W x 35H x 10T (Max.)* mm
Elftective display area E2W x 17.6H e INIE a1 ' : 0 . -
Tharacter size {5 x 7 dots) 2.95W x 4 B6H mm Pin No. Symbol Level Fynction
’—..Chltnclev pitch 355 mm 1 Vss ] - ov
Dot size -0.56W x 0.66H mm 2 Voo - 5V Powe=r suppiy
Weicht about 25 [} 3 \}o — -
.T:e ovev-;x thickness will be 15mm max, including LEDI&L 1 RS WIL h g\:::t:::::- tode input
LED set will be yellow.green colar unless customar secitied, .
s | Aw ML - Dare vee (LCD e - MPUS
[ € H H-L _Ensbie signal
? D8O WL
I LA v g - " 25’ DD v 8 [o]:3) KIL Dala bus lines used in B bit 1ranster
Nem Symbol | Test Condition | Min. { Tvp.§ Max. Unit -2 082 /L
$nput “hligh”™ voltepe Vin 2.2 v 10 D8l HIL
tnput “iow™ voltage viL 0.6 v 11 DB4 RIL :
Output high'voltage Vou |~loH-02mA | 2.4 v 12 085 HIL Oista bus lines uicd for both 4 and & |
OutdutTlow voitage VoL | lor=12mA X v 13 fol:1 HIL bit transfer ;
Power supply current | tpp | Ypp© 50V 10 30 | mA 4, D87 WL ]

J
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e DOTUATAXL0D MODULES -

oewa O S e Rt

hemn Module Size Viewing Area Chaj'acler Dot Size Backlioh Type
vosa Character fromat Character font (Wx Hx Tmm) (Wx H mm) " xs:emm_) (WxH mmy iy -
DV-1601 16 chars x 1 line £x7 dots + cursor BO.Ox35.0x10.0 | 64.5%x13.8 | 3.67x5.73 | 0.55x0.75 O O
OV.16018 Y6 chars x 1line | 5x7ools+cussor | 122.0%33.0x10.0 | 90.0x13.0 | 4B2x9.65 | 1.10x0.02 O O
DV-1602-30 16 chars x 2 lines S x 7 dots + cursor B5.0x 30.0x10.0 62.2x17.2 2.7Bx4.27 | 0.50x0.55 O O
DV-1602-44 | 16chars x 2lines | Sx7 dols+cursor | §40x£4.0x10.0 | 62.2x%7.8 | 2.96x4.85 | 0.56x0.65 O O
DV-1604 16 chars x 4 lines S x 7 gots + cursor 67.0x60.0x10.0 61.5%x25.2 2.95x4.15 | 0.55x0.55 O —
Dv.2002 20 chars x 2 lings 5x7 dots + cursor 115.0x36.0x10.0 B3.0x18.8 3.20x4.85 | 0.60x0.65 O O
V2202 24 chars x 2 lines Sx7 dots + cursor T1B.0x36.0x 10.Q 84.5x18.0 3.20x42.83 0.60x0.€5 O O
oV.2082 40 chars x 2lines | Sx7 cofs+cursor | 1B2.0x335x10.0 | 154.0x16.0 | 3.20x4.85] 0.60X0.65 O O




HOW TO USE THE LCD MODULES WITH CONTROLLER HITACHI HD 44780

z INTRODUCTION = FEATURES

The LCD-II {HDA44780) is a dot matrix liquid crystal display ~ ®_ Capable of interfacing 10 4-bit or B-bit MPU.
controller & driver LS| that displays alphanumerics,-kana ® Displaydsta RAM ... .. ... 80 x B bits
characters and symbols. It drives dot matrix liquid crystal (80 characters, max.)
display under 4-bit or 8-bit microcompuier or microprocessor  ® Character generator ROM . . . .
control. All the functions required for dot matrix liquid crys- Character font 5 x 7 dots: 160 characters
<al display drive are internally provided on one chip. : Characier font 5 x 10 dots: 32 charatters
The user can complete dot matrix liquid crystal display sys- ® Both display data and character genersior RAMs can t
1ems with less number of chips by using the LCD-IF {(HD44780). read from the MPU.
19 a driver LS| HD44100H is externally connected 10 the ® Wide range of instruction functions
HD44780, up 1o 80 characters can be displayed. Display clear, Cursor home, Display ON/OFF, Cursc
The LCD-I is produced in the CMOS process. Therefore, the ON/OFF, Display character blink, Cursor shift, Disple
combination of the LCD-I with a CMOS microcomputer or shift
microprocessor can accomplish a portable battery-drive ® Internal auiomatic reset circuit at power ON. (intern:
device with lower power dissipation. N reset circuit)
1. Power Supply
POWER SUPPLY FOR SINGLE SUPPLY VOLTAGE TYPES POWER SUPPLY FOR DUAL SUPPLY VOLTAGE TYPES
T Voo {=5V) v ="
Voo + Vo ] Voo-Ve 1 JT_V""
Lcw Ve SvR = Voo LoM v.——-—-—-—-——pm_’.__..vn
. |
Ve T e 1-5v)
Voo © Vo' LCD oring votiage
Voo Vo LED ommwing voRage . VR T0kE ~ 20ke)
VR 10x1) - 20%!)
Stangard Temderaure Range
—HV: =10" 10-60°C
Extended Temoersiure Range
~HT:=20%1c-70°C
Stancare Temperature Ranoe Wide Temperature Range
-1V 010450 C ~ERT: =30 1c-80°C

2. Connecting MPU with LCM

2.9. Driver circuit block diagram

Figure 1 shows the driver circuit block diagramn of LCM with built-
in controlier LS!. Controller LS1 HD44780 (LCD-H} is built in this
LCM. Also extended LCD driver LSI is built in the LCM that dis-
plays more than 16 digits.
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e DOT

MATRIX LCD MODULES - - -

hem Module Size Viewing Area Chaf'acler Dot Size | D2FKiGh Type
oo Characier fromat Characier font (W x Tmm) WxH mm) (Wxs:emm_) WxH mm) - -
DV-1801 16 chars x 1 line 5x 7 dots + cursor “so.o x38.0x10.0 | 645x138 | 3 07 x5.73 | 0.35x0.75 O O
DV-1601B 16 chers x 1 line 5x 7 dots+ cursor 122.0x 33.0x10.0 220x13.0 4.B£x9.85 | 1.10x0.62 O O
DV-1602-30 | 16 chars x 2lines | 5x7 dots+ cursor BS.0x30.0x10.0 | 62.2x17.2 | 2.76x4.27 | 0.50x0.55 O O
DV-1602-44 | 16 chars x 21ines | Sx7 dots+cursor | 840x£40x100 | 622x17.8 | 2.08x .86 056x065 | () O
DV-1604 16 chars x 4 lines $x 7 dots + cursor 87.0x80.0x10.0 €1.5x25.2 2.85x4.195 | 0.85x0.55 O —_
DV-2002 zg chars x 2lines | Sx7 dots+cursor | 115.0x360x70.0 | B3.0x 16.8 3.20x4.85 | 0.60x0.65 O O
2v-2e02 24 chars x 2 lines S x7 dots + cursor 118.0x 36.0x 10.9 €4.5x 8.0 3.20x 4.85 0.60x0.65 O O
DV-2002 40cha’s x 2lines | Sx7 cofs+cursor | 182.0x335x10.0 | 156.0x60 | 3.20x4.85 OO0

0.60X0.65




HOW TO USE THE LCD MODULES WITH CONTROLLER HITACHI HD 44780

s INTRODUCTION

The LCD-II {(HD44780) is a dot matrix liquid crystal display
controller & driver LS! that displeys alphanumerics, -kana
characters and symbols, 1t drives dot matrix liquid crystal
display under 4-bit or 8-bit microcompuler or Microprocessor
control. All the functions required for dot matrix liquid crys-
12l display drive are internally provided on one chip.

The user can complete dot matrix liquid crys:al display sys-

1erns with less number of chips by using the LCD-T (HD44780).

19 a driver LS| HD44100H is externally connected 10 the
HD44780, up 10 80 characters can be displayed.

The LCD-II is produced in the CMOS process. Therefore, the
combination of the LCD.II with a CMOS microcomputer or
microprocessof can accomplish a portable bantery-drive
device with lower power dissipation. N

1. Power Supply

= FEATURES

®_ Capable of interfacing 10 4-bit or B-bit MPU.
® DisplaydstaRAM ........ 80 x 8 bits

(80 characters, max.)
® Character generator ROM . . . .
Character fon1 5 x 7 dots: 180 characters
Character font 5 x 10 dots: 32 charatiers
® Both display dsta and characier genersior RAMs can &
read from the MPU.
e Wide range of instruction functions
Display clear, Cursor home, Display ON/OFF, Cursc
ON/OFF, Display character blink, Cursor shift, Displa
shift
® Internal automatic reset circuit at power ON. ({intern:
reset circuit)

POWER SUPPLY FOR SINGLE SUPPLY VOLTAGE TYPES

o (-5v)
Voo Vo
Ve A
tem Ve STVR TV
Vs? T
o

Voo Vo LED orwing votage
VR (i) - 20wd)

Stancard Tempersure Range
~LV: Ot «507C

POWER SUPPLY FOR DUAL SUPPLY VOLTAGE TYPES

» =5V
1 VeerVe L l‘ Voo
LCM Vg s 2 !

- {=5v)

Voo » Vo LCD orrving vohage
VR 10K{} ~ 20k

Stangard Temderature Ranoe
—HV:=10"10-60°C
Extended Temoernure Range
~HT:=20"1w0-20°C
Wigde Temperature Range
—ERT; =30 1c-80°C

25 Connecting MPU with LCM

2.1. Driver circuit block diagram

Figure 1 shows the driver circuit block diagram of LCM with built-
in controller LS!. Controlier LS| HD44780 (LCD-1) is built in this
LCM. Also extended LCD drivet LS! is built in the LCM that dis-
plays more than 16 digits.
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2.2 interfacing to MPU

In the HD44780, data can be sent in either 4-bit 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
using only 4 buses: DBy ~ DB,. DB, ~ DBj are not

lower order 4 bits (content of DB, ~ DB; when interface
data is 8 bits long) is transferred. Check the busy flag

used. Data transfer between the HD44780 and the MPU
completes 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, then the

RS

after 4-bit data has been transferred twice (one instruc-
tion). A 4-bit 2-operation will then transfer the busy flag
and address counter data.

—

Y ————
e—" S S

0B 722K X TR XXX AT XU} S RO,
DB 722X LR X 18 XRZRERTECHU LD
DBs 722X TR X TR XXX CXUTIDRORRIDGENRIL,
28, 722X 1R X T R XXX C X IGRKIDKTHL,

Busy fiay {BF) and Data register (DR) read
agdress counter {AC) read

tnstruction {IR) write

Fig. 2 4-bit data transfer example

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

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

RS

aw— J
Imernﬂ%.’ " .
X7 ST 777 O O 1 TS

H

internal operation l

_ Instruction write Busy flagcheck | Busy flageheck ; Busy flag check fnstruciion write

Fig. 3 Example of busy flag check timing sequence

@ When connecting to 8-bit MPU through PIA ’
Fig. 4 is an example of using a PIA or 1/0 port (for buses DBy to DB, and PA, to PA, are connected to E,
single chip microcomputer) as an interface device. Input R/W and RS respectively. Pay attention to the timing
and output of the device is TTL compatible. relation between E and other signals when reading or
In the example, PBy to PB, are connected to the data writing data and using PIA as an interface.
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RSe PAo
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PBo~PB-
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Fig. 4 Example of interface to HD68BOO using PIA (HDEBB21)

HpeeOO

Dy

VMA

Connecting directly to the 8 bit MPU bus line

N

L/

a1

W

~Dy

Example of interfacing 1o the HD&805

Ap~Aq

HD68OS Co

<J

HD#301 P,

~ Py

LCM Te
- RS COM, ~ [~
coM,,
RW * Connected
E HD44780 to LCD
SEG,~ 40
SEG,,
8
DBo~DBy
LCM
COM, 18
E ~COM, ¢ |—— .
447
RS HD44780 Connected
to LCD
R -~
W seo, 40
~SEG,
DE,~DB, °
LCM
com e
~DR. Ny bl
DBo~DB: oM.,
HD447 . Connected
E 80 v 10 LCD
RS SEG,
~SEGo
Rw
LCM
RS cow, 18
RAW ~COM, O
E
HD44780 Connected
to LCD
DBy~DBs 0
SEG;, |k
~SEGeo
[ e BT s
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Example of interfacing to 280 MPU

P t
Ao 1 RS
Ay — Chip
Al,—w - select r+5V
De - 3\ S
i D> Q—E
z00® D 4 —
T
MPU L1 bl LCM
° wiiile (LCD-1)
I0RQM M 1
FDp
WA )2 RAW
DB,
< b,
U
Note: 280 is the trademark of ZILOG, U.S.A.
(a} Above circuit is an example of connection with Z80 {c) In order to check busy flag, transfer the data of
MPU and HD44780A00 as an 1/O equipment. It DBy ~ DB, to A register (accumulator) by execut-
can be used as a part of memories by using MREQ ing In/Out instruction, After that, busy flag can
signal. be easily checked by examining DB,.
{b) AO signal can be used for RS signal.
A0 = 0: instruction register is selected.
AQ = 1: Data register is selected.
(& Example of interfacing 10 80 CPU family
10N L]
[ | ] E
RD HRRE i
I LCM
WR - N 3‘; = (LCD-1)
s, l — ” R/W
s» 1]
ALE S Q RS
Al 'HH" B I__T (74L574)
A Rp
Ay
ADs LRy JaD, DB,
e >
AD DB,

TR

Fig. 5 Example of connection with LCM being used »s » part of memories on the determined address.

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

Generates RS signal {Register Select signal) by latching
the content 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 cese of using LCD module as an

1/0 equipment, chip select signal is necessarily activated
when I1Q/M signal is "High’ level.

Furthermore, by using AB 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.



{2) Interface 1o 4-bit MPU
The HD44780 can be connected 10 a 4-bit MPU through
the 4-bit MPU 1/0 port. 1f the 1/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 easch (with designation of interface data length for

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. 4-bit operation is selected by
" program.

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

Internal l
ZRIRTX1R8

internal operation

DB+

AV aVal

N

Instruction write

" Busy fiag check l Busy flag check I Instruction write

{Note) JR7.IR3 :Instruction 7th bit, 3rd bit.

AC3

: Address counter 3rd bit.

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

Dy RS
Du RW
HMCS
43C D E
LCM
+
Rie~Rys ~ DB4(~DB.

Fig. 7 Example of interface 10 the HMCS43C

3. Precautions on constituting hardwares

3.1 Chip select

HD44780 has no CS (chip select) terminals. Therefore, when
this LS! is connected directly 1o Data Bus line not through PIA
and so on, add the circuit that inhibits the output of Enable
signal 21 the address which is not assigned for HD44780.

E
A, gﬁ E
A .:—>o———\—-———‘r:
A Lem
f P —
Ao RS
RAW R/ W

Fig. 8 Exampls of addresses (3000};, ~ (3FFF)y¢ bvir;g assigned for
HDA44780

3.2 Ability of driving bus line

DB,y 10 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 voit-
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 10 Vpp — Vg, when
supplying power for liquid crystal display drive 10 V, terminal.
Since suitable voltage of power supply for LCD shifts ac-
cording to temperature change adjust supplying power 10 LCD
by referring to the figures on Page 3.



4. Initialization

4.1 Initializing by internal reset circuit
The HD44780 automatically initializes (resets) when power is

turmed on using the internal reset circuit. The following in- (5
structions are executed in initialization. The busy flag (BF) is
kept in busy state until initialization ends. (BF = 1} The busy

stete is 10 ms after Vg rises 10 4.5 V.

(1) Display clear

(2) Function set ...... DL =1
‘ N =0
F =0

(3} Display ON/OFF
controf . ........ D =0
c =0
B =0

(1) When interface is 8 bits iong;

: 8 bit long interface data
. 1-line display
: § x 7 dot character font

: Display OFF
: Cursor OFF
: Blink OFF

{4}

Entry mode set .. ..

1/D =1 : +1 {increment)
S =0 :Noshift

Write DD RAM
When the rise 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 will not operate normally.

In this case, initialization will not be performed normally.

initialize by MPU according to *'4.2 initializing by instruc-

tion” at the head of program:

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:-

‘ Power ON )

Wait more thas 18 ms
afier Vpp rises to 4.5V

RS R'W DB: DB« DBy
o o o6 o0 1

DB. DBy DB: DB: DB¢
1 x x x x

more than 4.) ma

BF cannot be checked before this instruction. ]

Function set (imerface is B bits long)

RS R W DB- DB« DB:
o ¢ o0 o0 1

DB. DB+« DB: DB: DBs
1 » x x %

l Wit more than 100 us l

[l BF cannot be checked before 1his inﬂr\lclion]J

Function set (interface is 8 bits long)

RS R'W DB: DR. DB: DR. DBy DA: PRy DRe

60 0° &

1 x x x v

o o ¢

' DB- DB. DB. DB, DB DB: DB:.DBe

1 N F r» x

[ BF cannot be checked before this instruction ]
Function set (interface is B bits long)

L

* BF can be after the When BF i
not checked, the waiting lune belween instructions is ionger than
the erecution instruction time. (Ser Tadle 2)

funttion set

Interface is 8 hits iong.

dispisy OFF ! The number of display lines
3?;2?1‘7 e mumbe O rer | 27 charactes font cannot be
forn, ¥ changed afterwards.

display ON B

entry mode et



(2) When interface is 4 bits long

‘Wait mare than 15 ms
afier Vpp rises 10 4.5V

.I BF cannot be chetked before this instruction.

RS R/W DB) DB« DB: DB.
0 o0 ¢ 1 1 Function ses (interface is § bits long)
Wait m
4.
RS R/W DB» DB, DBs DE. BF cannot be checked before this immnion.]
o [ [ L4 ] 1 Function set (interface &5 § bits long)
RS R/W DB: DB. DB, DB. { B cannot be checked before this instruction. |
-] 0 ° [ 1 1 Function set (interface is B bits long)
L
BF can be checked after the following instructions. When BF ot
ot checked, The waiting time berween instructions is longer than
the execution instruction time, (See Tadle 2)
RS R/W DB: DB« DB; DS8. Function set (sel interface 10 be & bits long) Inmerface s & bits long
0 o 0 0 1 0
o o 8 8 1 0 function set
(] [ N F x x
0 o o 0 [ 0
isplay OFF N .
o ¢ 1 © o o amplay Interfaceis 4 bits long: ) The number of display lines
Specify the number of a0d tharactes font cannot be
° ° o ° ° ° . display lines and character changed sherwards.
display ON font.
0 [ 4 o ]
o 0 0 ° 0 0 entry mode set
] [} [ 1 b s

Initislization ends




5. Instruction

%.1 Outline )
Only two HD44780 registers, the Instruction Register {IR) and
the Data Register (DR} can be directly controlled by the
MPU. Prior 10 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 10 allow interface 1o peripheral
control 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
{DBy ~ DBs), and are called instructions, here. Table 2 shows
the instructions and their execution time.
plained in subseguent 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) Others —
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 10 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 10 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 10 1" while an instruction is being
executed, check 10 make sure it is on 1" before sending an
instruction from the MPU.

Deitails are ex-

Note 1 :
Make sure the HD44780 is not in the busy state (BF = 0)
before sending the instruction from the MPU 1o the
HD44780. If 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
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’. 1tapp is stipulated the time from
the fall edge of busy flag 10 the end of address counter’s
renewal. A

Busy signal

(BD-)  Busystate—_
i
1

A X A+

-

Address counter
(DB, ~ DB-)

1 AD!

1ADD depends on the operating {requency

1 @
= —(s
ADD fecpor foge



Table 2 Instructions

Code Execution time | Execution time
Instruction B ... Description . {when fosc is {when fosc is
o : ’ e esTie U 250 kHz) - © 160 kHz)
RS |R/W |DB? | DB6 jDBS Daf DB3 |DB2 |DB1 | DBO R - o 3 o s
. . Clears all display and returns the .
Cleardisptay | 07 | 0 0 o] 0 0 -] 1] 1 cursor 10 the home position —: - B2us~1.64ms {120 us ~ 49 ms
. : - ~ oo - {Address 0) o e
1 R S s -
Returns the cur;ov 10 the home posi-
. tion (Address D). Also returns the
Return home 0 0 0 0 0 ] [+ 1 . display being shifted 10 tne original 4Dps~16ms {120 s ~4.8ms
- 11 position. DD RAM contents remain
unchanged.
Sets the cursor move direction and
ifi ¢ b .
Entry mode o 0 ° 0 0 0 1 D s specifies or ngl 10 shift the display. 40 us 120 us
set These operations are periormed
- during daia write and read.
X Sews ON/OFF of alt display (D),
Display ON/ 1} | o o |o {1 1o ]c | B |cumso ONOFF () and blink of 40 s 120 4
OFF control it
cursor position character {B).
Moves the cursor and shifts the
Cursor and - - B . .
o] 0 4] 4] 1 SIC {RIL display without changing DD RA 40 us 120 us
display shift B
contents S . .
_ Sets imerface data length (DL)
Function set 0 4] 0 1 DL N F . . number of display lines (L} and 40 ps 120 us
characier font (F).
Sets the CG RAM address. CG RAM
S;;f;Gs RAM [s] [+] 1 Aco data is sent and received sfter this 40 us 120 s
@ s setung,
hy . :
Set DDRAM { o | a ::: . ;210 a:: ::;?:::heor?h?sAM 4 120
address oo . b b
setting.
1, i .
Read busy o | AC ::::?:::“ r;.goLB: )z: :‘m .:1: med ) 1
tiag & address pe '"G pertor us iad
and reads agdress counter contents.
Write ga1a N
10 CG or , o Write Data ;vl;:;:s daw o DD RAM or CG 20 s 120 gs.
DD RAM ) .
Read data . ’ )
- ki
to CG or 1 1 Read Data 2:‘;‘ data from DD RAM or CG 40 us 120 us
DD RAM N
17D =1:  Increment {+1) I/D = 0: Decrement {—1) -DD RAM: Display cata RAM Execution 1ime changes when
5 =1  Accompanies display shitt. CG RAM: Characrer generator RAM | frequency changes.
§/C = 1: Display shift $/C = 0: Cursor move Acg: CG RAM acdress {Exampie)
R/L =1: Shifttothe right. ApD: 0D RAM adoress When fosc is 270 kHz:
R/L =0:  Shify 10 the lefr.’ Corresponds 10 cursor :
DL =1. Sbus DL =0: 4bits address. . 250
N =1 2tmes N =0: 1 hne AC: Adaress counter uses tor | 2045 270 =3
F =1 5x10¢01s £ =0:5x7dous powh of DD and CG RAM
BF = 1-  Internally operating address. .
BF =0: Can accept instruction

° No effect




5.2
(M

(2)

(3)

Description of details
Clear display
RS RMW DBy DBp
1 T T { I 1 | T 1
Code [oloio,|olo]o]c>|o]olxj
Writes space code 20" (hexadecimal) (character pattern
for character code *“20° must be blank pattern) into all

DD RAM addresses. Sets DD RAM address O in address

counter. Returns display 10 its original status if it was
shifted, In other words, the display disappears and the
cursor or blink go 1o the left edge of the display (the
first Jine if 2 lines are displayed). Set /D = 1 {increment
Mode) of Entry Mode. S of Entry Mode doesn’t change.

Return home
RS RWDB;—————————_ DBy
T
Code io!olo]o.lo;o}oiohﬂ»]
* No effect
Sets the DD 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 RMWDB,— DBy
cose {0]o0folololofo]olunls]

1/D: Increments (1/D = 1) or decrements (1/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 1o the right or to the
left when S is 1; to the left when I/D = 1 and 10 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 into or reading out from the CG RAM does it
shift when S = 0.

{4) Display ON/OFF control

RS R/W DB DBg

coce {0|ofofofofof1]n]c]a] .

D: The display is ON when D = 1 and OFF when D = 0.

“ When off due 10 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 = 0. Even if the cursor disappears, the fune-
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
5 do1ts in the 11th line when the 5 x 10 dot character
font is selected.

B: The character indicated by the cursor blinks when B
= 1. The blink is displayed by switching between all
blank dots and display characters at 408.6 ms interval
when fep or foo. = 250 kHz. The cursor and the
blink can be set to display simultaneously. (The
blink frequency changes according to the reciprocal

250

of fep or fo .. 409.6 x = 379.2 ms when f
os¢ 270 cP

=270 kHz.}

.—- -'

= @

s =

~ = ——
Cursor . .

§ x 7 dot character _ ‘mes Alternating display
font 5 x 10 dot character ..

font
{a) Cursor Display Example {b) Blink Display Example

{5) Cursor or display shift

RS R/WDBy———————————DByg

Code ©0{0|0. 0,01 SCRL «]|-=

S

* No 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 10 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 displayed data
is shifted repeatedly each line only moves horizontally.
The 2nd line display does not shift into the 1st line posi-
tion,



S/IC  R/L
0 -0 Shifts the cursor position to the left.
(AC is decremented by one.)
0 1 Shifts the cursor position to the right.
. {AC is incremented by one.)
1 0 Shifts the entire display to the left. The
cursor follows the display shift.
1 1 Shifts the entire display 1o the right. The

cursor follows the display shift.
Address counter (AC) contents do not change if the only
action performed is shift display.

(6) Function set

c:ode'IR: !R;WlDSV} 3K }m.lw] FJN ]:.Boj

DL: Sets interface data length. . Data is sent or received in
8 bit lengths (DB, ~ DBy} when DL = 1 and in 4 bit
lengths (DBy ~ DBg) when DL = 0.
When the 4 bit length is seiected, data must be sent
or received twice.

N: Sets number of display lines.

F: Sets character font.

{Note) . Perform the funclion at the head of the program before ex-
: ecuting all instructions {except “Busy flag/address read™).

From this point, the function set instruction cannot be
executed unless the interface data length is changed.

] No. of
> Character Duty
| NF d;'splay font factor Remarks
h ines i
{ oo 1 5x 7dows ! 1/8
L0 1 i8x10dows ! 111 |
i i Cannot display 2 lines
R 2 . Sx 7dows ¢ 116 with 5 x 10 dot charac-
i i i i ter font.
. * No etfect

(7) Set1 CG RAM address

RS RIWDBy———— DBy
: 1 1
Code lolol 0| IAIAIA‘A]A]AJ
Higher Lower -
Order Bits Order Bits
Sets the CG RAM address into the address counter in
binary AAAAAA. Data is then written or read from the
MPU for the CG RAM.

(8) Set DD RAM address

(8)

RS R/W DB7———\~___’DB°
Code !0!0! ] !A!A}A!A!A!A,‘A!
Higher ' lower -
Order Bits Order Bits
Sets the DD RAM address into the address counter
binary AARAAAAA. Data is then written or read from t+
MPU for the DD RAM. : :
However, when N = 0 (1ine. display), AAAAAAA
“00" ~ "4F" {hexadecimal),
when N = 1 (2-line display), AAAAAAA
“00” ~ "27” (hexadecimal) for the first linc
and “40" ~ 67" (hexadecimal) for the secon
line.

Read busy flag & address

RS RMW DBy—————————————— DBy

Code lo]1j5F|A]AIA]A|AJAiA]

Higher Lower -
Order Bits Order Bits

Reads the busy flag (BF) that indicates the system is niov
internally operating by a previously received instructior
BF = 1 indicates that internal operation is in progress
The next instruction will not be accepied until BF is se-
1o “0”. Check the BF status before the next wire operz
tion.

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

(10) Write data 10 CG or DD RAM

RS RWDB,—————— DB,
i

Code 1§OfDIDlD!DID§D}D}D}
Higher Lower
" Order Bits Order Bits

Writes binary 8 bit data DDDDDDDD 1o the CG or the
DD RAM. Whether the CG or DD RAM is 10 be writter
into 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 10 entry mode. The entry mode also deter-
mines display shift.



o

{11) Read data from CG or DD RAM

RS RWDBy——————— DB,

Code :1;1,§DJ!D}D=D;D}D%D}D]

Higher Lower . -
Order Birs Order Bits

Reads binary 8 bit data DDDDDDDD from the CG or DD
RAM. The previous 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 DD
RAM 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 normally 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 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 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 second timne
the “read” instruction is serial.



§.3 instruction and display correspondence data for 80 characters, as explained before, the RAM can

{1} 8-bit operation, 8-digit x 1-line display (using internal ‘be used for displays like the lightening board when com-
reset) : _ bined with display shift operation. ) )
Following table shows an example of 8-bit x 1.line display Since the display shift operation changes display position
in 8-bit operation. - only and DD RAM contents remain unchanged, display

The HD44780 functions must bé set by Function Set data entered first can be output when the return home
prior to display. Since the display data RAM can store operation is performed.

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

No., Instruction 2 Dispiay Operation
Power supply ON (HD44780 is initialized by :] . .
1 the internal reset circuit) Initialized. No dispiay appears.
Function Set §ets to 8-bit operation and seiects l-h‘ne'display
2 RSR/WDBy————_____0B l: lines and character font. (Number of display
7 0 lines and character fonts cannot be changed
00 0 0 1% 1t 0 0 *+ -
hereafter.)
3 Display ON/OFF Control Turns on display and cursor. Entire display is
0 0 0 o o0 0 1 1 1 0 E in space mode because of initialization,
Sets mode 10 increment the agdress by one and
. 4 Entry Mode Set 10 shift the cursor 10 the right at the time of
0 0 0 0 0 O 0 1 1 0 E write 10 the DD/CG RAM.
’ Display is not shifted.
Wiite “H”. The DD RAM has aiready been
Write Data 10 CG RAM/DD RAM selected by initialization when the power is
®1 003 00 1 0 0 0 -] e o
= The cursor is incremented by one and shifted 10 ;
. . the right. H
Write Data 10 CG RAM/DD RAM | e sepee
v o0 10001 0 0 1| [ ) e
1]
7
! write Data 10 CG RAM/DD RAM .
4 espra
843 0 0 1.0 06 1 0.0 1 [HITACHI] Writes 71
{ Entry Mode Set = . . . :
T : H § [} hi h \ .
9 {o ©o 0 0D 06 0 0 1 7 B *HITACHI_ Sets mode for display shift a1 the time of write
[ .
Write Data to CG RAM/DD RAM . :
‘ Wi . :
10 ;1 o o o 1 o 0 0 0 o 1TACHI_ rites “*Space K :
! Write Data to CG RAM/DD RAM -
"o o 1000 11 0 4 TACHI M_ Writes M. !
12 i 3
Write Data to CG RAM/DD RAM : - . i
1 M aOKo0 0.
3 1 0 o 1 o o 1 1 1 1 MICROKO_ Writes *0' ;
14 gwscg or l;nspl:,v Shgt v o o - - Mi1Croxa ] Shifts onty the cursor position 1o the lef1. ;
" N N . |
15 g‘"‘"é or g""‘;“ S"g‘ T o o - - [MTcROKO Shifis only the cursor position 1o the left. ;
e Write Data 10 CG RAM/DD RAM M crRoco Writes “C" (correction). The display moves 10 :
t 0 0.1 0 0 0 0 1 1 L~ = the left,
i Cursor or Diaplay Shift ’ T v Shifts the display and cursor position to the
7 | MICROCO g k ;
.0 000 0 0 1 1 1.+ LMicROCO | right. _ i
18 i gu'”o' or gisn‘;v Shg' 3 o 3 . . ’ MICROC Oj . Shifis display and cursor position 10 the right.
Write Data to CG RAM/DD RAM .
19 3 0o © 13 o 0 1 1 0 % l lCRﬂ(.UM_i rites <M
20 : : ,
Return Home E:] Returns both display and cursor 10 the original i
H
zn ;@0 0 0 0 0 0 o0 0 HiTAacHI position {Address 0, J

15~



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

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

reset)

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

nothing is connected to DBy, ~ DBj, a rewrite is then

required. However, since one operation is completed in

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

two access of 4-bit operation, a rewrite is needed as a
function {see the following table).
.Thus, DB, ~ DB, of the function set is written twice.

h B
. No. instruction Display Operation
i Power supply ON (HD4§780 is initialized by : - N
: 1 lized. N i .
: ! the internal reset circuit) nitialized. No display appears
i Function Set Sets 10 4-bit operation. In this case, operation
! 2 |RSRWDBy— " ———_____ g, : is handled as 8 bits by initialization, and only
i 0 0 0 o} 1 0 - this instruction completes with one wrire.
! Sets 4-bit operation and selects 1dine display
Function Set and 5 x 7 dot character font. 4-bit operation
3 {0 0 ] [¢] 1 0 I: starts from this point on and resetting is
0 [¢] o] 0 * * needed. (Number of display lines and character
fonts cannot be changed hereatrer.}
Display ON/OFF Control Turns on display and cursor. Entire display is in
4 0 0 ° 0 0 0 l: ce mode because of initialization
j ) 0 1 1 1 0 P2 ization.
; Entry Mode Set Sets r:noc_!e 10 increment 1h.e address by. one and
. 0 shift the cursor to the right, at the time of
o o 0 1 1 0 write, 1o the DD/CG RAM.
Display is not shifted,
Write Data 10 CG RAM/DD RAM Writes ""H",
[ 6 11 0 0 1 o o] D The cursor is incremented by one and shifts
i 1 [ 1 0 0 [¢]

10 the right,

Hereafter, controf is the same as 8-bit opersgtion,




(3) 8-bit operation, 8-digit x 2-line display ) - shift are performed. In the example, the display shift is
For 2-ine display, the cursor automatically moves from performed when the cursor is on the second line. How-
the first 10 the second line after the 40th digit of the 1st ever, if shift operation is performed when ‘the cursor s
line has been written. 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 set together. When you repeat the shift, the dispiay 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 dispiay times,

8 bit operation, 8-digit x 2-line display example (using internal reset)

]
No. Instruction Display Operation
Power supply ON {HD44780 is initialized i ys .
1 i i . it .
by the internal reset circuit) nitialized. No display appears
Function Set Sets 10 8-bit operation and selects 2-ine display
2 | RSRWDB, — DBo and 5 x 7 dot character font ’
0 0 0 o0 1 1 T 0 - M )

3 Display ON/OFF Control B - Turns on display and cursor. All display is in
0O 0 0 0 o0 o 1 1 1 o] space mode because of initialization.

Sets mode 10 increment the address by one and
4 Entry Mode Set - 10 shift the cursor 10 the righr, at the time of
0 0 0 0 © o0 o0 1 1 [+] write, 10 the DD/CG RAM.

A ] Display is not shifted.

Write “H". The DD RAM has aiready been

A N .
Write Datz to CG RAM/DD RAM A selected by initialization when the power is
11 206 100 10 0 o ’ turned on.
’ The cursor is incremented by one and shitied
to the right.
6 . :
7 | Write Data 10 CG RAM/DD RAM HITACHI _ Writes 1~
10 0 1 0 0 1 0 0 1 :
8 Set DD RAM Address HITACRHI Sets RAM address so that the cursor is
o 0 1 1 O 0 0o 0 o0 o positioned at the head of the 2nd line.
e ]
| Write Data to CG RAM/DD RAM HITACHI] R
s ! i o 0 1 o 0 1 10 1 M Writes “'M".
P ' :
‘ 10 i :
; y9 i Write Data 10 CG RAM/DD RAM ] HITACHI Writes ~0"
¥ 1 0 0 1 o o] 1 1 1 1 MICROCO __ °
Entry Mode Set . [HiTaCH1I ; i ; i
lay shif h 1 .
12 0 o 0 o o o0 o 1 1 1 [MICROCO Sets mode for display shift at the time of write
. Writes "M". Display is shifted 1o the right.
13 :NmeoDataoto C‘G R‘:]M/DOD RA“M 1 0 1 i z ‘; g g (l) ™ The first and second lines’ shift are operated
= at the same time,
14 !
15 | Return Home HITACHI Returns both display and cursor 10 the original
0 0 0 0 0 0 .6 0 1 o [MTCTROCON)] position {Address 0),

i



(3} 8-bit operation, 8-digit x 2-line display ) - shift are performed. In the example, the display shift is
For 2-ine display, the cursor automatically moves from performed when 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 written, 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 set 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.

8 bit operation, 8-digit x 2-iine display example {using internal reset)

l —

No. Instruction Display Operation
Power supply ON {HD44780 is initialized T .
1 1 i . i .
by the internal reset circuit) nitialized. No display appears
Function Set Se1s 10 8-bit operation and selects 2-line display
2 |RSARWDB,— DBo and S x 7 dot character font '
0 0 0 o0 1 1 1 0o - * .
3 Display ON/OFF Controt . ! - Turns on display and cursor. All display is in
O 0 0 0 o0 o 1 1 1 0 | | space mode because of initialization.

Sets mode to increment the address by one and

4 Entry Mode Set - 1o shift the cursor 16 the right, at the time of
) 0 0 0 0 0 0 o 1 1 [4) write, 10 the DD/CG RAM.

. . Display is not shifted,

Write “H”, The DD RAM has already been

Write Data to CG RAM/DD RAM i selected by initialization when the power is
®11 00 1 0 0 1 0 o0 o ' turned on.
The cursor is incremented by one and shifted
to the right,
6 . .
7 | Write Dat2 10 CG RAM/DD RAM HITACHI _ Writes 1~
Tt 0 0 1 0 0 1 0 0 1 .
8 Set DD RAM Address HITACHI Sets RAM address so that the cursor is
0O 0 1 1 0O 0 0o 0 0 o . positioned at the head of the 2nd line.
e ———— T |
| Write Data to CG RAM/DD RAM BITACH] U
| i : .
H | ' .
x 10 i . :
: 41 | Write Data 10 CG RAM/DD RAM {HITACHI Writes 70"
1 0 [¢] 1 o 0 1 1 1 1 MICROCO _ N
Entry Mode Set * m i B H H
1 1 33 h f .
2 © 0 0 0 0 0 o 1 1 1 Sets mode for display shift at the time of write
. Writes “*‘M". Display is shifted to the right.
Write Data to CG RAM/DD RAM ITACH!1 . s B
1 lines’ shif ed
3 1 o 0 1 0o 0 1 16 1 TCROCON The first and.second ines’ shift are operat,
at the same time.
4 !
15 | Return Home HITACHI Returns both display and cursor 10 the original
6 0 0 0 0 0 0 0 1 o [MICROCOM] position (Address 0).

7




7. How to check trouble
Follow the flowchart below to check errors.

Error analysis flowchart

r Error analysis flow ]

T

4
(immediately afier
is display made?
{Crosstalk included) ) POWER ON).
No
Proceed IO@
Yes

Crosstatk is output only in
one line in display of 2 or
4 lines for example, -

Proceed 10 @

Is the system initialized or
stabilized?

No

‘L Yes

Is character display erroneous

Y

- {in sequence for instance)?
Yes
Proceed 10 @
l No
Data can be reag? ]

(o]

?

Proceed 10

Yes
'
Are there any other erroneous
operation?
Yes
Proceed 10 @
“No i

I —




7.1 No data is displayed {Crosstalk too)

¥

-

No data is displayed,

Y

Is the power supplied

VDD, Vo. and Vggl?

J {Crosstatk, 100)

!

i Yes

—

Supply the power,

Connect Vo 10 Vss, then the
power is supplied.

‘LA 1

Y
Are interface pins set l Is display {(crosstalk}) mode? J
correctly in order? T -

No Yes
No .
<>—————{ Correct it ]
Yes

I

ts display {crosstalk) mode?

Yes

Since IC is possible 10 be
destroyed, correct it
immediately.

No

Is the supply current flown
several times of its specified
value?

Yes

1f so, 1Cs and resistor are healed.

Within the
specified value

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

Does a fall or deviation
exist in 2ebra?

Reas-
sembly

Yes

@)
e

Inverse

No

Turn on the power first from
the {+) and then the (-] side.

{

Unknown cause

|

Is display (crosstalk) made?

Afrer replacing LCM, check if
the actual part is faulty.

%

es

This does not apply 10 the
case of a single power supply.

¥

s the curreni restored 10 normal
conditions?

Still abnormal

1Cs and others are possible 10
be destroyed.




7.3 The character display is erroneous.

__(

The character display is erronsous. ]

When missed aceording 1o 8
= CEridin rule {The charscter

Missing OcCurs every 4
Characters are Gisplayed | characters §or instance.}
DUl MISSING 1N sOMe
places, T
L_> Procesd 10
N B GO
Exampie:
{inpu}  (Display) When missed without any
- rule (A character is missed
RITACHL  HiAHI Ly 31 rangdm some where

citferent each time.}

L Proceso 10

It 13 uncerta:n that from where the
15t character starts.

Proceed 10

Address character other than specified s~ Proceed 10

are rewritten,

Even when the 151 iine pecomes tull Proceed 1o

n 3 2dine display LCM,
1he line 15 nOT fec 10 the 200 hine.
{Same 1n » Sudine oisplay LCM)

When the 13t line becomes full in
3 &.hine display LCM_ the character
. writing starts from

i the 3rd line,

Proceed 10

GO

A

oh Ca1a 15 NOT Cisdlay tven

P

Lo 6D, 1213 10uNnd 10 De st0TeC an roceea o
DDRAM when
read from DDRAM,
A front gitterent trom he fistea Proceed 10

=3~ " the characier fons wdle
18 Gipiayed.

There is an 300ress 1n which no -3 Proceed 10
characier 13 G1splayed. (38)

L){;Othec errors. Proceed 10
{3.10)
.

Data is fed too fast. = Retry it while making a BUSY check.
It is still 100 fast even when the BUSY check is made. —~ The
function of LCD-Il is no good.

&) |

Data is fed 100 fast. — Retry it while making 3 BUSY check.

@I

The address Set command is not included in the initializa-
tion.
(Although the addre§s is so designed 1o be set 10 00"’ ]
: at the power ON according 10 the Power ON Reset
—~ _function of the LCD- itself, this Power ON Reset ‘
: function does not work in some cases according 10 the ;
\ power ON conditions. J

g

When no error exists in the software, the function of LCD-1)
is no good.

@9

The 2-line display LCM is electrically composed of 40 charac-
ters x 2 lines, but it displays 16 characters or 20 characiers
partly. When 16 characters are written {in the st 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 1o set the
address E between the 16th caracter and 17th character.
——4a0

—

—

L

: line feed

The 4-line display LCM is composed as shown in the right
figure. Consequently, when written continuously from the
ist hine, the data is written as A — B. When displayed in 4
lines, the data is moved from the 1ist line 10 the 3rd line. It
is therefore necessary to set the address of [LF! in this case.

o —40 / A

4 A ': B 4 c
2\.‘ c ; D \ B
N o]
20

The display ON/OFF flag is turned to the OFF side. (This
flag is by no means set uniess 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 no1t be
seen on the screen in some cases. It is therefore necessary

1o correct the application of the shift function.
16 characters

Lett shift specified

N
Y
C'A' is input.
N e -~
. 2 3!} &
. 2 2.l :
= v

Stored in DDRAM Cursor is moved Screen it shitred 10 ieft.

s the status of @ and @ only. Aithough not displayed :n appear-
ance, the daia is stored in the DDRAM.

Defective CGROM font — IC is faulty.
3-9
Hf no error exists in the sofrv'vare, the IC is faulty.

Contact our agent for any other erroneous event.

®

Since this operation is carried out in a moment, what can be seen

22



7.3 The character display is erroneous.

__{

The character dispiay is erroneous, ]

When missed aceording 10 &
~={ CErain ruis {The character

missing Occurs every 4
Characters are displayec,| characters for instance.}
DUl MissING 11 soMme
places. i
L_> Procesd 10
N B G
Exsmpie:
{(input}  (Display} When missed without any
- rule (A characrer is mussed
RITACHIL.  HiAH!} L] a1 random some where
Citferent each time.)
L5 Proceec 1o
Lo It s uncertan that from where the Proceed 10

st characrer starts,

Adoress charscter other than specified  (—> Proceed 10

are rewritten,

Even when the 15t line becomes full Proceed 10

w2 2-line disolay LCM,
1he line s not fed 10 the 2nd hine.
{Same in 3 4-line gisplay LCM}

When the 151 line becomes full in
P

Lo 3 £-line display LCM, the character > rocees w0

i wiiling stants from

i the 3rd line.

Although Qata & Dt displayed even

P

. o anput, 1T 15 found 10 De Stored in foere e
DORAM when
read trom DDRAM,
A frony ditferent trom the fisted Proceed to

=3 i the character font tadie
15 Cisplayed,

i -
. There is an a0dress «n which no |3 Proceed 1o

characier i3 Bisplayed. (38)

i
|
l—)i;omev errors.

Proceed t0
{3-10)

Da1a is fed 100 fast. — Retry it while making a BUSY check.
It is still too fast even when the BUSY check is made. = The
function ot LCD-II is no good. '

G2 |

Data is fed 100 fast. — Retry it while making a BUSY check.

G

The address Set command is not included in the initializa-
tion.
¢ Although the address is so designed 1o be set to 00" ‘]
! at the power ON according to the Power ON Reset
= function of the LCD-II itself, this Power ON Reset
: function does not work in some cases according 1o the
\ power ON conditions. )

When no error exists in the software, the function of LCD-I1
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 characiers
partly. When 16 characiers 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 10 set the

address {LF] between the 16th caracter and 17th charactey.

a0
—

-~

: line feed

The 4-line display LCM is composed as shown in the right
figure. Consequently, when written continuously from the
ist line, the data is written as A —= B. When displayed in 4
lines, the data is moved from the 1st line to the 3¢d line. It
is therefore necessary 1o set the address of ':L;Fﬂ in this case.

e 40 / A
/ A E 8 a c
2\.‘ C : D \ 8
\ o)

20

G2

The display ON/OFF flag is turned to the OFF sige. (This
flag is by no means set unless turned 10 the ON side.)

When employing the shift function together, the screen is
shifted each time a data is writien and the dasta can no1 be
seen on the screen in some cases. |t is therefore necessary

10 correct the application of the shift function.
16 characters

Left shift specified

©

A" is input.

A >ial-

Cursor is moved.

A

)

Stored in DDRAM Screen is shifred 10 ieft

* Since this operation is carnied out in 3 moment, what can be seen
is the status of (D) and @ only. Although not displayed in appear-
ance, the data is sipred in the DDRAM.

D

Deféctive CGROM font ~ 1C is faulty,
3-9
H no error exists in the softv.vare, the IC is faulty.

Contact our agent for any other erroneous event.

®
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8. Block diagram and function of each block
3.1 Block diagram of HD44780 interior

Vec Address ._Timing generation 3 (é“::
GND counter {AC) circuit , 2
CsC, ——— 7 s M
0SC, — - e 7 ], !
| 28,0 [ )
R X ‘h
[ =0 =
8 zE F Display data i = g
RS ———> - = - RAM Y =z w5 |® 1is
; . (DD RAM) J I g ~
RIW e e bome | MIEE[TTE L i COM, ~COM,
E > B omt ) e ? £$
a E . 2 x 2 - 8%
- v L=
DB, ~ DB, =—r—> g 8 g 8 4 £%
4 T Tl T s 8 R
DB, ~ DB, =3 5 7} / £
) sz v Y 38 _
8¢ Character Character z g,
generator generator g]40 = a0
ROM ROM =9 § > SEG, ~SEG,,
{CG RAM] (CG RAM) g S £ E
i Te 23 o2
Buy 512 bits 7200 bits 40 < =2 4
{V’ fiag 4
Power supply | v _ > 5 5
for tiquid 4 V‘
crystal b2 > l
disptay drive | V———a

tV,_____> circuit

Paratiel/serial cata conversion

(Parsliet cate — serisl cata)

40-bit shift register

8.2 Function of each block

(1) Register

The HD44780 has two 8-bit registers, an instruction re-
gister (IR) 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 10 be written into the DD
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 automatically written into the DD RAM or the -

CG RAM by internal operation. The DR is also used for
data storage when reading 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 10 the MPU is
then compieted by the MPU reading DR. After the MPU
reads the DR, data in the DD RAM or CG RAM at the
next address is sent 1o the DR for the next read from the
MPU. Register selector (RS) signals make their selection
from these two registers.
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Table 4 Register selection

RS |R/W E Operation

O [ 0 TN | (Disniny crear esen orTo"
0 ! __/—X. :;Zfe:ucs;’ug:egr((%%’: ingB.)

1| o [N ] BRuwnes el smeraton
| N [ Bt

{2} Busy flag (BF)

When the busy fiag is 1", the HD44780 is in the internal
operation mode, and the next instruction will not be ac-
cepted. As Table 4 shows, the busy flag is output 1o DB,
when RS = 0'and R/W = 1. The next instruction must be
written after ensuring that the busy flag is 0",

Higher order bits Lower order bits

i ;
AC { ACS { ACS.

—— Hexadecimal ~—————Hexadecimal ——

AC4 |  AC3| AC2 | ACIH | ACO

1-line display (N = 0)

(3)

(ay

Address counter {AC)
The address counter (AC) assigns addresses to DD and CG
RAMs. When an instruction for address is written in IR,

-.the address information is sent from IR to AC. Selection

of either DD or CG RAM is also determined concurrently
by the instruction.

After writing into (or reading from) DD or CG RAM dis-
play data, AC is automatically incremented by +1 (or
decremented by —1). AC contents are output DBy ~
DBg when RS = 0 and R/W = 1, as shown in Table 4.

Display data RAM (DD RAM)

The display data RAM (DD RAM) stores display data re-
presented in 8-bit character codes. lts capacity is 80 x 8
bits, or B0 characters. The display data RAM {DD RAM)
that is not used for display can be used as a general data
RAM. Relations between DD RAM addresses and posi-
tions on the liquid crystal display are shown below.

The DD RAM address {App) is set in the Address Counter
(AC) and.is represented in hexadecimal.

(Ex.) DD RAM address “"4E"*

1-line

| i {
1 0 0 ! 1 I 1 % 1 1 0 :
| i § i
4 E
79 80 - display position
1
4E 4F | — DD RAM address
J

{a) When the display characters are less than 80, the display

begins at the head position.
using one HD44780 are displayed as:

1 2 3 4 5 6 7 8

For example, 8 characters

— display position

Hine | o0 | o

: : i :

i

When the display shift operation is performed, the DD RAM

address moves as:.

f ‘
R L i

07 ' OB-l

J

m!ozlos o | 05 1 06

06 , 07 i — DD RAM address
| ;

(Left shift display)

(Right shift display)



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

(¢}

(8)

is as shown below:

1 2 3 4 5 6 7 8 9. 10 11 12 13 15 16 - display position

Idine { 00 | 01 | 02 03;04 05106 {07 108109 0C | oD OEi OF | -~ DD RAM address

OA!OB

‘—————— HD44780 display ——————_HD44100H display ——

When the display shift operation is performed, the DD RAM
address moves as:

f 01 10203 04 05 06 o7} os o0 ‘ 0A ‘ 08 loc!op!oE!or! 10 } (Left shift display)

L : i : I i i ;

f : : : ; i i ! i

[4F {00100 toz 03 0 )05 Pos | o7 | os0s!0a 0B ioc|op!oE | (Rignt shift display)
b " N i i . ; i t

The relation between dispfay position and DD RAM
address when the number of display digits is increased
through the use of one HD44780 and two or more
HD44100H's can be considered an extension of (b).

Since the increase can be 8 digits for each additional
HD44100H, up 1o BO digits can be displayed by externally
connecting 8 HD44100H's.

12 3456 7 8 93011121324 151617 181920

OBgOC

73 7475 76 77 78 79 B0 -—display position

. oy H Pob o
1-line iDO:OliO2 03:04 05‘05;07;0&09 0A oD 12 ]3‘ 49
' i : !

1
oE%oFgw;n

[
4A;4B!lc

| 1
j48 4Dj¢£

‘FI — DD RAM sddress

‘— HD4%4780 display — HDa4100H (1) . HD443JOO0OH (2) _,___HD44100H %) ;
display ~ (8) display display

2-line display (N = 1)

1 2 3 ] 5 38 40 - display position
. } ; ; : j
1-line ) 00 | 01 02 03 ; 04 ] cereresreesassec 26 27 | =~ DD RAM address
2dine | 40 1 41 i a2 | 43 | as | 66 | &7
1 3 ] . v .

When the number of display characters is less than 40 x 2
lines, the 2 lines from the head are displayed. Note that
the first line end address and the second line start address

are not consecutive. For example, when an HD44780 is
used, 8 characters x 2 lines are displayed as:

1 2 3 4 5 6 7 8 — display position

tiine [ 00 {0t 02 03 ! o4 | 05 | 66 | 07 | —DDRAM address
2dne | 40 141 a2 |43 ¢ e | ogs Las @ :

When display shift is pérformed, the DD RAM address move as:

o Co2 a3 oo ioos | o | oor | o 27 {00 [ o1 | 021 03 ) o4 ! o5 | 06
- ‘ ‘ l ’ : : (Left shift display) (Right shift display)
41;42|43|44!45!'46}47§48 8 140 i a0 {42 i 43| 4| a5 | a6
i | i J
"{b} 16 character x 2 line are displayed when an HD44780 and
an HD44100H are used.
12 3 4 5 6 7 8 8 10 11 12 13 )4 15 16 - didplay position
1-line { 00 ! 0 |02 : 03 o4 | os5io6!lor| o8 Oﬂi 0A [ 0B 10C | 0D | OE | OF | —DD RAM address
2-line 5 04 | 2 ; 43 a4 | 45 {46 [ 47| 48 | 49 } 4A | 4B | 4C | 4D | 4E | 4F

‘—————HD44780 display ——————~———__HD4a4100H display —

26



When display shift is performed, the DD RAM address moves-

as follows:

o1l o2t o3loslos!os!orloe]oalonlonloc

IDD‘DE'OF’IO

41 ] 42 1431 44 1 45| 46 | 47 | 481 49 | 4A 1 4B | 4C

4Dt 4E | 4F | 50

(Left shift display)

2710010102063 {04 05!06][0r

<
&
b~
)

0A

0B

1 {
0C ., 0D : OE

67 | 40 | 41

a~
=3

e
w

4A

42?43 44 | 45 | 46 | 47

4B

{Right shift display)

4C§4D?4£

{e} The relation between display position and DD RAM

address when the number of display digits is increased
by using one HD44780 and two or more HD44100H's,
can be considered an extension of {b).

1 23456 7 8 91011121314151617 181920

Since the increase can be 8 digits x 2 linés for each ad-
ditional HD44100H, up 1o 40 digits x 2 lines can be dis-
played by connecting 4 HD44780’s externally.

33 34 35 36 37 35 39 40 —display position

|
i-line 100;01102;03{04:05,06;07:05{0810A10B|0Ci0D;0E OF!JO:

T
1112113
|

I I N y
...... 207211 22123124125 27| —DD RAM address

|
i
| T

{ i
2-line 40j4] 42,43144,45 46;47-48;49 4A 4B 14C 4D 4E 4F50:51;52,53
|

|
I | A

’126
{
61.’62i63 64 65:65i67

“— HD44780 display — \— HD44100 (1)—— ‘—HD44100H (2)— ‘— HD4&4100H (4)——
display (3) display

(d} Display position and DD RAM address for BT42008 and BT42012

{5)

(6)

27.

1/ 2 3 4 S 6 7 8 9 10 1 1n

13

14 15 16 17 18 19 20 - displsy position

3-line 00|61 ]02]03;04]05/06/07}085]09]|0A]0B;0C

l

OD{OE i OF | 16 ¢ 11 | 12 { 13 | o= DD RAM zddress

2dine| 40 | 41 | 42 ] 43 | 44 | 45| 46 | 47 | 48 | 49 } 4A } 4B

4C

4DV 4E P 4F | 50§ 51 | 52 | 53

3dine| J4 | 15|36 {27 ;18] 19¢1At B} 1C 1D {I1E|IF

20

211221 231241254126 27

4-line | 54 | 55 | 56 | 57 | 38 | 5% : 5A | 5B { 5C | 5D SE:aF]iGD

61 : 62 1 63 | 64 65%66 67

(Note)Shift display is as same as 2-line type.

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 & x 7 dot character patterns
and 32 types of 5 x 10 dot character patterns. Tables on”
pages 10/11 show the relation between character codes and
character patterns in the Hitachi standard HD44780A00.
User defined character patterns are also avsilable by
mask-programming ROM. For details, see “The LCD-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 prbgram.» 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

(7)

6(2) to display character patterns stored in CG RAM.
Font tables on pages 10 and 11 show the relation between
CG RAM addresses and data, and display patterns.
They also show, an area that is not used for display can be
_used as a general data RAM,

Timing generation circuit

The timing generation circuit generates timing signals 1o
operate internal circuits such as DD RAM, CG ROM ang
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. This circuit also
generates timing signals 1o operate the externally con-
nected driver LSI HD44100H.



(8) 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 ..
a3 program, the required common signal drivers auto-
matically output drive waveforms, the other common
signal drivers continue to output non-selection waveforms.
The segment signal driver has essentially the same configu-
ration as the driver LS| HD44100H. Character pattern
data is sent serially through a 40-bit shift register and
latched when all needed data has arrived. The latched
data controis the driver for generating drive waveform
outputs.
The serial data is sent to the HD44100H, externally cori-
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 pattern, corresponding 1o the
starting address, enters the internal shift register, the
HD44780 drives the head display. The rest displays,
corresponding to latter addresses, are added with each
additional HD44100H.

{9) Cursor/Blink controf circuit
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
counter (AC).
When the address counter is {08),¢, a cursor position is:

AC6 AC5 AC4 AC3 AC2 AClI ACO

i
ac ! ofoiol1lo]lo]o
i |
W2 3 4 5 6 7 8 $ 10 1 — display position
i 1
Ina 1-dine display{ 00 | 01 02 | 03} o4 | 05 | 06| 07| o8t os |o0a s ~— DD RAM address
. 1 ] -
the cursor position)
‘ o2 3 4 5 6 7 & § 10 1n ~ display position ~
i ' — DD RAM addr
ll-line 00 |01y 02 03 | 040506 } o7 {05! 09 | oa recress
In a 2-line display ; : ' } A :
. '2-line§ 0L a2 a3 e s | 47 | 48 i 49§ 4A l <
i H ! . . H ¢ !

; the cursor position/

(Note)The cursor or blink appears when the address counter (AC)
selects the charscter 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.
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Table 6 Relation between CG RAM addresses and character code (DD RAM) and character pattern (CG RAM data).

(1} For 5 x 7 dot character pattern

Character Codes CG RAM .. Character Patterns
(DD RAM Data) Address (CG RAM Data)
7 6 5 4 3 2 1 0 5 4 3 2 1 0 7 6 5 4 3 2 1.0
~—Higher Lower— — Higher Lower— +~- Higher Lower —
io 00 X x 31 11 1 0
- 10 01 T {100 01
go 10 ,z 0 00 1
0000 %00 0 00 0:i2 11! {11110
i1 0 0 i1 01 00
i1 01 i1 0 01 0
11 0 I froo o0
111 X X X0 00 0 0
000 X x x{1 0 0 0 1}
t0 01 + 01 0T 0
‘01 0 R R T
P01 1 (0 0°1: 0 0
00600 X0 01 00 1:
it 00 EERURESUNE
100 1 (0 0 10 0
1100 ! o010 o0
111 x x xi0 0 0 0 0
io 00 :
‘o 0 1
s
0000 %111 11 1 :
i1 0 0 :
101 [
110 I
111 X x x|

, bit 1 lights up regardless of cursor existence.

: Character code bits 0 ~ 2 correspond to CG RAM address bits 3 ~ 5 (3 bits: 8 types).

: 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 “0” state for cursor display. When the 8th line data is

for CG RAM data corresponds to selection for display and 0" for non-selection.

Charscter
Pattern
Exampie (1)

o Cursor
Position

Character
Pattern
Example (2)

X No effect

: Character pattern row positions correspond to CG RAM data bits 0 ~ 4, as shown in the figure (bit 4 being at the left end). Since CG
RAM dsta bits § ~ 7 are not used for display, they can be used for the generzl data RAM.
As shown in Tables 3 and 4, CG' RAM character patterns are selected when character 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" (hexadecimal) or
“08" (hexadecimal).

: g



TIMING CHARACTERISTICS

Item

- Symbol - Min, e Typ. Max. Unit
Enable cycle time toc 1.0 - - us
Enable pulse width P 450" - - ns
Enable rise/ffall time e ter . - 25 ns
RS, R/W set uptime tas 140 - - ns
Data delay time toor - - 320 ns
Data setuptime tosw 195 - - ns
Hold time i 20 - - ns
INTERFACE TIMING (Data Write)
Unit: mm
2.2V z.ﬁf‘\t <
RS
6.6V sV
T4S TH
W 0.6V ;45v
PWew W
£ ]Lo.sv
DB¢~ DBs
e
INTERFACE TIMING (Data Read)
Unit: mm

RS

R/W

.
5{
o e
K-} ra
< <

22V
0.6V ekt 14

gk 0.6V

2.4V
0.4V

Valid Daua

cre
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TIMING CHARACTERISTICS

item - Symbol . ... Min. . Typ. - Max. Unit
Enable cycle time toe 1.0 - - us
Enable puise width Puen 450°- - - ns
Enable riseffall time e ter - - 25 ns
RS, R/W setuptime tas 140 - - ns
Data delay time 1oor - - 320 ns
Data setuptime tosw 185 C- - ns
Holdtime . i 20 - - ns
INTERFACE TIMING (Data Write)
Unit: mm
as 2.2V 2.2V Y
6.6V uBV }X
Tas TH
W (234 S 06V
PWew ™
k27
- {2.0v 22vY /
£ V cv 0.5 0.6V
iy
2.2V
DBe~ 0B 06 Valid Dana
eYe
INTERFACE TIMING (Data Read)
Unit: mm
as K22V
. 0.6V
fas
4
R/W ; v
PWen
£ 2V
E . Y ,/ : Vo.6v
- TEr
{ tpor L
24V 24V
DBo~ DB 0.8V Valid Dena eV

e
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N

{2) For 5 x 10 dot character pattern

(Noie) 1:
: CG RAM address bits 0 ~ 3 designate characier pattern line position. The 11th line is the cursor position and display is performed

w

R

Charscter Codes CG RAM Character Patterns
(DD RAM Dats) Address (CG RAM Data)
7.6 5 4.3 2 1 0 5 4 3 2 1 0} 17 6 5 &4 3 2 1 0
— Higher Lower— —Higher Lower— — Higher Lower —~
(00 0 0 X X X100 0 00
{00 01 T 00000
| ‘000 1 0 i1 001 10
: Pl
I Eo 011 i S1_1 00 1| e
;001 0 0 :1 0 0 01 ganeml
0000 X0 0 % 0 0i0 1 0 1 i1 00 01 xample
1001 1 0 111110
001 11 i1 00 00
100 0 10000
i1 0 01 i1 0000
‘n o« Cursor
1.9.10 ........ ).(...?...%.'.2..9...9,.,?...0.. Position
Xix X x ¥ x

1011 X X x: %

1100 T

(Y1 0 1 : . X No effect
1110 o :

§1 1 11 xxxgx X X X X%

Character code bits 1, 2 correspond 1o CG RAM address bits 4, § {2 bits: 4 1ypes).

in Jogical 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
“17, 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.

: Character pattern row positions are the same as § x 7 dot character pattern positions.
: 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 character pattern example is selected by character code 00", 01", “08™ and 09" (hexadecimal).
for CG RAM data corresponds to selection for display and 0" for non-selection.



MAXIMUM RATINGS

Electric maximum ratings

item Symbol Min. ] Max. Unit Remarks
Power supply for ogic Vpp — Vss \Y
Power supply for LCD drive Vpp — Vo Refer 1o individual specification Y,
Input voltage V, ’ v
atic electricity | - ] 100 Vv Note (1)

Note (1) Test and conditions of resistance to sw@tic electricity. After the condenser with 2 capacity of 200 pF is charged with recommended volt-
age, it is discharged by contact with interface connector pin.

Environmental conditions

Operating Non-operating
ftem Remarks
Min Max. Min. ! Max.
Ambient temperature Refer to individual specifications
Humidity Note {2) No dew
Vibration - 0.5G - 2G
Shock - 3G - 50G XYZ 3 directions
Corrosion gas No corrosion gas
Note (2) Humidity conditions are as foliows.
OPTICAL DATA
Ta=25°C
i ltem Symbol Condition § Min Typ. Max, Unit Note
v Viewing angle c2-01 K=14 20 - - deg. 1,2,8
! . ©=25°
i+ Contrast ratio K o - 3 . - 3
6=0
o 200 400 4,5
. . ©=25
Response time (rise} 1, 6=0° - 250 400 ms 4,6
i 150 250 4,7
200 400 4.5
. ©=25°
Response time (fall) 1% e - 250 400 ms 4,6
150 250 4,7
Note 1. Definition of 6 and ¢ Note 2, Definition of viewing angle ¢1, and 02.
X
° $<2<n
B
g 1
=
©
&)
y{6=0") . -
Viewing angle
Note 3. Definition of contrast “K*” Note 4. Definition of optical response
K = Brightness of non-selected segment (B,)
Brightness of selected segment (B,) ‘l 'l‘ -EEmems
: ——

Brightness (%)

rightness curve for selected segment

| 82 Brighiness curve for

.non-selected segment

B
Setpoint driving voltage

Non-selecied state h

Brightness

1

|

| s

1w,

T

.

Fall time
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FONT TABLE FOR 5 x 7 DOT CHARACTERS B A4

33

EV

o,

- W

i

2 2 % 5. ( 7. B ¢ o

3
Higher
Lower™~abj1| 0000|0010 0101011070111 1303071023} 1100{ 1103011300311
4bit
X cG *s °. seme ans
RAM L -l wones | 2% 2| aee
xxxx0000 m s il —
3 L] L 3
2) E - sna I".: -‘.
XK XO 00 l ( ...-I ..I: :-l =..-.
. abn e HE
= = '..l II-' -.-. ! :ll -l - .
i3) "e a® | Seae® | Bene® | Ba"% 5% 7§ - HEE 3
xxxx0010 o - HEH *: | o
sowee | Bews a_i_sane® |3 H . .
[ 1127 3 11
»aess e ) 272 | semee e
g, "R e : L : %3
xxxx0011 " . - H . H == 2%
=ses wee® | vone® | oud . . »oa
8 LLLi]} w
Bl IS . »e wse bt wasvs in  w| wew
Ll L) » L] - » » - L) ] - - -
{5) = | Reaas H H : . H - L8 3|8 3
xxxXx0100 e e Tyess | *ue” | * enies et | Wl 24
H
83 e [ ATTRUIITYTY & - [ H s **
R U O b TE 1 = F I B S B S I e Pt
holl-+3 IS - M - a" seels | Pous" | *ua”t
.... ‘u hbidd s =IIII
. w .
(7, .-' - i) L] .I
xxxx0llo *usts | ose ssess -
ve v
(8) -- ...l:
xXxx6] ] 1 " . H
o eeel | 8" 3o
= C] e eeE
- . - ven | w o
w3 PP T
xxxx} 000 - K . LR
*. YR e, . .
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Note: CGRAM is a CHARACTER GENERATOR RAM having a storage function of character panem

which enable to change freely by users program
Details on the controller Hitachi HD 44780 see page 32
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