


HD44780 (LCD-II) (DOT MATRIX
LIQUID CRYSTAL DISPLAY CONTROLLER & DRIVER)

The LCD-II (HD44780) is a dot matrix liquid
crystal display controller & driver LSI that
displays alphanumerics, kana characters and
symbols. It drives dot matrix liquid crystal
display under 4-bit or 8-bit microcomputer

or microprocessor control. All the functions
required for dot matrix liquid crystal display
drive are internally provided on one chip.
The user can complete dot matrix liquid
crystal display systems with less number of
chips by using the LCD-II (HD44780). 1If a
driver LSI HD44100H is externally connected
to the HD44780, up to 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 microprocessor
can accomplish a portable battery-drive

device with lower power dissipation.

B FEATURES

* 5%X7 and 5 10 dot matrix liquid crystal

display controller driver

* Capable of interfacing to 4-bit or

8-bit MPU.

* Display data RAM ... 80 x8 bits

(80 characters, max.)

* Character generator ROM ...

Character font 5 X7 dots: 160 characters

Character font 5 x10 dobts: 32 characters

Orignal paper databook dated July, 1985. Scanned in 2016 I:[%Crys(a/fon(z

(FP-80)

B PIN ARRANGEMENT

(Top View)
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* Both display data and character generator RAMs can be read from the MPU.

* Internal liquid crystal display driver ...

16 common signal drivers
14 segment signal drivers (Can be externally extended to 360 segments

by 1liquid crystal display driver HD44100H)

* Duty factor selection (selected by program) .....
1/8 duty: 1 line of 5 X 7 dots + cursor
1/11 duty: 1 line of 5 x 10 dots + cursor

1/16 duty: 2 lines of 5 x 7 dots + cursor

Maximum number of display characters

No. of |[Duty Extension | HD44780 HD44100H No. of display
display fact characters
lines actory

Not , '
1-line i;il provided 1 pe. — 8 characters X1 line
display duty S pes.

provided 1 pc. 80 characters X1 line

(8 characters/pc.)

Not .
2-1line 1/16 provided 1 pc. — 8 characters x2 lines

display | duty 4 pcs. (8 characters

ided 1 .
provi pe X2 lines/pc)

40 characters x2 lines

* Wide range of instruction functions
Display clear, Cursor home, Display ON/OFF, Cursor ON/OFF,
Display character blink, Cursor shift, Display shift

* Internal automatic reset circuit at power ON. (Internal reset circuit)

Internal oscillation circuit (with external resistor or ceramic filter)
(External clock operation possible)
* CMOS process
Logic power supply: A single + 5V (excluding power for liquid crystal
display drive)
+ Operation temperature range: =20 ~ +75°C
(Device for -40 ~ +85°C available upon request)

+ 80-pin plastic flat package (FP-80)
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HD44780

B ELECTRICAL CHARACTERISTICS

® Absolute Maximum Ratings

Item Symbol Limit Unit | Note
Power Supply Voltage (1) | V¢ -0.3 to +7.0 \'
Power Supply Voltage (2) | V1 to V5| Vge-13.5 to Vgct+0.3 \ 3
Input Voltage Vp -0.3 to V¢ct0.3 \
Operating Temperature Topr -20 to +75 °C
Storage Temperature Tstg =55 to +125 °C

Note 1: 1If LSI's are used above absolute maximum ratings, they may
be permanently destroyed.

Using them within electrical
characteristic limits is strongly recommended for normal
operation. Use beyond these conditions will cause mal-
function and poor reliability.

Note 2: All voltage values are referenced to GND=0V.

Note 3: Applies to V1 to V5.
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®Electrical Characteristics (Vgc =5V+10%, Ta =-20 to +75°C)

HD44780

vee _T @ = Vee-Vs The conditions of Vj, Vg5 voltages are
v — = Vcc-Vi1 for proper operation of the LSI and not
@z 1.5V for the LCD output level. The LCD
Vs ® < 0.25 xA drive voltage condition for the LCD
output level is specified in '"LCD
| voltage Vicp".
Item Symbol Tesc. . - Limic Unit | Note
condition min typ max
Input "High' Voltage (1) VIHl 2.2 | - Vee v )
Input '"Low' Voltage (1) Vit -0.3 - 0.6 \ (2)
Output "High" Voltage (1)(TTL) Vol | ~Ioyg=0.205mA 2.4 - - \ 3)
Output "Low'" Voltage (1) (TTL) VoLl IoL=1.2mA - - 0.4 v (3)
Output "High" Voltage (2)(CMOS) | Vpoup | =Ipy=0.04ma 0.9V¢e| - - v (%)
Output "Low" Voltage (2) (CMOS) | Vqgr2 Lop=0.04mA - - 0.1Vcc V %)
Driver Voltage Descending (COM) VcoM 1d=0.05mA - - 2.9 v (10)
Driver Voltage Descending (SEG) VSEG 1d=0.05mA - - 3.8 v ‘ (10)
Input Leakage Current IrL Vin=0 to V¢ -1 - 1 HA (5)
Pull up MOS Current -Ip Vee=5V 50 125 250 HA
Power Supply Current (1) Ceramic filter
Iccy | oscillation - 10.55 0.8 i ma | (&)
Vee=5V, fosc= i | i
250kHz | i
Power Supply Current (2) Rf oscillation ! [
Icc2 External clock - 0.35 0.6 mA ‘[ (6)
operation |
Vee=5Y, fogc= (11)
fcp=270kHz
External Clock Operation
|External Clock Frequency | Tt | 125 [250 ) 350 JkEz [ (D)
External Clock Duty Duty 45 50 55 % (7)
External Clock Rise Time trep - - 0.2 | us (7)
External Clock Fall Time tfep - - 0.2 us (7
Input "High" Voltage (2) ViH2 Vee-1.00 - Vee (12)
Input "Low" Voltage (2) VL2 0.3 - Lo | v [
Internal Clock Operation (Rf oscillation)
Clock Oscillation Frequency | foo0 | RES9IKRZ2Z | 190 ]270 | 350 |khz | (8)]
Internal Clock Operation (Ceramic filter oscillation)
—C_lc:c; —(;s—;:i_l.l.a:i—on_l"_r:q:e—n:y_ T ?o—s—c_ T Ee:a;i: _fi._l:e—r_ T _210—5— ] ES_O T 55_5 Td‘i_zﬂ - -(9—)—
LCD Voltage Vicopl Vee-vs 1/5 bias 4.6 - 11 v (13)
Vicp2 1/4 bias 3.0 - 1| v [
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Note 1: The following are I/0 terminal configurations except for

liquid crystal display output.

* Input Terminal

Applicable Terminals: E Applicable Terminals: RS, R/W
(No pull up MOS) (With pull up MOS)

vCC VCC

VCC
I»{?PMOS - pmos [—l
Sa o
[_{% NMOS Pull Up MOS L'

* Qutput Terminal

Applicable Terminals: CLj;, CLp, M, D

PMOS

NMOS
* I/0 Terminal

Applicable Terminals: DBy to DBy

; (Pull
Vee( UMOSUP) Vee

3—“:{]*’”05 PMOS ,
Vee Enable
o—3

NMOs I Data

(Output Circuit)
(Tristate)

Note 2: Input terminals and I/0 terminals. Excludes 0SC; terminals.
Note 3: 1I/0 terminals.

Note 4: Output terminals.
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Note 5: Current flowing through pull-up MOS's and output drive MOS's is

excluded.

Note 6: Input/Output current is excluded. When input is at the inter-
mediate level with CMOS, excessive current flows through the
input circuit to the power supply. To avoid this, input level

must be fixed at high or low.

Note 7: External clock operation.

Open 0SC:
Th T1 '

0.7Vee b Th .
= 0y

05Vee S TR T 100k

03Vee —7

— |
trep teep

Note 8: 1Internal oscillator operation using oscillation resistor Rf.

08Cy
Rf% Rf 1 01kQt 2 %
0SC,

Since oscillation frequency varies depending on 0SC; and 0SC)

terminal capacity, wiring length for these terminals should be

minimized.

Note 9: Internal oscillator operation using a ceramic filter.is used.

C Ceramic filter: CSB250A (Murata)
0sCy Rf: IMO  *10%
= R C1: 680pF+10%
0SC, Cp: 680pF+107%
C Rd

Rd: 3.3kQ*57%
Ceramic filter
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Note 10: Applies to both VggM and VsEG voltage drops.
Vcom: From poer supply terminal Vgc, Vi, V4, V5 to each
common signal terminal (COMj to COMjg)
VggG: From power supply terminal Vgg, V2, V3, Vs to each
segment signal terminal (SEG; to SEG4q)

Note 11: Relation between operation frequency and current consumption

is shown in this diagram. (Vg = 5V)

1.8
1.4
Tcez
(mA)
1.2
/ max
1.0 /
" //
typ
b // //
—
04 o
02 /?‘
g
0
100 200 300 400 500

fosc or fecp (kHz)

Note 12: Applied to 0SC; terminal.

Note 13: The condition for COM pin voltage drop (Vgom) and SEG pin
voltage drop (VSEG)'

86 HITACHI



HD44780

® Timing Characteristics

Write Operation

PWeq ‘:'_I
tee
E jl\ﬁm Vnux
A | Viu Viu 7 Viu
ter tosw tw
v .

DBo~ DB, e X Vaild Data Vi
L Vit

teros

Fig. 1T Bus Write Operation Sequence

(Writing data from MPU to HD44780)

Read Operation

IS Vi Vi
Vi Vi
tas Lt
w Vi N Vi
P\V.i.‘ _1 tan
Iy A Vi N[ Vi /
Vi A Vi C"" S Vi,
ter E‘ toon (TS
Vo \f ./ Vom
Valid Data
DBe~DB4 V“ﬂ k Vou

Fig. 2 Bus Read Operation Sequence
(Reading out data from HD44780 to MPU)
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Interface Signal with Driver LSI HD44100H
09Vec 0.9 Vee
CL1 / \
tewn tcwn
CL.
0.1Vee

0.0V e -
01V,

ton

Fig. 3 Sending Data to Driver LSI HD44100H
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® Bus Timing Characteristics (Vgcc =5.0V +10%, GND =0V, Ta =-20 to +75°C)

Write Operation (Writing data from MPU to HD44780)

Item Symbol Test condition m;fmi;ax Unit
Enable Cycle Time teycE Fig. 1 1000 | - ns
Enable Pulse Width 1‘2\175}1" Py Fig. 1 450 | - | ns
Enable Rise/Fall Time tEr, tEf Fig. 1 - 25 ns
Address Set-up Time Eié R/W tAs Fig. 1 140 | - ns
Address Hold Time tAH Fig. 1 10 - ns
Data Set-up Time tpsw Fig. 1 195 - ns
Data Hold Time ty Fig. 1 10 - ns

Read Operation (Reading data from HD44780 to MPU)

Item Symbol Test condition m;:mi;ax Unit
Enable Cycle Time teycE Fig. 2 1000 - ns
Enable Pulse Width I:ig?“ PWpy Fig. 2 450 - ns
Enable Rise/Fall Time ters TEf Fig. 2 - 25| ns
Address Set-up Time Eié R/W tAS Fig. 2 140 - ns
Address Hold Time tAH Fig. 2 10 | - ns
Data Delay Time tDDR Fig. 2 - 320 ns
Data Hold Time tDHR Fig. 2 20 - ns
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® Interface Signal with HD44100H Timing Characteristics
(Vcc =5.0V £10%, GND =0V, Ta =-20 to +75°C)

Item Symbol Test condition lelt Unit
min | max
. "Highll
Clock Pulse Width t Fig. 800 -
- level CHH ig. 3 e
. "High" .
Clock Pulse Width t . 800 -
oc uls i level CWL Fig. 3 ns
Clock Set-up Time tcsu Fig. 3 500 | - ns
Data Set-up Time tsy Fig. 3 300 - ns
Data Hold Time tpy Fig. 3 300 = ns
M Delay Time tpM Fig. 3 -1000 | 1000 mns
® Power Supply Conditions Using Internal Reset Circuit
L. Limit .
Item Symbol Test condition - Unit
min | max
Power Supply Rise Time trce - 0.1 10 ns
Power Supply OFF Time toFF - 1 - ns

Since the internal reset circuit will not operate normally unless the

preceding conditions are met, initialize by instruction.

(Refer to "Initializing by Instruction')

Vee

O0.1lms>t > 10ms

rcc-

tOFF “lms

(Note) topp stipulates the time of power OFF for power supply
instantaneous dip or when power supply repeats ON and OFF.
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B Terminal Function

Table 1 Functional Description of Terminals

Signal | No. of | Input/ | Connected E
name lines Output to unction
RS 1 Input MPU Signal to select registers

"0": Instruction register
(for write)
Busy flag; address counter
(for read)

"1": Data register (for read and
write)

R/W 1 Input MPU Signal to select read (R) and write (W)

"0": Write
"1": Read

E 1 Input MPU Operation start signal for data read/
write

DBy ~ 4 Input/ MPU Higher order 4 lines data bus with

DB Output bidirectional three-state. Used for
‘ data transfer between the MPU and

the HD44780. DB7 can be used as a
BUSY flag.

DBy ~ 4 Input/ MPU Lower order 4 lines data bus with

DB3 Output bidirectional three-state. Used for
data transfer between the MPU and the
HD44780. These four are not used
during 4-bit operation.

CLy 1 Output HD44100H | Clock to latch serial data D sent to
the driver LSI HD44100H.

CLj 1 Output HD44100H Clock to shift serial data D.

M 1 Output | HD44100H | Switch signal to convert liquid crys-
tal drive waveform to AC.

D 1 Output HD44100H | Character pattern data corresponding
to each common signal is serially
sent.

"0": Non selection
"1": Selection
coMy ~ 16 Output Liquid Common signals that are not usad are
CoM crystal charged to non-selection waveforms.

16 display That is, COMg ~COM;g are in non-
selection waveform at 1/8 duty factor,
and COM;j ~COM;4 are in non-selection
waveform at 1/11 duty factor.

SEGy ~ 40 Output Liquid Segment signal

crystal
SECG40 display

Vy ~Vs 5 Power Power supply for liquid crystal

supply display drive

Vee, GND 2 Power Vees +5V, GND; OV

supply
0sCy, 2 Terminals connected to resister or
0SCy ceramic filter for internal clock
osillation.
For external clock operation, the
clock is input to OSC,.
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B FUNCTION OF EACH BLOCK

(1) Register

The HD44780 has two 8-bit registers, an instruction register (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 to 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 MRU 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 to the MPU is then
completed 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 to the DR for the
next read from the MPU. Register selector (RS) signals make their

selection from these two registers.

Table 2 Register Selection

RS | R/W Operation

0 0 IR write as internal operation (Display clear, etc.)

1 | Read busy flag (DB7) and address counter (DBg ~ DBg)

1 0 DR write as internal operation (DR to DD or CG RAM)

1 1 DR read as internal operation (DD or CG RAM to DR)

(2) Busy flag (BF)

When the busy flag is "1", the HD44780 is in the internal operation mode,

and the next instruction will not be accepted. As Table 2 shows, the
busy flag is output to DBy when RS=0 and R/W=1. The next instruction

must be written after ensuring that the busy flag is "0".

(3) 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.
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After writing into (or reading from) DD or CG RAM display data, AC is
automatically incremented by +1 (or decremented by -1). AC contents

are output to DBy ~DBg when RS=0 and R/W=1, as shown in Table 2.

(4) Display data RAM (DD RAM)

The display data RAM (DD RAM) stores display data represented in 8-bit
character codes. Its capacity is 80x8 bits, or 80 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 positions

on the liquid crystal display are shown below.

The DD RAM address (App) is set in the Address Counter (AC) and is re-

presented in hexadecimal.

Upper Order Lower Order
« >
Bits Bits

AC AC6 | AC5| AC4| AC3|AC2|AC1|ACO

— ggﬁ?;al — - Hexadecimal —~

(Example) DD RAM address "4E"

1-line Display (N=0)

. Display
1 2 4 5 79 80
(digit) 3 - Position
1-line 00| 01 02] 03] 04| cvvvemmnennennnnnnnn 4LE | 4F < DD RAM
Address

(a) When the display characters are less than 80, the display begins
at the head position. For example, 8 characters using 1 HD44780

are displayed as:

Display
iod 2 3 4 5 6 7 8 <«
(digit) 1 Position

1-line 00 | 01| 02|03|04)| 05| 06| 07| « DD RAM
Address

When the display shift operation is performed, the DD RAM address

moves as:

HD44780
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(Left
Shift 0102|0304 |05|06 |07 |08
Display)
(Right
Shift 4F | 00 (01 |02 |03 |04 |05 |06
Display)
(b) 16-character display using an HD44780 and an HD44100H is as shown
below:
(digit) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 « Display
Position
1-line 00]01|02|03|04|05{06 |07 {08 [09 |0A |OB [OC |OD [OE|[OF| < DD RAM
) Address
—— HD44780 Display——\— HD44100H Display —
When the display shift operation is performed, the DD RAM address
moves as:
(Left
Shift 01]02{03{04|05|06|07|08|09 |0A|0OB|0C|OD|OE|OF|10
Display
(Right
Shift 4F [00]01(02|03|04|05|06|07[08[{09|0A|OB|0OC|OD|OE
Display)
(c) The relation between display 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 to 80 digits can be displayed by externally connecting 9
HD44100H's .
(digit)! 2 3 4 5 6 7 8 9 1011121314 1516 17 18 19 20 78 74 75 76 77 78 79 80 . Display
Position
1-1line [00][01/02/03|0405/06 07|08/ 09 0A(OB|0C(0D|OE|OF|10{11{12|18| -~ |48|49 [4A (4B [4C |4D|4E|sF| + DD RAM
Address
L up4s780 _JLHDAAIOOH(I)_/\_HPME;()),?}({B)_!\~HD44100H(9)__/
Diaplay Display Display Display
2-line Display (N=1)
. Display
i 1 2 3 4 5 39 40 <«
(digit) Position
1-line 0001102 (03|04 | cceeees ces e et ens “ee 26 | 27 < DD RAM
Address
2-line 40 41 42 43 LG | secre e i iii i 66 67

94 HITACHI




(a)

(digit)
1-1line

2-line

(Left
Shift
Display)

(Right
Shift
Display)

(b)

(digit)
1-line

2-line

(Left
Shift
Display)

(Right
Shift
Display)

HD44780

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

00| 01]02|03|04]05

40 | 41 | 42| 43| 44 | 45

7 8 - DlSPl?y
Position
06 | 07 | < DD RAM
Address
46 | 47

01]102|103]04|05]06

07108

41| 42 | 43| 44 | 45| 46

47 | 48

27 100 01]| 02| 03|04

05| 06

67| 40 | 41| 42| 43| 44

45 | 46

16 characters X 2 lines

HD44100H are used.

1 2 3 4 5 6 7 8

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

are displayed when an HD44780 and an

9 10 11 12 13 14 15 16

00{01{02|03|04|05|06{07

08/ 09|0A|0OB|0OC|OD|OE|OF

40141142]|43|44|45]|46(47

48|49 | 4A| 4B|4C|4D|LE|4F

‘—— HD44780 Display —‘“—— HD44100H Display —

Display
Position
< DD RAM
Address

“+

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

follows:

01]02]03|04|05|06|07

09|0A|OB|0C|OD|OE

4142143 |44|45146]|47|48

4A|4B|4C|4D|4E|4F| 50

01{02]03{04| 05|06

0B{0OC|OD|OE

40|41 43144] 4546

48|49 |4A|4B|4C|4D| 4E
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(c) 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).

Since the increase can be 8 digits x 2 lines for each additional
HD44100H, up to 40 digits 2 lines can be displayed by connecting
4 HD44780's externally.

(digit)! 2 3 # 5 6 7 8 9 10111213 14151617 18 19 20 33 34 35 36 37 38 39 W*Dis?l?y
position

1-1ine [00{01{02|03|04|05]06 07|08|09|0A|0B|0C|OD|OE|OF|10|11]12|18]~~~~~ 20[21|22| 23| 24| 25| 26 27}«DD RAM
address

2-1line [40|41]|42]43|44(45|46|47|48|49|4A|4B|4C|4D|4E|4F|50|5]1|52(58|-— -~ - 60| 61|62| 83| 64| 65 66| 67 é?r%ﬁi?e_

| HD44780 | HD44100H(1) || _ HD44100H || HD44100H(4) |
Display Display (2) (3) Display
Display
(5) Character Generator ROM (CG ROM)
The character generator ROM generates 5 X 7 dot or 5 X 10 dot character
patterns from 8-bit character codes. It can generate 160 types of 5 X
7 dot character patterns and 32 types of 5 X 10 dot character patterns.
Table 3 and 4 show the relation between character codes and character
patterns in the Hitachi standard HD44780A00. User defined character

patterns are also available by mask-programming ROM. For details, see

"The LCD-TI (HD44780) Breadboard User's Manual'.

(6) Character Generator RAM (CG RAM)

The character generator RAM is the RAM with which the user can rewrite
character patterns by program. With 5 x 7 dots, 8 byptes 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 3 and 4 tc dis-

play character patterns stored in CG RAM.

Table 5 shows the relation between CG RAM addresses and data and display

patterns.

As Table 5 shows, an area that is not used for display can be used as a

general data RAM.
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Table 3 Correspondence between Character Codes and Character Pattern
(Hitachi Standard HD44780A00)

Higher
Lower bit| 00000010 {0011 {0100{0101/0110{0111[1010|1011{1100{1101/1110{1111
4bit
CG
Xxxx0000 RAM
(1)
I
(2) H
Xxxx0001 ' N
HH
L
xxxx0010 (3)
N ) ssnEs
Xxxxx0011 “ e
. - I=I . #
(5 H . ‘ i HEH
xxxx0100 | - i“- *ae” | "5 | aulles T
-
!:':':I LAl = ! sente ..i.' ALl : !- .=
(6) i H " H
oxxoron | O .___! e L . " ...i. fonet | fud
(7)
Xxxx0110
)
XXxx0111 ®
{
xxxx1000 | V)
2)
Xxxx1001 {
3
xxxx1010 ®
(
xxxxlo11 | @
.-
(®) "
- -
xXXxx1100 B .l "a suse
»_8 us, .8s -
XxxX1101 (8] | masme 'I % -
an L} sus {11} -
% () s s
L] . - L LL}
. .
XXxx%1110 ™ 8 o " i H
- - L
- x B
xxxainn | |t i i
ssees L1l

* The user can specify any pattern for character-generator ROM.
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Table 4 Relation between CG RAM Addresses and Character Codes (DD RAM)
and Character Patterns (CG RAM Data)

(a) For 5 x7 dot character patterns

Character Codes CG RAM Character Patterns
(DD RAM Data) Address (CG RAM Data)
7 6 5 4 8 2 1 0 5 4 8 2 1 0 7 6 5 4 8 2 1 0
Higher Lower 31 her Io.ezer g:. her 50:&:
er er
- grger BTger~ —Bics  Bics -~ Bics Bits
¥ T
: 0 0 0 I *: 111 1}0
10 0 1 11/o o of1
I I
10 1.0 110 0 0]1 Character
| 1
001 1 111 10
0000 %0 0 0 00 0! ; of T Pattern
0o f1fo Example (1)
(10 1 1o of1]o
110 11fo o of1 Cursor
1y * & %[0 0 0 0 0 < Position
1 N
|
{0 0 0 * % kj1{0 o o]1
| I
10 01 boj1 0]1 0
:0 1 0 I 11 1 1 Character
10 1 1 0 0|1 00 Pattern
00 1
0000 %001 'l oo 'y 1 11 1] Example (2)
Iy 01 :0 ojl1f{o o
I
11 0 1o of1]o o
:1 11 X % *|0 0 0 0 0
T T
j0 0 O X kK|
I I
szd,f~—‘—‘-\¢———J 12002 !
\_—\L_\__’ |
K//’//,_—ﬁ—Q—_\\(—‘“\\\——7\\"‘“—L—_\",:::Fj::::::;g
N
00 0 0 % 1 1 1 11 1!
1 0 0 : *N £f
! o effe
110 1 | et
11 o |
11 1 b N |
1 Ay el

(Note) 1: Character code bits O ~ 2 correspond to CG RAM address bits 3 ~ 5
(3 bits: 8 types).

2: CG RAM address bits 0 ~ 2 designate character pattern line posi-
tion. 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 "O" state for cursor display. When the 8th line
data is "1", bit 1 lights up regardless of cursor existence.

3: 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 data bits 5 ~ 7 are not used for display, they can
be used for the general data RAM.

4: As shown in Table 3 and 4, CG RAM character patterns are selected
when character code bits 4 ~ 7 are all "0". However, since char-
acter 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).

5: "1" for CG RAM data corresponds to selection for display and "O"
for non-selection.
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(b) For 5 x10 dot character patterns

Character Codes CG RAM Character Patterns
(DD RAM Data) Address (CG RAM Data)
7 6 5 4 83 2 1 0 5_48210 746543210
figner it g e BE b
- Bics Bits FBits Bits | “—Bics Bits ]
Eo 00 0 % X% *:o 00 0 0
100 0 1 100 0 0 0
001 0 11]0f1 1]o0
:0 01 1 :1 1/0 0|1} Character
;0 1 00 11{0 0o 0|1} Pattern
000 0% 0 0 % o 00 1 01 1[0 o o|1]| Example
1001 1 0 1 1 1 10
fo 111 1[0 0 0 o
10 0 0 :x 00 0 0
1001 110 0 0 0 Cursor
__________ ] 1101 ol  bkx k[0 000 of « Position
T k ok kK K ok %k

- o ©
_ O = O -

00 0
L] 10 0 0 :
000 0 0% 1 1 % 1100 N/’“N»T/‘T~
/10 1 0 b S

______________ e —— L e b - = 4

Xk *:* B S S

11

00 | I
01 !

1o |

11

l *No Effect
) K KK R Ok K X

(Note)

1:

Character code bits 1, 2 correspond to CG RAM address bits 4, 5
(2 bits: 4 types).

CG RAM address bits O ~ 3 designate character pattern line posi-
tion. The 11lth line is the cursor position and display is per-
formed in logical OR with cursor.

Maintain the 11lth line data corresponding to the cursor display
position in the "O" state for cursor display. When the 1lth
line data is "1'", bit 1 lights up regardless of cursor existence.
Since the 12th ~ 16th lines are not used for display, they can
be used for the general data RAM.

Character pattern row positions are the same as 5 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" (hexa-
decimal) .

'"1" for CG RAM data corresponds to selection for display and "O"
for non-selection.
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(7) Timing Generation Circuit

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

LST 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 a program, the required common signal drivers
automatically output drive waveforms, the other common signal drivers

continue to output non-selection waveforms.

The segment signal driver has essentially the same configuration as the
driver LST HD44100H. Character pattern data is sent serially through a
40-bit shift register and latched when all needed data has arrived. The

latched data controls the driver for generating drive waveform outputs.

The serial data is sent to the HD44100H, externally connected in cascade,

used for display digit number extension.

Send of serial data always starts at the display data character 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 to 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 Control 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)1¢, a cursor position is:
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AC6 AC5 AC4 AC3 AC2 ACl1 ACO

AC 0 0 0 1 0 0 0

In a 1-line display

Display
(digit) 1 2 3 4 5 6 7 8 9 10 11 “ Position
00 |01 |02 |03 |04 05|06 |07 |08]|09]0a 8 « DD RAM
. Address
(Hexadecimal)
the cursor position
In a 2-line display
Display
(digit) 1 2 3 4 5 6 7 8 9 10 11 * Position
lst line |00 |01 |02 |03 |04 |05 |06 |07|08]|09]0a j « DD RaM
i Address
2nd line |40 |41 |42 |43 | 44 |45 |46 |47 |)aB | 49 | 4a K (Hexadecimal)

the cursor position

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

The cursor or blink is displayed in the meaningless position
when AC is the CG RAM address.

B INTERFACING TO MPU

In the HD44780, data can be sent in either 4-bit 2-operation or 8-bit l-opera-

tion so it can interace to both 4 and 8 bit MPU's.

(1)

When interface data is 4-bits long, data is transferred using only 4
buses: DB, ~DB;. DBp ~DB3 are not 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 DB4 ~DB7 when interface
data is 8 bits long) is transferred first, then the lower order 4 bits

(content of DBy ~DB3 when interface data is 8 bits long) is transferred.

Check the busy flag after 4-bit data has been transferred twice (one
instruction). A 4-bit 2-operation will then transfer the busy flag and

address counter data.
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|

RS

o—

vs:
DB
oBs
DB,

| |

Instruction (IR) Busy Falg (BF) and Data Register (DR)
Write Address Counter (AC) Read
Read

Fig. 4 4-bit Data Transfer Example

(2) When interface data is 8 bits long, data is transferred using the 8 data

buses of DBy ~DBjy.

M RESET FUNCTION

® [nitializing by Internal Reset Circuit

The HD44780 automatically initializes (resets) when power is turned on
using the internal reset circuit. The following instructions are executed
in initialization. The busy flag (BF) is kept in busy state until initi-

alization ends. (BF=1) The busy state is 10 ms after Vgc rises to 4.5V.
(1) Display clear

(2) Function S€r .....e.veeeennn. DL=1 : 8 bit long interface data
N =0 : 1-line display

F =0 : 5 %7 dot character font

(3) Display ON/OFF control ...... D =0 : Display OFF

c =0 Cursor OFF

B =0 : Blink OFF !
(4) Entry mode Set .............. I/D=1: 41 (increment)

=0 : No shift
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(Note) When conditions in "Power Supply Conditions Using Internal Reset
Circuit" are not met, the internal reset circuit with not operate
normally and initialization will not be performed. 1In this case

initialize by MPU according to "Initializing by Instruction".

B INSTRUCTION

® 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, control information is temporarily stored in these reg-
isters, to allow interface from HD44780 internal operation to various types
of MPUs which operate in different speeds or to allow interface to peri-
pheral control ICs. HD44780 internal operation is determined by signals
sent from the MPU. These signals include register selection signals (RS),
read/write signals (R/W) and data bus signals (DBg ~DB7), and are called
instructions, here. Table 5 shows the instructions and their execution

time. Details are explained 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) Others

In normal use, category (3) instructions are used most frequently. However,
automatic incrementing by +1 (or decrementing by -1) of HD44780 internal
RAM addresses after each data write lessens the MPU program load. The dis-
play shift is especially able to perform concurrently with display data
write, enabling the user to develop systems in minimum time with maximum
programing efficiency. For an explanation of the shift function in its

relation to display, see Table 7.

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)
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Make sure the HD44780 is not in the busy state (BF=0) before send-

ing the instruction from the MPU to the HD44780. If the instruc-

tion is sent without checking the busy flag, the time between

first and next instructions is much longer than the instruction

time. See Table 5 for a list of each instruction execution time.
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Table 5 Instructions
Execution time
Code Lo ( )
s D t max
Instruction RS|R/W|DB7 |DBg |DBs | DB, |DB3 | DB, |DB; | DBy escription (when fcp or
fosc is 250kHz)
Clear Clears entire display and sets
. of o0 0O|l0j|0}|oO o0 |o0 1 |DD RAM address O in address 1.64ms
Display
counter.
Sets DD RAM address O in adress
Return counter. Also returns display
Home 00|00 ;0|0 |0 |0 |1]| * |being shifted to original 1.64ms
position. DD RAM contents
remain unchanged.
Sets cursor move direction and
Entry ol o o lo o 1lo 0 1 |1/l s specifies sh%ft of display. 40us
Mode Set These operations are performed
during data write and read. |
Display Sets ON/OFF of entire display
ON/OFF olofojojolo|1]|p|c|a [P, cursor ONJOFF (C), and 40us
c blink of cursor position
ontrol
character (B).
Cursor or Moves cursor and shifts display
Display 010 0 {0 |0 |1 |S/CIR/L| * | * |without changing DD RAM | 40ys
Shift contents. ;
: | Sets interface data length (DL),
:::ctlon 0ol 0 0 0 1 DL | N F * * fnumber of display lines (L) 1 40us
and character font (F). |
Sets CG RAM address. CG RAM
Sec CC RAM |y 1 o9 | 0 | 1 ACG data is sent and received 40us
Address - > "
after this setting.
Sets DD RAM address. DD RAM
Set DD RAM
Azdress 0! 0 1 ADD daFa is sent and received after 40us
this setting.
Read Reads Busy flag (BF) indicating
Busy Flag ol 1 |aF AC internal operatioy is being Ous
& Address performed and reads address
counter contents.
Write Data . .
to CG or 1|0 Write Data wé‘;:; LI 40us
DD RAM | c :
Read Data
from CG or | 1 | O Read Data 2Zads data from DD RAM or 40us
DD RAM °
I/D=1 Increment DD RAM : Display data RAM Execution time
I/b=0 : Decrement CG RAM : Character generator RAM|changes when
S =1 : Accompanies display shift. Acc : CG RAM address frequency changes.
S/C=1 : Display shift ApD DD RAM address. (Example)
S/C=0 : Cursor move Corresponds to cursor When fep or fosc
R/L=1 : Shift to the right. address. i quf{z. o8¢
R/L=0 : Shifts to the left. AC : Address counter used - )
DL =1 8 bits, DL=0 : 4 bits. for both DD and CG RAM 40us x250 =137us
N =1 2 lines, N=0 : 1 line address. 270
F =1 5x10 dots, F=0 :5x7 dots
3F =1 Internally operating
BF =0 : Can accept instruction

* No Effect
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Description of Details
(1) Clear Display

RS RWDB)—m—r——— DB

Code 0 0 0 0 0 0 0 0 0 1

Writes space code "20" (hexadecimal) (character pattern for character
code "20" must be blank pattern) into all DD RAM addresses. Sets DD
RAM address 0 in address counter. Returns display to its original
status if it was shifted. 1In other words, the display disappears and
the cursor or blink go to the left edge of the dispaly (the first
line if 2 lines are displayed). Set I/D=1 (Increment Mode) of Entry
Mode. S of Entry Mode doesn't change.

(2) Return Home

RS R/WDB; — ———————— DB

Code 0 0 0 0 0 0 0 0 0 *

* Don't care

Sets the DD 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

line if 2 lines are displayed).

(3) Entry Mode Set

RS R/WDB;— ————— DB

Code 0 0, 01 01|O0 0| 0| O|1I/D| S

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

S : Shifts the entire display either to the right or to the left
when S is 1; to the left when I/D=1 and to the right when I/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.
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(4) Display ON/OFF Control

RS R/WDBj————— _ DBg

Code 0 0 0 0 0 0 1 D C B

D : The display is ON when D=1 and OFF when D=0. When off due to
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 function of I/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 dots in the 11lth 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 409.6ms interval when fcp or fosc=250kHz.
The cursor and the blink can be set to display simultaneously.

(The blink frequency changes according to the reciprocal of fcp

2
or fosc. 409.6 x 2?8 = 379.2ms when fcp=270kHz.)
i%Eﬁ igii IIII
o o ameime
~
Cursor_-

5 x 7 dot character 5 %10 dot character Alternating display
font font

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

(5) Cursor or Display Shift

RS R/W DBy —  —————— DB

Code 0

o

* *
010 0 1 |S/CIR/L ) * Don't care

Shifts cursor position or display to the right or left without 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
lst and 2nd line displays will shift at the same time. When the dis-
played data is shifted repeatedly each line only moves horizontally.

The 2nd line displavy does not shift into the 1lst line postion.
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S/C 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 to the right. The cursor

follows the display shift.

Address counter (AC) contents do not change if the only action per-

formed is shift display.

(6) Function Set

RS R/WDBj—— Dy

Code 0 0 0 0 1| DL| N F * *

* (Don't care)

DL : Sets interface data length. Data is sent or received in 8 bit
lengths (DB7 ~DBp) when DL=1 and in 4 bit lengths (DB7 ~DBg)
when DL=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.

(Note) Perform the function at the head of the program before
executing all instructions (except "Busy flag/address
read'"). From this point, the function set instruction
cannot be executed unless the interface data length is
changed.

N F N?. of ) Character | Duty Remarks
display lines font factor
00 1 5 %7 dots 1/8
01 1 5 x10 dots | 1/11
1 * 2 5 x7 dots 1/16 Cannot display 2 lines with
5 X10 dot character font.

* (Don't care)
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(7) Set CG RAM Address
RS R/W DBy — ———————— DB
code [0 o [0 3 alalalalala]

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

RSR/WDBy— DBy

Code 0 0 1 A A A A A A A
Higher Lower
« >
Order Bits Order Bits

Sets the DD RAM address into the address counter in binary AAAAAAA.

Data is then written or read from the MPU for the DD RAM.

However, when N=0 (l1-line display), AAAAAAA is '"00" ~'"4F" (hexadecimal).
when N=1 (2-line display), AAAAAAA is "00" ~"27" (hexadecimal)
for the first line, and "40" ~"67" (hexadecimal) for the

second line.

(9) Read Busy Flag and Address

RSR/WDBy —~_~DBg

Code 0 1 |BF | A A A A A A A
Higher Lower N
Order Bits Order Bits

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

next wire operation.

At the same time, the value of the address counter expressed 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 Items (7) and (8).
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(10) Write Data to CG or DD RAM

RS R/W DHy DB

Code 1 0 D D D D D D D D
(Higher Lower

Order Bits Order Bits

Writes binary 8 bit data DDDDDDDD to the CG or the DD RAM.

Whether the CG or DD RAM is to be written 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 to entry mode. The entry mode also determines display

shift.

(11) Read Data from CG or DD RAM

RS R/W DBy DB

Code 1 1 |/D(D|D|D|{D|D|D|D
Higher Lower N

Order Bits 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. If 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 in
struction 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 incremented or
decremented by 1 after "write" instructions to either CG RAM
or DD RAM. RAM data selected by the AC cannot then be read
out even if 'read" instructions are executed. The conditions

for correct data read out are: execute either the address set
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instruction or cursor shift instruction (only with DD RAM),
just before reading out execute the 'read" instruction from

the second time the 'read'" instruction is serial.

W HOW TO USE THE HD44780

® Interface to MPU

(1) Interface to 8-bit MPU
RS

L — o

B / \L /T N\ /—\‘
Internal |  Internal Operation | [

ISR /77 SEYER 417 W 514 [ 1 O 11 R

Instruction
Write

Busy Flag
Check

Busy Flag
Check

Busy Flag
Check

Instruction
Write

Fig. 5 Example of Busy Flag Check Timing Sequence

C) When connecting to 8-bit MPU through PIA

Fig. 6-2 is an example of using a PIA or I/0 port (for single chip
microcomputer) as an interface device. Input and output of the

device is TTL compatible.

In the example, PBy to PB7 are connected to the data buses DBp to
DB7 and PAQ to PA2 are connected to E, R/W and RS respectively.
Pay attention to the timing relation between E and other signals

when reading or writing data and using PIA as an interface.

Aus 08s 18

A cS, PA, RS COM, ~ |—+—

Ass CSo COM, 4 Connected

Ay RS, PAs RW to Liquid
HD68BOO Ao RSo PAo E HD44780 Crystal

RW RW SEG,~ 40 Display

VMA:::::[}___E HDs8Boo SEG,,

o PBo~PB- 8 DBo~DB+

DBo~ DB+ L Do~D+

HD68B0O0: 8 bit CPU

Fig. 6 Example of Interface to HD68BOO Using PIA (HD68B21)
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() Connecting directly to the 8-bit MPU bus line

VMA

N

5

Ars

HD8800

R/W,

Do ~ D+

o\

C) Example of interfacing to the HD6805

Ag~Aq

HD68O05 Co

Cy

Cq

C) Example of interfacing to the HD6301

HD6301 P,
~ Pi1
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COM, 16
E ~COM;¢ 7>
HD44780
RS
R
W SEG, | %% .
~SEGyo
DBy~DB4
COM 0
~ 1
DBo~DBr ook
HD44780
E 40
RS SEG, p—F—
~SEGqo
R W
RS 16
COM,
R/W ~COM, ¢
E
HD4 4780
DBo~DB7 40
SEG, }|—rt—
~SEGuo

Connected
to LCD.

Connected
to LCD.

Connected
to LCD.
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(2) 1Interface to 4-bit MPU

The HD44780 can be connected to a 4-bit MPU through the 4-bit MPU I/0
port. If the I/O port has enough bits, data can be transferred in

8-bit lengths, but if the bits are insufficient, the transfer is made
in two operations of 4 bits each (with designation of interface data
length for 4 bits). In the latter case, the timing sequence becomes

somewhat complex. (See Fig. 7)
Fig. 8 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.

RS
W -/ \

S\ J\J\ S\ S\
° { \

Internal Internal 1 I —

Operation

No
/7%, T GO (724 [IAYED 42\ L) %77, 3

Instruction Busy Flag l Busy Flag |Instruction

Write Check Check Write

(Note) 1IR7, IR3: Instruction 7th bit, 3rd bit
AC3 :  Address Counter 3rd bit

Fig. 7 An Example of 4-bit Data Transfer Timing Sequence

Dys RS 16
~—
Dus RW ngh Connected
. 16 . .
HMCS b B HD44780 to Liquid
43C b Crystal
40 Display
. SEG, ~ f—+—=
Rio~Rys # DBs~DBs SEG,,

HMCS43C: Hitachi 4-bit single-chip microcomputer

Fig. 8 Example of Interface to the HMCS43C
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Interface to Liquid Crystal Display
(1) Character Font and Number of Lines

The HD44780 can perform 2 types of display, 5 X7 dots and 5 x10 dots

as character font, with a cursor on each.

Up to 2 lines are displayed with 5 X7 dots and 1 line with 5 x10 dots.

Therefore, three types of common signals are available:

Number of Number of Duty

Lines Character Font Common Signals | Factor
1 5x7 dots + Cursor 8 1/8
1 5 x10 dots + Cursor 11 1/11
2 5 x7 dots + Cursor 16 1/16

Number of lines and font types can be selected by program.

(See to Table 5 Instruction)
(2) Connection to HD44780 and Liquid Crystal Display

Fig. 9 (1) and (2) show connection examples.

COM:
COM,
HD44780
SEG‘ ——————————————————————— Liquid Crystal
: — Display Panel
H (8 characters
SEGuq x 1 lines)

(a) Example of a 5 x7 dot, 8 character X 1 line Display
(1/4 Bias, 1/8 Duty)

COM,
oM,
SEG,
P | - Liquid Crystal
Display Panel
: (8 characters
SEGu4o x 1 line)

(b) Example of a 5 x10 dot, 8 character x 1 line Display
(1/4 Bias, 1/8 Duty)

Fig. 9 (1) Liquid Crystal Display and Connections to HD44780
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HD44780

COM,

COM,

COM, &

COM ¢

SEGE ] Liquid Crystal

H m— N 1 ettt ettt Display Panel

(8 characters
X 2 lines)

SEG4o

(c) Example of 5 %7 dot, 8 character X 2 lines Display
(1/5 Bias, 1/16 Duty)

Fig. 9 (2) Liquid Crystal Display and Connection to HD44780

Since 5 signal lines at the SEG can display one digit, one HD44780 can
display up to 8 digits for 1-line display and 16 digits for 2-line
display.

In Fig. 9 examples (a) and (b), there are unused common signal termi-
nals, non-selection waveforms which always output. When the liquid
crystal display panel has unused extra scanning lines, avoid unde-
sirable influences due to cross-talk in the floating state by con-

necting the extra scanning lines to these common signal terminals.

C
HD44780

COM,

COM34

SEG,

SEGq4o

5 X7 dot, 8 character X 1 line Display (1/4 Bias, 1/8 Duty)

Fig. 10 Using COMg to Avoid Cross-talk on Unneeded Scanning Line
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(3) Connection of Changed Matrix Layout

In the preceding examples, the number of lines was matched to the
number of scanning lines. The following display types are possible

by changing the matrix layout in the liquid crystal display panel.

COM,

COM,

SEG,
HD 44780

SEGu4o
coM,

coMm,,

(a) 5 x7 dot, 16 character X 1 line Display
(1/5 Bias, 1/16 Duty)

SEG,

L s o £ & e ———

COM,

COM,

HD 44780 s

SEG2

SEGqo

(b) 5 x7 dot, 4 character X 2 line Display
(1/4 Bias, 1/8 Duty)

Fig. 11 Changed Matrix Layout Displays

In either case, the only change is the layout. Display characteri-
stics and the number of liquid crystal display characters are depend-
ent on the number of common signals (or duty factor). Note that the
display data RAM (DD RAM) addresses for 8 characters x 2 lines and

16 characters x 1 line are the same as shown in Fig. 9.
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® Power Supply for Liquid Crystal Display Drive

HD44780

Various voltage levels must be applied to HD44780 terminals V] to V5 to

obtain liquid crystal display drive waveforms.

changed according to duty factor.

Table 6 Duty Factor and Power Supply for

The voltages must be

Table 6 shows the relation.

Liquid Crystal Display Drive

tyF\actgr_rl % % %
Gouer, ~~Bias I %
Vi Vee = Y Viep Vee = % Vi
V2 Vee = Y4 Vi Vee = % Vi
Vi Vee = % Vi Vee = % Vieo
Vi Vee — %VLcn Vee = % Ve
Vs Vee = Vien Vee = Vieo

Vicp gives the peak values for liquid crystal display drive waveforms.

Resistance dividing provides each voltage as shown in

Vce

Vi

Vs
Vy

Vee (+5V)

=1
[

VLCD

=

¥ VR

(a) 1/4 Bias
(1/8, 1/11 Duty)

Fig. 13 Drive Voltage Supply Example

-5V

Fig. 13.
Vee (#5V)
Vce e
R
Vi 8
v, R
* R
V3 VLCD
3R
Vy
s R
Vs
A R
-5V
(b) 1/5 Bias

(k/16 Duty)
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® Relation between Oscillation Frequency and Liquid Crystal Display Frame
Frequency

The following examples of liquid crystal display frame frequency apply
only when oscillation frequency is 250kHz. (1 clock = 4us)

(1) 1/8 Duty

400 clock
1 2| 8 | 4 | ------ ! 8 | 1 2

Vee

COM, Vi
Va2 (Vs )

Vs

Vs

f———~——————1 frame ———;w————ﬂ

1 frame = 4 (us) % 400 x 8 = 12800 (us) = 12.8 (ms)

1

Frame frequency = 12.8 (ms)

= 78.1 (Hz)

(2) 1/11 Duty

o, 400 clock

r_j_j 2 ' 3 | 4 ! —————— ! 11 | 1 I 2 \

CQM, Vi
Va(Vs)
\0

F*_————~——- 1 frame -———~————4

1 frame = 4 (us) X 400 x 11 = 17600 (us) = 17.6 (ms)

1
17.6 (ms)

Frame frequency = = 56.8 (Hz)

(3) 1/16 Duty

’/-‘*200 clock

-

1 2 ‘ 3 ) 4 |_- -7__' 16‘ 1 ' 2

coM, Vv,

L—————————— 1 frame ——‘-?4———4

1 frame = 4 (us) %X 200 x 16

1
12.8 (ms) - 78.1 (Hz)

12800 (us) = 12.8 (ms)

Frame frequency =
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HD44780
® Connection with Driver LSI HD44100H

You can increase the number of display digits by externally connecting a

liquid crystal display driver LSI HD44100H to the HD44780.

When connected to the HD44780, the HD44100H is used as segment signal
driver. The HD44100H can be connected to the HD44780 directly since it
supplies CLj, CL2, M and D signals and power for liquid crystal display

drive. Fig. 14 shows a connection example.

Caution: Connection of voltage supply terminals V1 through Vg for liquid

crystal display drive is complicated.

Up to 9 units of the HD44100H can be connected for l-line display (duty
factor 1/8 or 1/11) and up to 4 units for the 2-line display (duty factor
1/16).  RAM size limits the HD44780 to a maximum of 80 character display
digits. The connection method in Fig. 14 remains unchanged for both

l1-line and 2-line display or both 5 X7 and 5 x10 dot character fonts.
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IHOVLIH 0Z1

COM,~COM,
( COM, ~COMs)

16 8 X

Dot Matrix Liquid Crystal Display Panel

R
SEG, ~SEG,, 40 ‘o o ‘o
HD44100H HD 44100 H HD 44100 H
Y Y Y
D pL, ' T4oDR, DL, ' Y‘°[)R, ______ _Jou,Yi ™ Yipg,
FCS — FCS __1FcCs
- SHI, DL, :I ] sHL, DL, j [ SHL, DL, j
+— SHL, DR, t+— SHL. - DR, +— SHL, A DR,
3, S8 vz ) (33N
52 Bannas co- & Gdaansne = $3saanns
CL, S
CL, e
M ————
VCC —— e —
GND —_———
V, ————
Vy ————
v e

HD44780

Fig. 14 Example of Connecting HD44100H to HD44780

08./¥¥aH




HD44780
® Instruction and Display Correspondence
(1) 8-bit operation, 8-digit X l-line display (using internal reset)
Table 7 shows an example of 8-bit * 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 data for 80 characters, as ex-
plained before, the RAM can be used for displays like the lightening

board when combined with display shift operation.

Since the display shift operation changes display position only and
DD RAM contents remain unchanged, display data entered first can be

output when the return home operation is performed.

(2) 4-bit operation, 8-digit X l-line display (using internal reset)

The program must set functions prior to 4-bit operation. Table 8
shows an example. When power is turned on, 8-bit operation is auto-
matically selected and the first write is performed as an 8-bit
operation. Since nothing is connected to DBp ~DB3, a rewrite is then
required. However, since one operation is completed in two accesses

of 4-bit operation, a rewrite is needed as a function (see Table 8).

Thus, DB, ~DBy of the function set is written twice.

(3) 8-bit operation, 8-digit X 2-line display

For 2-line display, the cursor automatically moves from the first to
the second line after the 40th digit of the 1lst line has been written.
Thus, if there are only 8 characters in the first line, the DD RAM
address must again be set after the 8th character is completed.

(See Table 9) Note that the first and second lines of the display
shift are performed. In the example, the display shift is performed
when the cursor is on the second line. However, if shift operation
is performed when the cursor is on the first line, both the first and
second lines move together. When you repeat the shift, the display
of the second line will not move to the first line, the same display

will only move within each line many times.

(Note) When using the internal reset, the conditions in '"Power
Supply Condition Using Internal Reset Circuit' must be
satisfied. If not, the HD44780 must be initialized by

instruction. (See "Initializing by Instruction')
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Table 7 8-bit Operation, 8-digit 1-line Display Example(Using Internal Reset)

No. Instruction Display Operation
Power supply ON (HD44780 s .
1| is initialized by the [:::::::::::] Initialized. No display
internal reset circuit) appears.
Sets to 8-bit operation
Function Set and selects 1l-line display
2 |RSR/WDB; —— pBg| [ ] |lines and character font.
00 00 1 1 0 0 * (Number of display lines
and character fonts cannot
be changed hereafter.)
) Turns on display and cur-
3 Display ON/OFF Control [:::::::::::] sor. Entire display is
00 0000 1 1 10 in space mode because of
initialization.
Sets mode to increment the
address by one and to
4 Entry Mode Set [:::::::::::] shift the cursor to the
0 0 0 0 0O O OTI1T10O0 right at the time of write
to the DD/CG RAM.
Display is not shifted.
Write "H". The DD RAM has
already been selected by
Write Data to CG RAM/DD RAM initialization when the
5 100100100 0 power is turned on.
The cursor is incremented
by one and shifted to the
right.
Write Data to CG RAM/DD RAM .
6 nrn
1 00 10010 0 1 HT Writes "I".
7 . :
Write Data to CG RAM/DD RAM . nyn
81100100100 1 |LHITACHL | Writes "I".
Entry Mode Set Sets mode for display
9 ’ shift at the time of
0 000 00O O 1 11 HITACHI .
=J | write.
Write Data to CG RAM/DD
10 1“08 Oag ‘l’ 0 0 /0 gAMO ITACHI _ | |Writes "Space".
Write Data to CG RAM/DD RAM . o
11 100100110 1 TACHI M _| | Writes "M".
12 : :
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Write Data to CG RAM/DD RAM . A
13 100100 1 1 1 1 MICROKO Writes "0".
Cursor or Display Shift Shifts only the cursor
14 MICROKO
0 0 00 01 0 0 * =* — position to the left.
Cursor or Display Shift Shifts only the cursor
15
0 0 0 0 0 1 0 0 * =* MICROKO position to the left.
. Writes "C" (correction).
Write Data to CG RAM/DD RAM
16 lr 0 oa i 8 0 0«/0 11 ICROCO The display moves to the
left.
: : Shifts the display and
C D ft
17 Ourgorooro 13p1iy ihll x % MICROCO cursor position to the
right.
Cursor or Display Shift Shifts display and cursor
M
B1o 000010 1 % * ICROCO_J | Josition to the right.
Write Data to CG RAM/DD RAM
; tres
100100110 1 ICROCOM__ Writes "M
20 :
Returns both display and
Return Home
21 | 8 0 03 0000 1 0 HITACHI cursor to the original

position (Address 0).
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HD44780

Table 8 4-bit Operation, 8-digit 1-Tine Display Example
(Using Internal Reset)

0 0 0 0 1 O

No. Instruction Display Operation
Power supply ON (HD44780 cs s .
1| is initialized by the [:::::::::::] Initialized. No display
internal reset circuit) appears.
Sets to 4-bit operation.
Function Set In this case, ?perati?n’is
2 |RS R/W DB7 —— DBy [:::::::::::] handled as 8 bits by ini-

tialization, and only this
instruction completes with
one write.

Function Set

Sets 4-bit operation and
selects 1l-line display and
5%7 dot character font.
4-bit operation starts

3]0 0 0 0 1 0 [:::::::::::J from this point on and
0 0 0 0 * * resetting is needed.
(Number of display lines
and character fonts cannot
be changed hereafter.)
Display ON/OFF Control Turns on display and cur=
410 0 0 0 0 O [:::::::::::] sor. Entire display is in
00 1 110 space mode because of ini-
tialization.
Sets mode to increment the
address by one and to
Entry Mode Set shift the cursor to the
5/0 0 0 0 00 [:::::::::::] right, at the time of
0 0 0 1 1 O© write, to the DD/CG RAM.
Display is not shifted.
Write Data to CG RAM/DD RAM Writes "H".
611 0 0 1 0 0 The cursor is incremented
1 010 0 0 = by one and shifts to the

right.

Hereafter, control is the same as 8-bit operation.
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Table 9 8 bit Operation, 8-digit x 2 line Display Example
(Using Internal Reset)

No. Instruction Display Operation
Power supply ON (HD44780 e s .
1 | is intialized by the Initialized. No display
internal reset circuit) appears.
Function Set Sets to 8-bit operation
2 RS R/W DBy DBg and selects 2-line display
0 0 0 0 1 1 1 0 * * and 5%7 dot character font.
Turns on display and cur-
3 Display ON/OFF Control = sor. All display is in
0 0 0 0 0 0 1 1 1 0 space mode because of
initialization.
Sets mode to increment the
address by one and to
4 Entry Mode Set = shift the cursor to the
0 0 0 0 0 0 0 1 1 O right, at the time of
write, to the DD/CG RAM.
Display is not shifted.
Writes "H". The DD RAM has
has already been selected
Write Data to CG RAM/DD RAM i by initialization when
5 the power is turned on.
1 0 01 0 0 1 0 0 O A
The cursor is incremented
by one and shifted to the
right.
6 : .
Write Data to CG RAM/DD RAM - npn
7 100100100 1 HITACHI Writes "I'".
Sets RAM address so that
8 Set DD RAM Address HITACHI the cursor is positioned
0 0 1 1 0 0 0 0 0 O at the head of the 2nd
line.
Write Data co CG RAM/DD RAM HITACHI . g
700100110 1]|m Writes M.
10 .
Write Data to CG RAM/DD RAM HITACHTI . NAN
11 1 00100 1 1 1 1 MICROCO Writes "0".
‘mod displ
12 Entry Mode Set HITACHI SEFitmotetiort‘lsp ?y
000 00O0GOT1T1T1|[MICROCO SHirtoat the time o

write.
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Writes '"M". Display is
shifted to the right.

13 | Write Data to CG RAM/DD RAM TTACHI he fi 4 d
1001001 10 1|[TCROCON The first and secon
= lines' shift are operated
at the same time.
14 N
1s Return Home HITACHI Returns bOtE dis?lgy ind
000 00O OGO OGO O 1 0fl[MICROCOM| | curser to the origina

position (Address 0).
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® 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 ms
after Vgc rises to 4.5V.

RS B 0B, TBs [Bs DB, [Bs [B; [B: [Bo
0 0 0 0 1 1 * * *x X

|

Wait more than 4.1 ms.

I

L

|

[BF cannot be checked before this instruction.]

Function set (Interface is 8 bits long.)

RS By 1B DBy DBs [B4 TBs [B, [B: [Ro
0 0 0 0 1 1 *x * % %

Wait for more than 100us.

RS By DB, I8, DBy DR, DB, DB; DB DBy
0 0 0 0 1 1 * *x * x

RS By DB, Di DBy DB DBy DBz DB DBo
000 0 0 1 1 NF % %
00 00 O0O0T1000
000 00 000 01
00000 00 1Llhs

Initialization ends.

|

|

[BF cannot be checked before this instructionj1

Function set (Interface is 8 bits long.)

[BF cannot be checked before this instruction.

Function set (Interface is 8 bits long.)

BF can be checked after the following instruc-
tions. When BF is not checked, the waiting
time between instructions is longer than the
execution instruction time. (See Table 4-1)

Function Set (Interface is 8 bits long.
Specifiy the number of display lines and
character font.)

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

Display OFF

Display ON

Entry Mode Set
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(2) When interface is 4 bits long;

{ Power ON )

Wait more than 15 ms
after Vgg rises to 4.5V,

|

RS By, 1B, B, [B, IB,
0 0 0 0 1 1

I

i

Wait more than 4.1 ms.

RS B, 0B, DB DBs DBy
0 0 0 0 1 1

Wait for more than 100us.

RS By, DB, DBy DBy DR,
0 0 0 0 1 1

RS By DB DBs DBs DB,
0 0 0 0

0

0 0
0 N
0

oje o

—

—
o|lo ol oMM o

o ©o|lo ©o|o oo ofe
o o|le oo o

o o|le o
gcocoo*—f—-
»w o

Initialization ends.
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lBF cannot be checked before this instruction.

Function set (Interface is 8 bits long.)

[BF cannot be checked before this instruction. 4]

Function set (Interface is 8 bits long.)

lBF cannot be checked before this instruction.

Function set (Interface is 8 bits length.)

BF can be checked after the following instruc-
tions. When BF is not checked, the waiting
time between instructions is longer than the
execution instruction time. (See Table 4-1)

Function Set (Set interface to be 4 bits long.)
Interface is 8 bits length.

Function Set (Interface is 4 bits long. Specify
the number of display lines and character font.)
The number of display lines and character font
cannot be changed afterwards.

Display OFF

Display ON

Entry Mode Set
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