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Lampiran 10: Datasheet HD44780U (Dot Matrix Liquid Crystal Display

Controller/Driver)

HD44780U (LCD-II)

(Dot Matrix Liquid Crystal Display Controller/Driver)

HITACHI

ADE-207-272(Z)
'90.9

Rev. 0.0

Description

The HD44780U dot-matrix liquid crystal display controller and driver LSI displays alphanumerics.
JTapanese kana characters, and symbols. It can be configured to drive a dot-matrix liquid crystal display
nnder the control of a 4- ar §-hit microprocessor. Since all the functions such as display RAM. character
generatar. and liquid crystal driver. required for driving a dot-matrix liquid crystal display are internally
provided on one chip. a minimal system can be interfaced with this controller/driver.

A single HD44780U can display up to one 8-character line or two 8-character lines.

The HD447807 has pin function compatibility with the HD44780S which allows the user to easily raplace
an LCD-IT with an HD447301. The HDA4478CU character generzlor ROM 15 extended Lo generale 208 5 x
8 dot character fonts and 32 5 % 10 dot character fonts for a total of 240 different character fonts.

The low power supply (2.7V to 5.5V) of the FD4478017 is snitable for any portahle battery-drivan prodnct
requiring low power dissipation.

Features

3% §and 5 x 10 dol malrix possible
* Low power operation support:
— 27 to 5.5V
e Wide range of liquid crystal display driver power
— 30to 11V
® Liquud crystal drive wavetorm
— A (One line frequency AC waveform)
e Correspond lo lugh speed MPU bus milerface
2 MHz (when Ve — 5V)
s  J-bit or 8-bit MPU interface enabled
e 80 x 8-bit display RAM (80 characters max.)
® 9.920-bit character generator ROM for a total of 240 character fonts
— 208 character fonts (5 x § dot)

— 32 character fonts (5 x 10 dot)
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® (4 X 8-bit character generator RAM

— 8 character fonts (5 X 8 dot)

— 4 character fonts (5 X 10 dot)

e 16-common X 40-segment liquid crystal display driver

® Programmable duty cycles

— 1/8 for one line of 5 x 8 dots with cursor

— 1/11 for one line of 5 X 10 dots with cursor

— 1/16 for two lines of 5 x 8 dots with cursor

e  Wide range of instruction functions:

— Display clear, cursor home. display on/off. cursor on/off. display character blink. cursor shift.

display shift

e Pin function compatibility with HD44780S
e Automatic reset circuit that initializes the controller/driver after power on

e Internal oscillator with external resistors

e Low power COIlSlllll])TiOll

Ordering Information

Type No. Package CGROM
HD44780UAQOQOFS FP-80B Japanese standard font
HCD44780UAQ0 Chip

HD44780UAQOTF TFP-80F

HD44780UAQ2FS FP-80B European standard font
HCD44780UA02 Chip

HD44780UAQ2TF TFP-80F

HD44780UBxxFS FP-80B Custom font
HCD44780UBxx Chip

HD44780UBxxXTF TFP-80F

Note: xx: ROM code No.

HITACHI



118

HD44780U
HD44780U Block Diagram
0sC1 0sc2 - CL1
= CL2
Reset | =M
ng'll_'t — Timing
CPG - generator
| Instruction 7 D
s reglstjr(IR) |
- i COM1 to
rs | MPU Instruction data RAM 16-bit || Common | COM16
- inter- (DDRAM) - shift signal
R/W —=| face 80 x 8 bits register driver
E ——
A
! Y
Address AT SEG1 to
counter 8 40-hit 40-hit Segmenl SEG40
7 shift latch signal ——»
DB4 to - register || circuit driver
DB7 -
Input/ | 8 Data 8 y
DBO to |output [=7=register [=——] - 40
DB3 buffer (DR)
- 8 8 LCD drive
voltage
-« | Busy selector
flag
Ty J |
Character Character Cursor
generator generator and
RAM ROM blink
(CGRAM) (EJCS?ZT)CI)JT) controller
GND 64 bytes . its
5 5
| / |
' Parallel/serial converter
- and —
ZP attribute circuit
LXLLX
V1 V2 V3 V4 V5
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Pin Functions

No. of Device
Signal Lines I[e] Interfaced with  Function
RS 1 | MPU Selects registers.
0: Instruction register (for write) Busy flag:
address counter (for read)
1: Data register (for write and read)
RW 1 MPU Selects read or write.
0: Write
1: Read

E 1 | MPU Starts data read/write.

DB4 to DB7 4 I/O MPU Four high order bidirectional tristate data bus
pins. Used for data transfer and receive between
the MPU and the HD44780U. DB7 can be used
as a busy flag.

DBO to DB3 4 H{e] MPU Four low order bidirectional tristate data bus pins.
Used for data transfer and receive between the
MPU and the HD44780U.

These pins are not used during 4-bit operation.

CL1 1 0] Extension driver  Clock to latch serial data D sent to the extension
driver

CL2 1 0] Extension driver  Clock to shift serial data D

M 1 0] Extension driver  Switch signal for converting the liquid crystal
drive waveform to AC

D 1 o] Extension driver  Character pattern data corresponding to each
segment signal

COM1 to COM16 16 0] LCD Common signals that are not used are changed
to non-selection waveforms. COM3 to COM16
are non-selection waveforms at 1/8 duty factor
and COM12 to COM16 are non-selection
waveforms at 1/11 duty factor.

SEG1 to SEG40 40 0] LCD Segment signals

V1to V5 5 — Power supply Power supply for LCD drive
Vee =V5 =11V (max)

Ve GND 2 — Power supply Veo: 2.7V 10 5.5V, GND: OV

0OSC1, 0sc2 2 — Oscillation When crystal oscillation is performed, a resistor

resistor clock

must be connected externally. When the pin input
is an external clock, it must be input to OSC1.
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Function Description

Registers
The HD44780U 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 (DDRAM) and character generator RAM (CGRAM). The IR can only be written from the MPU.

The DR temporarily stores data to be written into DDRAM or CGRAM and temporarily stores data to be
read from DDRAM or CGRAM. Data written into the DR from the MPU is automatically written into
DDRAM or CGRAM by an internal operation. The DR is also used for data storage when reading data
from DDRAM or CGRAM. When address information is written into the IR. data is read and then stored
into the DR from DDRAM or CGRAM by an internal operation. Data transfer between the MPU is then
completed when the MPU reads the DR. After the read. data in DDRAM or CGRAM at the next address is
sent to the DR for the next read from the MPU. By the register selector (RS) signal. these two registers can
be selected (Table 1).

Busy Flag (BF)

When the busy flag is 1, the HD44780U is in the internal operation mode. and the next instruction will not
be accepted. When RS = 0 and R/W = 1 (Table 1). the busy flag is output to DB7. The next instruction
must be written after ensuring that the busy flag is 0.

Address Counter (AC)

The address counter (AC) assigns addresses to both DDRAM and CGRAM. When an address of an
instruction is written into the IR. the address information is sent from the IR to the AC. Selection of either
DDRAM or CGRAM is also determined concurrently by the instruction.

After writing into (reading from) DDRAM or CGRAM. the AC is automatically incremented by 1
(decremented by 1). The AC contents are then output to DBO to DB6 when RS = 0 and R/W =1 (Table 1).

Table 1 Register Selection

RS RIW Operation

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

0 1 Read busy flag (DB7) and address counter (DBO to DBES)

1 0 DR write as an internal operation (DR to DDRAM or CGRAM)
1 1 DR read as an internal operation (DDRAM or CGRAM to DR)
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Display Data RAM (DDRAM)

Display data RAM (DDRAM) stores display data represented in 8-bit character codes. Its extended
capacity 1s 80 X 8 bits, or 80 characters. The area in display data RAM (DDRAM) that is not used for
display can be used as general data RAM. See Figure 1 for the relationships between DDRAM addresses
and positions on the liquid crystal display.

The DDRAM address (App) 1s set in the address counter (AC) as hexadecimal.

e 1-line display (N = 0) (Figure 2)
— When there are fewer than 80 display characters. the display begins at the head position. For
example, if using only the HD44780. 8 characters are displayed. See Figure 3.

When the display shift operation is performed. the DDRAM address shifts. See Figure 3.

High order Low order
fe— bits — == bits | Example: DDRAM address 4E
AC
(hexadecimal) ACBIACS5|AC4|AC3|AC2|ACI1|ACD 11010 1 1 1 0

Figure 1 DDRAM Address

Display position

(digit) 1 2 3 4 5 79 80
DDRAM
address 00 01 02 03 04 .................. 4E 4F

(hexadecimal)

Figure 2 1-Line Display

Display
position 1 2 3 4 5 6 7 8
DDRAM |00|01|02|03 |04 05|06 |07
address
For 01|02|03|04|05|06|07 |08
shift left
B 4F|00|01 (02|03 |04 |05 |06
shift right

Figure 3 1-Line by 8-Character Display Example
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e 2-line display (N = 1) (Figure 4)

— Case 1: When the number of display characters is less than 40 X 2 lines, the two lines are displayed

from the head. Note that the first line end address and the second line start address are not
consecutive. For example. when just the HD44780 is used. 8 characters X 2 lines are displayed. See

Figure 5.

When display shift operation 1s performed. the DDRAM address shifts. See Figure 5.

Display
position

DDRAM
address

(hexadecimal) 40 | 41

1 2 3 4 5 39 40
o0lo1 (020304 |-+ - v 26 | 27
42 | 43 |44 | - 66 | B7

Figure 4 2-Line Display

Display
position

DDRAM
address

For
shift left

For
shift right

00

02

03

05

07

40

42

43

45

46

47

01

03

06

07

08

41

43

44

45

46

47

48

27

01

02

03

04

05

06

67

40

41

42

43

44

45

46

Figure 5 2-Line by 8-Character Display Example
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— Case 2: For a 16-character X 2-line display. the HD44780 can be extended using one 40-output
extension driver. See Figure 6.

When display shift operation is performed. the DDRAM address shifts. See Figure 6.

Display
positon 1 2 3 4 5 6 7 8 9 10111213 14 15 16

DDRAM 00{0D1({02(03|04|05|06|07|08|09|0A|0B|0C|0D|0E|0F
address

40|41|42|43|44|45|46|47|48|49|4A|4B/4Cl4D/4E[4F

A - AN _ )
' Ty
HD44780U display Extension driver
display

For 01/02{03|04|05|06|07|08|09|0Al0Bl0C|0D|0E|0F|10
shift left |44 4o|43|44|45|a6|47]48|40|aalaBlacliD|aElar| 50
For 27|00|01|02|03|04|05|06|07|08|09|0A0Bloc|oD|oE
shift right

67]40|41/42|43|44|45|46|47|48|40|aal4BlaclaDl4E

Figure 6 2-Line by 16-Character Display Example
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Table4  Correspondence between Character Codes and Character Patterns (ROM Code: A00)
oo 5 [P ™ [F = 3=
o ol V1A@a e PFLEG
xxx0010 | (3) 12 BE k- Flq IE: =
weot| ||| SIC][SC][S 1[FATIE S e
wowo| 0| |EGDTEL] | [ TIFFRS
wootor| © || e B[N E8 )L A F A=
wore| 0| B FILE] | N2 8a e
wo00111 | (8) eI ._I":FF_:'gT[
wooo| (| | & B H# A F =
oot || A 'F T N]1 ] e Ty
IR R - I:lll'll-’__'l:F
woorr | @ | |5 KL K4 AT EO" R
waroo| | |2 |4 L]¥[1] 1 =2 EA
worior| | |=|=[M|1|m| ¥ CEINE A
xooc1110 | (7) . ::'I"-I'ﬁ'l"l':" EEITII:IFI
Xt 111 | (8) SA0 o+ 'U".-I'_-:lnlfll

Note: The user can specify any pattern for character-generator RAM.

HITACHI



125

HD44780U

rns (ROM Code: A02)

cter Patte

cter Codes and Chara

Chara

etween

b

dence

spon

Corre

Table 4

-
Ll

s
L

n

=

E

]

i

= 1=

S EEILE]

AR

Al

&FUF o nh!

—Bits| 0000 | 0001 | 0010 | 0011 | 0100|0101 | 0110 | 0111 1000 | 1001 | 1010 | 1011 | 1100|1101 | 1110 | 1111

I R R
N b = A

xxxx0011 | (4) :I:I#SI:SE-E-EI[:E-EHIjEIEI

o o % % DT o £ H o B

woott| © || T AT Ll a1

oo | T € BH M e Y E B #

I EE| | EF. _ _
alle T '. ' |w. .._.. .._.. R — s _ |l
0=~ —_— —_— — — —_— —_— —_— —
GRS © = o Q =z 0 © =
-+
T o o o oy o — o oy o
& o o - o — — o o -
5 o — — =1 o o — — —
/ o o o — — — — — —
g X x * x * x o] = x
{285 > > > > > > > > >

X¥xx1111 | (8) .'- _-"- ? I:l___;l ﬂ 3 I-I : iiﬂiﬂ
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Timing Generation Circuit

The timing generation circuit generates timing signals for the operation of internal circuits such as
DDRAM, CGROM and CGRAM. RAM read timing for display and internal operation timing by MPU
access are generated separately to avoid interfering with each other. Therefore, when writing data to
DDRAM. for example. there will be no undesirable interferences. such as flickering. in areas other than the
display area.

Liquid Crystal Display Driver Circuit

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

Sending serial data always starts at the display data character pattern corresponding to the last address of
the display data RAM (DDRAM).

Since serial data is latched when the display data character pattern corresponding to the starting address
enters the internal shift register. the HD44780U drives from the head display.

Cursor/Blink Control Circuit

The cursor/blink control circuit generates the cursor or character blinking. The cursor or the blinking will
appear with the digit located at the display data RAM (DDRAM) address set in the address counter (AC).

For example (Figure 8). when the address counter is 08H. the cursor position is displayed at DDRAM
address 08H.

AC6 ACS5 AC4 AC3 AC2 AC1 ACO

AC‘D‘D‘O‘I‘O‘O‘D‘

For a 1-line display

Display position 1 2. 3 4 & 6 8 9 10 N

DDRAM address
(hexadecimal)

‘OO‘O'I‘02‘03‘04‘05‘06‘1]?
Fi

DB‘OS‘UA‘;’

o
For a 2-line display cursor position

Display position 1 2 3 4 5 6 T 8 9 m N1

DDRAM address | | 00 | 01 |02 | 03 |04 | 05| 06 | 07 | g8 | 09 | O )

hexadecimal

Viexiicmd) 40 | 41 |42 | 43 | 42 | 45 | 46 | 47 ljaa a9 | 4a | |
et

cursor position

Note: The cursor or blinking appears when the address counter (AC) selects the character
generator RAM (CGRAM). However, the cursor and blinking become meaningless.
The cursor or blinking is displayed in the meaningless position when the AC is a CGRAM address.

Figure 8 Cursor/Blink Display Example
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Interface to Liquid Crystal Display

Character Font and Number of Lines: The HD44780U can perform two types of displays. 5 X 8 dot and
5 x 10 dot character fonts. each with a cursor.

Up to two lines are displayed for 5 X § dots and one line for 5 x 10 dots. Therefore, a total of three
types of common signals are available (Table 9).
The number of lines and font types can be selected by the program. (See Table 6. Instructions.)

Connection to HD44780 and Liquid Crystal Display: See Figure 19 for the connection examples,

Table 9 Common Signals
Number of Lines Character Font Number of Common Signals  Duty Factor
1 5 x 8 dots + cursor 8 1/8
1 5 x 10 dots + cursor 11 111
2 5 x 8 dots + cursor 16 116
HD44780

COM!1

coms

SEG ——— |||

SEG40

Example of a 5 x 8 dot, 8-character = 1-line display (1/4 bias, 1/8 duty cycle)

HD44780

COoM1

com11

SEG40

Example of a 5 x 10 dot, B-character = 1-line display (1/4 bias, 1/11 duty cycle)

Figure 19 Liquid Crystal Display and HD44780 Connections
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Since five segment signal lines can display one digit. one HD44780U can display up to 8 digits for a 1-line

display and 16 digits for a 2-line display.

The examples in Figure 19 have unused common signal pins. which always output non-selection
waveforms. When the liquid crystal display panel has unused extra scanning lines, connect the extra
scanning lines to these common signal pins to avoid any undesirable effects due to crosstalk during the
floating state.

HD44780

COM1

CcoM8
coM9

COM16

SEG1

SEG40

Example of a 5 x 8 dot, 8-character x 2-line display (1/5 bias, 1/16 duty cycle)

Figure 19 Liquid Crystal Display and HD44780 Connections (cont)
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Table 13 8-Bit Operation, 8-Digit X 2-Line Display Example with Internal Reset
Step Instruction
No. RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO Display Operation

1

Pawer supply on (the HD44780U is initialized by the internal

reset circuit)

Initialized. No display.

2 Function set Sets to 8-bit operation and
0 0 0 0 1 1 1 0 * * selects 2-line display and 5 x 8
dot character font.
3 Display on/off control Tums on display and cursor.
0 0 0 0 0 0 1 1 1 0 = All display is in space mode
because of initialization.
4 Entry mode set Sets mode to increment the
0 0 0 0 0 0 0 1 1 0 = address by one and to shift the
cursor to the right at the time of
write to the DD/CGRAM.
Display is not shifted.
5 Write data to CGRAM/DDRAM H Writes H. DDRAM has already
1 0 0 1 0 0 1 0 0 0 = been selected by initialization
when the power was turned on.
The cursor is incremented by
one and shifted to the right.
6
7 Write data to CGRAM/DDRAM Writes 1.
1 0 0 1 0 0 1 0 0 1 HITACHI
8 Set DDRAM address HITACHI Sets DDRAM address so that
0 0 1 1 0 0 0 0 0 0 the cursor is positioned at the

head of the second line.
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Table 13 8-Bit Operation, 8-Digit X 2-Line Display Example with Internal Reset (cont)

Step Instruction
No. RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO Display Operation
9 Write data to CGRAM/DDRAM HITACHI Writes M.
1 0 0 1 0 0 1 1 0 1
M_
10
11 :‘Vrlte doata toDCGR{]M.rDDORAM ; 1 1 1 1 HITACHI Writes O.
MICROCO_
S ift displs
12 Entry rgode soet . ; . ) 1 1 1 HITACHI thetst,_mod? to_*ts.h|ft display at
MICROCO_ e time of write.
13 Write data to CGRAM/DDRAM TACHI Writes M. Display is shifted to
1 0 0 1 0 0 1 1 0 1 ~ the left. The first and second
C ) .
ICROCOM_ lines both shift at the same
time.
14
15 (F]{eturnohomeo . . . . . 1 . HITACHI Return? btri)]th d|_sp|a)|r and.t.
MICROCOM cursor to the original 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

instructions becomes necessary.

Refer to Figures 23 and 24 for the procedures on 8-bit and 4-bit initializations. respectively.

~,

I P |
-\_ ower on Y,

Wail for more than 13 ms
after Voo risesto 4.5V

RS RWDB7 DB6DB5DB4 DB3DB2 DB1DB0
0 0 0 0 1 1 = = = =

Wait for more than 4.1 ms

RS RAWDB7 DB6 DB5DB4 DB3 DB2 DB1DB0
0 0 0 0 1 1 = = = =

Wait for more than 100 us

RS RAWDB7 DB6 DB5DB4 DB3 0B2 DB1DB0
0 0 0 0 1 1 = = = =

RS RAWDB7 DB6 DBS5DB4 DB3 DB2 DB1DB0

0 0 0 0 1 1T N F = =
0 0 0 0 0 0 1 0 0 O
0 0 0 0 0 0 0 0 0 1
0 0 0 0 0O O O 1 ID S

|

Initialization ends

/ Wail for mwre than 40 ms .."u

\ after Vegrisesto 2.7V

BF cannot be checked before this instruction.

Function set (Interface is 8 bits long.)

BF cannot be checked before this instruction.

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 instructions.
When BF is not checked, the waiting time between
instructions is longer than the execution instuction
time. (See Table 6.)

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

The number of display lines and character font
cannot be changed after this point.

Display off
Display clear

Entry mode set

Figure 23 8-Bit Interface
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( Power on )

Wait for more than 15 ms
after Ve risesto 4.5V

RS RAWDD7 DB6DB5DB4
o o0 0 0 1 1

\\

Wait for more than 4.1 ms

RS RAWDB7DB6 DB5DB4
o0 0 0 0 1 1

\\

Wait for more than 100 ps

RS RAWDB7DB6 DB5DB4

00 0 0 1 1
RS RAVDB7 DB6 DBS DB4
0000 10
0000 10
0 0 N F = =
000 0 00
00 1.0 00
000 0 00
00 0 0 0 1
000 0 0 0
00 0 11D S

'

Initialization ends

\\

[ Wait for more than 40 ms \Il
\ afterVggrisesto 2.7V

BF cannot be checked before this instruction.

Function set (Interface is 8 bits long.)

BF cannot be checked before this instruction.

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 instructions.
When BF is not checked, the waiting time between
instructions is longer than the execution instuction
time. (See Table 6.)

Function set (Set interface to be 4 bits long.)
Interface is 8 bits in 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 after this point.

Display off
Display clear

Entry mode set

Figure 24 4-Bit Interface
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Absolute Maximum Ratings*
Item Symbol Value Unit Notes
Power supply voltage (1) Ve—GND -0.3to+7.0 vV 1
Power supply voltage (2) Vee—V5 -0.3to0o +13.0 vV 1,2
Input voltage Vit -03to V. +0.3 vV 1
Operating temperature Too =30 to +75 °Cc
Storage temperature T -55to +125 °C 4
Note: * |Ifthe LSlis used above these absolute maximum ratings, it may become permanently damaged.

Using the LS| within the following electrical characteristic limits is strongly recommended for
normal operation. If these electrical characteristic conditions are also exceeded, the LS| will
malfunction and cause poor reliability.
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DC Characteristics (V.. =4.5t0 5.5V, T, =-30 to +75°C*")

Item Min Typ Max Unit Test Condition Notes*
Input high voltage (1) 22 — Vee vV 6
(except OSC1)
Input low voltage (1) -0.3 — 0.6 W 6
(except OSC1)
Input high voltage (2) Veem1.0 — Vee v 15
(OSC1)
Input low voltage (2) — — 1.0 W 15
(OSC1)
Output high voltage (1) 24 — — W =l = 0.205 mA 7
(DBO-DB7)
Output low voltage (1) — — 0.4 W lop =1.2MA 7
(DBO-DB7)
Output high voltage (2) 09V, — — \ =l = 0.04 mA 8
(except DBO-DE7)
Qutput low voltage (2) — — 01V, V o =0.04 mA 8
(except DBO-DE7)
Driver on resistance — 2 20 ke tld = 0.05 mA, 13
(COM) VLCD =4V
Driver on resistance — 2 30 ke tld = 0.05 mA, 13
(SEG) VLCD =4V
Input leakage current -1 — 1 A VIN=0to V.. 9
Pull-up MOS current 50 125 250 LA Ve =5V
(DBO-DB7, RS, R/W)
Power supply current — 350 600 A R; oscillation, 10, 14
external clock
Vee =5V,
fose = 270 kHz
LCD voltage 3.0 — 11.0 \ Vee=V5, 1/5 bias 16
3.0 — 11.0 \ V..~V5, 1/4 bias 16

Note: * Refer to the Electrical Characteristics Notes section following these tables.
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Technical Notes:
1. LCD display type: STN, YG, positive, transflective
2, Viewing directions 6H
3. Backlight: Y3 LED
4,  Operating temparature: ~45F~158°F (-20°C~70°C)
5. Storage femperature: -22°Fn 176°F (-30°CRB0°C)
6. Dimension tolerance +.02" (.Smm)
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