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Cautions

Keep safety first in your circuit designs!

1

Renesas Technology Corporation puts the maximum effort into making semiconductor products better and more reliable, but
there is always the possibility that trouble may occur with them. Trouble with semiconductors may lead to persond injury, fire
or property damage.

Remember to give due consideration to safety when making your circuit designs, with appropriate measures such as (i)
placement of substitutive, auxiliary circuits, (ii) use of nonflammable materia or (iii) prevention against any malfunction or
mishap.

Notes regarding these materias

1

These materials are intended as areference to assist our customers in the selection of the Renesas Technology Corporation
product best suited to the customer's application; they do not convey any license under any intellectual property rights, or any
other rights, belonging to Renesas Technology Corporation or athird party.

Renesas Technology Corporation assumes no responsibility for any damage, or infringement of any third-party's rights,
originating in the use of any product data, diagrams, charts, programs, agorithms, or circuit application examples contained in
these materials.

All information contained in these materials, including product data, diagrams, charts, programs and agorithms represents
information on products at the time of publication of these materials, and are subject to change by Renesas Technology
Corporation without notice due to product improvements or other reasons. It is therefore recommended that customers contact
Renesas Technology Corporation or an authorized Renesas Technology Corporation product distributor for the latest product
information before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.

Renesas Technology Corporation assumes no responsibility for any damage, liability, or other lossrising from these
inaccuracies or errors.

Please d so pay attention to information published by Renesas Technology Corporation by various means, including the
Renesas Technology Corporation Semiconductor home page (http://www.renesas.com).

When using any or all of theinformation contained in these materials, including product data, diagrams, charts, programs, and
algorithms, please be sure to evaluate al information as atotal system before making afinal decision on the applicability of
theinformation and products. Renesas Technology Corporation assumes no responsibility for any damage, liability or other
loss resulting from the information contained herein.

Renesas Technology Corporation semiconductors are not designed or manufactured for use in adevice or system that is used
under circumstances in which human lifeis potentialy at stake. Please contact Renesas Technology Corporation or an
authorized Renesas Technology Corporation product distributor when considering the use of a product contained herein for
any specific purposes, such as apparatus or systems for transportation, vehicular, medica, aerospace, nuclear, or undersea
repeater use.

The prior written approva of Renesas Technology Corporation is necessary to reprint or reproduce in whole or in part these
materials.

If these products or technologies are subject to the Japanese export control restrictions, they must be exported under alicense
from the Japanese government and cannot be imported into a country other than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the country of destination is
prohibited.

Please contact Renesas Technology Corporation for further details on these materials or the products contained therein.




HD44780U (LCD-I1)

(Dot Matrix Liquid Crystal Display Controller/Driver)

HITACHI

Description

The HD44780U dot-matrix liquid crystal display controller and driver L Sl ‘displays alphanumerics,
Japanese kana characters, and symbols. It can be configured to drive a dot=matrix liquid crystal display
under the control of a 4- or 8-bit microprocessor. Since all the functions such“asdisplay RAM, character
generator, and liquid crystal driver, required for driving a detsmatrix.liquid erystal display are internally
provided on one chip, aminimal 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 HD44780U has pin function compatibility withdhe HD44780S which allows the user to easily replace
an LCD-Il with an HD44780U. The HD44780U character generator ROM is extended to generate 208 5 x
8 dot character fonts and 32 5 x 10 dot charactér fonts for atotal of 240 different character fonts.

The low power supply (2.7V to 5.5V) ofsthe HD44780U is suitable for any portable battery-driven product
requiring low power dissipation.

Features

e 5x8and5x 10 dot matrix possible

e Low power gperationisupport:
— 2.7t0 55V

e Widerange of'liquidcrystal display driver power
— 3.0to 11V

e Liquidcrysta drive waveform
— A (Oneline frequency AC waveform)

¢ Correspond to high speed MPU bus interface
— 2MHz (when V. = 5V)

e 4-bit or 8-bit MPU interface enabled

e 80 x 8-hit display RAM (80 characters max.)

e 9,920-hit character generator ROM for atotal of 240 character fonts
— 208 character fonts (5 x 8 dot)
— 32 character fonts (5 x 10 dot)
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e 64 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
e Programmable duty cycles
— 1/8for oneline of 5 x 8 dots with cursor
— 1/11 for oneline 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 Pinfunction compatibility with HD44780S
e Automatic reset circuit that initializes the controller/driver after power of
e Internal oscillator with external resistors
e Low power consumption

Ordering Information

Type No. Package CGROM
HD44780UAOOFS FP-80B Japanese standard font
HCD44780UA00 Chip

HD44780UAOQTF TFP-80F

HD44780UA02FS FP-80B Eurgpean standard font
HCD44780UA02 Chip

HD44780UA02TF TFP-80F

HD44780UBXxFS FP-80B Custom font
HCD44780UBxx Chip

HD44780UBXXTF I FP-80F

Note: xx: ROM cedéNo.
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HD44780U Block Diagram
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= CL2
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CPG - generator
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> inter- (DDRAM) | shift signal ——=
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counter 8 40-_bit 40-bit Se_gment SEG40
7 shift latch signal ——
DB4 to - register || circuit driver
DB7 ;
» Input/ 8 Dgta 2 Y A A
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HD44780U Pin Arrangement (FP-80B)

AILEIIXIBOBa®om e
UEVEUVEVEURVEURVEVELVEVELRVRURVRY)
wwwwwwwwwwwwwwww
NV nnnnomon
BHEERREEREEEEEREEE
SEG22[1] 64] SEG39
SEG21[2 ]| 63] SEG40
SEG20(3 | [62]COM16
SEG19]4 |
SEG18[5 |
SEG17[6 |
SEG16[7 |
SEG15][8 |
SEG14 19 |
SEG13[10]
SEG12 [11] ‘ 54]com8
SEG11 [12] FP-80B 53] COM7
SEG10 [13] (Top view 52] cOM6
SEG9 [14] 51]COM5
SEGS [15] [50]CcOM4
SEG7 [16] [49]cOM3
SEG6 [17] 48] COM2
SEG5 [18] [4a7]com1
SEG4 [19] 46| DB7
SEG3 [20] 145] DB6
SEG2 [21] 144] DB5
SEGL [22] 43]DB4
142] DB3
141]DB2
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HD44780U Pin Arrangement (TFP-80F)

SEG20] 1 |
SEG19][ 2 |
SEG18][ 3 |
SEG17] 4 |
SEG16][ 5 |
SEG15] 6 |
SEG14[ 7 |
SEG13[ 8 |
SEG12] 9 |
SEG11[ 10 |
SEG10][ 11
SEGY][ 12 |
SEG8][ 13 |
SEG7] 14 |
SEG6] 15 |
SEG5] 16 |
SEG4 [ 17 |
SEG3] 18 |
SEG2] 19 |
SEG1][ 20 |

| 80 |SEG21
| 79 |SEG22
| 78 |SEG23
| 77 |SEG24
| 76 | SEG25
| 75 |SEG26
| 74 |SEG27
| 73 |SEG28
| 72 | SEG29
| 71 |SEG30
| 70 |SEG31
| 69 | SEG32
| 68 | SEG33
| 67 | SEG34
| 66 | SEG35
| 65 |SEG36
| 64 | SEG37
| 63 |SEG38
| 62 | SEG39
| 61 |SEG40

TFP-80F
(Top view)

| 60 |COM16
| 59 |COM15
58| cCOM14
's7jcom13
'56 | COM12
| 55 |cOM11
| 54 |cOM10
| 53 Jcom9
| 52 Jcom8
| 51 Jcom7
| 50 ]COM6
| 49 Jcoms
| 48 |COM4
| 47 Jcom3
| 46 |cOM2
| 45 JCcoM1
| 44 |DB7

| 43 |DB6

| 42 |DB5

| 41 |DB4

GNDT 211
OSC1{(22]
0sc2/ 234
V1lh24
v2['2s, |
V3| 26|
V4| 27 |
V5[ 28 |
CL1[ 29 |
cL2[ 30|
Veel 31
M| 32

D| 33
RS| 34|
R/W/ 35 |
E| 36
DBO| 37 |
DB1][ 38 |
DB2[ 39 |
DB3/ 40 |
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HD44780U Pad Arrangement

Chip size:  4.90 x 4.90 mm?
Coordinate: Pad center (um)
Origin: Chip center

Pad size: 114 x 114 pm?

2 1 80 63

N o000 0000O0000000 O

Oo0o0ooooooogoooooEn

NO0D000000000000000000 o]
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HCD44780U Pad L ocation Coordinates

Coordinate Coordinate

Pad No. Function | X (um) Y (um) Pad No. Function | X (um) Y (um)
1 SEG22 —2100 2313 41 DB2 2070 —2290
2 SEG21 —2280 2313 42 DB3 2260 —2290
3 SEG20 —2313 2089 43 DB4 2290 —2099
4 SEG19 —-2313 1833 44 DB5 2290 -1883
5 SEG18 —2313 1617 45 DB6 2290 -1667
6 SEG17 -2313 1401 46 DB7 2290 —1452
7 SEG16 —-2313 1186 47 COM1 2313 -1186
8 SEG15 -2313 970 48 COM2 2313 —970
9 SEG14 —2313 755 49 COM3 2313 —755
10 SEG13 —2313 539 50 COM4 2313 -539
11 SEG12 -2313 323 51 COM5 2313 -323
12 SEG11 —2313 108 52 COM6 2313 -108
13 SEG10 —2313 -108 53 COM7 2313 108
14 SEG9 -2313 -323 54 COM38 2313 323
15 SEGS8 —2313 -539 55 €OM9 2313 539
16 SEG7 —2313 —755 56 COM10 2313 755
17 SEG6 -2313 -970 57 COM11 2313 970
18 SEG5 —2313 -1186 58 COM12 2313 1186
19 SEG4 —2313 -1401 59 COM13 2313 1401
20 SEG3 —2313 -1617 60 COM14 2313 1617
21 SEG2 —2313 -1833 61 COM15 2313 1833
22 SEG1 —2313 —2073 62 COM16 2313 2095
23 GND —2280 —2290 63 SEG40 2296 2313
24 0OSsC1 —2080 —2290 64 SEG39 2100 2313
25 osc2 —1749 -2290 65 SEG38 1617 2313
26 V1 <1550 —2290 66 SEG37 1401 2313
27 V2 —1268 —2290 67 SEG36 1186 2313
28 V3 =941 —2290 68 SEG35 970 2313
29 V4 ~623 —2290 69 SEG34 755 2313
30 V5 -304 —2290 70 SEG33 539 2313
31 CL1 —48 —2290 71 SEG32 323 2313
32 CL2 142 —2290 72 SEG31 108 2313
33 Vee 309 —2290 73 SEG30 -108 2313
34 M 475 —2290 74 SEG29 -323 2313
35 D 665 —2290 75 SEG28 -539 2313
36 RS 832 —2290 76 SEG27 —755 2313
37 RIW 1022 —2290 77 SEG26 —970 2313
38 E 1204 —2290 78 SEG25 -1186 2313
39 DBO 1454 —2290 79 SEG24 -1401 2313
40 DB1 1684 —2290 80 SEG23 -1617 2313
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Pin Functions

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

E I MPU Starts data read/write.

DB4 to DB7 4 Ie} MPU Four high order bidireCtional tristate data bus
pins. Used for data transfernand receive between
the MPU and the HD44780U. DB7 can be used
as a busy flag.

DBO to DB3 4 110 MPU Fouhlow@rder bidirectional tristate data bus pins.
Usedfor data transfer and receive between the
MPU and'the HD44780U.

These pins are not used during 4-bit operation.

CL1 1 (0] Extension driver’  €lockio 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 (0] Extension driver  Character pattern data corresponding to each
segment signal

COM1 to COM16 16 (@) LCD Common signals that are not used are changed
to non-selection waveforms. COM9 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
Ve —V5 =11V (max)
V.., GND 2 — Power supply Ve 2.7V 1o 5.5V, GND: 0V

OSC1, OSC2 2

Oscillation
resistor clock

When crystal oscillation is performed, a resistor
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 storageiwhen reading data
from DDRAM or CGRAM. When address information is written into the IR, data iSread‘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, datain DDRAM_or CGRAM “at the next addressis
sent to the DR for the next read from the MPU. By the register selectar (RS),signal, these two registers can
be selected (Table 1).

Busy Flag (BF)

When the busy flag is 1, the HD44780U is in the intefnal “‘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 flagis0:

Address Counter (AC)

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

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

Tablel Register Selection

RS R/W Operation

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

DR write as an internal operation (DR to DDRAM or CGRAM)

0 0
0 1 Read busy flag (DB7) and address counter (DBO to DB6)
1 0
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 is 80 x 8 hits, 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) is set in the address counter (AC) as hexadecimal.

e l-linedisplay (N =0) (Figure 2)
— When there are fewer than 80 display characters, the display begins at the head pasition. 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
|«— bits —»}«— bits —— Example: DBRAM address 4E
AC
(hexadecimal) [ACB/AC5 AC4/AC3 AC2|ACLACO 10p/0 | 1|1]1/0

Figurel DDRAM"Address

Display position

(digit) 1 2 3 4% s 79 80
DDRAM
s 00|01 020003 | 04 |-+ ooeiiiien 4E| aF

(hexadecimal)

Figure2 1-LineDisplay

Display
positon 1 2 3 4 5 6 7 8

DDRAM (00|01/02|03|04 |05 |06 |07
address

For
shift left 01/02|03|04|05|06|07|08

For

shift right 4F|00|01|02 |03 |04 |05 |06

Figure3 1-Lineby 8-Character Display Example

HITACHI
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e 2-linedisplay (N =1) (Figure4)
— Case 1: When the number of display charactersislessthan 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 is performed, the DDRAM address shifts. See Figure 5.

Display
position

DDRAM
address

(hexadecimal) 40 | 41

4

5

39

40

00 | 01

02

03

04

26

27

42

43

44

66

67

Figure4 2-LineDisplay

Display
position

DDRAM
address

For
shift left

For
shiftright

00

01

02

03104 05 [06),07

40

41

42

4344 45146 | 47

01

02

03

04+05|06 |07 |08

41

42

43

4445|4647 |48

27

00

01

020304 |05 |06

67

40

41

42 43|44 |45 46

Figure5 2-Lineby 8-Character Display Example

HITACHI
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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.

12

Display
positon 1 2 3 4 5 6 7 8 9 1011 1213 14 15 16
DDRAM [00{01/02|03/04|05|06/07/08|09|0A|0B|0C|0D|0OE|OF|
address
40| 41)42|43|44|45|46|47|48|49|4A4B|4C|4D 4E| 4F
Y Y
HD44780U display Extension driver
display
01/02/03|04/05|06|07|08|09|0A|
For
shiftleft |11 42143|44|45|a6|a7
For 27|00|01/02
shift right
67|40(41|42
Figure6 2-Lineby 16-

\}
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Character Generator ROM (CGROM)

The character generator ROM generates 5 x 8 dot or 5x 10 dot character patterns from 8-bit character
codes (Table 4). It can generate 208 5 x 8 dot character patterns and 32 5 x 10 dot character patterns. User-
defined character patterns are also available by mask-programmed ROM.

Character Generator RAM (CGRAM)

In the character generator RAM, the user can rewrite character patterns by program. For 5 x 8 dots, eight
character patterns can be written, and for 5 x 10 dots, four character patterns can be written.

Write into DDRAM the character codes at the addresses shown as the left column of, Tiable'4 to show the
character patterns stored in CGRAM.

See Table 5 for the relationship between CGRAM addresses and data and display patterns.

Areasthat are not used for display can be used as general data RAM¢

Modifying Character Patterns
e Character pattern devel opment procedure
The following operations correspond to the numbers listed in Figure 7:

Determine the correspondence between character) codes and character patterns.
Create alisting indicating the correspondence between EPROM addresses and data.
Program the character patternsinto the ERROM.

Send the EPROM to Hitachig

Computer processingon the EPROM is performed at Hitachi to create a character pattern listing, which
is sent to the user.

6. If there are nd problems within the character pattern listing, atrial LS| is created at Hitachi and samples
are sent to'the user for evaluation. When it is confirmed by the user that the character patterns are
correctly writtenymass production of the LS| proceeds at Hitachi.

a s~ w b P

HITACHI
13
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Hitachi User
- Start
Computer Determine
processing character patterns

Create character
pattern listing

Evaluate
character
patterns

Art work

Trial
O'Ej

Sample
W ]

Sample
evaluation

No

}47

Create EPROM
address data listing

Write EPROM

EPROM — Hitachi

Yes

Mass
production

Note: For a description of the numbers used in this figure, refer to the preceding page.

14

Figure7 Character Pattern Development Procedure
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e Programming character patterns

This section explains the correspondence between addresses and data used to program character patterns
in EPROM. The HD44780U character generator ROM can generate 208 5 x 8 dot character patterns and
32 5 x 10 dot character patterns for atotal of 240 different character patterns.

— Character patterns

EPROM address data and character pattern data correspond with each other to form a5 x 8 or 5 x
10 dot character pattern (Tables 2 and 3).

Table2 Example of Correspondence between EPROM Address Data and Character Pattern

(5x 8Dots)
EPROM Address Data
LSB
A11A10A9 A8 A7 A6 A5 A4 A3 A2 A1 A0 | 0403 0201 00
0 00 0O0O|12/0 0 0 O
0 00 12,0 0 0 O
0 01 o101 1|0
0 01 112 1/0 0|1
01 0 0,12, 0 O 0|1
0 1 0 1 |1 [ 0 0|1
0 1 440,/ 1 1 10
01100 01100 241 15/0 0 0 0 O
000" 0 0 0 0 O
1 00 1|0 0 0 0 O
10 1 0|0 0 0 0 O
1 01 1/0 0 O O O
110 0|0 0 0 O O
110 10 0 0 0 O
111 010 0 0 0 O
1111 /0 0 0 0 O
Character code Line
position

Notes: 1. EPROM addresses All to A4 correspond to a character code.

S e

HITACHI

-«—— Cursor position

EPROM addresses A3 to A0 specify a line position of the character pattern.
EPROM data O4 to OO correspond to character pattern data.
EPROM data O5 to O7 must be specified as 0.
A lit display position (black) corresponds to a 1.
Line 9 and the following lines must be blanked with Os for a 5 x 8 dot character fonts.
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— Handling unused character patterns

1. EPROM data outside the character pattern area: Always input 0s.
2. EPROM datain CGRAM area: Alwaysinput 0s. (Input Os to EPROM addresses 00H to FFH.)

3. EPROM data used when the user does not use any HD44780U character pattern: According to the user

application, handled in one of the two ways listed as follows.

a. When unused character patterns are not programmed: If an unused character code is written into
DDRAM, dl itsdots are lit. By not programing a character pattern, all of its bits becomelit. (Thisis

due to the EPROM being filled with 1s after it is erased.)

b. When unused character patterns are programmed as Os. Nothing is displayed even if unused
character codes are written into DDRAM. (Thisis equivalent to a space.)

Table3 Example of Correspondence between EPROM Address Data and\Character Pattern

(5% 10 Dots)
EPROM Address Data
LSB
A11A10A9 A8 A7 A6 A5 A4 A3 A2 A1 A0| 0403 Q@2 0100
0 0 0O0Oj0O O O 0 O
0 00 10 0 0 0 O
001 olof1 1]of1
0 0 1.191,0 0|1 1
o 140 0)1|o o o1
0,170,414 1,0 0 0|1
0 141 0 |0]21 1 1 1
01 0 1 0 0 1 _09Y0,% 12 1|0 O O 0|12
1 0 0 0o 0 0 O0f}1
1 0 0 10 0 0 01
1 01 0jo 0o O 0 O
101 1,0 0 O O O
11 0 0|0 0 O O O
11 0 1|0 0 0 0 O
11 1 0|0 0 O O O
111 1|0 0 0 O O
Character code Line
position

Notes: 1. EPROM addresses All to A3 correspond to a character code.

S

16
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-«—— Cursor position

EPROM addresses A3 to A0 specify a line position of the character pattern.
EPROM data O4 to OO0 correspond to character pattern data.
EPROM data O5 to O7 must be specified as 0.
A lit display position (black) corresponds to a 1.
Line 11 and the following lines must be blanked with Os for a 5 x 10 dot character fonts.
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Table4 Correspondence between Character Codes and Character Patterns (ROM Code: A0Q)

'_A:_‘al’}’l‘;' Uppgirt: 0000 | 0001 [ 0010 | 0011 | 0100|0101 | 0110 0111|1000 1001|1010| 1011{1100|1101 (111011112
ce e [ B e, | e g | e |
x0x0000 | & e e
woooor [ @ || ¢ | 1| &= a | FF|S S
xxxx0010 | (3) E'“' E“ "E.I EE-E .:':= EEEE
oooo011 | (4 i, Nl v AR
xxxx0100 | (5) IE:.' " ::E: E.' .E.F E--'E E;.;E
pooor01| © || HEIX BT | L
wootso| 0 | |vex [ A [ IINEIRE
xox0111 | (8)
xxxx1000 | (1) E:: ::':: E'“E ::':: .'E. '::E ::EE:
x0x1001 | (2) EIR G e v T | :
wonono| @ | |2 | @l T T Al 1
woocto11 | @ jompe s AR (B 4
w1100 | © WL | % [k |E| L[
woortor | @ | == == (17| 3]
oad110 | .
xox1111 | (8)

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

HITACHI
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Table4

Correspondence between Character Codes and Character Patterns (ROM Code: A02)

k%‘?’éf Uppgirt: 0000 [ 0001 | 0010 | 0011 [ 0100|0101 {0110 0111 1011 1100| 1101 | 1110|1111
ce | fr s R e
xxxx0000 | FA | e 1 il el |
oocoon | @ |4 | E LRG| g R
wocoto| @ | 5F| FF| AR E
oo | @ |77 | 5 1 B
xxxx0100 | (5) .EEE. _EEE: =::E' E“:i “E“ E“'E .E. .
ek DT el
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Table5

Relationship between CGRAM Addresses, Character Codes (DDRAM) and Char acter
Patterns (CGRAM Data)

For 5 X 8 dot character patterns

Notes: 1

*

oot || commasess| | Oz et
76543210 543210 76543210
High Low High Low High Low
0 0 0 * x x[11 11 1]0
"0 0 1 1/0 0 01
010 1/0 0 0|1
0000* 000 oooi011 11119
100 1lol1fe 0
1101 10 0|10
1110 11/0.0,0/1]
1101 1 * x AT0N0 0.0 0
000 » &0+ 1000 02
001 ho[1]o0f1]0
010 11111
0000*001 001/ 0%1? 0 of1fo o
11 040 11111
1140 1 10 0l1][o0 o
115250 0 0/1]/0 O
1 * * *x 100000
}000 *  x x|
L 1040 1 !
f\\\\ :
0000 * 111 111! ] ‘
110 0 !
101 T—/
110 }
3111 ***3

Character
pattern (1)

Cursor position

Character
pattern (2)

Cursor position

Character code\bits'0'to 2 correspond to CGRAM address bits 3 to 5 (3 bits: 8 types).

CGRAM address bits 0 to 2 designate the character pattern line position. The 8th line is the
cursorposition and its display is formed by a logical OR with the cursor.

Maintain the 8th line data, corresponding to the cursor display position, at O as the cursor display.
If the 8th line data is 1, 1 bits will light up the 8th line regardless of the cursor presence.
Character pattern row positions correspond to CGRAM data bits 0 to 4 (bit 4 being at the left).

As shown Table 5, CGRAM character patterns are selected when character code bits 4 to 7 are
all 0. However, since character code bit 3 has no effect, the R display example above can be
selected by either character code OOH or O8H.

1 for CGRAM data corresponds to display selection and 0 to non-selection.

ndicates no effect.

HITACHI
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Table5

Relationship between CGRAM Addresses, Character Codes (DDRAM) and Char acter
Patterns (CGRAM Data) (cont)

For 5 X 10 dot character patterns

Notes: 1

2.

*

20

Character Codes Character Patterns
(DDRAM data) CGRAM Address (CGRAM data)
76543210 543210 76543210
High Low High Low High Low
0 000 * x x 100000
'0 001 '0 0000
0010 [1]ol1 1/0
0011 1 1]0 ofz
30 100 1/0 0 01 Character
000O0*00* 000101 10 0 01| | pattern
10110 111 1j0
0111 1,0 020 0
1000 11050 0 0O
1001 |1/0 0 00
77777777777777777777777 | 11 01 0 A T0 000 0 } Cursor position
31 O l l * * * ‘:’* * * * *
1 1 0gO |
"1 140 1 !
11 19150 }
31 1 1 l * * * 3* * * * *
0 0.0 0 *oxox
s 20 00 1 !
0000 * 11 * 1131001\\v—/
,,,,,,,,,,,,,,,,,,,,,,, B e T T N A B
il O 1 1 * * * ‘:’* * * * *
1100 :
110 1 !
1110 3
31 1 1 1 * * * i* * * * *

Charactercode bits 1 and 2 correspond to CGRAM address bits 4 and 5 (2 bits: 4 types).

CGRAM address bits 0 to 3 designate the character pattern line position. The 11th line is the
cursor position and its display is formed by a logical OR with the cursor.

Maintain the 11th line data corresponding to the cursor display positon at 0 as the cursor display.
If the 11th line data is “1”, “1” bits will light up the 11th line regardless of the cursor presence.
Since lines 12 to 16 are not used for display, they can be used for general data RAM.

Character pattern row positions are the same as 5 x 8 dot character pattern positions.

CGRAM character patterns are selected when character code bits 4 to 7 are all 0.

However, since character code bits 0 and 3 have no effect, the P display example above can be
selected by character codes 00H, 01H, 08H, and 09H.

1 for CGRAM data corresponds to display selection and 0 to non-selection.
ndicates no effect.
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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 commontsignal“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 characterfpatternicorresponding to the starting address
entersthe interna 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 AC5 AC4 AC3 AC2 AC1l ACO

AC’D‘O‘O‘l‘O‘O‘O‘

For a 1-line display

Display position i1 2 3 4 5 6 7 8 9 10 11

DDRAM address
(hexadecimal)

{’00‘01‘02‘03‘04‘05‘06‘07‘08‘09‘0A‘2
7z

)

For a 2-line display cursor position

Display position 1 2 3 4 5 6 7 8 9 10 11

DDRAM address 00 | 01 | 02 | 03 | 04 | O5 | 06 | 07 70§ 09 | OA )

(hexadecimal)

40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 848 49 | 4A (

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.

Figure8 Cursor/Blink Display Example
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Interfacing to the MPU

The HD44780U can send data in either two 4-bit operations or one 8-bit operation, thus alowing
interfacing with 4- or 8-bit MPUs.

o For 4-bit interface data, only four bus lines (DB4 to DB7) are used for transfer. Bus lines DBO to DB3
are disabled. The data transfer between the HD44780U and the MPU is completed after the 4-bit data
has been transferred twice. Asfor the order of datatransfer, the four high order bits (for 8-bit operation,
DB4 to DB7) are transferred before the four low order bits (for 8-bit operation, DBO to DB3).

The busy flag must be checked (one instruction) after the 4-bit data has been transferred twice. Two
more 4-hit operations then transfer the busy flag and address counter data.

e For 8-hit interface data, al eight buslines (DBO to DB7) are used.

|

DB7

X IR7 IR3 X X ac3 X
DB6 X IR6 IR2 X X ac2 X
X

DBS5 IR5 IRLpX X ac1 X

X _ra X_iRo X X aco X XraXoRY
Instruction registen(IR) Busy flag (BF) and Data register (DR)
Write address counter (AC) read

read

Figure9 4-Bit Transfer Example
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Reset Function

Initializing by Internal Reset Circuit

An internal reset circuit automatically initializes the HD44780U when the power is turned on. The
following instructions are executed during the initialization. The busy flag (BF) is kept in the busy state
until the initialization ends (BF = 1). The busy state lasts for 10 ms after V. risesto 4.5V.

1. Display clear
2. Function set:
DL = 1; 8-bit interface data
N = 0; 1-line display
F =0; 5 x 8 dot character font
3. Display on/off control:
D = 0; Display off
C = 0; Cursor off
B = 0; Blinking off
4. Entry mode set:
I/D = 1; Increment by 1
S=0; No shift

Note: If the electrical characteristics conditionslisted ‘under the table Power Supply Conditions Using
Internal Reset Circuit are not met, theinternal reset circuit will not operate normally and will fail to
initialize the HD44780U. Far stch a“case, initial-ization must be performed by the MPU as
explained in the section, Initializing by I nstruction.

I nstructions

Outline

Only the instructionyregister (IR) and the data register (DR) of the HD44780U can be controlled by the
MPU. Before starting the internal operation of the HD44780U, control information is temporarily stored
into these registers to allow interfacing with various MPUs, which operate at different speeds, or various
peripheral control devices. Theinternal operation of the HD44780U is determined by signals sent from the
MPU. These signals, which include register selection signal (RS), read/

write signal (R/W), and the data bus (DBO to DB7), make up the HD44780U instructions (Table 6). There
are four categories of instructions that:

e Designate HD44780U functions, such as display format, data length, etc.
e Setinternal RAM addresses

e Perform datatransfer with internal RAM

e Perform miscellaneous functions

HITACHI
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Normally, instructions that perform data transfer with internal RAM are used the most. However, auto-
incrementation by 1 (or auto-decrementation by 1) of internal HD44780U RAM addresses after each data
write can lighten the program load of the MPU. Since the display shift instruction (Table 11) can perform
concurrently with display data write, the user can minimize system development time with maximum

programming efficiency.

When an instruction is being executed for internal operation, no instruction other than the busy flag/address
read instruction can be executed.

Because the busy flag is set to 1 while an instruction is being executed, check it to make sure it is O before
sending another instruction from the MPU.

Note: Be sure the HD44780U is not in the busy state (BF = 0) before sending an.instryction from the
MPU to the HD44780U. If an instruction is sent without checking the busy flagpthe time between
the first instruction and next instruction will take much longer than the instruction time itself. Refer
to Table 6 for the list of each instruc-tion execution time.

Table6

Instructions

Code

Instruction RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1,DBO" Description

Execution Time
(max) (when f_, or
fosc IS 270 kHz)

Clear 0 0 0 0 0 0 0 0 0 1 Clears entire display and
display sets DDRAM address 0 in

address counter.
Return 0 0 0 0 0 0 0 0 1 —  Sets DDRAM address 0 in 1.52 ms
home address counter. Also

returns display from being

shifted to original position.

DDRAM contents remain

unchanged.
Entry 0 0 0 0 0 0 0 1 D S Sets cursor move direction 37 us
mode set and specifies display shift.

These operations are

performed during data write

and read.
Display 0 0 0 0 0 0 1 D C B Sets entire display (D) on/off, 37 us
on/off cursor on/off (C), and
control blinking of cursor position

character (B).
Cursoror O 0 0 0 0 1 SIC RIL — — Moves cursor and shifts 37 us
display display without changing
shift DDRAM contents.
Function 0 0 0 0 1 DL N F — — Setsinterface data length 37 us
set (DL), number of display lines

(N), and character font (F).
Set 0 0 0 1 ACG ACG ACG ACG ACG ACG Sets CGRAM address. 37 us
CGRAM CGRAM data is sent and
address received after this setting.
Set 0 0 1 ADD ADD ADD ADD ADD ADD ADD Sets DDRAM address. 37 us
DDRAM DDRAM data is sent and
address received after this setting.
Read busy 0 1 BF AC AC AC AC AC AC AC Readsbusy flag (BF) Ous
flag & indicating internal operation
address is being performed and

reads address counter

contents.

HITACHI
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Table6

Instruction RS

Instructions (cont)

Code

R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO Description

Execution Time
(max) (when f_, or
fosc IS 270 kHz)

Write data 1 0 Write data Writes data into DDRAM or 37 us
to CGor CGRAM. taop = 4 Us*
DDRAM
Read data 1 1 Read data Reads data from DDRAM or 37 us
from CG or CGRAM. tapp = 4 US*
DDRAM
I/ID =1: Increment DDRAM: Display data RAM  Execution time
I/ID =0: Decrement CGRAM: Character generatorehanges when
S =1: Accompanies display shift RAM frequency changes
S/C =1: Display shift ACG: CGRAM address Example:
SIC =0: Cursor move ADD:  DDRAM address' ypWhen f.; or foec is
R/L =1: Shiftto the right (corresponds to curser 250 kHz,
R/L =0: Shift to the left address) 37 us X@_ 40 us
DL =1: 8hits, DL =0: 4 bits : Address countenused for HS X5 = *O W
N =1: 2lines,N=0: 1line both DD and CGRAM
F =1: 5x10dots, F=0: 5x8dots addresses
BF =1: Internally operating
BF =0: Instructions acceptable
Note: — indicates no effect.

After execution of the CGRAM/DDRAM data write or read instruction, the RAM address counter
is incremented or decremented by 1. The RAM address counter is updated after the busy flag
turns off. In Figure 10, t,,, is the time elapsed afterithe busy flag turns off until the address
counter is updated.

Busy signal
(DB7 pin)

Address counter
(DBO tog®B6, pins)

Note: tappydepends on the operation frequency
tapp'= 1.5/(f¢p or fosc) seconds

-—— Busy state —»|

-

N

Figure10 Address Counter Update
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Instruction Description

Clear Display

Clear display writes space code 20H (character pattern for character code 20H must be a blank pattern) into
al DDRAM addresses. It then sets DDRAM address 0 into the address counter, and returns the display to
itsorigina statusiif it was shifted. In other words, the display disappears and the cursor or blinking goes to
the left edge of the display (in the first line if 2 lines are displayed). It also sets I/D to 1 (increment mode)
in entry mode. S of entry mode does not change.

Return Home

Return home sets DDRAM address 0 into the address counter, and returns the display to'its original status
if it was shifted. The DDRAM contents do not change.

The cursor or blinking go to the left edge of the display (in thefirst line if 2lines are displayed).

Entry Mode Set

1/D: Increments (I/D = 1) or decrements (/D = 0) the DDRAM address by 1 when a character code is
written into or read from DDRAM.

The cursor or blinking moves to the right whén‘incremented by 1 and to the left when decremented by 1.
The same applies to writing and reading of CGRAM.

S. Shiftsthe entire display either to theright (/D = 0) or to the left (I/D = 1) when Sis 1. The display does
not shiftif SisO.

If Sis1, it will seem asSiif the cursor does not move but the display does. The display does not shift when
reading from DDRAM . Also; writing into or reading out from CGRAM does not shift the display.

Display On/Off €ontrol

D: Thedisplay isonwhen D is 1 and off when D is 0. When off, the display dataremainsin DDRAM, but
can be displayed instantly by setting D to 1.

C: The cursor is displayed when C is 1 and not displayed when C is 0. Even if the cursor disappears, the
function of 1/D or other specifications will not change during display data write. The cursor is displayed
using 5 dots in the 8th line for 5 x 8 dot character font selection and in the 11th line for the 5 x 10 dot
character font selection (Figure 13).

B: The character indicated by the cursor blinks when B is 1 (Figure 13). The blinking is displayed as
switching between all blank dots and displayed characters at a speed of 409.6-ms intervals when f., or f g
is 250 kHz. The cursor and blinking can be set to display simultaneously. (The blinking frequency changes
according to f . or the reciprocal of f,. For example, whenf, is 270 kHz, 409.6 x 250/270 = 379.2 ms.)
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Cursor or Display Shift

Cursor or display shift shifts the cursor position or display to the right or left without writing or reading
display data (Table 7). This function is used to correct or search the display. In a 2-line display, the cursor
moves to the second line when it passes the 40th digit of the first line. Note that the first and second line
displays will shift at the sametime.

When the displayed data is shifted repeatedly each line moves only horizontally. The second line display
does not shift into thefirst line position.

The address counter (AC) contents will not change if the only action performed is a display. shift.

Function Set

DL: Sets the interface data length. Data is sent or received in 8-bit lengths(DB7 to'DB0) when DL is 1,
and in 4-bit lengths (DB7 to DB4) when DL is 0.When 4-bit lengthiiSisel ected, data must be sent or
received twice.

N: Setsthe number of display lines.
F: Setsthe character font.

Note: Perform the function at the head of the program befare executing any instructions (except for the
read busy flag and address instruction). From-this point, the function set instruction cannot be
executed unless the interface data length is changed.

Set CGRAM Address

Set CGRAM address sets the CGRAM, address binary AAAAAA into the address counter.

Datais then written.to or read fromithe MPU for CGRAM.
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Clear
display

Return
home

Entry
mode set

Display
on/off control

Cursor or
display shift

Function set

Set CGRAM
address

Code

Code

Code

Code

Code

Code

Code

28

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO
0 0| o0 0| 0] O 0| o0 0 1
RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO
0 0| o0 0| 01| O 0| o0 1 *
RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0| o0 0| 0] O 0 1 || s
RS R/W DB7 DB6 DB5

0 0| o0 0| o0

RS R/W DB7 DB6 DB5

0| 0] O 0| o0 *
RS R/W DB7 DBO
0| 0] O *
RS R/W DB4 DB3 DB2 DB1 DBO
0 Al A|A|A|A

Higher Lower

order bit order bit

Note: * Don't care.

Note: * Don't care.

Figurell Instruction (1)
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Set DDRAM Address
Set DDRAM address sets the DDRAM address binary AAAAAAA into the address counter.
Datais then written to or read from the MPU for DDRAM.

However, when N is 0 (1-line display), AAAAAAA can be O0H to 4FH. When N is 1 (2-line display),
AAAAAAA can be O0H to 27H for thefirst line, and 40H to 67H for the second line.

Read Busy Flag and Address

Read busy flag and address reads the busy flag (BF) indicating that the system is now internally operating
on a previously received instruction. If BF is 1, the internal operation is in pragress. Themext instruction
will not be accepted until BF is reset to 0. Check the BF status before the next write eperation. At the same
time, the value of the address counter in binary AAAAAAA is read out. ThiS,address counter is used by
both CG and DDRAM addresses, and its value is determined by the'previousinstruction. The address
contents are the same as for instructions set CGRAM address and set DDRAMaddress.

Table7 Shift Function

S/IC R/L

0 0 Shifts the cursor position to the lefth(AC is.decremented by one.)

0 1 Shifts the cursor position to thegight.\(A€ is incremented by one.)

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

Table8 Function Set

No. of
Display Duty
N F  Lines Character Font Factor Remarks
0 0 1 5 x8 dots 1/8
0 1 1 5 %10 dots 1/11
1 * 2 5 x 8 dots 1/16 Cannot display two lines for 5 x 10 dot character font

Note: * Indicates don't care.
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=~

[TTTT]

Cursor ——~ I

5 x 8 dot
character font

5 x 10 dot Alternating display
character font

Cursor display example Blink display example

Figure12 Cursor and Blinking

Set DDRAM
address

Read busy flag
and address

RS R/W DB7 DB6 DB5 DB4DB3 DB2.DBl1 DBO

Code 0 0 1 A A A A A A A

Highen Lower
order bit order bit

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

Code 0 1 BF A A A A A A A

Higher Lower
order bit order bit

e

30

Figure 13 Instruction (2)
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Write Datato CG or DDRAM
Write datato CG or DDRAM writes 8-bit binary data DDDDDDDD to CG or DDRAM.

To write into CG or DDRAM s determined by the previous specification of the CGRAM or DDRAM
address setting. After awrite, the address is automatically incremented or decremented by 1 according to
the entry mode. The entry mode also determines the display shift.

Read Data from CG or DDRAM
Read data from CG or DDRAM reads 8-hit binary data DDDDDDDD from CG or DBRAM,

The previous designation determines whether CG or DDRAM s to be read¢Befare,entering this read
instruction, either CGRAM or DDRAM address set instruction must be executed-Ifinot executed, the first
read data will be invalid. When serially executing read instructions, the next address'datais normally read
from the second read. The address set instructions need not be execdted just before this read instruction
when shifting the cursor by the cursor shift instruction (whentreading out DDRAM). The operation of the
cursor shift instruction is the same as the set DDRAM address instruction:

After aread, the entry mode automatically increases or decreases the address by 1. However, display shift
is not executed regardless of the entry mode.

Note: The address counter (AC) is automatically incremented or decremented by 1 after the write
instructions to CGRAM or DDRAMgare executed. The RAM data selected by the AC cannot be
read out at this time even if read instructions are executed. Therefore, to correctly read data,
execute either the address set instfuction'or cursor shift instruction (only with DDRAM), then just
before reading the desired data, execute the read instruction from the second time the read
instruction is sent.

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

Write data‘to

GG or DDRAM Code 1 0 D D D D D D D D

Higher Lower
order bits order bits

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

Read data from

CG or DDRAM Code 1 1 D D D D D D D D
Higher Lower
order bits order bits

Figure14 Instruction (3)
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Interfacing the HD44780U

Interfaceto MPUs

¢ Interfacing to an 8-bit MPU
See Figure 16 for an example of using a1/O port (for asingle-chip microcomputer) as an interface
device.
In this example, P30 to P37 are connected to the data bus DBO to DB7, and P75 to P77 are connected to
E, R'W, and RS, respectively.

Internal 4 —
operation — Functioning

DB7 ZZ}( Data ><// BusyW /

Instruction Busy flag

Busy flag Instruction

write check check write

Figure15 Example lag Check Timing Sequence

H8/325 HDA44780U
P30 to P37 8 pBo 1o pB7COMItOL 10
0 0 CcoM16
LCD
P77 E 40
076 | rs SEG1 to
P75 = RIW SEG40

Figure16 H8/325 Interface (Single-Chip Mode)
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Interfacing to a 4-bit MPU

The HD44780U can be connected to the I/O port of a4-bit MPU. If the I/O port has enough bits, 8-bit
data can be transferred. Otherwise, one data transfer must be made in two operations for 4-bit data. In
this case, the timing sequence becomes somewhat complex. (See Figure 17.)

See Figure 18 for an interface example to the HMCS4019R.

Note that two cycles are needed for the busy flag check as well as for the data transfer. The 4-bit
operation is selected by the program.

Internal

operation ; Functioning |
Not
DB7 7 XIR7 X 1IR3 X Busy \AC3X_\busy /A€ X X D7 X D3 X~

Instruction Busy flag Busy.flag Instruction

write check check write

Note: IR7 , IR3 are the 7th and 3rd bits of the inStruction.
AC3 is the 3rd bit of the address counter.

Figure17 Example of 4-Bit Data Transfer Timing Sequence

HMCS4019R HD44780
b5 RS coMmito| 16
D14 -~ RIW COM16
D13 - E LD
4 40
_ SEG1to
R10 to R13 DB4 10 DB7 “cr 0~

Figure18 Example of Interfaceto HM CS4019R
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Interfaceto 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 8 dots and one line for 5 x 10 dots. Therefore, atotal 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.
Table9 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 1/11

2 5 x 8 dots + cursor 16 1/16

HD44780

COM1

coms

SEG1

SEG40

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

HD44780

comM1

CcoMm11

SEG1

SEG40

Example of a 5 x 10 dot, 8-character x 1-line display (1/4 bias, 1/11 duty cycle)

Figure19 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 a1-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

CcoM1

coms
CcoM9

COM16

SEG1

SEG40

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

Figure19 Liquid €rystal Display and HD44780 Connections (cont)
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Connection of Changed Matrix Layout: In the preceding examples, the number of lines correspond to the
scanning lines. However, the following display examples (Figure 20) are made possible by altering the
matrix layout of the liquid crystal display panel. In either case, the only change is the layout. The display
characteristics and the number of liquid crystal display characters depend on the number of common
signals or on duty factor. Note that the display data RAM (DDRAM) addresses for 4 characters x 2 lines
and for 16 characters x 1 line are the same asin Figure 19.

HD44780

comM1

COM8

SEG1

SEG40
COM9

COM16

5 x 8 dot, 16-characterx 1-line'display
(1/5 bias, 1/167duty.cycle)

Figure20 Changed Matrix Layout Displays

HITACHI
36



HD44780U

Power Supply for Liquid Crystal Display Drive

Various voltage levels must be applied to pins V1 to V5 of the HD44780U to obtain the liquid crystal
display drive waveforms. The voltages must be changed according to the duty factor (Table 10).

VLCD is the peak value for the liquid crystal display drive waveforms, and resistance dividing provides
voltages V1to V5 (Figure 21).

Table1l0  Duty Factor and Power Supply for Liquid Crystal Display Drive

Duty Factor

1/8, 1/11 1/16
Bias

Power Supply 1/4 1/5
Vi1 Vo—1/4 VLCD Vge=1/5 VLED
V2 Ve—1/2 VLCD V.—2/5VLCD
V3 Ve—1/2 VLCD Viee23/5 VLCD
V4 V—3/4 VLCD V/..—4/5 VLCD
V5 V—VLCD V~VLCD

Vee (15 V)
Vee L
R Iy
V1
R
V2
VLCD R | vLCD
V3
R
V4
R
| V5 v
VR
-5V
1/4 bias 1/5 bias
(1/8, 1/11 duty cycle) (1/16, duty cycle)

Figure21 DriveVoltage Supply Example
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Relationship between Oscillation Frequency and Liquid Crystal Display Frame
Frequency

The liquid crystal display frame frequencies of Figure 22 apply only when the oscillation frequency is 270
kHz (one clock pulse of 3.7 us).

1/8 duty cycle

ﬁ 400 clocks

-

com1 1 2 3 4 | - 8‘1 2‘

Vee

V1

V2 (V3)
V4

V5

‘ 1 frame ‘

1 frame = 3.7 us x 400 x 8 = 11850 us = 11.9 ms

1 -g43Hz
1.9 ms

Frame frequency =

1/11 duty cycle

Vo 400 clocks

ot————

con 7o ||

Vee

V1

V2 (V3)
V4

V5

‘ 1 frame |

1 frame =@.7 us X 400% 11 = 16300 pus = 16.3 ms
Frame frequéncy = =614 Hz

16:8 ms

1/46 duty cycle 200 clocks

comi

Vee
V1 I I B

V2
V3
v4
V5

~ 1 frame |

1 frame = 3.7 us x 200 x 16 = 11850 us = 11.9 ms

1 _843Hz
11.9 ms

Frame frequency =

Figure22 Frame Frequency
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Instruction and Display Correspondence

8-bit operation, 8-digit x 1-line display with internal reset

Refer to Table 11 for an example of an 8-digit x 1-line display in 8-bit operation. The HD44780U
functions must be set by the function set instruction prior to the display. Since the display data RAM
can store data for 80 characters, as explained before, the RAM can be used for displays such as for
advertising when combined with the display shift operation.

Since the display shift operation changes only the display position with DDRAM contents unchanged,
the first display data entered into DDRAM can be output when the return home operation is performed.
4-bit operation, 8-digit x 1-line display with internal reset

The program must set al functions prior to the 4-bit operation (Table 12). When the power is turned on,
8-hit operation is automatically selected and the first write is performed as ane8-bit operation. Since
DBO to DB3 are not connected, arewrite is then required. However, since oneoperation is completed in
two accesses for 4-bit operation, arewrite is needed to set the functions (See T able'12). Thus, DB4 to
DB?7 of the function set instruction is written twice.

8-hit operation, 8-digit x 2-line display

For a 2-line display, the cursor automatically moves from thefirst to'the second line after the 40th digit
of thefirst line has been written. Thus, if there are only 8 characters.in the first line, the DDRAM
address must be again set after the 8th character is completedi(See Table 13.) Note that the display shift
operation is performed for the first and second lines: Tnithe example of Table 13, the display shift is
performed when the cursor is on the second line.“"Hewever,if the shift operation is performed when the
cursor ison the first line, both the first and.se€ond |inesmove together. If the shift is repeated, the
display of the second line will not move to the first|line. The same display will only shift within its own
line for the number of times the shift.isrepeated:s

Note: When using the internal reset, the electrical characteristics in the Power Supply Conditions Using

Internal Reset Circuitatable must'be satisfied. If not, the HD44780U must be initialized by
instructions. Seethe section, Initializing by Instruction.

HITACHI
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Tablell  8-Bit Operation, 8-Digit x 1-Line Display Example with Internal Reset
Step Instruction
No. RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO Display Operation
1 Power supply on (the HD44780U is initialized by the internal |:| Initialized. No display.
reset circuit)
2 Function set |:| Sets to 8-bit operation and
0 0 0 0 1 * * selects 1-line display and 5 x 8
dot character font. (Number of
display lines and character
fonts cannot be changed after
step #2.)
3 Display on/off control |:| Turns on display and cursor.
0 0 0 0 0 1 0 Entire display is in space mode
because of initialization.
4 Entry mode set |:| Sets mode to increment the
0 0 0 0 0 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 Writes H. DDRAM has already
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 Write data to CGRAM/DDRAM Writes I.
1 0 0 1 0 0 1 =
7
8 Write datato CGRAM/DDRAM HITACHI Writes I.
1 0 0 1 0 0 =
9 Entry mode set HITACHI_ Sets‘ mode to -Shlft display at
0 0 0 0 0 1 the time of write.
10  Write data to CGRAM/DDRAM TACHI Writes a space.
1 0 0 0 1 0 =
HITACHI
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Tablell  8-Bit Operation, 8-Digit x 1-Line Display Examplewith Internal Reset (cont)

Step Instruction

No. RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO Display Operation

11  Write data to CGRAM/DDRAM TACHIM_ Writes M.
1 0 0 1 0 0 1 1 0

12

13  Write data to CGRAM/DDRAM MICROKO WriteS O.
1 0 0 1 0 0 1 1 1 =

14 Cursor or display shift MICROKO Shiftsyonly the cursor position
0 0 0 0 0 1 0 0 * = to the left.

15  Cursor or display shift MICROKO Shifts only the cursor position
0 0 0 0 0 1 0 0 * = to the left.

16 Write data to CGRAM/DDRAM ICROCO Writes C over K.
1 0 0 1 0 0 0 0 1 N The display moves to the left.

17 Cursor or display shift MIGROCO Sh|f_t§ the dlspla_ty and cursor
0 0 0 0 0 1 1 1 * = position to the right.

18  Cursor or display shift MICROCO_ Shlft§ the dlsplgy and cursor
0 0 0 0 0 1 0 1 * position to the right.

19  Write data to CGRAM/DDRAM ICROCOM_ Writes M.

1 0 0 1 0 0 1 1 (0] 1

20

21 Return home
0 0 0 0 0 0 0 0

Returns both display and
cursor to the original position
(address 0).

HITACHI

[
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Table1l2  4-Bit Operation, 8-Digit x 1-Line Display Examplewith Internal Reset

Step Instruction

No. RS R/W DB7 DB6 DB5 DB4 Display Operation

1 Power supply on (the HD44780U is initialized by the internal |:| Initialized. No display.
reset circuit)

2 Function set |:| Sets to 4-bit operation.

0 0 0 0 1 0 In this case, operation is
handled as 8 bits by initializa-
tion, and only this instruction
completes with one write.

3 Function set |:| Sets 4-bit gperation and

0 0 0 0 0 selects 1-line display and 5 x 8

0 0 0 0 * * dot character font. 4-bit
operation starts from this step
and resetting is necessary.
(Number of display lines and
character fonts cannot be
changed after step #3.)

4 Display on/off control |:| Turns on display and cursor.
0 0 0 0 0 0 Entire display is in space mode
0 0 1 1 1 0 because of initialization.

5 Entry mode set |:| Sets mode to increment the

0 0 0 0 0 0 address by one and to shift the

0 0 0 1 1 0 cursor to the right at the time of
write to the DD/CGRAM.
Display is not shifted.

6 Write data to CGRAM/DDRAM __H Writes H.
1 0 0 1 0 0 = The cursor is incremented by
1 0 1 0 0 0 one and shifts to the right.
Note: The control is the'same as for)8-bit operation beyond step #6.

42
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Table13  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 Power supply on (the HD44780U is initialized by the internal Initialized. No display.
reset circuit)
2 Function set Sets to 8-bit operation and
0 0 0 0 1 * * selects 2-line display and 5x 8
dot character font.
3 Display on/off control Turns on display and cursor.
0 0 0 0 0 1 0 = All display is in space mode
becauseof inifialization.
4 Entry mode set Setsymode to increment the
0 0 0 0 0 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 v Writes H. DDRAM has already
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 HITACHI_ Writes I.
1 0 0 1 0 0 1
8 Set DDRAM address HITACHI Sets DDRAM address so that
0 0 1 1 0 0 0 the cursor is positioned at the
= head of the second line.
HITACHI
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Table13  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 0 1
M_
10
11 \:{Vrlte doata toOCGRAlM/DD(I?AM . ) ) . HITACHI Writs
MICROCO_
12 gntry %ode soet . . . ) ) . HITACH! ets 1: to fhn‘t display at
MICRO e of write.
13  Write data to CGRAM/DDRAM | i Writes M. Display is shifted to
1 0 0 1 0 0 1 0 1 the left. The first and second
M R .
= lines both shift at the same
time.
14
e, o [Hmon | e ndere
MICROCOM u iginal position
(address 0).
HITACHI
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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.

( Power on )

Wait for more than 15 ms < Wait for more than 40 ms

after Ve rises to 4.5V after Vo rises to 2.7 V

RS R/WDB7 DB6 DB5 DB4 DB3DB2 DB1 DBO \ BF cannot be checked bgfore this instruction.
0 0 0 0 1 1 * * * *

Wait for more than 4.1 ms

RS R/WDB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO BF cannot'be checked before this instruction.
0O 0 0 0O 1 1 =*= *~ * x

Wait for more than 100 ps

RS RMWDB7 DB6 DB5 DB4 DB3 DB2 DB1DBO0 BF cannot be checked before this instruction.
0 0 0 0 1 1 * =+ * x

Function set (Interfaceyis 8 hitsiiong.)

Function set (Interface is 8 bits long.)

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

RS R/WDB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO number of display lines and character font.)
0 0 0 0 1 1 N F =* = The number of display lines and character font
0 00000 10 0 o0 cannot be changed after this point.
0 000 0O 0O 0 0 0 1 Display off
0O 0 0 0 O 0O 0O 1 IIbS Display clear
l Entry mode set

Initialization ends

Figure23 8-Bit Interface

HITACHI
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( Power on )

Wait for more than 15 ms
after Vo rises to 4.5 V

Wait for more than 40 ms
after V¢ rises to 2.7 V

RS R/\W DB7 DB6 DB5 DB4
0 0 0 0 1 1

‘ BF cannot be checked before this instruction.

Function set (Interface is 8 bits long.)

Wait for more than 4.1 ms

RS RW DB7 DB6 DB5 DB4
0 0 0 0 1 1

BF cannot be checked before thisyinstruction.

Function set (Interface is 8 bits long.)

Wait for more than 100 us

RS R/W DB7 DB6 DB5 DB4
0 00 0 1 1

RS R/\W DB7 DB6 DB5 DB4

0O 0 0 0 1 O
0 0 0 0 1 O
0 0O N F * *
0 0 0 0 0 O
0 01 0 0 O
0 0 0 0 0 O
0 0 0 0 0 1
0 0 0 0 0 O
0 0 0O 1 Ib S

i

Initialization ends

BF cannot'be checked before this instruction.

Function set“(Interface is 8 bits long.)

BFcan 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

46
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Absolute Maximum Ratings*

Iltem Symbol Value Unit Notes
Power supply voltage (1)  V..—GND -0.3t0 +7.0 \% 1
Power supply voltage (2) V. .—V5 -0.3to +13.0 \% 1,2
Input voltage Vit -0.3to V. +0.3 \% 1
Operating temperature Tonr -30to +75 °C

Storage temperature Taq -55to +125

Note: *

normal operation. If these electrical characteristic conditions are also exc LSI will

malfunction and cause poor reliability. :

If the LSI is used above these absolute maximum ratings, it may become per anently damaged.
Using the LSI within the following electrical characteristic limits is strongly @nded for

HITACHI
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DC Characteristics (V.. =2.7t04.5V, T, =-30t0 +75°C*?)

Iltem Symbol  Min Typ Max Unit Test Condition Notes*
Input high voltage (1)  VIH1 0.7V — Ve \% 6
(except OSC1)
Input low voltage (1) VIL1 -0.3 — 0.55 \ 6
(except OSC1)
Input high voltage (2)  VIH2 0.7V — Ve \% 15
(OSsCy)
Input low voltage (2) VIL2 — — 0.2V \% 15
(0scCy)
Output high voltage (1) VOH1 0.75V, — — \% ~l,n=0.1 mA 7
(DBO-DBY)
Output low voltage (1) VOL1 — — 0.2V \% lo. 7071 mA 7
(DB0-DB7)
Output high voltage (2) VOH2 0.8V — — A\ —loy=0.04mA 8
(except DBO-DB7)
Output low voltage (2) VOL2 — — 0.2V V oo =0.04 mA 8
(except DBO-DB7)
Driver on resistance Reom — 2 20 kQ +ld =0.05mA, 13
(COM) VLCD =4V
Driver on resistance Rees — 2 30 kQ +ld =0.05 mA, 13
(SEG) VLCD =4V
Input leakage current 1, -1 — 1 JTVAN VIN=0toV., 9
Pull-up MOS current  —I, 10 50 120 A Ve =3V
(DBO-DB7, RS, R/W)
Power supply current I .. — 150 300 HA R; oscillation, 10, 14
external clock
Ve =3V,
fosc = 270 kHz
LCD voltage VLCD1 3.0 — 11.0 \ V—V5, 1/5 bias 16
VLCD2 3.0 — 11.0 \ Vc—V5, 1/4 bias 16

Note: * Refer to the Electrical Characteristics Notes section following these tables.
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AC Characteristics (V. = 2.7t04.5V, T, =-30t0 +75°C*?)

Clock Characteristics

Item Symbol Min Typ Max Unit Test Condition Note*
External  External clock frequency  f,, 125 250 350 kHz 11
clock  External clock duty Duty 45 50 55 %
operation —

External clock rise time tep — — 0.2 us

External clock fall time tiep — — 0.2 us
R, Clock oscillation frequency fgc 190 270 350 kHz Ri= 75 kQ, 12
oscillation Ve =3V

Note: * Refer to the Electrical Characteristics Notes section following these tables:

Bus Timing Characteristics

Write Operation

Iltem Symbol Min Typ Max Unit Test Condition
Enable cycle time toyee 1000 — — ns Figure 25
Enable pulse width (high level) PW,, 450 — —
Enable rise/fall time te te — — 25
Address set-up time (RS, RIW t0 E)  fhe 60 — —
Address hold time Ly, 20 — —
Data set-up time i 195 — —
Data hold time li4 10 — —
Read Operation
Iltem Symbol Min Typ Max Unit Test Condition
Enable cycle time toyee 1000 — — ns Figure 26
Enable pulse width (high level) PW, 450 — —
Enable rise/fall time te te — — 25
Address set-up time (RS, RIW to E) t,q 60 — —
Address hold time tan 20 — —
Data delay time toor — — 360
Data hold time tour 5 — —
HITACHI
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Interface Timing Characteristics with External Driver

Iltem Symbol Min Typ Max Unit Test Condition
Clock pulse width High level  tg,, 800 — — ns Figure 27
Low level tewe 800 — —
Clock set-up time tesu 500 — —
Data set-up time tsy 300 — —
Data hold time ton 300 — —
M delay time tom —1000 — 1000
Clock rise/fall time t — — 200

Power Supply Conditions Using Internal Reset Circuit

Iltem Symbol Min Ty. Test Condition

Power supply rise time tcc 0.1 ms Figure 28

Power supply off time torr 1

HITACHI
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DC Characteristics (V.. =4.5t05.5V, T, =-30t0 +75°C*?)

Iltem Symbol Min Typ Max Unit Test Condition Notes*
Input high voltage (1)  VIH1 2.2 — Ve \% 6
(except OSC1)
Input low voltage (1) VIL1 -0.3 — 0.6 \% 6
(except OSC1)
Input high voltage (2)  VIH2 Vee—1.0 — Ve \Y, 15
(0scy)
Input low voltage (2) VIL2 — — 1.0 \% 15
(0sC1)
Output high voltage (1) VOH1 2.4 — — \% —l = 0.205 mA 7
(DBO-DBY)
Output low voltage (1) VOL1 — — 0.4 \% lgp.= 112 mA 7
(bBO-DB7)
Output high voltage (2) VOH2 09V, — — \' —=lo, = 0.04 mA 8
(except DBO-DB7)
Output low voltage (2) VOL2 — — 01V V o = 0.04 mA 8
(except DBO-DB7)
Driver on resistance RCOM — 2 20 kQ +ld = 0.05 mA, 13
(COM) VLCD =4V
Driver on resistance RSEG — 2 30 kQ +ld = 0.05 mA, 13
(SEG) VLCD =4V
Input leakage current 1, -1 — 1 A VIN =0to V. 9
Pull-up MOS current  —I, 50 125 250 [TAN V=5V
(DBO-DB7, RS, R/W)
Power supply current I .. — 350 600 HA R; oscillation, 10, 14
external clock
Ve =5V,
fosec = 270 kHz
LCD voltage VLCD1 3.0 — 11.0 \Y, V.—V5, 1/5 bias 16
VLECD2 3.0 — 11.0 \Y, V.—V5, 1/4 bias 16

Note: * Refer to the Electrical Characteristics Notes section following these tables.

HITACHI
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AC Characteristics (V.. =4.5t05.5V, T, =-30t0 +75°C*?)

Clock Characteristics

Item Symbol Min Typ Max Unit  Test Condition Notes*
External External clock frequency  f, 125 250 350 kHz 11
clock  External clock duty Duty 45 50 55 % 11
operation —
External clock rise time tep — — 0.2 us 11
External clock fall time tiep — — 0.2 us 11
R, Clock oscillation frequency fooc 190 270 350 kHz R/=91KkQ 12
oscillation Ve =5.0V

Note: * Refer to the Electrical Characteristics Notes section following these tables:

Bus Timing Characteristics

Write Operation

Iltem Symbol Min Typ Max Unit Test Condition
Enable cycle time toyee 500 — — ns Figure 25
Enable pulse width (high level) PW,, 230 — —
Enable rise/fall time te te — — 20
Address set-up time (RS, RIW t0 E)  fhe 40 — —
Address hold time Ly, 10 — —
Data set-up time i 80 — —
Data hold time li4 10 — —
Read Operation
Iltem Symbol Min Typ Max Unit Test Condition
Enable cycle time toyee 500 — — ns Figure 26
Enable pulse width (high level) PW, 230 — —
Enable rise/fall time te te — — 20
Address set-up time (RS, RIW to E) t,q 40 — —
Address hold time tan 10 — —
Data delay time toor — — 160
Data hold time tour 5 — —
HITACHI
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Interface Timing Characteristics with External Driver

Iltem Symbol Min Typ Max Unit Test Condition
Clock pulse width High level tewn 800 — — ns Figure 27
Low level tewt 800 — —
Clock set-up time tesu 500 — —
Data set-up time tey 300 — —
Data hold time ton 300 — —
M delay time tom —1000 — 1000
Clock rise/fall time t — — 100

Power Supply Conditions Using Internal Reset Circuit

Iltem Symbol Min Ty. Test Condition

Power supply rise time tce 0.1 ms Figure 28

Power supply off time torr 1
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Electrical Characteristics Notes

1. All voltage values are referred to GND =0 V.

Vee i i
B
Vil L
A= VCC -V5
A B = VCC -V1i
A>15V
V5 Y B<0.25xA

For die products, specified at 75°C.

ok 0D

Input pin
Pin: E (MOS without pull-up)

Pins: RS, R/W (MOS with pull-up)

The conditions of V1 and V5 voltages are for proper
operation of the LSI and not for the LCD output level.
The LCD drive voltage condition for.the LCD output
level is specified as LCD voltage /LCD.

Vee 2 V12V22 V3> V42> V5 must be maintained.

For die products, specified by the die shipment specification.
The following four circuits are 1/0 pin configurations exceptfor liquid crystal display output.

Output pin
Pins: CL1, CL2, M, D

VCC VCC VCC
PMOS 3_{ @ PMOS ﬁ PMOS PMOS
o
(pull up MQOS) L{

NMOS NMOS NMOS
1/0 Pin
Pins: DI?O -DB7 Ve Vee
(MOS with pull<ap) —= (input circuit)

(pull-up MOS) PMOS PMOS
<{ E] r‘ I Input enable
!
o
4i NMOS
E Vee
L{ t NMOS
PMOS »—— Output enable
Data
NMOS F <Z:O< #
(output circuit)
(tristate)
HITACHI
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Appliesto input pins and I/O pins, excluding the OSC1 pin.
Appliesto 1/O pins.

Appliesto output pins.
Current flowing through pull-up MOSs, excluding output drive MOSs,

10. Input/output current is excluded. When input is at an intermediate level with CMOS, the excessive

current flows through the input circuit to the power supply. To avoid this from happening, the input
level must be fixed high or low.

11. Applies only to external clock operation.

© ® N O

Th Tl

Oscillator OSsC1

0.7 Ve
0.5 Ve
Open —— OSC2 0.3 Vee -
trcp tfcp
Duty = — T 100%
Thet.TI

12. Applies only to the internal oscillator operation Using oscillation resistor R;.

0sCl R¢: 75 kQ = 2% (whenVec = 3V)
R¢: 91 kQa#92% (wher Ve = 5 V)
Ry Since the oscillation frequency varies depending on the OSC1 and
0SC2 OSC2 pin capacitance, the wiring length to these pins should be minimized.
VCC =5V VCC =3V
500 500
400 400
~ ~
T T
= 300 < 300
2 (270)””””’\’* N g @of -
- \ \ max. - max.
200 ‘ t 200
| \ﬂ) t S~
IR Q
1 \\min. \ min.T—
100 : 100
50 (91100 150 50 (75 100 150
Ry (kQ) Ry (kQ)
HITACHI
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13. RCOM s the resistance between the power supply pins (Vc, V1, V4, V5) and each common signal pin
(COM1 to COM16).

RSEG is the resistance between the power supply pins (Vc, V2, V3, V5) and each segment signal pin
(SEG1 to SEGA40).

14. The following graphs show the relationship between operation frequency and current consumption.

Vee =5V Vee=3V
18 18
1.6 16
1.4 1.4
1.2 1.2
2 —
g 10 max. £ 10
g 08 g 08
0.6 typ 0.6
max.
0.4 > 0.4 —]
0.2 — 0.2 = ’// P
0.0 0.0 . e—
0 100 200 300 400 500 0" 100 »200 300 400 500
fosc or fep (kHz) fosc Or fep (KH2)

15. Applies to the OSC1 pin.

16. Each COM and SEG output voltage is within+0.25 V- of the LCD voltage (V ., V1, V2, V3, V4, V5)
when thereis no load.
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Load Circuits

Data Bus DBO to DB7

VCC=5V

For VCC =45t055V

3.9kQ
Test
point
90 pF 1S2074®
diodes

ForVec =2.7t1045V

Test

point Oj
,

N

External Driver Control Signals: CL1,CL2,D, M ‘\o

Test
point
QF

HITACHI

57



HD44780U

Timing Characteristics

VIH1 VIH1
VIL1 VIL1
tan _

tas

RIW \| VIL1

PWgy

DBO to DB7

Figure peration
VIH1
RS VILL
- tart -
RIW VIHLR
PWey Sl taw |
> L
E VIHT /
VIL1 \ VIL1
topr toHRr
VOH1 . VOH1
DBO0 to DB7 VOL1 * Valid data *\VOL1
t(:y(:E .
Note: * VOLL1 is assumed to be 0.8 V at 2 MHz operation.
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Figure26 Read Operation

HITACHI



HD44780U

- tet
VOH2 ¥ N
CcL1 VOH2 VOL2
lown
llown
tesu [ o
o~
VOH2
CL2 VOL2 N
tesu towL
: X
M
— -

Figure27 Interface Timing

2.7 VI4.5V*2

torrt

0.1 ms <t <10 ms torp 21 ms

Notes: 1. topr compensates for the power oscillation period caused by momentary power supply
oscillations.

2. Specified at 4.5 V for 5-V operation, and at 2.7 V for 3-V operation.

3. Forif 4.5V is not reached during 5-V operation, the internal reset circuit will not operate
normally.
In this case, the LSI must be initialized by software. (Refer to the Initializing by
Instruction section.)

Figure28 Internal Power Supply Reset
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