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2. HD44780% Al£3F LCD 2E9 HHo

Instruction RS RW D7 D6 D5 D4 D3 D2 D1 DO AY
Clear Clears entire display and sets
. 0 0 0 0 0 0 0 0 1 DDRAM address 0 in address
display counter.
Sets DDRAM address 0 in address
Return counter. Also returns display from
0 0 0 0 0 0 0 1 - being shifted to original position.
home DDRAM contents remain
unchanged.
Entry Sets cursor move direction and
specifies display shift. These
T 0 0 0 0 0 0 : D S operations are performed during
set data write and read.
Display Sets entire display (D) on/off, cursor
on/off 0 0 0 0 0 1 D C B on/off (C), and blinking of cursor
control position character (B).
Cursor or ; ;
f Moves cursor and shifts display
g;ﬁ?tlay 0 0 0 0 0 SIC | RL ) ) without changing DDRAM contents.
: Sets interface data length (DL),
ggt”Ct'O” 0 0 0 0 1 DL N F - - number of display lines (N), and
character font (F).
Set Sets CGRAM address. CGRAM
CGRAM 0 0 0 1 ACG ACG ACG ACG ACG ACG data is sent and received after this
address setting.
Set Sets DDRAM address. DDRAM data
DDRAM 0 0 1 ADD ADD ADD ADD ADD ADD ADD is sent and received after this
address setting.
Read Reads busy flag (BF) indicating
& y 1ag 0 1 BF AC AC AC AC AC AC AC  internal operation is being performed
and reads address counter contents.
address
Write data : :
to CG or 1 0 Data to be written \(/:Vgtszlvtljata into DDRAM or
DDRAM )
Read data
from CG Reads data from DDRAM or
o 1 1 Read data CGRAM.
DDRAM

I/D = 1: Increment

I/D = 0: Decrement

S = 1: Accompanies display shift
S/C = 1: Display shift

S/C = 0: Cursor move

R/L = 1: Shift to the right

R/L = 0: Shift to the left

DL = 1: 8 bits, DL = 0: 4 bits
N = 1: 2 lines, N = 0: 1 line

F =15 10 dots, F = 0: 5 " 8 dots
BF = 1: Internally operating

BF = 0: Instructions acceptable

DDRAM: Display data RAM

CGRAM: Character generator RAM

ACG: CGRAM address

ADD: DDRAM address (corresponds to cursor
address)

AC: Address counter used for both DD and CGRAM
addresses
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1) Clear Display

Clear display writes space code 20H (character pattern for character code 20H must be a blank pattern) into
all DDRAM addresses. It then sets DDRAM address 0 into the address counter, and returns the display to
its original status if 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.

RS R/W D7 D6 D5 D4 D3 D2 D1 DO

0 0 0 0 0 0 0 0 0 1

2) 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 the first line if 2 lines are displayed).

RS R/W D7 D6 D5 D4 D3 D2 D1 DO

3) Entry Mode Set

(1) /D

Increments (I/D = 1) or decrements (I/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 when incremented by 1 and to

the left when decremented by 1. The same applies to writing and reading of CGRAM.

2) S

Shifts the entire display either to the right (I/D = 0) or to the left (I/D = 1) when S is 1. The display does
not shift if S is 0. If S is 1, it will seem as if 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.

RS R/W D7 D6 D5 D4 D3 D2 D1 DO

0 0 0 0 0 0 0 1 I/D S
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4) Display On/Off Control

1D

The display is on when D is 1 and off when D is 0. When off, the display data remains in DDRAM, but
can be displayed instantly by setting D to 1.

2 C

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

3 B

The character indicated by the cursor blinks when B is 1. The blinking is displayed as switching between all
blank dots and displayed characters at a speed of 409.6-ms intervals when fop or fosc is 250 kHz. The cursor
and blinking can be set to display simultaneously. (The blinking frequency changes according to fosc or the
reciprocal of fop. For example, when fcp is 270 kHz, 409.6 ~ 250/270 = 379.2 ms.)

RS R/W D7 D6 D5 D4 D3 D2 D1 DO

0 0 0 0 0 0 1 D C B

5) 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. 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 same time. When the displayed data is shifted repeatedly each line moves only horizontally.
The second line display does not shift into the first line position. The address counter (AC) contents will not

change if the only action performed is a display shift.

RS R/W D7 D6 D5 D4 D3 D2 D1 DO
0 0 0 0 0 1 S/C R/L X X
S/IC RIL
0 0 Shifts the cursor position to the left. (AC is decremented by one.)
0 1 Shifts the cursor position to the right. (AC is incremented by one.)
1 0 Shifts the entire display to the left. The cursor follows the display shift.
1 1 Shifts the entire display to the right. The cursor follows the display shift.
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6) Function Set

(1) DL

Sets the interface data width. Data is sent or received in 8-bit width (DB7 to DB0) when DL is 1,
and in 4-bit width (DB7 to DB4) when DL is 0. When 4-bit width is selected, data must be sent or

received twice.

2) N
Sets the number of display lines.

® F

Sets the character font.

Note: Perform the function at the head of the program before 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.

RS R/W D7 D6 D5 D4 D3 D2 D1 DO
0 0 0 0 1 DL N F X X
N F No. of Display Lines Character Font Duty Factor Remarks
0 0 1 5x8 dots 1/8

0 1 1 5x10 dots 1/11

1 X 2 5x8 dots 1/16 *)

) Cannot display two lines for 5 * 10 dot character font

7) Set CGRAM Address
Set CGRAM address sets the CGRAM address binary AAAAAA into the address counter. Data is then
written to or read from the MPU for CGRAM.

RS R/W D7 D6 D5 D4 D3 D2 D1 DO

00
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8) Set DDRAM Address
Set DDRAM address sets the DDRAM address binary AAAAAAA into the address counter. Data is then

written to or read from the MPU for DDRAM. However, when N is 0 (1-line display), AAAAAAA can be
00OH to 4FH. When N is 1 (2-line display), AAAAAAA can be 00H to 27H for the first line, and 40H to

67H for the second line.

RS R/W D7 D6 D5 D4 D3 D2 D1 DO

9) 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 progress. The next instruction
will not be accepted until BF is reset to 0. Check the BF status before the next write operation. 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 previous instruction. The address
contents are the same as for instructions set CGRAM address and set DDRAM address.

RS RW D7 D6 D5 D4 D3 D2 D1 DO

F
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3. Interfacing the HD44780
1) 8-bit interface

QY-1602A

9 Uguyuou w) > < O wn
PTI98 RIR828m=83304 o)
W UV U U U U U T U T T
wElviivElvEvilvEvilc el e IS
N Oy DA W N, ONFO

100 k

A%

RS

R/W

= N N NN Ny
Internal 1 — Wi
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Not
DB7 /X _Data X7 Busy Busy X/ /DUy " X Data X/
Instruction Busy flag Busy flag Busy flag Instruction
write check check check write
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2) 4-bit interface

QY-1602A
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Not
DB7 XIR7 X IR3 X/ Busy \AC3X '\ piiEy JAC3X /X DT 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.
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AEY &

1. 8-bit Interface

ATmega328PBol|l olel9} o] QY-1602A LCD &S AZ% 5, A Zo| “Hello, BME!”, T WA Zol
“Hello, INJE!” 2t1 Zd¥ale Za2 189S g Ao wet DA L.

o
o

QY-1602A
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LD EEol #HE o3 22 FFE wEolA ALESIA L.
1) void init_port(void)
ATmega328PB PORTCS} PORTD #& #H A~ 9 %73}
2) uint8_t check_busy(void)
LD BEY AHE & F, 2 HEE BF 9°0F A$a Bit 7% Y IUE GAA whdse
F5E BoA Q.
3) void write_command(uint8_t cmd)
LD &0 HHol ecmdE A YE T-E TEA L. (RS=10%)
4) void init_LCD(void)
9 2) 9 3)9 §45 HHs ALad Lo EA e 2 AU WHol e F45
TFC AL,
0x38, 0x06, Ox0C, 0x01
OIHUew ofgists 10



CIXE AIAE 2 00IdZ2FEH AS 1T 13. LCD Interface
. __________________________________________________________________________________________________________________________________________|
5) void set cursor(uint8_t x, uint8 t y)
9 2) B 3)9] dE AAE] ARt (x, y) HEl AME AANIE FE BEAL.

6) void write data(uint8_t data)

LD EEo| tlolE] dataE A Y& FFE WHEA L. (RS=11’)

7) void put_string(char *str)
9 2) 2 5)9 4E HAHF ARt LD REO EALG S EH s 45 WAL,

b

o
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|
2. 4-bit Interface

ATmega328PBol| o}¢} 7Fo] QY-1602A LCD E& 3 A Zo| “Hello, BME!”, F WA Zo
“Hello, INJE!” 2} £¥3le= Z2IWE UL Ao wal ZAsA L.
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m o 55 +5V
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U U OU 000
~N O U A N = O
ég 100 k
\Y4
LD EEol #HE o3 2L FFE wEolA AFESIAI L.
1) void init_port(void)
ATmega328PB PORTCS} PORTD & # A ~E 9 Z7]3}
2) uint8_t check_busy(void)
LD B89 HHE 92 ¥, & HE: EF 902 A4 Bit 77 & IUE FAA Hislsl=
FrE WAL,
3) void write_command(uint8_t cmd)
LD EE5° HHEo] emdE A ¥ TTE HEA L. (RS=197)
4) void init_LCD(void)
9 2) & 3)9 45 AHI ALESIY LD REA UL 2 £AUE 9o EY3te d4E
TFC AL,
0x28, 0x06, Ox0C, Ox01
OIHUew ofgists 12
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. __________________________________________________________________________________________________________________________________________|
5) void set cursor(uint8_t x, uint8 t y)
9 2) B 3)9] dE AAE] ARt (x, y) HEl AME AANIE FE BEAL.

6) void write data(uint8_t data)

LD EEo| tlolE] dataE A Y& FFE WHEA L. (RS=11’)

7) void put_string(char *str)
9 2) 2 5)9 4E HAHF ARt LD REO EALG S EH s 45 WAL,
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int main(void)

{
unsigned int count = 0;
char lcd _buf[16];
init_port();
init_LCD();
put_string("LCD1602(HD44780)");
set_cursor(9, 1);
put_string("COUNTER=");
while (1)
{
set_cursor(8, 1);
sprintf(lcd_buf, "%u", count);
put_string(lcd_buf);
count++;
_delay ms(1000);
}
}
void init_port(void)
{
// Set PC[2:0] to OUTPUT mode
// Set PD[7:4] to OUTPUT mode
}
void init_LCD(void)
{
// ©x28: function set: 4-bit interface, 2 display lines, 5x7 font
// 0x06: entry mode set: increment automatically, no display shift
// @xeC: display control: turn display on, cursor off, no blinking
// 0x01: clear display, set cursor position to zero
}
void put_string(char *str)
{
while(*str 1= "\@")
write_data(*str++);
}
void write_data(uint8_t data)
{
while(check_busy() != 0);
// write data
}
uint8_t check_busy(void)
{
OIHUew ofgists 14
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.|

// read status
status &= 0x80;
return status;

}

/* y=0 for upper row
0 <= X <= OxF

y=1 for lower row
Ox40 <= X <= Ox4F

*

véid set_cursor(uint8_t x, uint8_ t y)

{

}

void write_command(uint8_ t cmd)

{

}

void write_command_with_busy check(uint8 t cmd)

¢ while(check_busy() != 0);
write_command(cmd);

}
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