LCD Module Interface
(HD44780/QY-1602)
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HD44780-based LCD Module Interface

8-bit Interface
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HD44780-based LCD Module Interface

4-bit Interface
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Note: IR7 ,IR3 are the 7th and 3rd bits of the instruction.

AC3 is the 3rd bit of the address counter.




HD44780-based LCD Module Signals
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HD44780-based LCD Module Signals
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HD44780-based LCD Module Signals
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HD44780-based LCD Module Commands

Instruction RS RIW D7 D6 D5 D4 D3 D2 D1 Do #9
Clear 9 9 9 9 9 9 9 9 9 a Clears entire display and sets DDRAM address 0 in
display address counter.
Sets DDRAM address 0 in address counter. Also
Return returns display from being shifted to original
0 0 0 0 0 0 0 0 1 - position.
home DDRAM contents remain unchanged.
(s Sets cursor move direction and specifies display
mode 0 0 0 0 0 0 0 1 1D S shift. These operations are performed during data
write and read.
set
Ellig:?y Sets entire display (D) on/off, cursor on/off (C), and
0 0 0 0 0 0 1 D c B blinking of cursor position character (B).
control
Cursor or I . .
; Moves cursor and shifts display without changing
Gty 0 0 0 0 0 1 sic RIL - - DDRAM contents.
shift
Function Sets interface data length (DL), number of display
set 0 0 0 0 1 DL N F - - lines (N), and character font (F).
ngAM Sets CGRAM address. CGRAM data is sent and
0 0 0 1 ACG ACG ACG ACG ACG ACG  received after this setting.
address
geDtR AM Sets DDRAM address. DDRAM data is sent and
0 0 1 ADD ADD ADD ADD ADD ADD ADD received after this setting.
address
Read Reads busy flag (BF) indicating internal operation is
busy flag & 0 1 BE AC AC AC AC AC AC AC being performed and reads address counter
address contents.
Write data
to CG or 1 0 Data to be written Writes data into DDRAM or CGRAM.
DDRAM
Read data
from CG or 1 1 Read data Reads data from DDRAM or 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

RI/L = 1: Shift to the right

R/L = 0: Shiftto the left

DL = 1: 8 bits, DL = 0: 4 bits

N =1:2lines, N =0:1line
F=1:5x10dots, F=0:5 x 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




HD44780-based LCD Module Commands

1) Clear Display

v' This command writes space code 20H (character pattern for character code 20H must be a
blank pattern) into all DDRAM addresses.

v It then sets DDRAM address 0 into the address counter, and returns the display to its
original status if it was shifted.

v' 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).

v 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




HD44780-based LCD Module Commands

2) Return Home

v Return home sets DDRAM address O into the address counter, and returns the display to its
original status if it was shifted.

v' The DDRAM contents do not change.

v' 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

0 0 0 0 0 0 0 0 1 X




HD44780-based LCD Module Commands

3) Entry Mode Set

(1) I/D

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




HD44780-based LCD Module Commands

4) Display On/Off Control

(1) D

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 5x8 dot character font selection and in the 11th line for the 5x10 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 fcp or fOSC is 250 kHz. The cursor
and blinking can be set to display simultaneously.

RS RMW D7 D6 D5 D4 D3 D2 D1 DO

0 0 0 0 0 0 1 D C B




HD44780-based LCD Module Commands

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 RW D7 D6 D5 D4 D3 D2 D1 DO
0 0 0 0 0 1 S/IC R/L X X

S/IC RI/L
0 0 Shifts the cursor position to the left. (AC is decremented by one.)

Shifts the cursor position to the right. (AC is incremented by one.)

Shifts the entire display to the left. The cursor follows the display shift.

~ P O
, O B

Shifts the entire display to the right. The cursor follows the display shift.




HD44780-based LCD Module Commands

6) Function Set

(1) DL

Sets the interface data width. Data is sent or received in 8-bit width (DB7 to DB0O) 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.

RS RW 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




HD44780-based LCD Module Commands

6) Function Set

(2) N

Sets the number of display lines.

(3)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




HD44780-based LCD Module Commands

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
0 0 0 1 A A A A A A




HD44780-based LCD Module Commands

8) Set DDRAM Address

v Set DDRAM address sets the DDRAM address binary AAAAAAA into the address counter.

v' Data is then written to or read from the MPU for DDRAM.

v However, when N is 0 (1-line display), AAAAAAA can be O0H to 4FH.

v 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

0x00

0Ox01
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0x40

0x41

0x42

0x43
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0x46

0x47

0x48

0x49

Ox4A

0x4B
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Ox4F




HD44780-based LCD Module Commands

9) Read Busy Flag and Address

v 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 O.

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.

N N N

This address counter is used by both CG and DDRAM addresses, and its value is determined by the previous

instruction.
v" The address contents are the same as for instructions set CGRAM address and set DDRAM address.

RS R/W D7 D6 D5 D4 D3 D2 D1 DO
0 1 BF A A A A A A A




HD44780-based LCD Module Interface (8-bit)
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void init_port(void)
{
DDRC |= @b111;
DDRD = OXFF;

}

// Set PC[2:0] to OUTPUT mode
// Set PD[7:0] to OUTPUT mode




HD44780-based LCD Module Interface (8-bit)
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uint8_t check_busy(void)

{
uint8_t status;
PORTC &= ~(1 << 0); // Set RS to LOW
PORTC |= (1 << 1); // Set RW to HIGH
DDRD = 0x00; // Set PORTD to INPUT mode
PORTC |= (1 << 2); // Set E to HIGH
_delay us(9.23); // topr = 160 ns max
// PWg,=230ns
status = PIND; // Read input status
PORTC &= ~(1 << 2); // Set E to LOW
return (status & 0x890);
}
RS
RAW
E VA WA A A A
Internal \ 77
operation Q Functioning |
Not
DB7 % Data Busyv Busy\« WUSV % Data W
Instruction Busy flag ‘ Busy flag Busy flag Instruction
write check check check write




HD44780-based LCD Module Interface (8-bit)

void write_command(uint8_t cmd)

{
while (check busy() != 0);

PORTC &= ~(1 << @); // Set RS to LOW
PORTC &= ~(1 << 1); // Set RW to LOW
DDRD = OXxFF; // Set PORTD to OUTPUT mode
PORTC |= (1 << 2); // Set E to HIGH
PORTD = cmd;
_delay us(0.23); // tpoey = 80 ns max
// PWg=230ns
PORTC &= ~(1 << 2); // Set E to LOW
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void write_data(uint8_t data)

{
while (check busy() != 0);

PORTC |= (1 << 9); // Set RS to HIGH
PORTC &= ~(1 << 1); // Set RW to LOW

DDRD = OxFF; // Set PORTD to OUTPUT mode
PORTC |= (1 << 2); // Set E to HIGH

PORTD = data;

_delay _us(0.23); // tpogy = 80 ns max
// PWg,=230ns

PORTC &= ~(1 << 2); // Set E to LOW




HD44780-based LCD Module Interface (8-bit)

int main(void) void set_cursor(uint8_t x, uint8_t y)
{ {
unsigned int count = @; uint8 t addr;
char lcd_buf[16]; -
= << 6 ;
init_port(); Sgg;e cgzﬁgn;(gﬁdr)' )
init_LCD(); } - ’
put_string("LCD1602(HD44780)");
void put_string(char *str)
set_cursor(@, 1); {
put_string("COUNTER="); while(*str 1= "\@')
. % .
while (1) , write data(*str++);
{
set_cursor(8, 1);
sprintf(lcd_buf, "%u", count);
put_string(lcd_buf);
count++;
_delay ms(1000);
}
}
void init LCD(void)
{
write_command(©x38); // function set: 8-bit interface, 2 display lines, 5x7 font
write_command(©x06); // entry mode set: increment automatically, no display shift
write_command(©xeC); // display control: turn display on, cursor off, no blinking
write_command(©x01); // clear display, set cursor position to zero
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