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[Connecting HD44780 to Micro controller

P0.0 DBO
P0.1 DB1
P0.2 DB2
P0.3 DB3
P0.4 DB4
MicroController Po.s DB5
P0.6 DB6
P0.7 DB7
HD44780
P3.6 EN
P2.6 RS
P2.7 RW
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[Control and Display Instruction

) Instruction Code Description Execution time
Instruction .
RS | Rw | DB7 | DBG | DRS | DR4 | DB2 | DB2 | DB1 | DRO Instruction Code (fsoc=270kHz)
Write *20H" to DDRAM. and set
Clear Display 0 o] 0 a 0 ] 0 1] 0 1 DDRAM address to "00H" frorm 1.53ms
AC,
Set DDRAM address to "00H"
from AC and return cursor toits
Return Home 0 8] 0 0 0 0 0 o] 1 X | original position if shifted 1.53ms
The contants of DDRAM ara nat
changed.
Assign cursor moving direction
Entry Mol
n msf;t “lolololofo]o| o1 |uo]sH|andmakeshitotentre dsplay s
enable.
Display Sel display(D), curson(C), and
ONIOFF 0 0 0 0 0 0 1 D [ B | blinking of cursor B) on/off s
Caontral confrol bit
Cursor or . Selt cursor m(?-wng and d|§|:1a5.f
Display Shift 0 1] 0 0 0 1 SC|RL| X ¥ | shift confrol bit, and the direction, s
] without changing DDRAM data
Selinterface data length (DL : 4-
" bit/8-biti, numbers of display line
Function Set 0 1] 0 o] 1 DL N F X X Wus
(N 1-iinar2-fine), dispiay font 2
typa(F : 5 X 8 dots/ 5X 11 dots)
Sat CGRAM 0 0 0 1 acs | aca | aca | acz [ac1 ] aco Set CGRAM addrass in address s
Address COUnter.
' | i
Set DDRAM 0 0 1 lacs | acs Laca | acalacz | act | aco Set DDRAM address in address ps
Address counter.
T L
e e
Fagand | o | 1 | 8F |ace|acs |aca|acs|acz [act] aco ——— Ous
Add BF. The contents of address
ress counter can also be read
Write Data to Write data into intamal RAM
1 0 6 5 0 43
RAM D7 [ D6 | D5 | D4 1 D3 1 D2 | D1 DO f o0 micoram) us
Read Data Read data from intamal RAM
1 1 D7 | D6 | D5 | D4 | D3 J D2 | DM Do 43
from RAM {DDRAM/CGRAM). He




[Timing Diagram

Write Mode
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[Control Timing

Mode Characteristics Symbol Min Typ Max Unit

E Cyecle Time i 500 - .
E Risa /Fall Time g If - - 20
E Pulse Width (High, Low) W 230 - -

Wiie hMode RW and RS Setup Time tsul 40 - - ns
RAY and RS Hold Time s 10 - -
Data Setup Time tsu2 20 -
Data Hold Time I 10 - -
E Cycle Time i S00 - -
E Rise /Fall Time lr: g - - 20

Read Mode E Pulse ‘.*‘Jr{m_ thi-_;|t'|__Li;r-.'.-j+ w :-:‘3_1‘.1 - -
RW and RS Setup Time tsu 40 - - ns
RAY and RS Hold Time Iy 10 - -
Dalta Output Delay Time o - - 120
Dala Hold Time tOH 5 . .
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void LCD_RS(int onoff){
if(onoff==0N)
PORTA = PORTA|0x04;

else
} PORTA = PORTA&OXFB;

void LCD_RW(int onoff){
if(onoff==0ON)
PORTA = PORTA|0x08;
else

PORTA = PORTA&OXF7;

void LCD_E(int onoff){
if(onoff==0ON)
| PORTA = PORTA|0x20;
else
PORTA = PORTA&OXxDF;



[Char HIOIE|S #&= 84

LIO|E{E &Al 22 7] 2ldll charE M= &4-E 0IEX].
LIO|E{E X1 LIM= BIEA| E BEAE F
O|SIC}.
void write_char(char s){
LCD_RS(ON);
PORTF=s;
}E_Pulse();

void E_Pulse(void){
char i;

LCD_E(ON);
delay(DELAYTIME1);
}LCD_E(OFF);
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e gt==0ll Mi2kA], Ofzl 214
HD44 /780 Instruction Set
Instruction Code

R: R/W [B7 Dgt DBS 0B4 D83 DEZ DE1 DED
Clear Display 0000000001
Return Home 0o 000 OO0 OO0 1 =
Entry Mode Sst o 00 00 O0CO0OT1 1D 3
Dizplay ONOFF 0 00 O0DO0ODO0OT1TTDTECE B
Cursor and Display Shift 0 00 0 0O 01 SCRL + +
Function et 0 0 0 0O 1 ODLN F + =«
Set CG RAM address Do o0 1 A& A A A A &
det DD RAM address oo 1 & & & A A & &
Read busy flag and address 0 1 BF & A& & A & A &
Urite data to CGor DORAM 1 0O D D O O D D D D
Read data from Cor DORAM 1 1 0O 0O DO D O O O D

Motes
= means 0or | have no effect

Y¥Where execution times are givenas A/ B
& applies for 1/8 duty or 1,11 duty {1 display line)

B applies for 1/16 duty (2 display lines)



[BIXIAE{S(HD44780)

8 IﬂE X2 S, ALEEM HX|2AE{(IR), HI0IE] |X|2E{(DR)2
-

o DDRAM(DS
RAM)0f| &} —2-
Instruction A=EE2 K&

o IR MPUREE A

DRe| A&t

o DD RAMEEE= CG RAMO] 220iZ! H|0|E{E 2UA|2 X{Z&SIC}.

o DD RAM EE= CG RAM2ZEE] 216{Z! HI0|E{E LUA|=Z X{ZE}siC].

- MPUZ=E| DROJ| #0{Zl CI0|E{= Li=: =xtof| o|3 AF=X©= DD RAM
= cG RAMO]| 220{ZIC}.

o DRI§}DD RAM EE= CG RAM2EEE{ 25{Z! ijj, C0|E{ HEREE A}

Z|IC

o O|EHA MET} IR0 Moqxl [[||
DRE LI S=tof| ofsH o!s{ZICt.

o & C}F=2, MPUE22] 0] E] "._138 MPUOII O|s DR= 21=0il S|ol 2= E
C}l. MPU7I DR= °1'S =0, CI= 01=8|20 9= DD RAM EE= CG
RAM °FO| LJ0|E{S MPUZEE] 1:|° RN DRE HLIZITF

o Eilx{*Ei MEHT|(RS) AMSE2 0|E F HXIAESE2EE 2SS MEH

e
_|.".

O|E{= DD RAM EE= CG RAMO{|A]

ﬂ||0



[BIX|AE] MEdS}T)

Hegister selection

Rs RBAl' Enable Operation

0 0 HH-=+L IE write as internal operation
(Display clear, etc.)

0 1 H Read busy flag (0OB?) and
address counter (0BO-DBE)
1 0 HH-=:L DOR write as internal operation
(OF to OO RAM or Ca RAM)
11 H OR read as internal operation
(00 RBAM or CG REaM to OR)
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Busy Flag
o  Eaal "1“°E'IIIE
E0{X|X| 2= Zio|LC].
o HX|AE ME HIO[S0| HO{FEE= HHE, b
2 =8, Cf2 instructionS busy Za-17

l

Address counter (AC)

o OJEA FI2E{(AC)= O{=IASS DDS} CG RAMSE SHohsir).
st OIAE=IN0| IR0 20T W], 0{EA HE= |ROIA] L
CG RAMOI A'|E|-|° I:I:o|- O|AEE-IMO-" OIOH ol-)}-" 71§-’|E|EI.

© DR = CG RAM EI~E210] HOJEL & 201, ACE Resios 1 57} e s
5":} AC L2 °I°| EiIXIAE'I MEH EiIOIEOiIA'i HO{= ZiF =F
R/W=1Y 1, DBO~DB6Z == EiC},

HD447802 LI S=2 =0 210{A{, C}= Instruction0] &0}

> DD RAME 8H|E Jj2IE|{ A=S0) LIEIL CIAZa|0] LjO[E{S KIEFSHCL.
S°80+8H[E, ©E= 80 F2IE[SO|C}.
RAMS C|~ 0|0 Chs o8l
LCDXol SIXIEE oleket 2Lk, DD RAM 22 Ach 4 &



[CG ROM I} CG RAM
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DD RAM O{E8IA=S
[(40+2 2}21 C|AZ1]j0])

DD RAM addresses for a 40 character x 2 line display

1 = 39 40 = display position

1=t line|00|Qx2| - - - - - - = = 26 | 27 | = DD PAM address (Hex)

sndline|40|141| - - - - - - - = BG |67 |+ DD RAM address (Hex)




[List 214 sj=of of 3t £718H(1)

HD44780= .u})°-|7|- A& I, LIS 2|AMl 3|2 E AIZ510q, AISE2=E =
7|3t3tct. (2] A
C}2 oIAERIM =0| =7|35} 8t mj, AlSHEIC}

L e e ™ L L] EO
Busx flag (BF)= 7|2}7} =Lt I 71X] B IS\1I 2 H
Oms

==C|. Busy
MEf(BF=1)= Veeltl 4.5 &2 ESE}E = CF.

1. C|2ZE8|0] £2|0]
2. Function set .....
DL =1 : 8 HE 2lE{H{|0|&

N =0:1 22l C|AZ0]
F =0:5x7 ZEFHElE EE
3. C|AZ2]|0] ON/OFF ..

=
D = 0: Display OFF
C = 0: Cursor OFF
B = 0: Blink OFF



NERVEENREESI)

4. Entry mode set ..
I/D = 1: +1 (increment)
S = 0: No shift

5. DD RAMO]| 2l
ClS2| 4= LR 2M 2 2= AR 2= SESHA| 2=L].
Mel229| rise time(0.2->4.5)0] 0.1ms - 10ms= Hio{Lt

X3 OFF(0.2 0[3}) 2| X 2I¥ =Z0] 1ms=2C} HS
0] 30|, =J|z2l= EEH2E +AHE|X]| 2= A0|C}.
S MietEl of2ie| AALEZ M| 2foll =7]=t stat

oref 2|l 2|2 S BHIE SEA|F|V] flet M S5 ZUS
O] L XX pi2M, QAAEZMO| 2|8t =7|217} K EICT.



IAEE{ M0 25t =7|3}
(2UE{H0|27} 8HIE 10| =2 IH)

RS

R

RS

RS
0

[Power 0OM]

[ Wait more than 15ms ]
[after Ydd rises to 4.5v]

Rl OB7 OBE OBR DB4 DB OBZ OB
oo o 1 1 + =+ =«

[Wait more than 4.1ms]

RAl OB7 0BG OB DB4 OB3 DBZ OB
0o o 1 1 + + *

[Wait more than 100us]

RAl OB7 0BG OB DB4 OB3 DBZ OB
0o o 1 1 + + *

RAl OB7 0BG OB DB4 OB3 DBZ OB
oo o 1 1 N F =«

RAl D67 OB6 DBS DB4 OB3 DB2 DB
o0 o o0 o0 1 00

RAl DBY DBE DES DB4 OB3 DB2 DB
o0 o0 o0 o0 o0 00

RAl OB7 0BG OB DB4 OB3 DBZ OB
oo o0 0 oo 1

[end of initialisation]

DB0

1]l

1]l
+

1]l
*
Izl
0

1]
1

OB

/0 5

Can't check BF before this instruction
Function set (B-bit interface)

Can't check BF before this instruction
Function set (B-bit interface)

Can't check BF before this instruction
Function set (B-bit interface)

BF can be checked after the following
instructions, When BF is not checked,
the waiting time between instructions
is longer than the execution time,
(See Instruction set)

Function set  [B-bit Interface ]
[Specify displav |ines]
[and character font ]
These cannot be

changed af terwards

Oisplay OFF

Display OM

entry mode set
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SIE{H|0| 27} 4H|E

mfe| =7|3}

[Power OM]

[ Wait more than 15ms ]
[after Ydd rises to 4.5v]

R5 RA0 OB? 0BG OBS OB4 Can't check BF before this instruction
0 0 0 0 1 1 Function set (G-bit interface)

[Wait more than]
[ 4. 1ms ]

R3 R/ DOBY DBE OBS OB4 Can't check BF before this instruction
0 o0 0 o 1 1 Function set (B-bit interface)

[Wait more than]
[ 100us ]

R5 RA0 OB? 0BG OBS OB4 Can't check BF before this instruction
0 0 0 0 1 1 Function set (G-bit interface)

BF can be checked after the fol lowing
instructions., When BF is not checked,
the waiting time between instructions
iz longer than the execution time.
(See Instruction set)

R/ DBY DBE DBS DB4

0 0 0 0 1 0 Function set (to d4-bit interface)

Rs RV 0BT DBG DBS DB4

o0 0o 0o 1 0

0 0 W F =+ =+ Function set [4-bit Interface ]
[Specify display lines]

R3 R/ OB? DBE OBS OB4 [and character font ]

oo o0 o 0 0 These cannot be

0 0 1 0 0 0 Display OFF changed afterwards

Rs RAY OBT DBE DBS DB4

00 0 0 0 0

0 0 0 0 0 1 Display ON

Rs RAY OBT DBE DBS DB4

00 0 0 0 0

oo 0o 1 /0 5 entry mode get

[end of initialisation]
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