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// gotta be inputs, set R/W* high

7 Ozva!
#define lcd_RWUp DDRH = @; PORTK |= 2; KGA'D:]-‘N" . ConF ICune Fon LAV Tn

1 NOTE onDén OF oPERATIoWS HENE . ,
// set R/W* low, // gotta be outputs -
#define lcd_RWDown PORTK &= (~2); DDRH = @xFF; WRITIvG? Comn FIaune Fon WRITIwe |

// this is *snug*, datasheet says PW_EH must be at least 45@ns. (P49 + P58)

// but &= probably implemented as a BCLR instruction (@ 5@ns bus, 4 cycles, around 20@ns per instruction)

// measured on scope at ~3@@ns (which would make sense (6 cycles up/down instructions),

// not exactly sure when pin changes state in instruction pair)

// this is actually too short, but appears to work. either the device is better than expected, or does not match datasheet!
// other LCDs may require a small delay be added to E strobe operations, or data setup time during read.

#define lcd_EUp PORTK |= 1;

#define lcd_EDown PORTK &= (~1); Lemem B&n ! MAWLS SWAP LABeL
#define lcd_RSUp PORTK |= 4; Fon R&ET ofF L,'J:A;e'J
#define lcd_RSDown PORTK &= (~4);
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#define lcd_MicroDelay { char _x = 1; while (--__x); } “TNAE. .65,
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Instruction Description (max.)
r e rd /\InTTe “ecect ’ when fep or fosc is
RS | R'W | DB, | DB, | DB; | DB, | DB, | DB, | DB, | DB, 250 kHz
Clear Display 0 0 0 0 0 0 0 0 0 1 Clears entire display and sets DD RAM address 0 in 15.2ms
address counter.
Return Home 0 0 0 0 0 0 0 0 1 X Sets DD RAM address 0 in address counter. Also 15.2ms
returns shifted display to original position. DD RAM
contents remain unchanged.
Entry Mode 0 0 0 0 0 0 0 1 I'D S Sets cursor move direction and specifies shift or 40ps
Set display. These operations are performed during data
write and read.
Display 0 0 0 0 0 0 1 D C B Sets ON/OFF of entire display (D), cursor ON/OFF 40ps
ON/OFF (C), and blink of cursor position character (B).
Control
Cursor or 0 0 0 0 0 1 SC | RL X X Moves cursor and shifts display without changing DD 40ps
Display Shift RAM contents.
Function Set 0 0 0 0 1 DL N F X X Sets interface data length (DL), number of display 40ps
lines (N) and character font (F).
Set 0 0 0 | ACG Sets CG RAM address. CG RAM data is sent and 40ps
CG RAM received after this setting.
Address
Set 0 0 1 ADD Sets DD RAM address. DD RAM data is sent and 40ps
DD RAM received after this setting.
Address
Read Busy Flag 0 1 BF AC Reads busy flag (BF) indicating internal operation is 40ps
& Address being performed and reads address counter contents.
Write Data to 1 0 Write Data Writes data into DD RAM or CG RAM. 40ps
CG or DD
RAM
Read Data | | Read Data Reads data from DD RAM or CG RAM. 40ps
from CG or
DD RAM
I/D=1: Increment DD RAM : Display Data RAM Execution time changes
1/D=0 : Decrement CG RAM : Character Generator RAM when frequency
S=1 : Accompanies display shift ACG : CG RAM address changes.
S/C=1: Display shift ADD : DD RAM address.
S/C=0 : Cursor move Corresponds to cursor address. Example: When fep or
R/L=1 : Shift to the right AC : Address counter used for both fosc is 270kHz:
R/L=0 : Shifts to the left DD and CG RAM address. 40ps x 250/270 = 37 ps
DL=1 : 8 bits, DL=0 : 4 bits
N=1 :2lines, N=0: | line
F=1 :35x10 dots, F=0 : 5x7 dots
BF=1 : Internally operating
BF=0 : Can accept instruction

x =don’t care. (No Effect)
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RS e/w
Read Busy Flag 0 1 BF AC Reads busy flag (BF) indicating internal operation is 40pus
& Address TNTEn AL  AODR Lot counTér | being performed and reads address counter contents.
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/ wait for the LCD to be not busy (blocking)
/ service function, private
oid lcd_Busy (void)

)
unsigned char inval = @; Zows .
¢ CMA . p0S AJoT G:‘)Jqu:;_-
lcd_RSDown; 57 // instruction % No‘ff' M,...-—'
lcd_RuWUp; P$“>j'\ // reading
(e TS e PAA
do &1 Leo A ) —o ?(?.DDU
{ lcd_EUp; E”\ ’ TAKES TmE

lcd_MicroDelay // tested @ 20MHz, delay for tDDR absolutely needed (data sheet says 36@ns (P58 + P49))
// @5ens per clock, and average 2.5 cycles per instruction, this is about 3 average assembly instruction.
// this is not a long delay, but back-to-back instructions are too fast!

inval = PTH; // status (d7) and address (d6:@) KehAp DATA P(Léﬁéﬂfw g»‘f Ceo

lcd_EDown;
} \9 LECenst P&vice
while (inval & oxs8e);
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// send a byte to the inst reg of LCD on custom port
void lcd_Inst (unsigned char val) K ASSUME pevrzcé LTS

{
lcd_Busy(); // wait for LCD to be not busy TSNILITIACTEED >k

lcd_RuWDown; ﬂpjfp // writing
lcd_RSDown; ;Lc,ﬁqg // command

PTH = val; // present data on port
Devzee \JpkEs VP, SE€°

lcd_EUp; pC - DA‘TA ‘
lcd_EDown; g’fﬂz // and... latch ﬂ/CJ =@, So GuALS
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( Power on ) iﬁji(iﬁw("‘; E- \ouu
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Wait for more than 15 ms Wait for more than 40 ms
after Ve rises to 4.5 V after Ve rises to 2.7 V Port H = Do OUTPVTS
| — _ PonThk O:Z A5 ouTPUTS
RS RWDB7DB6DB5DB4 DB3DB2 DB1DB0 | BF cannot be checked before this instruction. |
0 0 0 0 1 | 1 * * = = Function set (Interface is 8 bits long.) D&]q‘o |DOmsg (epc‘x_r-im:.q-qu )
PTH = Ox 3% (Tiner - Sheey)
Wait for more than 4.1 ms
T el |
| D&l ey \5mS (Timer_Slaep)
RS RAWDB7 DB6DB5DB4 DB3 DB2 DB1DB0 | BF cannot be checked before this instruction. |
0000 1 | 1 * &+ » Function set (Interface is 8 bits long.)
Wait for more than 100 ps E T el
| Doy \ms ( Timere Sleep)
RS RWDB7DB6 DB5DB4 DB3 DB2DB1DBO [ BF cannot be checked before this instruction. |
0 00011+ ¢ » 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 RWDB7DB6 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 LcDTusT C Px 2% )
0 0000 0 100 o0 cannot be changed after this point.
00 0000 O0OOGOO 1 Display off Hm Leoznst (py o)
0 0 0 0O 00 0O 1 1DS Display clear \I\) ,7 Lep T (

l Entry mode set 0% 06 0 7 @5‘95 ( )
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PLL_T020MHz(); 0567 Wil an -

lcd_Init (); / bo D C = )\ﬂ\w&, W
nv

led_Data ('Q"); : .
lcd_Addrxy (1, 3); ?m\”dg/ ~ 0"
lcd_String ("Hello");

lcd_StringXY (@, 2, "This is spam!™);

lcd_AddrXy (10, 1);

lcd_DispControl (@, 1);



