Lab3

Character LCD
(Text LCD)



Character LCD Block Diagram

LCD Controller, LCD Panel, Segment Driver, Backlight

VSS —»
VDD —— R LCD PANEL
VO  ——— 16 Characters x 2 Lines

RS ———

R/W ——— LCD 3
E — > Controller

DO

| : > Segment driver
D7
LEDA ———»

LEDK LED Backlight




Registers

* |R (Instruction Register)
= DR (Data Register)

Table 1. Various Kinds of Operations according to RS and R/W Bits
RS RIW Operation

Instruction Write operation (MPU writes Instruction code into IR)
Read Busy Flag (DB7) and address counter (DB0 - DB6)

Data Write operation (MPU writes data into DR)

Data Read operation (MPU reads data from DR)
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LCD Connector
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LCD Connector

No. Symbol | Function
| VSS GND(0V)
2 VDD Power supply for Logic(+5.0V)
3 VO Power supply for LCD drive
4 RS Register selection (H: Data register , L :Instruction register)
5 R/W Read/write selection (H: Read . L: Write)
6 E Enable signal for LCM
7-14 | DBO~DB7 | Data Bus lines
15 LEDA | Power supply for Backlight(+5.0V)
16 LEDK | Power supply for Backlight(0V)




Addressing of Registers

Table 1. Various Kinds of Operations according to RS and RIW Bits

RS [A'lﬂ RIW [AO] Operation

L 0 L 0 |Instruction Write operation (MPU writes Instruction code into IR)
L H Read Busy Flag (DBT7) and address counter (DB0 - DB6)

H 4 L @ |Data Write operation (MPU writes data into DR)

H H Data Read operation (MPU reads data from DR)




External SRAM Interface

|‘ Memory cycle

N
AQ-A1S >< Address ><

24 lines <
D0-D7 >< Data ><
(a) Nonmultiplexed (24 lines)
I: Memory cycle =i
A8-Al5 >< Address ><
16 lines <

ADO0-AD7 >< Address >< Data ><

(b) Multiplexed (16 lines)




External SRAM Interface

= Signals: A15~A8, AD7~ADO, ALE, RD’, WR’
= MCUCR Register setting

N D[7:0
‘ ‘ % [7:0]
o b H N T A
AD7:0 k 9 LN o A[7:0]
ALE G
AVR SRAM
Ats ] s
RD »| RD
"WR »| WR

External SRAM Connected to the AVR

Bit 7 6 5 4 3 2 1 0
SRE SRW10 SE SMA SMO SmMm2 IVSEL IVCE MCUCR
Read/Write R/W R/W R/W R/W R/W R/W RW RW

Initial Value 0 0 0] 0 0 0 0 0



External SRAM Interface

= MCUCR :B7,B6

Bit 7 6 5 4 3 2 1 0

SRE SRW10 SE SMA1 SMO SM2 IVSEL IVCE MCUCR
Read/Write R/W R/W RAW R/W RAW R/W RW R/W
Initial Value 0 0 0 0 0 0 0 0

« Bit 7 — SRE: External SRAM/XMEM Enable

Writing SRE to one enables the External Memory Interface.The pin functions AD7:0, A15:8,
ALE, WR, and RD are activated as the alternate pin functions. The SRE bit overrides any pin
direction settings in the respective data direction registers. Writing SRE to zero, disables the
External Memory Interface and the normal pin and data direction settings are used.

+ Bit 6 —- SRW10: Wait-state Select Bit

For a detailed description in non-ATmega103 compatibility mode, see common description for
the SBRWn bits below (XMCRA description). In ATmega103 compatibility mode, writing SRW10
to one enables the wait-state and one extra cycle is added during read/write strobe as shown in
Figure 14.



Addressing of Registers
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Addressing of Registers

A1S | A14 | A13 | A2 | A11 | A10 | A9 | AB | A7 | A6 | AS | A4 L A3 | A2 | AT | AO

RS | R/W
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
8 0 0 0

[E 8-3] IR(Instruction Register)
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A1S | A14 | A13 | A12 | AT1 | AT0 | A9 | AB | A7 | AB | AS | A4 L A3 | A2 | AT | AD

RS | R/W

1 0 0 0 0 0 0 0
8 0

[E 8-4] DR(Data Register)



Instruction Code

Execution time

Instruction Description
RS |RW |DB7|DB6|DB5|DB4|DB3|DB2(DB1|DBO (fosc=270KHz)
Clear Display oc(fofofo|O0f(0])0[0O0]|0(1 |Wnte "20H" to DDRAM and set DDRAM 1.52ms
address to "00H" from AC
Return Home ojofofofo|jojo0|[0]|1 - | Set DDRAM address to "00H" from AC and 1.52ms
return cursor to its onginal position if
shifted. The contents of DDRAM are not
changed.
Entry Mode 0|)0(0|0|[0)|)0)0]| 1T |UD]| S |Assign cursor moving direction and enable 3Bus
Set the shift of entire display
Display ON/ 0DjJofo|0|0]|J0)1|D]|C| B |Setdisplay(D), cursor(C), and blinking of 38us
OFF Control cursor{B) on/off control bit.
Cursor or 0|00 |00 1 |SICIRL| - | - |Setcursor moving and display shift control 3Bus
Display Shift bit, and the direction, without changing of
DDRAM data.
Function Set 0]0|0]0)|1T|DLIN]|]F]| - - | Set interface data length (DL: 8-bit/4-bit), 38us
numbers of display line (N: 2-line/1-line)
and, display font type (F:5x10 dotis/5x8
dots)
Set CGRAM 00| 0 [ 1 |AC5/AC4|AC3|AC2|AC1[ACO| Set CGRAM address in address counter. 38us
Address
Set DDRAM 0] 0| 1 |ACG|AC5|AC4|AC3|AC2|AC1|ACO| Set DDRAM address in counter 38us
Address
Read Busy Flag 0 | 1 | BF |AC6|AC5|AC4|AC3|AC2|AC1|ACO| Whether during internal operation or not
and Address can be known by reading BF. The
Counter contents of address counter can also be
read.
Write DatatoRAM | 1 | O |D7 |D6| D5 | D4 | D3| D2|D1| DO |Write data into internal RAM 38us
(DDRAM/CGRAM).
Read Data from 1|1 |(D7|D6|D5|D4|D3|D2|D1|D0|Read data from  internal RAM 38us

RAM

(DDRAM/CGRAM).




DDRAM Address

Display position Column 1 2 --- 15 16

DD RAM Address 1-Line 00H 01H --- OEH OFH

(Hex-Decimal) 2-Line | 40H 41H --- 4EH 4FH
16 COLUMNS

2 ROWS




LCD Command

A

B ot 220 LCD 2 atHE IR0l A21D HEHA IH2HL &
DE 18 A B HASH =4S Liete 5 QUL (A& AIZE 0 1.53ms)
RS R/W 07 06 05 D4 D3 D2 D1 DO
0 0 0 0 0 0 0 0 0 1
BN Z:38Es N2A ZD HEHA JI2PHE 022 S0 =140 0422
Ol HEE LU 2AS 2O AXZ =HAIZICEH (AHAIZE:1.53ms)
RS R/W 07 D6 D5 D4 D3 D2 D1 DO
0 0 0 0 0 0 0 0 1 *
WYUED 2= A HHE sH0= 2= 286t AL 240 BIIE 25 ¢
TE g AoIXNE Z2Heth (A>AI2H: 39us)
RS R/W 07 06 05 04 D3 D2 D1 DO
0 0 0 0 0 0 0 1 1/D S
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LCD Command

dlOl ON/OFF @ &l atH2l ON/OFF, 2HAH Sl ON/OFF, HACl fAXI It
O S2AE ZH0l= Hs SEECH(ZE:AIZ: 39us)

R/W 07 06 05 D4 03 02 D1 D0

0 0 0 0 0 1 0 C B

" 0I%, ®HSHEOI ON 01 2K+ LEEHH T
012, TAISHEHOl OFF SI0f O 2X & LIEFLIX =T,
0IG, M It LIEHCY,
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LCD Command

B A LAESdU0l #ZE - & LCD E0l HAlE WEs HF=Z #ZE AIIA

Lt ANME S2RZ OIS AZICH(E&AIZE - 39us)

RS R/W 07 06 D5 D4 03 D2 D1 DO

0 0 0 0 0 1 S/C R/L * *

S/C | R/L = & o H

0 0 HA= 2EBLx I ZE EIL.

0 1 HA= LEZL=E #I2E =L,

1 0 LCO &0l A= LHEN HAHIE 2FLx: HZEE =t

1 1 LCO &0l HAI=E LHEN HAHIE LEZELE #ZLE =L,
(S CIAZSH0I2) HZEDHAHGHE [ HEH A IHEHE=E HEHA Z=C0)



LCD Command

W LCO JIS&F : LCD Jt CPU & M1ZE= CIOIH 201, CIAZH 0l 2o, 2K
EE S SFECL(ABAIZ : 39s)
RS | R/W | D7 | D6 | D5 | D4 | D3 | D2 | DI | DO
0 0 0 0 1| DL | N F . .
—. DL ="1" Y [f 8HE(D0~D7)2| TIOIEf 2+OIS ALEEHCY,
— DL ="0" 2 O 481 E(D0~D7)l CIOIE| 2+01S AHESHLY,
—. N 2 LCD TIASY 0] 2t0! 2 HA B,
- F= 23X ZES 2F0L
ot ol = HI D
1 5+8
1 5%10
5410 CE= 2 Line
1 0 2 5+8 I
CIAZY0l E0tHs




LCD Command

BO.DRAM OIS A AXF : A0l |st= R0l 2XE CIAZHO0 5HIQIHA S
HI 'Set D.D RAM Address' &2 2 /AXIE AN&GH =UHOF 3tCF e F£
2513 HI0IE I SOHZ BIAZ 02] N&ES= 210/ EC0H D.D RAM HEJA

S [AZ0| 21212 HF™aEH= N 20l M2t N='0 012 D.D RAM O EdIA =
0x00—~0x470ICFH, N="1"01™ D.D RAM HEHA= & BN 21210] 0x00—-0x27
01D, S M 2+ 2 0x40~0x67 OICH (AIBHAI2F : 39/s)

RS R/W D7 D6 D5 D4 D3 D2 D1 DO
0 0 1 AC6 | AC5 | AC4 | AC3 AC2 AC1 | ACOx
(&, D.D RAM HEYI A BF 2 7HIENX| JH=3ELCEH)




Initialization(1)

Power on

!

Wait for mare than 30 ms
after VDD rises o 4.5 v

l 0 1-line mode
- N -
Function set 1 2-line mode
RS | RW | DB7 | DB6 | DB5 | DB4 | DB3 | DBZ2 | DB1 | DBO
0 0 0 0 1 1 N F X X . 0 display off
display on
v
Wait for more than 39 us
0 display off
M b = displ
Display ON/OFF Control 'spiay on
RS | RW | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
c 0 cursor off
0 0 4] 0 0 Q 1 D c B cLrsor on
. hd B 0 blink off
Wait for molre than 39 us 1 blink on




Initialization(2)

(Continued)

!

Display Clear

RS | R°W | DB7 | DB6 | DB5 | DB4 | DB3 | DBZ | DB1 | DBO

0 0 0 0 0 0 0 0 0 1

v

Wait for more than 1.53 ms

i

Entry Mode Set

0 | decrement mode
RS | R/'W | DB7  DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO /D

1 increment mode

0 0 0 0 0 0 0 1 I/D SH

0 entire shift off
1 entire shift on

\ 4 SH
Initialization end




Sample Code(1)

#define F_CPU 16000000U

#include <avr/io.h>

#include <util/delay.h>

#include <stdio.h>

#define LCD_INST (*(volatile unsigned char *)0x8000)
#define LCD_DATA (*(volatile unsigned char *)0x8002)

void LCD_data(char ch)

{
LCD_DATA =ch; // Write data
_delay_us(50);
}
void LCD_comm(char ch)
{
LCD _INST=ch; // Write instruction
_delay_ms(5);
}
void LCD_CHAR(char c) // Display one character
{
LCD_data(c);
}
void LCD_STR(char *str) // Display a string
{

while(*str)
LCD_CHAR(*str++);



Sample Code(2)

void LCD_pos(char col, char row) // Start position

{
LCD_comm(0x80|(col+row*0x40));

}

void LCD_ clear(void)

{
LCD _comm(1);

}

void LCD _init(void)

{
LCD_comm(0x38); // Function Set: Data line 8bit, 5X8 dot, 2 Line
LCD_comm(0x0C); // Display ON/OFF
LCD_comm(0x06); // Entry Mode Set:
LCD_clear();

}

int main(void)

{

char str[20]="LCD test.. ";

MCUCR = 0x80; // Address and data bus
LCD_init();

LCD_pos(0,0);

sprintf(str,"Hello");

LCD_STR(str);

LCD_pos(0,1);

sprintf(str,"World");

LCD_STR(str);



Sample Code

L= led.cE A& otd LCDOl| LIEtLE=
= AtS =0l etLt,
OHOF | CDO| 2XHJt & ot H L LCD ¥
o )| X& & potentiometerE screw

driver£ X435l EXJ & BOoI&E=E £ &

=2|: PALG| &= ARX &8 dEH= A
Holl OF &




Exercise 1

» LCD2 =0 “Counter’)t LI == SHCY. O cH
Z 0= 002 & 12 =DJI6tH 99HK] S0ttt &
el &E&=Z2 LIEVHCH == AHJF SItok= Al2h
A= 28 100~200msec & & oLt 990 & &

134 CHAl 00 £ & Al &HSHCE

Al Gi: 00, 01, 02,...... , 99, 00, 01, 02,

ol

FE



Exercise 2

+ SUSRS BAE HES 0130, HES @

O T L =

H = [f OtCH == At St B XI & ALE H =S
C == Bttt 22 )880] AT EXl= AFEK
HlAl 00 LIEHLH D HE 2 D|CelC}.

» O PAL= AKX LEOZ AIESE £ 8l00ZF
(Why?), AIXl 2SS PG4Z HHELCH PG4E A}
S8 A2 DOWN/RUN A £ xl% UNCZ &7F
ol Of & (PG4E SR &. . B




