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LED

O LED (Light-Emitting Diode)

B TILO|REZ YorH, HEF, ¢ B2

 —
=)
QE(diode)Z wHIstoZ MEE SE|H YIS

B 5o MZ= 328 Eo Yt TRO| M B, £ F,

=, I}20| A4S LbEH

B Qo ML H2EE S GE 2 AR H|W o EU[5

Ao M2t 50| 20, GO LHXA| 1, &% 0[] [
=0 =30| &

B 4T AEARAZ], 7t 2re| Ats=EHE EE 43U E
S, TV S0 AFZEH S8-2I7F H5

B HE 10~20mA M F0f| 1.5V~2.5V FQI Zd}

LED7} 7Hd E5O] 220]= X237
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LED

O LED 4l
ot o
Anode(+) - N —— Cathode(-)
\ |
\
O LED Ef \ ‘.
E DIP N ‘l
m SMD Y !
= | 1005, 1608,
) Crelzb 7l 501 2012, 3216
Red, Green, __\\ Ak (+, Anode 1 ﬂjl
Orange, Yellow, v
Blue, White \i\\ = &,
(2/3/5mm) Q‘ —
(2/3/54H) .:.*(Cathod Mark)O|
9}{5 = 0| &= (-, Cathode)
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LED

O LED 4

@COMMODITY : T-13/4 Standard 1.0”Lead, 5 ¢

@DEVICE NUMBER : BL-B5134

PAGE: 2
@ELECTRICAL AND OPTICAL CHARACTERISTICS (Ta=25C) VERSION : 1.0
Chip Absolute Maximum Electro-optical Viewing

Peak Lens Rating Data (At 20mA) Knla

%;:;d [Y:;; Appearance VI{V) Iv Typ. 2{ ge::)z

AP(nm) Typ. | Max. (med) ‘
Bright Red 700 Red Diffused 12.0 35
+0HY = HE x MY
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LED

0 LED 917 g
B Anode JU‘01| M E AHA f Cathode Z 0| A2[2 =2 MY
S oAt = GNDﬂl A5l= gt
1?7 0?7 +5V? GND?

—_ o,
Source T2 10 Al S -—V\/\/\/\—-—“.

B Anode Z0| M2(+5V )2
E Ngs gEet 2tz &

17 07 +5V2 GND?
Sink M2 10 AlS M Qs—— +5V LEDS} X{3to|

A= BHY O

(@)
C MNaglE |

Zstal Cathode Z0f Al2[E
H

LEDQ} X{gto| &=A{7} HIHH O{E A =
Source M=29} Sink M&=9| £|C}} A 7| =2 7tZF SOMAZ £

1 o =/

SIS AAE —p-



LED

10 A3 —EF e AAM——|| LED ¢ ZA|

ThE M

S8 - LEDH Y 5V -17V

LEDH & 10 mA

LED X Q0| 2.8VQl 13| A LEDE 5vo| 22 Mt
Hojste{n gt uff gl HAg A2 Mo X2
5t0{OF St77}? Cf, LEDS| ME= 11mAZ} MM MEa}1 i},
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GPIO

0 GPIO(General Purpose Input Output)

m HEoR AISEE U BER MR YD} S
ohS 2 MEs 4 olg
B Z202 ALZAL 0T} 19| 3 MBS Yoj2 BHE0E &
Qe BXE It
ZOo2 AR [ 9% AIEPES XHAT & YEE 5
7150] ik BRI} AUS
1 BRI AEE S USY U
AE|, Y Hl0|E| HX|AE{Q| 374X
X o2 pull-up M 7HX|D Y FOTL B
" O/0|22HESP0|ME [jREo| TES GPIOZ HNsHE

N
o)

-

FEIX|AE, EHE g
FER

.
A rro
ru

SIS AAE 5o



ATmegal28 Q=5 T E

0 ATmegal28 Q=5 L E

ZE 28 7ts

67§2| 8H|E I/Oi E(PA, PB, PC, PD, PE, PF)@} 17}°| S5H|E
[JOEZE(PGE 1M (5 537|| =E)

REHXE J‘.L'S 7HI:I=|7E-IO§ |_H|=| J-Lo-| X.|o|.o f%%
D E [JOHE VCCe GNDAO|Of Z+2} CIO|Q EE H& 380

ZES E= FET(Field Effect
Read-Modify-Write Transistor) |
7| 5O =2 H|E EtR|9] L - SFIOR(DUP)

RPU

E}

PIN See Figure

"General Digital /0" for
Details

I
I
|
I
f—e Logic
I
I
|
|

1
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ATmegal28 Q=5 T E

O ATmegal28 GPIO Zt&H | X|AEH
B DDRx (Data Direction Register)
O 2 ZE0f Ot Giojy Y== gtek X788 AIAH
[0 DDRA~DDRG g|X|AEQ| sEt HIEO| 1S M H == (default),
0= 1H ez 83
B PORTx (Port Output Register)
O 0o =3 HXAAH
O == #dt= O|0|Ezt=Z PORTx 2| X[AEHO| AT &
B PINx (Port Input Register)
O OolH Y8 gX|AH
O PINx [X[AEQ] 4= 2™ JA0| Y=l 4t
B SFIOR(Special Function IO Register) 2| X| A H
OO0 SFIORS| H|E2(PUD: Pull-Up Disable)E '1'2 MESIH =€ XN
20| HiZ2HdotE| (7|2 &Elf) 022 St 2ds} &
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JKIT-1280{|A{2| LED A M A

0 JKIT-128-10J|A1Q| LED A4 MA 7jE

B LED= 874(1HIO|E)E = a3t L E(PA)O|| &Lt

B LEDO| Anode —’EOﬂ Mo = HZASID Cathode Z0|| AlZ|YE
XEte oA4sH = GNDO|| ¢Z 5P HEH ALE

B [ED= QEr™ol EMMLYL 1.7V, 1I0mA)S ZH= LEDZ st

B |ED= HE 37|E 11845t0f SMD LEDZ &}, A7|= =2
= 3216 37| 2 &

B A28 M2 8/ 25 s MU= 7HX B2 S Lot
M 47217F 21 |9 U= O20] MEE A&

B A2 MEgf2 AL 9|5t 330 kg2 = B

|

X% HIAIA|O] ZFE QIZHO| PA7, 7HE Q2 H0| PAQ Al
SMO| AR == F0[5H0J0} !
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JKIT-1280{| M Q] LED & M A

4 (—ri5
3 'f:. £
250 37
o LD6 1 x. g
LED2! >—‘3@—| >
VALUE & -2
a3 S LES
LED3| VALJ'S@
Ihe LDd
LDl varos )
ED3 & LO3 4 a;:: 5
et VALUE &V | 31N 16
o A
Iy
= LD2 1 g
'E""’D—VALJS@—I Ak
= 230

- e
== VALUE

Array X{gt

GND2

ATMEGA125_18AU

N
LEDOL= 21| Pan_ano PEQ_RXDO_PDI |2
EDL L 22| PAT_AD1 PE1_TXDO_PDO |-5—
| e o8 Pazame PE2_XCKO_AIND |-2—
_.-f LED3[ 2| PA3_AD3 PE3_OC3A_AINT —g—
LED4[ | PA4_AD4 PE4_OC38_INT4 |-2—
LEDS] <= Pas_aDs PE5_OC3C_INT5 [—
LEDS > | PAE_aD8 PE_T3_INTE f-=—
LED7 PA7_AD7 PE7_ICP3_INT7 —
cosI 2] PFO_ADCO PBO_SS |-
FF1_>———————=| PF1_ADCH P81_SCK (-
pr2C>———— =2 pF2 ADC2 PE2_MOSI 12
PF3[_o—————| PF_ADC3 PB3_MISO {2
PRA =7} PF4_ADCA_TCK P82 0Co (1
PFS[ 5| PF5_ADC5_TMS Pa5_0CTA 1—3
FFE ] ;; PFE_ADCE_TDO PBS_OC1B =
PFTI = PF7_ADC7_TDI PB7_0C2_0CIC ——
FNDO > gg PCO_AB
FND1 PC1_AD
FND2[ 371 pc2 at0 pEN" |1
FND3[ 38 | pca At .,
ans—i-g PCA_A12 RESET |20
FNDS 20 PC5 A1
PN >—— 41| pcg_At14
FNDT[ 42 ) pe7_At5
| = XTALY (24
MP_SCLI = PDO_SCL_INTD 5
WP SDAL > == PD1SDA_NT XTAL2 =2
D21 <! PD2_RXD_INT2
PD3] ;g PD3_TXD1_INT3
PD4[ <3| PD4ICP1 o
PDS >0 PDS_XCKI avee 84
PDE [—>—————1{ PD6_T! o
POT[ 2| PD7_T2 AREF |52
D_SELO[ > gi PGO_WR*
S‘ggt; = !232—:‘[_:5 veer 2k
D_SEL3[ }g PG2_TOSC2 veez 2
PG4 PG4_TOSC1
22
GND1 |22
53
GND2 T‘?L
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A% LED-1: GPIOZ LED 7{1 17|

B ATmegal28 GPIO PA ZEQ| EX HIEO| '1'S
H

= 2 A LED 25 ON (led 1 1.0
LEDS 747| I8 = LED Al =0f '1'S 17kt 0f0F 3 (117]

%ISHM 0's 1750 OF 2l
= mega128 GPIO PAZE Q| 8l HIEO| '1'E EE5}0]
Of ot

=

1. DDRA H|X|AEQ| 8iZt HEO| '1'S writed}0f Hsk2 ‘23 Al
B2 otE D

2. PORTA B X|AE 9| oid HIEO '1'S writeStH

SIHIC]IEAIAE —714=



A% LED-1: GPIOZ LED 7{1 17|

O =5 Z=1%1 &4 : LED ON (led_1_1.c)

1. DDRAE B &= ==& Higto 2 MA (Oxff write)

2. LEDE 2 5% 7{0f o2 2 OxffS PORTAQ| write

(2= 1O12{™H 0x00= write)

SHICIEAI A E 5



=% LED-1: GPIOZ LED A1 117

O 4= =218 A LED ON (led_1_1.0)

/* GPIOZ LED H ) 11J[] 18 0
LED 84t HZ2EH U= L E : Port A(PA) [ X ]
- HIE7 : LED7(LD1), Ul E6 : LED6(LD2) Il

/

- H/E1 : LED1(LD7), B £0 : LEDO(LDS8) */ ,'

I

#include <avr/io.h> // ATmegal28 reguster pSpel

Int main() ,

{ )
DDRA = Oxff; // ZE ASE £ LE= AIS
PORTA =|0xff, |e - - - - /LQxff =|O0b11111111JLED 25 ON

}

SIHIC]IEAIAE —16=



=% LED-1: GPIOZ LED A1 117

F= o2 = [ACl: LED 7+24| 47} ON (led 1 2.0)

/* GPIOZ LED H ) 11J[] 18 0 [ ]
LED 84t HZ2EH U= L E : Port A(PA) I
- HIE7 : LED7(LD1), Ul E6 : LED6(LD2) !

/
/

- H/E1 : LED1(LD7), B £0 : LEDO(LDS8) */ I’
I

#include <avr/io.h> // ATmegal28 reg|§ter = e
Int main() I’
{ /
DDRA = Oxff; [/ EE AZS SS/TEZ Al
PORTA =|0x3¢; |€ = = - = -/LQx3¢c_={0b00111100,

}
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=45 LED-1: GPIO=Z LED A1

117

O o sfk7)
LEDE QIZ 47]= #H1 QEZX 47)= 17
LEDZ 17 L7} M 77|

LEDE L7} 25t= 22| HEf= Heis|

il

H 7|

SHICI EAIAE

_78_



Al |ED-2 : GPIOZ LED 2%!Q B3id}7

£ B of 1% S0 ON, 9 1% SOt OFF §H23}7]
LEDZ ==X} M|Z7| (Binary Counter)
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LED 7= =1

O 22|0ff Br35t= LED

O 8 x 8 LED =4t
O 3x3x3LED =4

SHICI EAIAE
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http://www.youtube.com/watch?v=r4tOkfk5gqU&NR=1
http://www.youtube.com/watch?v=r4tOkfk5gqU&NR=1
http://www.youtube.com/watch?v=r4tOkfk5gqU&NR=1
http://www.youtube.com/watch?v=r4tOkfk5gqU&NR=1
http://www.youtube.com/watch?v=r4tOkfk5gqU&NR=1
http://www.youtube.com/watch?v=rA3AUjyZgps&feature=related
http://www.youtube.com/watch?v=rA3AUjyZgps&feature=related
http://www.youtube.com/watch?v=_SO1J1kP3YQ&feature=related
http://www.youtube.com/watch?v=_SO1J1kP3YQ&feature=related

LED-2 : GPIOZ LED S&!I ¥ HE215}7|

= 2208 MA - LED ON/OFF (led_2 1.0)
B LEDE 1% O 77| Q8liA< LED AlS0f ‘1'S QI7psta 1
X ZOF J|CIE| W E| 1, HIj2 1% =QF 17| 980 LED

NS0 0'S QI7ks1T 1% B0t 7|ri2 B £

LEDO]| ‘1'O|L} '0'S QI7}8l= HIEH S |ed 1 1.cOA| &
1225 7|Ct2|= A2 delay_sec() &S calloto] 49
ON-OFF= Er=510{0F StE = 2|9 L& = while(l)
g AotH &

‘ts

[ex
=R =
FobE

SIHIC]IEAIAE —o7=



Al LED-2 : GPIOZ LED 2Z9 m3is}7]

=

O 4= Z=13 24| : LED ON/OFF (led_2_1.c)

-

DDRAZ £&oz MY

PORTAO]| OxffZ write (LED #{7|)

12 X| A (delay_sec(1) 2t call)

4 0
|l rok

PORTAO]| 0x00= write (LED 117|

12 X| A (delay_sec(1) gt call)

_22_
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=5 LED-2 : GPIOZ LED &4/ H75}H/]

O = ot A|ZH XA S delay_sec() CH= L3i8}7|
d

/¥ 1X delay &t~ 1+ : &2 (nested) for 22 0|83}
Mot 2= OISt 22/

16Mhz 20|22
160087l HE 9]

void delay_sec(int sec) Assembly ZHE0f 2
O O

{ 0| H of 127 A
volatile|int i, j, k;
for (i=0; i<sec; i++) ? = 10004 9| [oop=
for (j=0; J<§_QQ_Q_‘J++) ............ ? ° 2SS |1moE

for (k=0; k<1000;;k++)  loopOj H?5 167H x

------------

, = 9| B0} -2
: 513 et +
o =0 x| 7 B
Of Lt %7 X3

SIHIC]IEAIAE —03—


http://cafe.naver.com/lazydigital/

=5 LED-2 : GPIOZ LED &4/ HE25}17|

0 75

#include <avr/io.

Int main()

{
DDRA =
while (1)
{

T2 2A

h>

Oxff:

PORTA = Oxff;

delay_sec(1);

PORTA = 0x00;

delay_sec(1);

. LED ON/OFF (led_2_1.c)

// ATmegal28 register &2

/| EE AE £ LEZ AIE
// LED 25 ON

/1= DIt

// LED 25 OFF

// 1= JILHE }

SHCIEAIAE
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volatile M 10| CH{ot

O volatile2| 2|0O]
B ZOe = volatile2 MO E
£ Qo|z X3l X| Ha}
B AEEE X
O QIE{HE 2ET ojol 26
O Xts#so 22 AT

E (®)] @)
'Iol't 7c:>|—|—

9I—'='r HA OFAEQ E HEEE SRt= EL
AES| &=AME X|9|—| Ale 740
/O M X|AH S= HE2|”O o EAFAAM AHESt=

2

A E2 HEZ ALESE
PUO|| A operation2 &=

[~
a)

O 0 0O

SHCIEAIAE



volatile 4 210f C{5HOY

[0 volatileQ] AFE 0O

volatile int I, a, b;
a=_0

b =0;

for (i=0; i<10; i++)

b +=a* 100

volatile int a;

a = 10;

a = 20;

// volatileO| QIC}H a = 0 O|E 2
//b+=0 92 XN}

// volatileO| QICIH O] AE=

// AXBE QIstol AHE 4 AUS

SHICIEAIAE
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AlZ LED-2 : GPIOZ LED %12 F5i5}7]

O 1= =218 24| : Binalry Counter (led_2_2.c)
B LEDE A& M2 H A& 0 £ 14 S7HA7|H E[BE2

1Z2=0icH 14 S71E 44= PORTAZ HLfH &

=, count gf= 7|0 02 =2 Aot 2FEjO| A count =
count + 1 2 &}0] 0|2 PORTAZ HLjT UXMA|ZF SO 7|
Ci2l Cf= CFA] count = count + 1 of= I8 = A= F3

N
ghe 3ol Ol &

SHICIEAI A E o7



Binary Counter

SYCIEAIAE
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Al LED-2 : GPIOZ LED 2Z9 m3is}7]

O 1= =218 24| : Binary Counter (led_2_2.c)

DDRAZ £&oz MY

count = 0

count = count + 1

|El ok

PORTAQ]| count 4= write

0

12 X| A (delay_sec(1) gt call)

SIHIC]IEAIAE —20—



=5 LED-2 : GPIOZ LED &4/ HE25}17|

O = Z=7124 AL : Binary Counter (led_2_2.c)

/* GPIOZ LED &2 H$S17] : Binary Counter 54 */

#include <avr/io.h> // ATmegal28 register 49|
void delay_sec(int sec)
{
volatile int i, j, k;
for (i=0; i<sec; i++)
for (j=0; j<1000; j++)
for (k=0; k<1000; k++)

I

SIHIC]IEAIAE ===



=5 LED-2 : GPIOZ LED &4/ HE25}17|

0 7%

=12 F

int main()

{

! : Binalry Counter (led_2_2.c)

unsigned char count=0; // LED& count= = 1 H}O|E

DDRA =

while(1)
{

o
// count =7|4f =0

Oxff; // TE AE B8 LEZ AIE
/] BT Al
count = count + 1; // count 1 &7}

PORTA = count; // LEDQ|| ==X} HA|

delay_sec(1);

// 1%X 7|Ctal

SHICIEAIAE
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Al | ED-2 : GPIOZ LED X9 F3is}y]

O O & &7
1. LEDE o @2Z 1749 {11 O|E 1X0f StZIM 21Z 0o 2 0]
SAl7]7] (Ring Counter)

SIHICIEAIAE —=



AlZ LED-2 : GPIOZ LED %12 F5i5}7]

O 1= T2 1= 24| : Ring Counter (led_2_3.0)
B EDO| X7|4/2 10|01 1>2>4>8>16 > 32> 64
> 128 > 1 9| &0 2 1X0IC} BHstH =
B = LEDO| ¢f2 &= H=E datacldl o}H data ¢f0]| 1204
- 2| = J16E & oF 10 (data = data * 2) O|= PORTAQ|
ritect™H =l
-0t data 210 12801 B3R E ZASHY O M= 128 > 256
2 E|= Z40| ofL|2} 128 > 1 0| | Z data 4= =™}
st (QLESFH 1280] OFX|Ek 2| X))

of %t (
23t IS AL Dok HHE sl

|
M = M

© Q|0

SIHIC]IEAIAE ===



2% LED-3: LEDZ X-mas E2| BHE7

O 4% We

1. LED7} X-mas Eg|o] M7 ¥t
(X-mas Tree)
- X-mas E2|X 2 C}otst SEjo] ON/OFF X| =
- 7}53%t Random3t HE[O| LED 2 EHE|H £
(ch 2 &2l srand() 2t rand() & 0|85l= A
el
- S HLX| =EEH O £E2 (11X, 2, 3%)

SHICI EAIAE
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Al LED-3: LEDZ X-mas E2| 57

O = =228 MA : X-mas Tree (led_3.0)

B LEDE HEfE EH5t= 4= 0~2552] Randomdt gl &
= ot7| &5ty COlM H=ot= 2t0[E 2|2l rand() =
ArE5tY 47

B LEDO| 4f= HESI= AlZF= 1~3X 2 Randomdt 4= 2 &
= o17] 85t O] A= COA XM&St= 2t0|Eg{2[2l rand()
2= A2y 2%

B ON-OFFZ BI=55}0{0F 52 = 2|2| L E S while(l) 735
= A5tHH &

SHICIEAI A E a5



LED-3 : LEDZ X-mas EZ2| Bt=7|

O F= =228 A : X-mas Tree (led _3.0)

|l o

- 4o

LEDO| Z+S 0~2552 ZAMS}7| Q|8}0] i ghaist
T

PORTAO| A™ %=l Z+E write

LEDO| 28 MASHE AIZHS 1~3X2 17| SIH01 t 4 B4 rand() 25 9 28

SHICIEAIAE
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=% LED-3 : LEDE X-mas Eg| Bt=7|

O #= =228 AL X-mas Tree (led _3.0)

/* LEDEZ X-mas Tree Btr=7| */

#include <avr/io.h> // ATmegal28 register 49|
#include <stdlib.h> // rand(), srand() &=
void delay_sec(int sec)

{

volatile int i, j, k; delay_ms()
. . . ol O 57|
for (i=0; i<sec; i++) 2T U=

for (j=0; j<1000; j++)
for (k=0; k<1000; k++)

}

SHICIEAI A E a7



=% LED-3 : LEDE X-mas Eg| Bt=7|

O #= =228 AL X-mas Tree (led _3.0)

Int main()
{
DDRA = 0Oxff; // ZE AE S8 ZTEZ Al
while(1) /[ FEL 2
{
PORTA = rand( )%256; // 0~255 Lh=~ 2iAl Ol
LED HEA|
delay_sec(rand()%3); [/ 0~2 b= 2EM O A
2t x|

}

SIHIC]IEAIAE e



= Al

= 174at 3
| EESEE CHA|

Kh il T

K ©
A

a
=
=
.
S

H ™ 10 o
DN._OOH_”_
HOAFTL

fo!

0

Kl

H|

K

md

H|

2 MK

S 2N B
4-0|

ol

2. HZE 7
3. M= g

LEDzip" Y2 HZ

= _
=

"5}
S|

. e-Class{j|
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