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���� � �����

1���� 

������ 8� LED	
��
���� 

� PA0�PA1�������������� 

� PC������� 8� LED� 

� PA0���� PA1��!"#�PC�$�% D2�D4�D6�D8&'� 

� PA0��!" PA1����#�PC�$�% D1�D3�D5�D7&'� 

� LED()� I/O��*)�+� 

2���� 

������ 8� LED,-��
���� 

� PC������� 8� LED� 

� ./012�8� LED34567�&'�#889 1:�;<,-=>� 

� LED()� I/O��*)�+� 

��	� � 
��
�

������ � ��� 	
���

��?@AB I/OC@#�$D AVRI/OE�FGDHI%JKLMKNOP�QRST@ SBI

U CBIVWMXYZ[\%]^_U`aE�bc�de/CP6fbgh#ijkR+MXlm

[\%]^_U`aE�bc�de/CP6fbgh���nopGDqr%stPu�vw��

Uxyzb,�{�st LED�$D%E�|\FGD}b~k�%6fbg��D���)[

} VCC�+��� 

Q�$D%��p��w?@������N%�x���E�%1���N%�n����%

�� 1�
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1���a�01�
N������PORTB3��E� B%� 3�����%?@��� PORTxn�

��E�FD�� I/O��p+��A���p_PORTxh�A�]^��p_DDRxh�E���

|\_PINxh�A���p�A�]^��p�J/N��p��E���|\��J��p��a

 
¡�¢R%a�q PINx��pY��N�£¤�1�¥¦<A���p�§�%A�¨©�0�

}�1�%ª«X¬�­��p MCUCR %6fde� PUD ®�#�$DE�|\%6fbgF

¯de�°AE�|\a}��OP±@%�CPYZ|\%��OPij²³lm´µ¶�E�

%|\@µ?@AB I/O%·%� 

 

������ � 
����� ��� �	
�

E��GDv¸6fbg%¹^ I/OE�� 

1��	
� 

��E�|\FGD����p��DDxn�PORTxn � PINxn�DDxn �µ DDRx ��p�

PORTxn�µ PORTx��p�PINxn�µ PINx��p� 

DDxn@º¸»|\%]^�DDxn��1�#�Pxn¼®����½¾¼®���� 

|\¼®���#�¿ PORTxn��1��6fbg¥CP��> 
�!Q�6fbg�vw

¥ PORTxnÀÁ�U`¥Q�|\¼®���� 

E�|\¼®�� 2-1-1$�� 

� 2-1-1  ����	
� 

DDxn PORTxn PUD(in SFIOR) I/O �
�� �� 

0 0 x Input No ����Hi-Z� 

0 1 0 Input Yes ��	
��
����
� 

0 1 1 Input No ����Hi-Z� 

1 0 x Output No ��

����
�� 

1 1 x Output No ���
����
�� 

 

±�#Â|\�ÃgÄ�ÅCÆ#�ÇD#È�./� 

­|\¼®���#�¿ PORTxn ��1��|\��Ãbc_1h�½¾��Ébc_0h��

_ÃgÄh�Ä_{DDxn�PORTxn} = 0b00h��Ãbc_{DDxn�PORTxn} = 0b11hÊËÌÄÍ

8Î/ÏÐ#�6fbgCP_{DDxn�PORTxn} = 0b01hU��Ébc_{DDxn�PORTxn} = 0b10h�

QÊËÑ�ÒÓjD��¨©�?Ô�6fbgCPa�Õvw�Ö%�×�ÃgØÙi�RaÚ

Ãbc��Ûa6f����>C@ÜÝiaQÞ�vw?ß®� SFIOR��p% PUDºde$

DE�%6fbg��6f�����ÉbcÍ8ÏÐàD¶Þ%áâ�@ãÒä¸»ÃgÄ

_{DDxn�PORTxn} = 0b00hU��Ãbc_{DDxn�PORTxn} = 0b10h��å8æç� 

2��

����� 

iè�é¼® DDxn�Fvw?ßJê PINxn��pºëì|\bc�PINxn��p%Â��

}líî%ï�pð<ñ��¶æp�QÞòvwóô�õö#ÈÌÄ¨©MX%÷#8øùõú

µ|\bcX¬�¦<%û�iüý�lþ&a|�ñ��� 
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3������������ 

AB��û�_��¡�¨p%��hvw��7+�SLEEPû�úMCU��	�p�ÂË


bÑ���bÑ��StandbyÑ���®�w�e���
�UÑ���bc�� VCC/2#��

�°%b,�|\���öå���# SLEEPû�k=��¿�öå�ÇDCP�SLEEPû��

ÓD=�|\%��OPCP# SLEEPà��µ��OP��>£¤Ãbc_1h�����¯�

®��6������U�é£¤bcX¬F|�å��%�ö�æå�|\6�ÅC��öå�

�¯CP��56 ��Ñ�!"#��§%�öå�#$��j¯®�1��Qa×�|\bc�

��Ñ��¯��7�0�bc�!"ß0¦<ñ|\bc5�0�7�1�%X¬� 

4����
���  

�>D|\�¯C@�%&'QZ|\()��*ýbc�+Ó�6,$ ��-.��Ñ�

�z°AAB��¯d@��Ûa 
óô×|\ÇD*ý%bc�¦<
�|\�lmAB��

CPÑ�_±��/�Ñ���0Ñ�h��b,�123%�4�@|\GD*ýbc%]5a

CPõö6fbg��
¢R%a±�#6fbg¥¯d@��>±�#%O�àD6�
��¾

%&C@�ö6fU�fbg�i78{�¥�@|\} VCCU GND���×�QÞvPj�|

\9Ó����#��o:b,� 

 

������ � 	
������

AVR3;<=ñ?@AB I/OOPÍ��z°AE�|\FGD��OP� 

1�!"#� I/O$%& SFIOR 

ý>��� 

 

Bit 7 6 5 4 3 2 1 0  

 ADTS2 ADTS1 ADTS0 � ACME PUD PSR2 PSR10 SFIOR 

�/� R/W R/W R/W R R/W R/W R/W R/W  

��� 0 0 0 0 0 0 0 0  

Bit 2 – PUD�d@6fbg� 

®�#�ÅC¥��p DDxn� PORTxn ¼®�CP6fbg ({DDxn, PORTxn} =0b01)�I/O

E�%6fbgà¯de� 

2�'( A�)*#� 

E� A�� ADCÑ���%��OP�� 2-1-2$���>E� A%ö�|\®����­

?Ð#iPÏÐ�½¾j²³?Ð@>� 

� 2-1-2  �� A ������

���	 ���� 

PA7 ADC7 

PA6 ADC6 

PA5 ADC5 

PA4 ADC4 
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 �� 

���	 ���� 

PA3 ADC3 

PA2 ADC2 

PA1 ADC1 

PA0 ADC0 

3�'( B�)*#� 

E� B%��OP�� 2-1-3$�� 

� 2-1-3  �� B ������

���	 ���� 

PB7 SCK�SPI��� !�"� 

PB6 MISO�SPI���#$�%/&$��'(� 

PB5 MOSI�SPI���#$��/&$�%'(� 

PB4 SS�SPI&$)*+,� 

PB3 
AIN1�-./01�%� 

OC0�T/C0��/023��� 

PB2 
AIN0�-./04�%� 

INT2��	56 2�%� 

PB1 T1�T/C1�	789�%� 

PB0 
T0�T/C0�	789�%� 

XCK�USART�	�"�%/��� 

� SCK–E� B�Bit 7 

SCK�SPI?A%B<#È���5<#È��E��/�µ5<Ñ�#�iè DDB7�®�

é�Q�|\F¥�®����/�µB<Ñ�#�Q�|\%A�]^ú DDB7 	���®�

��2�6fbgú PORTB7	�� 

� MISO–E� B�Bit 6 

MISO�SPI ?A%B<A����5<A���E��/�µB<Ñ�#�iè DDB6 �®

�é�Q�|\F¥�®����/�µ5<Ñ�#�Q�|\%A�]^ú DDB6 	���®

���2�6fbgú PORTB6	�� 

� MOSI–E� B�Bit 5 

MOSI�SPI ?A%B<A����5<A���E��/�µ5<Ñ�#�iè DDB5 �®

�é�Q�|\F¥�®����­/�µB<Ñ�#�Q�|\%A�]^ú DDB5 	���

®���2�6fbgú PORTB5	��C

� SS–E� B�Bit 4 

SS�5<¸»���/�µ5<Ñ�#�iè DDB4 �®�é�Q�|\F¥�®����

­Æ|\�É# SPI ¯DE�/�µB<Ñ�#�Q�|\%A�]^ú DDB4 	���®��

�2�6fbgú PORTB4	�� 
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� AIN1/OC0–E� B�Bit 3 

AIN1�Ñ�FGH���¼®�|\���#�Ï�õö6fbg��eABE�OP}Ñ

�FGpOP�oI� 

OC0���FGJ¼���PB3 |\v�� T/C0 FGJ¼%�ö���K��OP#�PB3

|\Òä¼®���_� DDB3� 1h�� PWMÑ�%ý#OPå�OC0|\�����C

� AIN0/INT2–E� B�Bit 2 

AIN0�Ñ�FGI���¼®�|\���#�Ï�õö6fbg��eABE�OP}Ñ

�FGpOP�oI�C

INT2��öå�L 2�PB2|\��MCU%�öå�L� 

� T1–E� B�Bit 1 

T1�T/C1�ApL� 

� T0/XCK–E� B�Bit 0 

T0�T/C0�ApL� 

XCK�USART �ö#È�A�]^��p_DDB0h	�#È���_DDB0 ®�hÛa�

�_DDB0ÀÁh��D­ USART/��¶æÑ�#�XCK|\M¯DE� 

4�'( C�)*#� 

E� C%��OP�� 2-1-4$��¿ JTAG��CP�ÅC��±��|\ PC5_TDIh�PC3

_TMSh} PC2_TCKh%6fbgàj¯DE� 

� 2-1-4  �� C ������

���	 ���� 

PC7 TOSC2�:�;<9+, 2� 

PC6 TOSC1�:�;<9+, 1� 

PC5 TDI�JTAG=>8?�%� 

PC4 TDO�JTAG=>8?��� 

PC3 TMS�JTAG=>-@)*� 

PC2 TCK�JTAG=>�"� 

PC1 SDA�A� !��8?�%/���� 

PC0 SCL�A� !���"�� 

� TOSC2–E� C�Bit 7 

TOSC2�ý#NOp|\ 2�­��p ASSR% AS2�® 1�CP T/C2%�æ#È�|\ PC7

}E����<�NOpPzp%Q^����QËÑ���RSNOp}�|\����|\i

P�� I/O|\� 

� TOSC1–E� C�Bit 6 

TOSC1�ý#NOp|\ 1�­��p ASSR% AS2�® 1�CP T/C2%�æ#È�|\ PC6

}E����<�NOpPzp%Q^����QËÑ���RSNOp}�|\����|\i

P�� I/O|\� 

� TDI–E� C�Bit 5 

TDI�JTAG TUA����V/��A�W�VW��pUA���p_XYZh�­ JTAG
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��CP��|\iP�� I/O|\� 

� TDO–E� C�Bit 4 

TDO�JTAG TUA����V/��A�W�VW��pUA���p_XYZh�­ JTAG

��CP��|\iP�� I/O|\�TD0|\�= TAPÌÄÜÝ���Ä�Î�W�A�ÌÄ� 

� TMS–E� C�Bit 3 

TMS�JTAGTUÑ�¸»��|\�� TAP	�pÌÄ/G%ý��­ JTAG��CP��

|\iP�� I/O|\� 

� TCK–E� C�Bit 2 

TCK�JTAGTU#È�JTAG/��¶æÑ���­ JTAG��CP��|\iP�� I/O

|\� 

� SDA–E� C�Bit 1 

SDA�Ê[V/��A��­��p TWCR% TWEN�® 1�CPÊ[V/���|\ PC1

i}E���� <�Ê[V/��%V/A� I/O|\���Ñ����|\\C@]^_`p

a�Éµ 50ns%��û�� �|\úbcd�%�estpst�­�|\C@Ê[V/���

�vú PORTC1�	�6f� 

� SCL–E� C�Bit 0 

SCL�Ê[V/��#È�­ TWCR��p% TWEN�® 1�CPÊ[V/���|\ PC0

�}E����<�Ê[V/��%V/#È I/O|\���Ñ����|\\C@]^_`pa

�Éµ 50ns%��û�� �|\úbcd�%�estpst�­�|\C@Ê[V/��#�

�vú PORTC0�	�6f� 

5�'( D�)*#� 

E� D%��OP�� 2-1-5$�� 

� 2-1-5  �� C ������

���	 ���� 

PD7 OC2�T/C2��/023��� 

PD6 ICP1�T/C1�%BC+,� 

PD5 OC1A�T/C1��/0 A23��� 

PD4 OC1B�T/C1��/0 B23��� 

PD3 INT1��	56 1��%� 

PD2 INT0��	56 0��%� 

PD1 TXD�USART��+,� 

PD0 RXD�USART�%+,� 

� OC2–E� D�Bit 7 

OC2�T/C2��FGJ¼���PD7|\�� T/C2��FG�ö�����OP�|\��

��_DDD7® 1h�� PWMÑ�%ý#pOPå�OC2|\����� 

� ICP1–E� D�Bit 6 

ICP1–��fg|\�PD6�� T/C1%��fg|\� 
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� OC1A–E� D�Bit 5 

OC1A�T/C1��FGJ¼ A���PD5|\�� T/C1��FG A�ö�����OP�|

\����_DDD5® 1h�� PWMÑ�%ý#pOPå�OC1A|\����� 

� OC1B–E� D�Bit 4 

OC1B�T/C1��FGJ¼ B���PD4|\�� T/C1��FG B�ö�����OP�|

\����_DDD4® 1h�� PWMÑ�%ý#pOPå�OC1B|\����� 

� INT1–E� D�Bit 3 

INT1��öå� 1�PD3|\��MCU%�öå�L� 

� INT0–E� D�Bit 2 

INT0��öå� 0�PD2|\��MCU%�öå�L� 

� TXD–E� D�Bit 1 

TXD�USART%A�¨h|\�­CPñ USART%¨hp2�Q�|\¯Ú��®����

Æ# DDD1i��@� 

� RXD–E� D�Bit 0 

RXD�USART%A��y|\�­CPñ USART%�yp2�Q�|\¯Ú��®����

Æ# DDD0i��@��a PORTD0�Ó	�6fbg� 

������ � ��� 	
�������

1�'( A��$%&+PORTA 

ý>��� 

Bit 7 6 5 4 3 2 1 0  

 PORTA7 PORTA6 PORTA5 PORTA4 PORTA3 PORTA2 PORTA1 PORTA0 PORTA 

�/� R/W R/W R/W R/W R/W R/W R/W R/W  

��� 0 0 0 0 0 0 0 0  

2�'( A��,-$%&+DDRA 

ý>��� 

Bit 7 6 5 4 3 2 1 0  

 DDRA7 DDRA6 DDRA5 DDRA4 DDRA3 DDRA2 DDRA1 DDRA0 DDRA 

�/� R/W R/W R/W R/W R/W R/W R/W R/W  

��� 0 0 0 0 0 0 0 0  

3�'( A��
�./+PINA 

ý>��� 

Bit 7 6 5 4 3 2 1 0  

 PINA7 PINA6 PINA5 PINA4 PINA3 PINA2 PINA1 PINA0 PINA 

�/� R/W R/W R/W R/W R/W R/W R/W R/W  

��� 0 0 0 0 0 0 0 0  
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4�'( B��$%&+PORTB 

ý>��� 

Bit 7 6 5 4 3 2 1 0  

 PORTB7 PORTB6 PORTB5 PORTB4 PORTB3 PORTB2 PORTB1 PORTB0 PORTB 

�/� R/W R/W R/W R/W R/W R/W R/W R/W  

��� 0 0 0 0 0 0 0 0  

 

5�'( B��,-$%&+DDRB 

:DEFG�

Bit 7 6 5 4 3 2 1 0  

 DDRB7 DDRB6 DDRB5 DDRB4 DDRB3 DDRB2 DDRB1 DDRB0 DDRB 

�/� R/W R/W R/W R/W R/W R/W R/W R/W  

��� 0 0 0 0 0 0 0 0  

 

6�'( B��
�./+PINB 

ý>��� 

Bit 7 6 5 4 3 2 1 0  

 PINB7 PINB6 PINB5 PINB4 PINB3 PINB2 PINB1 PINB0 PINB 

�/� R/W R/W R/W R/W R/W R/W R/W R/W  

��� 0 0 0 0 0 0 0 0  

 

7�'( C��$%&+PORTC 

ý>��� 

Bit 7 6 5 4 3 2 1 0  

 PORTC7 PORTC6 PORTC5 PORTC4 PORTC3 PORTC2 PORTC1 PORTC0 PORTC 

�/� R/W R/W R/W R/W R/W R/W R/W R/W  

��� 0 0 0 0 0 0 0 0  

 

8�'( C��,-$%&+DDRC 

ý>��� 

 

Bit 7 6 5 4 3 2 1 0  

 DDRC7 DDRC6 DDRC5 DDRC4 DDRC3 DDRC2 DDRC1 DDRC0 DDRC 

�/� R/W R/W R/W R/W R/W R/W R/W R/W  

��� 0 0 0 0 0 0 0 0  

 

9�'( C��
�./+PINC 

ý>��� 
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Bit 7 6 5 4 3 2 1 0  

 PINC7 PINC6 PINC5 PINC4 PINC3 PINC2 PINC1 PINC0 PINC 

�/� R/W R/W R/W R/W R/W R/W R/W R/W  

��� 0 0 0 0 0 0 0 0  

 

10�'( D��$%&+PORTD 

ý>��� 

Bit 7 6 5 4 3 2 1 0  

 PORTD7 PORTD6 PORTD5 PORTD4 PORTD3 PORTD2 PORTD1 PORTD0 PORTD 

�/� R/W R/W R/W R/W R/W R/W R/W R/W  

��� 0 0 0 0 0 0 0 0  

 

11�'( D��,-$%&+DDRD 

ý>��� 

Bit 7 6 5 4 3 2 1 0  

 DDRD7 DDRD6 DDRD5 DDRD4 DDRD3 DDRD2 DDRD1 DDRD0 DDRD 

�/� R/W R/W R/W R/W R/W R/W R/W R/W  

��� 0 0 0 0 0 0 0 0  

12�'( D��
�./+PIND 

ý>��� 

Bit 7 6 5 4 3 2 1 0  

 PIND7 PIND6 PIND5 PIND4 PIND3 PIND2 PIND1 PIND0 PIND 

�/� R/W R/W R/W R/W R/W R/W R/W R/W  

��� 0 0 0 0 0 0 0 0  

 

���� � ���	
���

������ � � !�

1�0123 

i��j
��¥ PA0�PA1�®�����k¥ DDRA% D0�D1��®� 0�lm��®

� 1�PC��®���� 

¿��!"�Ébc 0����Ãbc 1�PC ���Ãbc�LED &'���Ébc�LED

lm� 

2�0145 

J� PA���p PINA%n��¥ PA0�PA1n�o�lm�ÀÁ�¥@>���Xp KEY

å�QÞvP%@>�D 00�01�10�11q�ên�C@01Î/r��­ KEY=0U` KEY=3
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#�PC��� 0�¨s�)[Õölmt­ KEY=1#�PC��� 0xAA�	�uA¨s['�­

KEY=2#�PC��� 0x55�	�9A¨s['� 

�j��,0�v 2-1-1$�� 

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

H 2-1-1  IJKL�KH 

wN01��� 

/**************************************************** 

 File name:        ���.c 

 Chip type:        ATmega16 

 Clock frequency:   8.0MHz 

****************************************************/ 

#include <iom16v.h> 

void main(void) 

{ 

    unsigned char KEY; 

    DDRA=0x00; 

    DDRC=0xff; 

    SFIOR&=0xfb; 

    PORTA=0xff; 

    while(1) 

    { 

     KEY=PINA&0x03; 

     if(KEY==0x01) 

Y 

 

M� 

��N PAOPCPQR

DDRAODDRCOSFIOR

ST9�8? 

�% PAPQUV 

PA2WPA7QXY PA0 

Z PA1P 

KEY=1[ 

KEY=2[ 

PCP=0x00 

PCP=0x55 

if(KEY==0x01) 

else if(KEY==0x02) 

while(1) 

{ 

} 

N  else 

N  

PCP=0xAA 
Y 
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        PORTC=0xaa; 

       else if(KEY==0x02) 

        PORTC=0x55; 

       else PORTC=0x00; 

    } 

} 

3�0167 

_1hx%��Ñy� 

z� ISIS 7 Professional{��¸» File|New Design}W�~�Ñy¸»{���v 2-1-2$

��vå�^v�� Portrait��^v�� Landscape�DEFAULT ����¸å DEFAULT�3:

OK���Åx%��� DEFAULTÑy� 

 

H 2-1-2  -\)* 

_2h�ýv�z�� 

¸» System|Set Sheet Sizes}W�~�q����lå¸å A4±¸��3: OK����

<v��ý��v 2-1-3$�� 

 

H 2-1-3  H])* 

_3h�p�%��� 

�4��v�$C@%�p��� 2-1-6$��C
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� 2-1-6  ����� 

�� �� �� �� �� �� 

ATmega16 ^_$ CAP22pF `_
a CRYSTAL 8MHz b; 

CAP-ELEC 10µF 
c
a LED-RED defgh LED-BLUE defgh 

LED-YELLOW defgh RES 
� SWITCH Mi 

 

¸» Library|Pick Device/Symbol}W�U`�p�¸»��� å3: P���

~��v 2-1-4$�%q��� 

 

H 2-1-4  j9k)* 

 

���Bå���p��r�� ATmega16�¾j��}l�J¼%�p�����v 2-1-5

$��̧ å2¹: ATmega16$�/��3: OK��¥ ATmega16�p���7 ISISq�¸»p

å���6 ]5�¥lm�p�����7 ISISq�¸»på� 

_4h��v��� 

i�Þv¥$ �p�P®�v�6�?ßWt��?��[����<����v��v

2-1-6$�� 

_5h©<����Î/b��T� 

¸» Tools|Netlist Compiler }W�~��v 2-1-7 $�%q����låvw�®���%

��;��Ñ���Æ\iÎ/LM�3: OK��w��]����v 2-1-8$�%õ�� 
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H 2-1-5  �%j9klm 

 

 

H 2-1-6  noH 
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H 2-1-7  pqrst 

 

H 2-1-8  ��pqr 

b ¡��©<���2�vwÎ/b��T�¸» Tools|Electrical Rule Check}W�~�

�v 2-1-9$�%b��T{��5åvw¢7kb�£¤� 

 

H 2-1-9  
uv= 
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4�0189 

_1h¥�� 

z� ATmega16 3;<%´¦�®q���§7 Program File ¸¨��v 2-1-10 $��¥� 

ICCAVRU CodeVisionAVR©<% CHENGXU1.cof,�U CHENGXU1.hex,���v 2-1-11$�� 

 

H 2-1-10  ^_$wxst 

 

H 2-1-11  y%zk 

_2h©H� 

3: Proteus%./���ª«©H����v 2-1-12�v 1-13$�� 
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H 2-1-12  {!|}FMi K0 

 

H 2-1-13  {!|}FMi K1 

������ � "#!�

1�0123 

i��j
��LED%st]�� I/O���Ãbc 1#&'���Ébc 0#lm�567
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�34Cì PC���Ãbc 1�	� 8� LED&'�?ß�ý�#¬Aº	� PC���Ãbc
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/**************************************************** 

 File name:        ���.c 

 Chip type:        ATmega16 

 Clock frequency:  8.0MHz 

****************************************************/ 

#include <iom16v.h> 

unsigned char tab[]={0x01,0x02,0x04,0x08,0x10,0x20,0x40,0x80}; 

void main(void) 

{ 

    unsigned char k; 

    DDRC=0xff; 

    PORTC=0xff; 

while(1) 

{ 

     for(k=0;k<8;k++) 

     { 

       PORTC=tab[k]; 

N 

M� 

DDRCt~ 0xffQPORT��~ 0xff 

K�r�� PCP 

�� 

k++>7[ 

Y 

for(;;) 

while(1) 
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       delay(1000); 

     }   

} 

} 

void delay(unsigned int ms) 

{ 

        unsigned int i,j; 

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

       { 

       for(j=0;j<1140;j++); 

       } 

} 
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