
 

 

 

5 
外部中斷與計時控制實習 

 

 

 

 

 

 (

) 

 

 ( PWM WDT

RTC)
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 I/O

 

  

CPU

CPU

 

 (Interrupt)I/O

CPU (ISR)

 

CPU  

 

 (DMA Direct Memory Access) MCU

UART TIME SPI ADC I2C USB DMA

CPU (hold) CPU BUS

DMA CPU BUS

RAM MG32x02z DMA

Arduino IDE DMA  

 

ARM®Cortex®-M0 (NVIC: Nested Vectored 

Interrupt Controller)

MG32x02z
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5-1  MG32x02z NVIC  

5-1  NVIC  
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5-2  

0  initial_sp( ) 0x0000_0000 

1  Reset( ) IEC60730_MANAGER 0x0000_0004 

2 -14 NMI( ) 0x0000_0008 

3 -13 HardFault( ) 0x0000_000C 

4~10 -5~-12  0x0010~0x0028 

11 -5 SVCall(supervisor call) 0x0000_002C 

12~13 -3~-4  0x0030~0x0034 

14 -2 PendSV 0x0000_0038 

15 -1 SysTick( ) 0x0000_003C 

16 0 WWDT( ) 0x0000_0040 

17 1 SYS( ) 0x0000_0044 

18 2  0x0000_0048 

19 3 EXIC EXINT0-PA  0x0000_004C 

20 4 EXIC EXINT1-PB  0x0000_0050 

21 5 EXIC EXINT2-PC  0x0000_0054 

22 6 EXIC EXINT3-PD PE( 128)  0x0000_0058 

23~46 7~30 ( ) 0x005C~0x00B8 

47 31 APX 0x0000_00BC 

 



5-5 

 

  

 

5-1  外部中斷控制實習 

Cortex®-M0 (NVIC) 32

(IRQ0~31)

 

5-1.1   

MG32F02U128AD64 GPIO  

 GPIO (PA~PD)  

  

attachInterrupt(pin, ISR, mode) //  

noInterrupts();    //  

interrupts();      //  

 (mode)  

LOW  

CHANGE  

RISING  

FALLING  

 (WIC: Wakeup Interrupt Controller) MCU

 

 

1. EINT1 (USER)

 

2. EINT2 KEY1 KEY2
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3. EINT3 LED USER

 

 

5-1.2   

MG32x02z (PW Power controller)

1.8V~5.5V  

◎ (wakeup)  

◎ (Normal) (SLEEP) (STOP)  

◎ (SLEEP) (STOP) (wakeup)  

1. ON SLEEP STOP (a)(b)  

5-3(a)  
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5-3(b) -  

 

(1) (ON) CPU

 

(2) (SLEEP) CPU

 

(3) (STOP) VDD STOP

CPU CPU

STOP IWDT RTC CMP

(LDO) LVR BOD0 BOD1 BOD2 GPIO

ON  
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2. (a)(b)  

5-4(a) (1)  
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5-4(b) (2) 

 

3. GPIO

  

attachInterrupt(USER,isr, FALLING)  

LowPower.sleep(SLEEP_FOREVER)  

LowPower.idle(SLEEP_8S) 8  

LowPower.standby(SLEEP_8S) 8  

LowPower.powerStandby(SLEEP_FOREVER)  

LowPower.powerStandby(SLEEP_FOREVER, ADC_OFF, USB_OFF) 

LowPower.powerDown(SLEEP_FOREVER)  

LowPower.powerDown(SLEEP_FOREVER, ADC_OFF, BOD_OFF, USB_OFF) 

LowPower.powerDown(SLEEP_FOREVER, ADC_OFF, BOD_OFF, USB_OFF, RTC_OFF) 

LowPower.longPowerDown(SLEEP_FOREVER)  

(1) SLEEP1 LED 5
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(2) SLEEP2 (USER)

LED 5  
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5-1.3  

 

近時

 

 

 

6 110

Sx( ) Tx( )

 

 

7-   

Sx( )
Tx( )  

(VCC OUT GND) VCC 5V
OUT  

1. IR1  

2. IR2 LED
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5-1.4  

(ROW1~4) (COL1~4)  

(0)

(4) (5) (6)

(1)

(7)

(8) (9)

(2)

(A) (B)

(C)

(3)

(D) (E) (F)

COL3
COL2
COL1

COL4(COL3)(COL2)(COL1) (COL4)

ROW3

ROW2

ROW1

ROW4

A0

A1

A2

A3

D4

D5

D6

D7

D8
D9
D10
D11

 

5-2  

1.  

(1) 0 ROW1234

COL1~4(PB0~3) VDD COL1~4

1  

 

5-3 4*4  
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(2) COL1~4 0 5 

ROW2=0 COL2=0  

  

5-4 4*4  

(1) ROW1~4 COL1~4

 

5-5  

 

  

 

  

ROW 4 3 2 1 COL 4 3 2 1 ROW 4 3 2 1 COL 4 3 2 1 

0    1 1 1 0   1 1 1 0 8    1 0 1 1   1 1 1 0 

1    1 1 1 0   1 1 0 1 9    1 0 1 1   1 1 0 1 

2    1 1 1 0   1 0 1 1 A    1 0 1 1   1 0 1 1 

3    1 1 1 0   0 1 1 1 B    1 0 1 1   0 1 1 1 

4    1 1 0 1   1 1 1 0 C    0 1 1 1   1 1 1 0 

5    1 1 0 1   1 1 0 1 D    0 1 1 1   1 1 0 1 

6    1 1 0 1   1 0 1 1 E    0 1 1 1   1 0 1 1 

7    1 1 0 1   0 1 1 1 F    0 1 1 1   0 1 1 1 

(4) 

 

(5)  
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(a) ROW1~4 0 COL1~4=1111

COL1~4 COL1~4

bit=0 COL1~4 ROW1~4

 

(b) COL1~4 GPIO ROW1~4=0000

=0

 

(6) COL1~4 0

COL1~4=1111

 

2. (a)(b)  

 

5-5(a) 4*4  
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5-5(b) 4*4  

(1) KEY4x4_1 0~F LED  

(2) KEY4x4_2 0~F LED  

(3) KEY4x4_3

LED  

(4) keypad_1 ROW0~3 COL0~3
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5-1.5  

(rotary)

90 A B (a)(b)  

 

5-6(a) -  

 

5-6(b) -  

(rotary)

(c)  

 

5-6(c) -  

GPIO A B MCU

J13(PHA PHB) A B (RO1)

 



5-17 

 

  

 

 

5-7   

A B

 

 

A (PHA) B (PHB)  

 1 ( ) 

 0 ( ) 

5-8   

1. ROTARY1 (ROTARY) /

(a)(b)  

     3        2        1 1        2        3   

 

B (PHB) 

 

A (PHA) 
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5-9(a)  -  

 

5-9(b)  -  
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5-2  計時控制與應用實習 

MG32x02z (CSC: Clock Source Controller)

(SysTick) (TM) (WDT) (RTC)  

Arduino (SysTick)

PWM  

5-2.1  TIMER  

Arduino  

1. MCU  

(1) delay(ms) (mS) 

 delay(1000);   // 1   

(2) delayMicroseconds(us) (uS) 

delayMicroseconds (100); // 100uS 

2. MCU systick  

(1) millis() (mS)  

(2) micros() (uS)  

(3) Timer1 systick 1

 

3. MCU 7 (TM00/01/10/16/20/26/36)
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(1) Timer2 (MsTimer2.h) LED

 

(2) Timer3 (TimerOne.h) LED

LED  
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5-2.2   

(TM) TH244A PWM

D3 D5 D6 D8 D9 D10 D11 ”~”  

 

5-10  TH244A PWM  

(Tone)  

5-6 (Tone)  

   

tone() 

noteDurations 

noTone() 

tone(pin, frequency, duration) 

noteDurations(duration) 

noTone(pin) 

pin 3 5 6 8 9 10 11 

frequency=1~65535Hz 

duration= ms 

 

1. 
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5-7  

 DO DO# RE RE# MI FA FA# SO SO# LA LA# SI 

0  65 69 73 78 82 87 93 98 104 110 116 123 

1  131 139 147 156 165 175 185 196 208 220 233 247 

2  262 277 294 311 330 349 370 392 415 440 466 494 

3  523 554 587 622 659 698 740 784 831 880 932 988 

4  1046 1109 1175 1245 1318 1397 1480 1568 1661 1760 1865 1976 

5  2093 2217 2349 2489 2637 2794 2960 3136 3322 3520 3729 3951 

6  4186 4435 4699 4978 5274 5587 5919 6271 6645 7040 7459 7902 

music.h

music.h  

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

* music.h 

*  

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

//--- 0 ---    

#define  DO0    65 

#define  DO_0   69  //DO0#  

#define  RE0    73 

#define  RE_0   78  //RE0#  

#define  MI0    82 

#define  FA0    87 

#define  FA_0   93  //FA0#  

#define  SO0    98 

#define  SO_0   104 //SO0#  

#define  LA0    110 

#define  LA_0   116 //LA0#  

#define  SI0     123 

//--- 1 ---    

#define  DO1    131 
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#define  DO_1   139 //DO1#  

#define  RE1    147 

#define  RE_1   156 //RE1#  

#define  MI1    165 

#define  FA1    175 

( ) 

2. Music1  

3. Music2  

4. Music3 IO  

5. Music4
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5-2.3  PWM  

(PWM Pulse Width Modulation)

(ON) (OFF)

LED  

 

5-11 (PWM)  

PWM (HI) (duty) (period)

(HI+LO) (Va)  

=  * HI / (HI+LO) * (Vp) 

 

TH244A (TM20/26/36) 7 PWM

D3 D5 D6 D8 D9 D10 D11 ”~” PWM

1KHz (duty) 0~100%  

analogWrite( pin Value ) pin =3 6 5 8 9 10 11 Value=0~255 

TH244A (Fre)

300Hz~5000Hz 3/6(TM20) 5/8/9(TM36)

10/11(TM26)  
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5-8  PWM  

MCU

TM20 
TM20_OC11 PB10 3 

TM20_OC00 PC0 6 

TM36 

TM36_0C12 PB11 5 

TM36_OC3 PC12 8 

TM36_OC2 PD0 9 

TM26 
TM26_OC00 PD2 11 

TM26_OC11 PD9 10 

PWM  

analogWriteFrequency(PWM_FRQ_xx Fre) ; PWM  

PWM  

analogWriteFrequency( PWM_FRQ_D3_D6 Frq ) 3/6 Fre 

analogWriteFrequency(PWM_FRQ_D5_D8_D9 Frq )  5/8/9  

analogWriteFrequency( PWM_FRQ_D10_D11 Frq )   10/11  

analogWriteFrequency( PWM_FRQ_ALL Frq ) PWM  

Frq 300Hz~5000Hz

Frq 300 300Hz 5000

5000Hz  

1. LED1 KEY1~KEY2 LED  

2. LED2 KEY1~KEY2 LED  

3. LED3 LED ( )
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4. RGB1 LED  

5. RGB2 RGB LED  

6. RGB3 RGB LED  
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5-2.4   

PWM (L9110)

(a)(b) ： 

 

5-12(a)   

 

5-12(b)   

驅 L9110 所示： 

5-9  驅動晶片電氣特性 
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，如下圖所示： 

 

5-13  L9110 驅動晶片  

J19 (IA1 IB1 IA2 IB2) U1 U2(L9110)

MOTOR1(J2) MOTOR2(J1 M1) J13 (VM)

+5V J12(VEXT) (a)(b)  

OA 1

VCC 2

VCC
3

OB 4GND5 IA
6 IB7

GND8
U1

L9110

1
2

J2

MOTOR1
IA1
IB1

OA1

OB1

OA 1

VCC
2

VCC
3

OB 4GND5 IA
6 IB
7 GND8

U2

L9110

1
2

J1

MOTOR2
IA2
IB2

OA2

OB2

(7)直流馬達實習

12
34

J19

IA2
IB2 C5

0.1uF

C4

0.1uF

1
2
3
4

0
M1

USB-A

1 2 3

J13

VM

VM

VM

VM

1
2

J12

VEXT

+5V

1
2
3
4

8
7
6
5

AR1

10K*4

VM

IA1

IA2

IB1

IB2

C2

0.1uF

C3

0.1uF  

5-14(a)  DC  
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5-14(b)  DC  

1. DC_MOTOR1  

2. DC_MOTOR2  
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5-2.5  RC  

RC (Servo) PWM (duty)

PWM (period) 20mS

(duty) 500uS~2500uS 0 ~180 )  

 

5-15  RC ( ) 

RC J42(Server) RC (1~2)

(GND) (+5V) (Ser) J43(Ser1~2)

 

 

5-16  RC  

1. RC_MOTOR1 500~2500 RC 0~90
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5-17  RC_MOTOR1  

2. RC_MOTOR2 0~9 RC 0~80  
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5-2.6  (WDT)  

MG32x02z (IWDT: Independent Watch Dog Timer)

(WWDT: Window Watch Dog Timer)  

IWDT 12-bit 8-bit

WDT 0xFF WDT 0

0xFF  

MCU WDT WDT

0 (Reset)

 

(WDT)  

/* (WDT) */ 

wdt_disableRST();      //   WDT MCU  

 wdt_enableRST();         //  WDT MCU  

wdt_enable(timeout period); // WDT ( ) 

wdt_disable();              //   WDT 

wdt_reset();                //  WDT  

(WDT)  

  SLEEP_15MS  = WDTO_15MS,     // watchdog timer  15ms timeout 

  SLEEP_30MS  = WDTO_30MS,     // watchdog timer 30ms timeout 

  SLEEP_60MS  = WDTO_60MS,     // watchdog timer 60ms timeout 

  SLEEP_120MS = WDTO_120MS,    // watchdog timer 120ms timeout 
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  SLEEP_250MS = WDTO_250MS,    // watchdog timer 250ms timeout 

  SLEEP_500MS = WDTO_500MS,    // watchdog timer 500ms timeout 

  SLEEP_1S    = WDTO_1S,       // watchdog timer 1s timeout 

  SLEEP_2S    = WDTO_2S,       // watchdog timer 2s timeout 

  SLEEP_4S    = WDTO_4S,       // watchdog timer 4s timeout 

  SLEEP_8S    = WDTO_8S,       // watchdog timer 8s timeout 

 

1. IWDT1_RST LED IWDT LED

 

2. IWDT2_RST (WDT) WDT

LED  


