
 

 

7 
 

類比電路與感測器實習 

 

 

 

 DAC  

 ADC  

 (

) 
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MG32x02z (CMP: Analog Comparator)

/ (DAC: Digital to Analog Converter) / (ADC: 

Analog to Digital Converter)  

7-1  MG32x02z  

 



7-3 

 

 

 

 TH244A (CMP) DAC ADC

 

 

7-1  TH244A DAC ADC  

 

7-1  DAC控制實習 

MG32F02U64 / (DAC) 12-bit 10-bit 8-bit

DAC

Vref( ADC )

D21(DAC)  

DAC VDDA DAC

VDDA (Vout) VDDA=5V 12-bit (Data)  

(Vout)=(VDDA*Data) / 4096 = (5V*Data) / 4096 
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7-1.1  DAC控制 

12bit(0~4095) DAC DAC_P0 D21(DAC)

0V~VDD (Buffer)

DAC  

 

7-2   DAC  

DAC (enable) (Output Buffer) 7.5K

(load) C1

0.2V~(VDD-0.2V)  

(load) 7.5K (Output 

Buffer) (LF Filter)R2/C2  
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7-1.2  DAC  

 TH244A DAC D21(DAC)

 

analogWrite(21 value) 

 value 0~4095 0~VDD

 

 

7-3   DAC  
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7-2  DAC  

analogWrite(21 Value) VDD=3.3V VDD=5V 

Value mV V mV V 

0 0 0 0 0 

100 80 0.08 122 0.122 

200 160 0.16 243 0.243 

300 240 0.24 363 0.363 

400 320 0.32 484 0.484 

500 400 0.4 606 0.606 

600 481 0.481 727 0.727 

700 560 0.56 840 0.84 

800 643 0.643 968 0.968 

900 718 0.718 1080 1.08 

1000 800 0.8 1210 1.21 

1100 884 0.884 1330 1.33 

1200 960 0.96 1450 1.45 

1300 1030 1.03 1560 1.56 

1400 1110 1.11 1680 1.68 

1500 1190 1.19 1800 1.8 

1600 1270 1.27 1920 1.92 

1700 1340 1.34 2030 2.03 

1800 1430 1.43 2170 2.17 

1900 1520 1.52 2280 2.28 

2000 1600 1.6 2400 2.4 

2100 1680 1.68 2520 2.52 

2200 1750 1.75 2640 2.64 

2300 1830 1.83 2760 2.76 
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2400 1910 1.91 2880 2.88 

2500 1990 1.99 3010 3.01 

2600 2060 2.06 3120 3.12 

2700 2150 2.15 3260 3.26 

2800 2240 2.24 3380 3.38 

2900 2320 2.32 3490 3.49 

3000 2380 2.38 3600 3.6 

3100 2460 2.46 3720 3.72 

3200 2540 2.54 3860 3.86 

3300 2620 2.62 3940 3.94 

3400 2700 2.7 4080 4.08 

3500 2780 2.78 4200 4.2 

3600 2860 2.86 4340 4.34 

3700 2940 2.94 4430 4.43 

3800 3040 3.04 4580 4.58 

3900 3120 3.12 4700 4.7 

4000 3210 3.21 4820 4.82 

4050 3240 3.24 4860 4.86 

4095 3280 3.28 4960 4.96 

1. DAC1 DAC D21(DAC)  

2. DAC2 D21(DAC)  

3. DAC3 D21(DAC)  

(1) DAC Arduino IDEl

math.h  
 

double acos(double /*x*/); //  
double asin(double /*x*/); //  
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double atan(double /*x*/); //  
double atan2(double /*y*/, double /*x*/); //  
double cos(double /*x*/); //  
double sin(double /*x*/); //  
double tan(double /*x*/); //  
double cosh(double /*x*/); //  
double sinh(double /*x*/); //  
double tanh(double /*x*/); //  

(2) (sin) (0~359) (-1~0~1)

10-bit (0~1023) DAC  

7-3  

      

0 0 512 180 0 512 

15 0.2588 644 195 -0.2588 380 

30 0.5 767 210 -0.5 257 

45 0.707 873 225 -0.707 151 

60 0.866 955 240 -0.888 69 

75 0.966 1006 255 -0.966 18 

90 1 1023 270 -1 1 

105 0.966 1006 285 -0.966 18 

120 0.866 955 290 -0.888 32 

135 0.707 873 315 -0.707 151 

150 0.5 768 330 -0.5 256 

165 0.2588 644 345 -0.2588 380 

 

 

7-4  DAC3  
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MG32x02z

360

5Hz (Lookup Table)  

4. DAC4 RAM DAC

D21(DAC) RAM

 

 

7-5  DAC4  

5. DAC5 D21(DAC)

ROM DAC ROM
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7-2  ADC控制實習 

MG32x02z 12-bit / (ADC Analog to Digital 

Converter) 16 12-bit ADC

 

7-2.1  ADC  

A0~A5(D14~D19) A6~A15(D36~D45)

J2(VREF) VDD

ADC  

 

7-6  ADC  

1. MG32x02z / (ADC) TH244A  

(1) 12-bit 1.5Msps SAR ADC  

(2) 16 A0~A5(14~19) A6~A15(36~45)

analogRead(Ax) A0~A15  

(3) 10-bit (0~1023) ADC

(Resolution) 8/10/12-bit  

analogReadResolution(ref);    // ref=8 10 12 
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(4) ADC VREF+ IVR24

ADC  

analogReference(type); 

// type =AR_INTERNAL AR_EXTERNAL AR_DEFAULT 

(5) J2 J2(VREF-VDD)

VDD ( 1.8V

3.3V) J2(VREF- AREF) CON3(AREF)

( 1.8V 3.3V)  
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2. 10-bit ADC  

(1) VREF+ VDD=5V 0~5V 10-bit

0~1023 5V/1024= 4.882mV  

(a) 0~4.882mV 0  

(b) 4.883mV~9.764mV 1  

(c) 9.765mV~14.646mV 2  
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(d) 0~3.3V 0~676 (676*4.882mV=3.3V)  

(2) VREF+ VDD=3.3V 0~3.3V 0~1023 

3.3/1024= 3.223mV 4.882mV 3.223mV  

3. 10-bit 12-bit VREF+ = VDD = 5V

 

(1) 10-bit 5V/1024=4.882mV TH244A 10-bit  

(2) 12-bit 5V/4096=1.221mV  

4.  

 

7-8   
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5. MCU ADC  

7-4  ADC  

No. MCU  MCU  Arduino  

1 58 PA0/ADC0 14/A0 

2 59 PA1/ADC1 15/A1 

3 60 PA2/ADC2 16/A2 

4 61 PA3/ADC3 17/A3 

5 62 PA4/ADC4 18/A4 

6 63 PA5/ADC5 19/A5 

7 64 PA6/ADC6 36/A6 

8 1 ADC7/PA7 37/A7 

9 2 ADC8/PA8 38/A8 

10 3 ADC9/PA9 39/A9 

11 4 ADC10/PA10 40/A10 

12 5 ADC11/PA11 41/A11 

13 6 ADC12/PA12 42/A12 

14 7 ADC13/PA13 43/A13 

15 8 ADC14/PA14 44/A14 

16 9 ADC15/PA15 45/A15 
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7-2.2  ADC  

ADC  

analogRead(Ax)          // ADC Ax=A0~A15 

analogReadResolution(ref)  // ADC ref =8 10 12 

analogReference(type)      // ADC  

map(  )                 // ADC  

 

ADC VDD(5V)  

1. ADC1  

2. ADC2 ADC LED  

3. ADC3 ADC PWM LED
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7-3  感測器控制實習 

 

 

7-9  -  

 

7-3.1  

(LM35) (DS18B20) J18-1(

) J18-2( )  
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G
ND

1

DQ
2

V
C

C
3

U3 DS18B20

VCC

12J18

(2)數位溫度感測

+5V

G
ND

3
DO

2
V

C
C

1

U4 LM35

D
Q

(2)類比溫度感測
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1. (LM35)  

(LM35) (A0~A15) (0~5V)

12-bit ADC (0~4095)  

analogRead(Ax); // Ax=A0~A15 

(0~5V)  

(V)  (  / 4095 ) x 5 

LM35 1

10mV ( )  

( )  (V) / 10mV 

(data) (temp)

 

temp( ) = (data / 4095.0 * 5.0) / 0.01) 

(LM35) (OUT)
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7-5  (LM35)  

零件接腳 腳名 說明 

 

VCC 4.0~20V 

OUT  

GND  

 

(1) LM35-1 (LM35) ADC

.  

(2) LM35-2 (LM35) ADC

 

 

2. (DS18B20) (DQ)

 

7-6  (DS18B20)  

零件接腳 腳名 說明 

 

GND  

DQ  

VDD 3.0~5.5V 

 

(1) DS1820_1 (DS18B20)
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 7-3.2  

(LDR) (DHT11)  

VCC

LDR1
LDR

C6
0.1uF

(2)光敏電阻

VCC

(2)溫溼度感測器

1
2

J14VCC
DATA

GND LDR

DHT111
2
3
4

M9

DHTxx

1
2
3
4

8
7
6
5

AR3

10K*4

VCC DHT11
REC
DQ
LDR

(圓孔 IC座)
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1. (LDR) (CdS)

 

 

7-12  (LDR)  

(1) LDR1 ADC (LDR)
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2. (DHT11) (DATA)

(DHT11)  

7-7  (DHT11)  

零件接腳 腳名 說明 

 

VCC 3.3V~5V 

DATA  

NC  

GND  

 

DHT11 NTC

20 90%RH( ±5%) 0 50 ( ±2 )  

(1) DHT11_1 (DHT11)

 

(2) DHT11_2 (DHT11)
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7-3.3  

紅外線遙控 (IR-REC1) (TCRT5000) 紅外線遙控

(IR-REC1) (L1) J8  

1 2 3

IR-REC1

VCC

C1

0.1uF

I G V

VCC

TA
1

RE
3

RC
2

TC
4L1

TCRT5000
R

E
C

T
C

RT
12

J8

TA0

10K
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1. (TCRT5000)  

 

7-14   (TCRT5000)  

(TCRT5000)

 

(off) (RE)

J8(TCRT)  
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(on) J8(TCRT)

1mm~25mm 3.3V~5V

(0 1) ( )  

 

(1) TCRT5000_1 TCRT5000

 

 

2. (HQ1838)  

 

7-15    

 

(HQ1838)  

5V 38KHz  

IC   

( DVB)

( ) 
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38KHz (Command Code)

38KHz (Command Code)

TH244A (20 21 )

(Command Code)  

 

7-16   

 

1. IRremote1  

2. IRremote2  
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7-3.4  

(LTH1550)

(LTH1550) J20(IR1~3)

0 1 (a)(b)  

 

7-17(a)   

 

7-17(b)   

1. IR1  

2. IR2  
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 7-3.5  

(HC-SR04)  

 5V/15mA 

 40kHz 

 : 2cm~ 500cm 0.3 cm  

 : 15  

 (Trigger) TTL 10µS  

 (Echo) TTL  

 

(HC-SR04)  

7-8  (HC-SR04)  

   

 

VCC 5V 

Trig  

Echo  

VSS  

 

1. (HC-SR04) (a)(b)   

 

7-18(a) (HC-SR04)  
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7-18(b)  (HC-SR04)  

(1) (Initiate) Trig 10uS HC-SR04

 

(2) HC-SR04(T) 40kHz 8

HC-SR04(R)  

(3) Echo 150uS~25mS

 

Echo (uS)/58 = (mm) Echo (uS )/148 =  

(4) 60mS

0.5  

 

2. (HC-SR04) (a)(b)

(HC-SR04) M20 J56(Trig Echo) TH244A  

 

7-19(a)  (HC-SR04)  
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1
2
3
4

M20

HC-SR04+5V

GND

Echo
Trig

Vcc

ECHO
TRIG

1
2

J56

(24)超音波感測器
(母座 )

 

7-19(b)  (HC-SR04)  

 

(1)  Ultra_sonic1 (HC-SR04)

 

(2)  Ultra_sonic2 (HC-SR04)

 

(3)  Ultra_sonic3  

 

(4)  Ultra_sonic4 (HC-SR04)

 

 


