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課程大綱 (Lesson Outline)

► ADC類比數位轉換器之原理
– Direct-Conversion直接轉換式

– Successive Approximation 逐次逼近式

– Delta-Sigma 三角積分調變式

► NuMicro ADC

– Block Diagram 方塊圖

– Programming Example 程式範例

► 週邊與感應器 (Peripheral & Sensors)
– Thermister 熱敏電阻

– Fuel Tank Detector 油箱偵測器

► 實習範例 (Exercise Examples)

– 使用ADC 讀取可變電阻 (學習板上VR1)

– 使用ADC 讀取熱敏電阻 (外接~1K或10K歐姆)

– 使用ADC 讀取油箱感測器 (外接~100歐姆)



概觀

► one 12-bit successive approximation analog-to-digital

conveters (SAR A/D converter)

► 8 input channels

► Three operation modes: single, single-cycle scan and 

continuous scan mode

► An A/D conversion can be started by

– Software write 1 to ADST bit

– External pin STADC

► Analog input voltage range: 0~Vref



特性

► Analog input voltage range: 0~Vref

► 12-bit resolution and 10-bit accuracy is guaranted

► 8 single-end analog input channels or 4 differential analog 

input channels

► Maximum ADC clock frequency is 16 MHz

► Up to 700K SPS conversion rate

► Channel 7 supports 3 input sources: external analog voltage, 

internal bandgap voltage, and internal temperature sensor 

output

► Support Self-calibration to minimize conversion error



NuMicro ADC pins 

► The ADC input pins share with GPIO port A

► The ADC input pins must be configured in input type

► Single-end input mode

– Channel 0 ~ Channel 7 share with GPA0~GPA7

► Differential input mode

– Channel 0 ~ Channel 3

– Differential input channels are the paired channels

Differential input 

paired channel

Single-end input 

channel

0 0 1

1 2 3

2 4 5

3 6 7



特性

► Three operating modes：

► Single mode: A/D conversion is performed one time on a 

specified channel

► Single-cycle scan mode: A/D conversion is performed one 

cycle on all specified channels with the sequence from ch0-

ch7

► Continuous scan mode: A/D converter continuously performs 

single-cycle scan mode until software stops A/D conversion



方塊圖



功能描述

► self calibration function: to minimize conversion error, 

– write 1 to CALEN bit in ADCALR register to enable calibration 

function, 

– while calibration finished the CAL_DONE bit will be set to 1.

► Change mode or channel: When changing the operating mode 

or analog input channel, 

– software must clear ADST bit to 0 in ADCR register.



Self-Calibration

► self calibration function: minimize conversion error

► power on or switch ADC input type between single-end input and 

differential input

► write 1 to CALEN bit in ADCALR register to enable calibration 

function

► It needs 127 ADC clocks and the CAL_DONE bit will be set to 1



ADC Clock Generator

► The maximum sampling rate is up to 700K SPS.

► select clock sources: ADC_S (CLKSEL1[3:2]),

► ADC clock frequency = (ADC clock source frequency) / 

(ADC_N+1);

► ADC enable: ADC_EN(APBCLK[28])



NuMicro ADC clock source

The maximum ADC clock frequency is 16MHz

The ADC clock frequency = (ADC clock source) / (ADC_N+1);  

ADC_N is an 8-bit pre-scaler

11
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01

00

PLL_Fout

12M

22M

ADC_S(CLKSEL1[3:2])

ADC_EN(APBCLK[28])

ADC_CLK

÷ (ADC_N+1)

ADC_N(CLKDIV[23:16])



Single Mode

► 1. A/D started when ADCR.ADST= 1 or external trigger input.

► 2. A/D conversion is finished, result stored in the A/D data register.

► 3. ADSR. ADF=1. If the ADCR.ADIE =1, the ADC interrupt will 

be asserted.

► 4. ADST=1 until A/D conversion ends, then the ADST=0



Single-Cycle Scan Mode

► A/D conversion will sample and convert the specified 

channels once in the sequence from the lowest number 

enabled channel to the highest number enabled channel.

► 1. A/D started when ADCR.ADST= 1 or external trigger input.

► 2. A/D conversion is finished, result stored in the A/D data register.

► 3. When finish all enabled channels, ADSR. ADF=1. 

If the ADCR.ADIE =1, the ADC interrupt will be asserted.

► 4. ADST=1 until A/D conversion ends, then the ADST=0



Single-Cycle Scan Mode

► An example timing diagram for single-cycle scan on enabled 

channels (0, 2, 3 and 7)



Single scan mode

3'b000 3'b010 3'b011 3'b111

sample

ADST

chsel[2:0]

SAR[11:0]

ADDR0

ADDR2

ADDR3

ADDR7

Single-cycle scan on channel 0, 2, 3 and 7 (ADCHER[7:0] = 8'b10001101)

R0 R2 R3 R7

R0

R2

R3

R7

Channel0 Channel2 Channel3 Channel7



Continuous Scan Mode

► A/D conversion is performed sequentially on the specified 

channels that enabled by CHEN bits in ADCHER register

► 1. A/D started when ADCR.ADST= 1 or external trigger input.

► 2. A/D conversion is finished, result stored in the A/D data register.

► 3. When A/DC completes all enabled channels, ADSR.ADF=1. 

If the ADCR.ADIE =1, the ADC interrupt will be asserted.

► 4. if ADST=1, repeat steps 2 and 3.

when ADST=0, A/DC ends.



Continuous Scan Mode



Continuous scan mode

3'b000 3'b010 3'b011 3'b111 3'b000 3'b010 3'b011 3'b111 3'b010

ADDR7

ADDR3

ADDR2

ADDR0

sample

chsel[2:0]

ADST

Continuous scan on channel 0, 2, 3, and 7 (ADCHER[7:0] = 8'b10001101)

Software clear ADST

Channel0 Channel2 Channel3 Channel7 Channel0 Channel2



External trigger Input Sampling and A/D Conversion Time

► When the ADCR.TRGEN=1 to enable ADC external trigger 

function, setting the TRGS[1:0] = 00b is to select external trigger 

input from the STADC pin.

► TRGCOND[1:0] to select trigger condition is falling/rising edge or 

low/high level.

► level trigger condition：
– STADC pin must be kept at defined state at least 8 PCLKs

– Set ADST=1 at the 9th PCLK and start to conversion

– ADC continue if external trigger input is kept at active state.

– ADC stopped only when external trigger condition disappeared

► edge trigger condition: the high and low state must be kept at 

least 4 PCLKS



Conversion Result Monitor by Compare Function

► ADCMPR0 and ADCMPR1: to monitor two specified channels 

conversion result from A/D conversion controller

► CMPCH(ADCMPRx[5:0]): channel to be monitored

► CMPCOND(ADCMPRx[2]): check conversion result is less 

than, greater than (equal to) specified value (CMPD[11:0])

► CMPD(ADCMPRx[27:16]: specified value

► When the compare result meets the setting, compare match 

counter will increase 1, otherwise, the compare match counter 

will be clear to 0.

► CMPFx(ADSR[2:1]): When counter value reach the setting of 

(CMPMATCNT+1), set CMPF=1. if CMPIE=1, then an 

ADC_INT interrupt request is generated.



Conversion Result Monitor by Compare Function

► monitor the external analog input pin voltage transition in 

scan mode without imposing a load on software.



Interrupt Sources

► 1. ADF=1 and ADIE=1. 

► 2. ADSR.CMPF0 and ADCMPR0.CMPIE=1. 

► 3. ADSR.CMPF1 and ADCMPR1=1

► the ADC interrupt will be asserted. 

► Software can clear the flag to revoke the interrupt request.



Control Flow of ADC

interrupt

Configure ADC input 

channels

Configure ADC clock

Set ADC operation mode

Select ADC conversion 

channel

Enable ADC interrupt

Start conversion

Wait ADC interrupt

No

Get the conversion result

Yes

Configure ADC input channels

// Disable IO digital input path (digital input 

tied to low)

GPIOA->OFFD|=0x00800000;

// GPA[7] Pin Function Selection

SYS->GPAMFP.ADC7_SS21_AD6=1; 



Control Flow of ADC

interrupt

Configure ADC input 

channels

Configure ADC clock

Set ADC operation mode

Select ADC conversion 

channel

Enable ADC interrupt

Start conversion

Wait ADC interrupt

No

Get the conversion result

Yes

Configure ADC clock

// ADC clock source select,00=12M, 

01=PLL, 10=HCLK, 11=22M

SYSCLK->CLKSEL1.ADC_S = 0; 

// ADC clock divide number

SYSCLK->CLKDIV.ADC_N = 0;

//ADC clock = 12Mhz/(0+1)=11Mhz;

// (ADC) Clock Enable

SYSCLK->APBCLK.ADC_EN = 1;

// A/D Converter Enable

ADC->ADCR.ADEN = 1;



Control Flow of ADC

interrupt

Configure ADC input 

channels

Configure ADC clock

Set ADC operation mode

Select ADC conversion 

channel

Enable ADC interrupt

Start conversion

Wait ADC interrupt

No

Get the conversion result

Yes

Set ADC operation mode

// Differential Input Mode Enable

// 0=single end input

ADC->ADCR.DIFFEN = 0;

// A/D Converter Operation Mode, 

00=single, 10=single-cycle scan, 

11=continuous scan

ADC->ADCR.ADMD   = 0;     

Select ADC channel 

// Analog Input Channel Enable

//Channel 7 Enable

ADC->ADCHER.CHEN = 0x80;



Control Flow of ADC

interrupt

Configure ADC input 

channels

Configure ADC clock

Set ADC operation mode

Select ADC conversion 

channel

Enable ADC interrupt

Start conversion

Wait ADC interrupt

No

Get the conversion result

Yes

Enable ADC interrupt 

//clear the A/D interrupt flags for safe 

ADC->ADSR.ADF =1;     

//Enable A/D interrupt function 

ADC->ADCR.ADIE = 1;  

//

NVIC_SetPriority(ADC_IRQn, 

(1<<__NVIC_PRIO_BITS) - 2);

//

NVIC_EnableIRQ(ADC_IRQn); 

Start Conversion 

ADC->ADCR.ADST=1;



Peripheral DMA Request

► PDMA transfer the latest data of selected channels to the 

user-specified destination address.

► When A/D conversion is finished, the conversion result will 

be loaded into ADDR register and set VALID=1. 

► If the ADCR.PTEN=1, ADC controller will generate a 

request to PDMA. 

► User can use PDMA to transfer the conversion results to a 

user-specified memory space without CPU's intervention.

► The source address of PDMA operation is fixed at ADPDMA

► When PDMA transfer ADC result, ADC will continue 

converting the next selected channel with scan mode.

► ADPDMA register: monitor current PDMA transfer data.



Peripheral DMA Request

Register Description

ADDR0-7 A/D Data Register 0-7

ADCR A/D Control Register

ADCHER A/D Channel Enable Register

ADCMPR0 A/D Compare Register 0

ADCMPR1 A/D Compare Register 1

ADSR A/D Status Register

ADCALR A/D Calibration Register

ADPDMA ADC PDMA current transfer data



ADC 函數

Function Description

DrvADC_Open Enable the ADC function and configure 

the related settings.

DrvADC_Close Close ADC functions. Disable ADC, 

ADC engine clock and ADC interrupt.

DrvADC_SetADCChannel Select ADC input channels.

DrvADC_ConfigADCChannel7 Select the input signal source of ADC 

channel 7.

DrvADC_SetADCInputMode Set the ADC input mode.

DrvADC_SetADCOperationMode Set the ADC operation mode.

DrvADC_SetADCClkSrc Select the ADC clock source.



ADC 函數

Function Description

DrvADC_SetADCDivisor Set the divisor value of ADC clock to 

determine the ADC clock frequency.

DrvADC_EnableADCInt Enable ADC interrupt and setup the 

callback function.

DrvADC_DisableADCInt Disable the ADC interrupt.

DrvADC_EnableADCCmp0Int Enable the ADC comparator 0 interrupt 

and setup callback function.

DrvADC_DisableADCCmp0Int Disable the ADC comparator 0 interrupt.

DrvADC_EnableADCCmp1Int Enable the ADC comparator 1 interrupt 

and setup callback function.

DrvADC_DisableADCCmp1Int Disable the ADC comparator 1 interrupt.



ADC 函數

Function Description

DrvADC_GetConversionRate Get the A/D conversion rate. The ADC 

takes about 27 ADC clock cycles for 

converting one sample.

DrvADC_EnableExtTrigger Allow the external trigger pin (PB8) to 

be the trigger source of ADC.

DrvADC_DisableExtTrigger Prohibit the external ADC trigger.

DrvADC_StartConvert Clear the ADC interrupt flag (ADF) and 

start A/D converting.

DrvADC_StopConvert Stop A/D converting.

DrvADC_IsConversionDone Check whether the conversion action is 

finished or not.

DrvADC_GetConversionData Get the conversion result of the 

specified ADC channel.



ADC 函數

Function Description

DrvADC_EnablePDMA Enable PDMA transfer.

DrvADC_DisablePDMA Disable PDMA transfer

DrvADC_IsDataValid Check whether the conversion data is 

valid or not.

DrvADC_IsDataOverrun Check whether the conversion data is 

overrun or not.

DrvADC_EnableADCCmp0 Enable the ADC comparator 0 and 

configure the necessary settings.

DrvADC_DisableADCCmp0 Disable the ADC comparator 0.

DrvADC_EnableADCCmp1 Enable the ADC comparator 1 and 

configure the necessary settings.



ADC 函數

Function Description

DrvADC_DisableADCCmp1 Disable the ADC comparator 1.

DrvADC_EnableSelfCalibration Enable the self calibration function for 

minimizing the A/D conversion error.

DrvADC_IsCalibrationDone Check whether the self calibration 

action is finished or not.

DrvADC_DisableSelfCalibration Disable the self calibration function.

DrvADC_DiffModeOutputFormat Select the output format of differential 

input mode

DrvADC_GetVersion Return the current version number of 

ADC driver.



NuMicro Cortex-M0學習板

VR1可變電阻

範例: Smpl_LCD_VR1  or  Smpl_ADC_PWM

ADC0~7(GPA0~7)



RTC01： Test_ADC

從ADC7輸入一個類比信號，轉換成數位信號，將之顯示在LCD。

1. 觸發ADC轉換

2. 檢查ADF旗標，等待轉換完成

3. 將12bits的數位資料，以10進制顯示在LCD



RTC01： Test_ADC 1/x

int32_t main (void)

{

char adc_value[15]="ADC Value:";

uint16_t ADC_result;

//Initial 12M and set HCLK=12MHz

InitHCLK12M();

// initial LCD pannel function

Initial_pannel(); //(LCD_Driver.c)



RTC01： Test_ADC 2/x

// clear LCD pannel

clr_all_pannal(); //(LCD_Driver.c)

//Initial ADC

InitADC();

// show title on row 0

print_lcd(0, adc_value);//(LCD_Driver.c

while(1)

{



RTC01： Test_ADC 3/x

// A/D Conversion Start

ADC->ADCR.ADST=1;  //1 = Conversion start

// wait for ADC complete

while(ADC->ADSR.ADF==0);  //1=A/D Conversion End Flag

// clear A/D Conversion End Flag

ADC->ADSR.ADF=1; //0=clear A/D Conversion End Flag

//A/D Conversion Result

ADC_result=ADC->ADDR[7].RSLT;// A/D Conversion Result



RTC01： Test_ADC 4/x

// convert 16 bits number to ASCII char

uint16_ascii(ADC_result,adc_value);

// display string from 0,10

show_string(0,10,adc_value);

//Delay(20000);

DrvSYS_Delay(500000);  //delay 500,000us=500ms

}

}



RTC01： Test_ADC 5/x

void InitADC(void)

{

// GPIOA Pin[7] Digital Input Path Disable Control

GPIOA->OFFD|=0x00800000;

// GPA[7] Pin Function Selection

SYS->GPAMFP.ADC7_SS21_AD6=1; 

// ADC clock source select,00=12M, 01=PLL, 10=HCLK, 

11=22M

SYSCLK->CLKSEL1.ADC_S = 0;

// ADC clock divide number from ADC clock source

SYSCLK->CLKDIV.ADC_N = 0;



RTC01： Test_ADC 6/x

// Analog-Digital-Converter (ADC) Clock Enable

SYSCLK->APBCLK.ADC_EN = 1;

// A/D Converter Enable

ADC->ADCR.ADEN = 1;

// Differential Input Mode Enable

ADC->ADCR.DIFFEN = 0;

// A/D Converter Operation Mode, 00=single, 10=single-cycle 

scan, 11=continuous scan

ADC->ADCR.ADMD   = 0;

// Analog Input Channel Enable

ADC->ADCHER.CHEN = 0x80; 



RTC01： Test_ADC 7/x

// A/D Conversion End Flag

ADC->ADSR.ADF =1;

// A/D Interrupt Enable

ADC->ADCR.ADIE = 1;

}



RTC01： Test_ADC 8/x

void InitHCLK12M(void)

{

UNLOCKREG();

//External 4~24 MHz High Speed Crystal Enable (write-

protection bit)

SYSCLK->PWRCON.XTL12M_EN = 1;

//HCLK clock source select (write-protection bits)

//000 = Clock source from external 12 MHz

SYSCLK->CLKSEL0.HCLK_S = 0;

LOCKREG();

}



RTC01： Test_ADC 9/x

// Analog-Digital-Converter (ADC) Clock Enable

SYSCLK->APBCLK.ADC_EN = 1;

// A/D Converter Enable

ADC->ADCR.ADEN = 1;

// Differential Input Mode Enable

ADC->ADCR.DIFFEN = 0;

// A/D Converter Operation Mode, 00=single, 10=single-cycle 

scan, 11=continuous scan

ADC->ADCR.ADMD   = 0;

// Analog Input Channel Enable

ADC->ADCHER.CHEN = 0x80; 



RTC01： Test_ADC 10/x

void uint16_ascii(uint16_t value,char text[])

{ uint8_t d1,d0;

int8_t ia=5;

for (ia=4; ia>0; ia--)

{

d1=value/10;  //value=0-65535

d0=value-d1*10;

text[ia]=d0+'0'; //get [4],[3],[2],[1]

value=d1; //next value

}

text[0]=value+'0'; //get [0]

text[5]=0; //string delimiter, /0

}



RTC01： Test_ADC 11/x

void show_string(unsigned char x, unsigned char y, char *str)

{

int i=y; 

do{   

Show_Word(x,i,*str++);  //display a character at (x,i)

i++; // next character

if(i>15)  break; // max 16 character

}  while(*str!='\0'); // 

}



RTC02： Test_ADCint_LCD

從ADC7輸入一個類比信號，轉換成數位信號，將之顯示在LCD。

1. 觸發ADC轉換

2. 使用中斷處理ADC轉換完成

3. 將12bits的數位資料，以10進制顯示在LCD



RTC02： Test_ADCint_LCD 1/x

int32_t main (void)

{

char adc_value[15]="ADC Value:";

//Initial 12M and set HCLK=12MHz

InitHCLK12M();

// initial LCD pannel function

Initial_pannel();  //(LCD_Driver.c)

// clear LCD pannel

clr_all_pannal(); //(LCD_Driver.c)

//Initial ADC

InitADC();



RTC02： Test_ADCint_LCD 2/x

// A/D Conversion Start

ADC->ADCR.ADST=1;  //1 = Conversion start

// show title on row 0

print_lcd(0, adc_value);//(LCD_Driver.c

while(1)

{

// convert 16 bits number to ASCII char

uint16_ascii(ADC_result,adc_value);

// display string from 0,10

show_string(0,10,adc_value);

//DrvSYS_Delay(500000);  

}

}



RTC02： Test_ADCint_LCD 3/x

// Initial ADC

void InitADC(void)

{

. . .

//clear the A/D interrupt flags for safe 

ADC->ADSR.ADF =1; 

// Enable A/D interrupt function

ADC->ADCR.ADIE = 1;  

NVIC_SetPriority(ADC_IRQn, (1<<__NVIC_PRIO_BITS) - 2);

NVIC_EnableIRQ(ADC_IRQn); //(core_cm0.h)

. . .

}



RTC02： Test_ADCint_LCD 4/x

// ADC interrupt callback function 

void ADC_IRQHandler(void)

{

// clear A/D Conversion End Flag

ADC->ADSR.ADF=1;

//0=clear A/D Conversion End Flag

//A/D Conversion Result

ADC_result=ADC->ADDR[7].RSLT;  

// A/D Conversion Start

ADC->ADCR.ADST=1; //1 = Conversion start

}



RTC03： Test_ADC_7SEG

從ADC7輸入一個類比信號，轉換成數位信號，將之顯示在7 段顯
示器。

1. 觸發ADC轉換

2. 檢查ADF旗標，等待轉換完成

3. 將12bits的數位資料，以10進制顯示在7 段顯示器



RTC03： Test_ADC_7SEG 1/x

int32_t main (void)

{

int32_t ADC_result;

//Initial 12M and set HCLK=12MHz

InitHCLK12M();

// Initial TIMER

InitTimer0(1000); //T=1/1000=1ms

//Initial ADC

InitADC();

while(1)

{



RTC03： Test_ADC_7SEG 2/x

// A/D Conversion Start

ADC->ADCR.ADST=1;  

// wait for ADC complete

while(ADC->ADSR.ADF==0);  

// clear A/D Conversion End Flag

ADC->ADSR.ADF=1;

//A/D Conversion Result

ADC_result=ADC->ADDR[7].RSLT;  

// display value to 7-segment display

seg_data(ADC_result);      

}



RTC03： Test_ADC_7SEG 3/x

void seg_data(int16_t value)

{

// seperate number to single digit

digit_7seg[3] = value / 1000; 

value = value - digit_7seg[3] * 1000; 

digit_7seg[2] = value / 100; 

value = value - digit_7seg[2] * 100; 

digit_7seg[1] = value / 10; 

value = value - digit_7seg[1] * 10; 

digit_7seg[0] = value; //4 states

}



RTC03： Test_ADC_7SEG 4/x

// Timer 0 interrupt routine

void TMR_Callback(void) // Timer0 interrupt subroutine 

{

// change lighted LED

seg_display();

}



RTC03： Test_ADC_7SEG 5/x

void seg_display(void)

{

//clear GPIOC bit4-7 

close_seven_segment(); 

//show a digit on 7 segment display

show_seven_segment(light_7seg,digit_7seg[light_7seg]); 

// point to next digit

if(!light_7seg--)light_7seg=3;

}



RTC04： Test_ADCint_7SEG

從ADC7輸入一個類比信號，轉換成數位信號，將之顯示在7 段顯
示器。

1. 觸發ADC轉換

2. 使用中斷處理ADC轉換完成

3. 將12bits的數位資料，以10進制顯示在7 段顯示器



RTC04： Test_ADCint_7SEG 1/x

int32_t main (void)

{

//Initial 12M and set HCLK=12MHz

InitHCLK12M();

// Initial TIMER

InitTimer0(1000); //T=1/1000=1ms

//Initial ADC

InitADC();

// A/D Conversion Start

ADC->ADCR.ADST=1;  //1 = Conversion start

while(1);

}



RTC04： Test_ADCint_7SEG 2/x

// Initial ADC

void InitADC(void)

{

. . .

//clear the A/D interrupt flags for safe 

ADC->ADSR.ADF =1;     

//1 = Enable A/D interrupt function

ADC->ADCR.ADIE = 1; 

NVIC_SetPriority(ADC_IRQn, (1<<__NVIC_PRIO_BITS) - 2);

NVIC_EnableIRQ(ADC_IRQn); //(core_cm0.h)

. . .

}



RTC04： Test_ADCint_7SEG 3/x

// ADC interrupt callback function 

void ADC_IRQHandler(void)

{

// clear A/D Conversion End Flag

ADC->ADSR.ADF=1;

//A/D Conversion Result

ADC_result=ADC->ADDR[7].RSLT; 

// A/D Conversion Start

ADC->ADCR.ADST=1;  

// display value to 7-segment display

seg_data(ADC_result);      

}



Analog-to-Digital 類比轉數位之應用

► NUC140 : 8-channel 12-bit 800KSPS ADC

► 智能電表(smart meter) 採用16/24-bit ADC

► 電子秤採用16/24-bit ADC

► Audio : 96KHz, 24-bit Stereo ADC



ADC Design Architectures

類比數位轉換器之架構類型

► 直接轉換式 : Direct-Conversion ADC

► 逐次逼近式 : SAR (Successive Approximation Register) ADC

► 三角積分式 : ΔΣ ADC (Sigma-Delta ADC)

Direct-Conversion ADCSAR ADC
Successive Approximation Register

Sigma-Delta ADC



Direct-Conversion ADC

直接轉換式

http://en.wikipedia.org/wiki/File:Flash_ADC.png
http://en.wikipedia.org/wiki/File:Flash_ADC.png


SAR (Successive Approximation Register) ADC

逐次逼近式

► DAC = Digital-to-Analog converter

► EOC = end of conversion

► SAR = successive approximation 

register

► S/H = sample and hold circuit

► Vin = input voltage

► Vref = reference voltage

Charge-Scaling DAC

http://en.wikipedia.org/wiki/File:SA_ADC_block_diagram.png
http://en.wikipedia.org/wiki/File:SA_ADC_block_diagram.png
http://en.wikipedia.org/wiki/File:ChargeScalingDAC.png
http://en.wikipedia.org/wiki/File:ChargeScalingDAC.png


Charge-redistribution successive approximation ADC

分散電量逐次逼近式

► As the first step in the binary search algorithm, the bottom plate of the MSB capacitor is 

disconnected from ground and connected to VREF. This drives the common terminal in the 

positive direction by an amount equal to ½ VREF. Therefore, VCOMMON = -VIN + ½  × VREF

► The comparator output yields a logic 1 if VCOMMON < 0 (i.e., VIN > ½  × VREF). The comparator 

output yields logic 0 if VIN < ½  × VREF.

► If the comparator output is logic 1, then the bottom plate of the MSB capacitor stays connected 

to VREF. Otherwise, the bottom plate of the MSB capacitor is connected back to ground.

► This continues until all the bits have been determined.

► VCOMMON = -VIN + BN-1 × VREF/2 + BN-2 × VREF/4 + BN-1 × VREF/8 + ... + B0 × VREF/2N-1



ΔΣ modulation (三角積分調變)

http://zh.wikipedia.org/wiki/File:DeltaSigma1.svg
http://zh.wikipedia.org/wiki/File:DeltaSigma1.svg


三角積分調變原理

► 圖二是一個八調變之1Bit DAC。Xd代表數位波形輸入，就數位音響而言，Xd可能是
18bit，至於尾巴的d代表digital之意。

► Yd為△調變之1Bit輸出，值為正1或負1。△調變之觀念很簡單，就是要使Yd之積分波
形愈接近Xd愈好，如圖三所示。每當Yd之積分值(即Zd)超過Xd，下一個Yd值就設為負
1。如果Yd之積分值Zd低於Xd，下一個Yd值就設為正1。

► 圖二的減法器就是要看看Xd和Zd誰大誰小，Ud=Xd-Zd，若Ud大於零，比較器輸出(即
Yd)就為正1，若Ud小於零，比較器輸出為負1。如此一來Yd不斷的修正使得Yd之積分
後波形Zd如影隨形般的和Xd同上同下。現在要做的就是把Zd以類比的方式重現出來。

► 很容易的，首先利用1Bit的DAC將數位的Yd轉成類比的對等信號Ya，(其中a代表analog

之意)，然後再用類比積分器將Ya作積分而產生Za。於是Za和Zd兩者之波形是一樣的，
只不過Zd是數位而Za是類比。

► 但是由於1Bit DAC，Za會有些不平滑的轉折點，所以最後還需要一個類比低通濾波器
以產生平滑的Xa，Xa就是Xd的類比重現

http://zh.wikipedia.org/wiki/File:DeltaSigma1.svg
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Fuel Level Sensor (油箱浮筒)

機車油箱浮筒 汽車油箱浮筒

可變電阻值: ~100 ohm



Thermistor (熱敏電阻)

敏熱電阻的通用符號

2線式連結

可變電阻值 : ~500,1K,5K,10K ohm

車用溫度傳感器

敏熱電阻

http://www.google.com.tw/imgres?q=%E7%86%B1%E6%95%8F%E9%9B%BB%E9%98%BB&hl=zh-TW&sa=X&biw=1097&bih=612&tbm=isch&prmd=imvns&tbnid=qy7KMhUM5q6TvM:&imgrefurl=http://vazenelectron.com/index.aspx%3Fmenuid%3D4%26type%3Dproductinfo%26lanmuid%3D7%26infoid%3D119%26language%3Dcn&docid=qEZejnUloIkiZM&imgurl=http://vazenelectron.com/upload/product/2011-06/01180027.gif&w=270&h=226&ei=sqA8T9HLFMH9mAXPqfXhBw&zoom=1
http://www.google.com.tw/imgres?q=%E7%86%B1%E6%95%8F%E9%9B%BB%E9%98%BB&hl=zh-TW&sa=X&biw=1097&bih=612&tbm=isch&prmd=imvns&tbnid=qy7KMhUM5q6TvM:&imgrefurl=http://vazenelectron.com/index.aspx%3Fmenuid%3D4%26type%3Dproductinfo%26lanmuid%3D7%26infoid%3D119%26language%3Dcn&docid=qEZejnUloIkiZM&imgurl=http://vazenelectron.com/upload/product/2011-06/01180027.gif&w=270&h=226&ei=sqA8T9HLFMH9mAXPqfXhBw&zoom=1


範例: 熱敏電阻偵測溫度 Smpl_ADC_Thermister

► 熱敏電阻(~10Kohm, 也有1K or 500 ohm的)

► 熱敏電阻電路接法
– 一端接Vcc (3.3V)

– 另一端接ADC6(GPA6) 及與熱敏電阻阻值接進之電阻(如10Kohm)

– 固定電阻之另一端則接到GND

► 熱敏電阻量測原理
– 一般室溫25°C下，熱敏電阻阻抗約與所加分流電阻相同，故ADC

讀取值約為4096 (12-bit ADC)之半= 2048

– 元件之規格書有提供溫度vs阻抗之對照表

– 0~50°C約為線性分佈 (溫度軸取log)



範例: Smpl_ADC_Thermister

►熱敏電阻(~10Kohm)

– 一端接Vcc (3.3V)

– 另一端接ADC6(GPA6) 及10Kohm 電阻

– 10Kohm電阻之另一端則接到GND

►以ADC6 (GPA6) 讀取熱敏電阻
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DAC (Digital-to-Analog Converter)

數位類比轉換器

► Binary-Weighted Resistor DAC

► R-2R Ladder DAC

► ΔΣ DAC (Sigma-Delta DAC)

Binary-Weighted Resistor DAC R-2R DAC

Vout = - (Vmsb + Vn + Vlsb) = - (Vref + Vref/2 + Vref/ 4) 

Sigma-Delta DAC
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