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ADC Basics

Typical Digital System Characteristics
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ADC Jargons
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Resolution/Step Size
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Analog-to-Digital Conversion Technologies

v

Successive Approximation

v

Integration

v

Counter Based Conversion
Parallel Conversion
» Flash ADC
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Successive Approximation ADC
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Flash ADC
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Today's Topic

ADC Programming in C



ATmegal6/32 ADC Relevant Pin Diagram
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ATmegal6/32 ADC Features

10-bit ADC
2 output registers,

» ADCH:ADCL
» 16-bits, 6-bits are unused
» Option to adjust left or right

v
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8 Analog input channels,

» 7 differential input
» with optional gain of 10x & 200x
» However, only one conversion at a time

v

V,er oOptions,
» Analog V., 5V
> internal 2.56V
» external AREF pin
ADC clock rate |= MCU CPU clock rate

> selection of pre-scaler
» AD Conversion takes at-least 13 ADC clock cycles
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ADC Programming

ADCSRA Register

| ADEN | ADSC |ADATE| ADIF | ADIE |ADPSZ|ADPS1 | ADPS0 |

ﬁnc Prescaler Select bits: next slide |

" ADC Interrupt Enable: 1 to enable ADC interrupt H

= ADC Interrupt Flag: set to 1 when conversion is completed H
{ADC Auto Trigger Enable: 1 to enable auto-triggering of ADC by certain events

ADC Start Conversion: 1 to start conversion

—v‘:ADC Enable: 1 to enable the ADC unit




ADC Programming

ADCSRA Register

| ADEN | ADSC |ADATE| ADIF | ADIE |ADPSZ|ADPS1 | ADPS0 |

! ADC Prescaler Select bits: next slide |
" ADC Interrupt Enable: 1 to enable ADC interrupt H
= ADC Interrupt Flag: set to 1 when conversion is completed H

ADC Auto Trigger Enable: 1 to enable auto-triggering of ADC by certain events

L

ADC Start Conversion: 1 to start conversion i

—v‘:ADC Enable: 1 to enable the ADC unit !

ADPS2 | ADPS1 | ADPSO0 | ADC Clock

0 0 0 Reserved
0 0 1 CK2

0 1 0 CK/4

0 1 1 CK/8

1 0 0 CKNM6

1 0 1 CK/32

1 1 0 CK/64

1 1 1 CK/128




ADC Programming

ADCSRA Register

| ADEN | ADSC |ADATE| ADIF | ADIE |ADPSZ|ADPS1 | ADPS0 |

' ADC Prescaler Select bits: next slide
" ADC Interrupt Enable: 1 to enable ADC interrupt
= ADC Interrupt Flag: set to 1 when conversion is completed

ADC Auto Trigger Enable: 1 to enable auto-triggering of ADC by certain events

L

ADC Start Conversion: 1 to start conversion

—v‘:ADC Enable: 1 to enable the ADC unit

ADPS2 | ADPS1 | ADPSO0 | ADC Clock

0 0 0 Reserved
0 0 1 CK2

0 1 0 CK/4

0 1 1 CK/8

1 0 0 CKNM6

1 0 1 CK/32

1 1 0 CK/64

1 1 1 CK/128

» Initialization,



ADC Programming

ADCSRA Register

| ADEN | ADSC |ADATE| ADIF | ADIE |ADPSZ|ADPS1 | ADPS0 |

! ADC Prescaler Select bits: next slide |
" ADC Interrupt Enable: 1 to enable ADC interrupt H
= ADC Interrupt Flag: set to 1 when conversion is completed H

ADC Auto Trigger Enable: 1 to enable auto-triggering of ADC by certain events

L

ADC Start Conversion: 1 to start conversion i

—v‘:ADC Enable: 1 to enable the ADC unit !

ADPS2 | ADPS1 | ADPSO0 | ADC Clock

0 0 0 Reserved
0 0 1 CK2

0 1 0 CK/4

0 1 1 CK/8

1 0 0 CKNM6

1 0 1 CK/32

1 1 0 CK/64

1 1 1 CK/128

» Initialization,
» Polling, ADCSRA = 0b10000001;



ADC Programming

ADCSRA Register

| ADEN | ADSC |ADATE| ADIF | ADIE |ADPSZ|ADPS1 | ADPS0 |

' ADC Prescaler Select bits: next slide
" ADC Interrupt Enable: 1 to enable ADC interrupt
= ADC Interrupt Flag: set to 1 when conversion is completed

ADC Auto Trigger Enable: 1 to enable auto-triggering of ADC by certain events

L

ADC Start Conversion: 1 to start conversion

—v‘:ADC Enable: 1 to enable the ADC unit

ADPS2 | ADPS1 | ADPSO0 | ADC Clock

0 0 0 Reserved
0 0 1 CK2

0 1 0 CK/4

0 1 1 CK/8

1 0 0 CKNM6

1 0 1 CK/32

1 1 0 CK/64

1 1 1 CK/128

» Initialization,
» Polling, ADCSRA = 0b10000001;
> Interrupt, ADCSRA = 0b10001001;



ADC Programming

ADCSRA Register

| ADEN | ADSC |ADATE| ADIF | ADIE |ADPSZ|ADPS1 | ADPS0 |

' ADC Prescaler Select bits: next slide
" ADC Interrupt Enable: 1 to enable ADC interrupt
= ADC Interrupt Flag: set to 1 when conversion is completed

ADC Auto Trigger Enable: 1 to enable auto-triggering of ADC by certain events

L

ADC Start Conversion: 1 to start conversion

—v‘:ADC Enable: 1 to enable the ADC unit
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ADC Programming

ADCSRA Register

| ADEN | ADSC |ADATE| ADIF | ADIE |ADPSZ|ADPS1 | ADPS0 |

tﬁm: Prescaler Select bits: next slide |
" ADC Interrupt Enable: 1 to enable ADC interrupt H
= ADC Interrupt Flag: set to 1 when conversion is completed H

{ADC Auto Trigger Enable: 1 to enable auto-triggering of ADC by certain events

ADC Start Conversion: 1 to start conversion

—v‘:ADC Enable: 1 to enable the ADC unit

ADPS2 | ADPS1 | ADPSO0 | ADC Clock
0 0

» Initialization,
e » Polling, ADCSRA = 0b10000001;

CK/4.

os > Interrupt, ADCSRA = 0b10001001;

CKNM6

oz » Conversion Start,

CK/64

» ADCSRA = ADCSRA | 0b01000000;
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ADC Programming

ADMUX Register
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ADC Programming

ADMUX Register
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ADC Programming

ADMUX Register

[rers1] rerso [apLar] muxs | muxs [ muxz | muxt | muxo |

\[-: MUX4-0: Select analogue channel and gain selection \
: eft Adjust Result: 1 left adjust the result stored in ADC
?Ii;sference Selection -bits: To select reference voltage "i

N ADCH ADCL
Table 13-4: V, Source Selection Table for AVR Loft-Justified
REFS1 REFS0 Vret ADLAR =1 [pg[os[o7[o6[os[p4]ps[p2] [p1]oo]  UNUSED
AREF pin Set externally
AVCC pin Same as VCC
Reserved e ADLAR =0 UNUSED ___[os]os] [o7]os]ps[o4[p3[p2] 1] oo
Internal 2.56 V. Fixed regardless of VCC value Right-Justified




Sample ADC Program

Polling

2
3 #include <avrl/io.h>

4

5 int main(void)

6{

7 ADCSRA = 0b10000001;

8 ADMUX = 08b11100000;

9

10 DDRA = DDRB = 0b11111111;

11

12 while(1)

13 {

14 ADCSRA = ADCSRA | ©b810008OO;
15 while((ADCSRA & 0b80010000) == 8){}
16 PORTA = ADCH;

17 PORTB = ADCL;

18 3

19

20 return 0;

21}



Sample ADC Program

Interrupt

2

3 finclude <avr/io.h>
4 #include <avr/interrupt.h>

5

6 ISR(ADC_vect)

7{

PORTA = ADCH;
PORTB = ADCL;
ADCSRA = ADCSRA | 0b01000000;

main(void)

ADCSRA = 0b10001001;
ADMUX = 0b11100000;

DDRA = DDRB = 8b11111111;
sei();
ADCSRA = ADCSRA | 8b91000000;

while(1)
{
3

return 8;
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