
Analog to Digital Converters 
ADCs – AVR implementation 

 



Digital Representation 

• How do you represent a real number in a given 
number of bits 

▫ Quantization – mapping of codes to physical 
values 

• Choosing quantization levels 

▫ Assume you want to represent 0V-5V given a 10-
bit ADC 

▫ 0V = 0, 5V = 1023 

▫ LSB ~= 0.0488V 

▫ MSB ~= 2.5V 

 



Analog to Digital Converters 

• Devices which convert a physical quantity 
(usually voltage) to a digital number 

▫ Abbreviated ADC, A/D, A to D 

• Multiple kinds of architectures 

▫ Parallel/Serial stages 

▫ Single/Multiple conversion steps 

▫ One or multiple clock cycles 

• Each architecture has tradeoffs 

▫ Power/size/speed/accuracy 



AtMega169P ADC 

Port F 

DAC? 



AtMega169P ADC  

• From the datasheet 

 

 



Successive Approximation (Hardware) 

• SHA 

▫ Sample and 
Hold 

• DAC 

▫ Digital to 
Analog 
Converter 

From Analog Devices ADC Architectures II  document by Walt Kester 



Successive Approximation (Implementation) 

From Analog Devices ADC Architectures II  document by Walt Kester 

• Algorithm 

▫ Compare against half 
of range at each point 

▫ Continue narrowing 
until limited to LSB 

▫ Error upper bounded 
by 1 LSB (assuming 
value is just under 
next LSB, accurate 
comparator and 
DAC) 



Digital to Analog Converter 

• Devices which convert a digital number (usually 
voltage) to a physical quantity 

▫ Abbreviated DAC, D/A, D to A 

• Several Implementations 

▫ We will look at the Pulse Width Modulation 
(PWM) method 

 



PWM DAC Implementation 

• Recall the discussion of the LED brightness 
using PWM 

▫ Higher duty cycle = bright 

▫ Lower duty cycle = dim 

• Similar idea 

▫ Higher duty cycle = larger voltage 

▫ Lower duty cycle = smaller voltage 

▫ Apply PWM digital voltage across RC circuit to 
smooth waveform 



PWM DAC 

From:  http://www.avr-asm-tutorial.net/avr_en/AVR_ADC500.html 

PWM voltage is smoothed 

by RC circuit 

 

Strength of RC circuit 

determines accuracy of 

mean voltage and time to 

mean voltage 

 

Note that RC1 achieves 

mean voltage in about 3 

PWM cycles where RC3 

achieves it in 8 



Successive Approximation Timing 

• How many clock cycles would the AVR 10-bit 
hardware take to convert with Successive 
Approximation? 

▫ Assume that the DAC can achieve accurate results 
within 1 clock cycle 

 

• Binary Search Tree 

▫ Therefore, an N-bit conversion takes N-steps 

▫ 10 clock cycles for our example 



Successive Approximation Timing 

From Analog Devices ADC Architectures II  document by Walt Kester 



AVR Actual Timing 

The first conversion (after enabling 

ADC) takes 25 ADC clock cycles in 

order to initialize the analog 

circuitry 

All subsequent conversions take 

13 ADC clock cycles. Including 

sample and hold and conversion 

complete 



Using the AVR ADC - Polling 

From http://www.avrfreaks.net/forum/tut-c-newbies-guide-avr-adc 



Using the AVR ADC - Interrupt 

From http://www.avrfreaks.net/forum/tut-c-newbies-guide-avr-adc 



Datasheet Reading Example 

• Find what pins connect to the ADC 

• Find what control registers need to be modified 

• Learn about operation of ADC 

• Learn what ADC values mean 

 


