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MotivationMotivation

É A common task for many senior 
design projectsis to interface an 
analog signal with a digital system

É The digital system will typically be a 
microcontroller
Â MSP430

Â Arduino Mega

É There are several important 
considerations that need to be made 
when performing this type of interface
Â Voltage levels

Â Interface circuits

Â Sampling rates



Interfacing with the ADCInterfacing with the ADC

É The analog-to-digital converter takes an analog signal 
as an input and generates a digital number as the 
output

ÉThe ADC has 3 important 
characteristics
ÂReference Voltage ïThe maximum 

voltage that can be converted

ÂResolutionïThe minimum voltage 
change that can be detected

ÂSampling Rate ïThe time interval 
between consecutive samples
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ADC 000, 001, 101, ...



Interfacing with the ADCInterfacing with the ADC
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É All voltages are measured w.r.t. some 
reference point
ÂUsually the reference point is ñgroundò or 
ñcommonò

Â Sometimes the reference point can be another 
voltage

É òEarth groundó is a direct connection to 
the physical earth

É òCommonó is simply a reference point 
that is common to the entire circuit

É Some power supplies use earth ground 
as the reference and others use a 
common terminal as the reference
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OutlineOutline

ÉResolution and Dynamic Range

ÉSampling Rate

ÉSome Common Applications
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Resolution and Dynamic Range



Resolution and Voltage LevelsResolution and Voltage Levels

ÉThe reference voltage is the 
maximum voltage that the 
ADC can convert
ÂThe minimum voltage is 

typically 0 V (or GND)

ÉThe resolution of the ADC is 
the smallest voltage change 
that can be measured
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Resolution and Voltage LevelsResolution and Voltage Levels
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É Given an analog voltage, we can compute the expected digital output
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É Given the ADC digital output, we 
can compute the expected analog 
input

╥░▪
╥►▄█
╝ ╓╝

É If ╥░▪ ╥►▄█then ╓╝ is all ONEs

É If ╥░▪ then ╓╝ is all ZEROs
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Ὀ is an N-bit digital word
ὠ is the analog input voltage



Resolution and Voltage LevelsResolution and Voltage Levels

É In order for your ADC to function properly, your analog input 
signal must be within range of the ADC reference voltage
Â Pay attention to circuits that require dual-polarity power supplies
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Resolution and Voltage LevelsResolution and Voltage Levels

ÉYou may not always have the ability to control the DC 

offset of your analog source

ÉYou can shift the average value (or DC offset) of your 

input signal externally using an op-amp
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Resolution and Voltage LevelsResolution and Voltage Levels

ÉMaximum resolution will only be achieved with full-

scale input

ÉFor inputs with fixed amplitude

Â Increase gain before ADC

ÂSet the correct ὠ
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Resolution and Voltage LevelsResolution and Voltage Levels

É For inputs with large dynamic 
range
ÂVariable gain block will provide best 

resolution

É Gain is controlled by ADC output

É ADC output is now dependent on 
the gain
ÂThe MCU must know the current value of 

gain
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Resolution and Voltage LevelsResolution and Voltage Levels

É The analog supply voltage may be larger than the ADC supply voltage
Â This is okay if the analog signal is still within safe operating limits of the ADC

É During power up or for invalid inputs the analog signal may exceed safe 
operating voltages for the ADC
Â You should limit (or clamp) the analog input signal

É The output is limited to: ╥╛ ╥╞╤╣ ╥╗

É ╡is required to limit the current flowing into the output of the op-amps
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Resolution and Voltage LevelsResolution and Voltage Levels
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Sampling



ADC Sampling RateADC Sampling Rate

É One of the most important characteristics of the ADC is the 
sampling rate

The sampling rate must be at least twice the highest frequency of 
interest

É If the sampling rate is too low you will get aliasing

É Aliasing is an effect that causes signals with different 
frequencies to become indistinguishable
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ADC Sampling RateADC Sampling Rate

É The Fourier series expansion 
for the Saw tooth wave:
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ADC Sampling RateADC Sampling Rate

ÉWhen choosing a sampling rate you must know 

something about the frequency content of your signal

ÉAn anti-aliasing filter should be used to limit the 

bandwidth 
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ADC Sampling RateADC Sampling Rate

É Often you will need to sample signals very close to the 
Nyquistrate

É Care must be taken when using low sampling rates

╥░▪◄ ▼░▪Ⱬẗ ◄
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ADC Sampling RateADC Sampling Rate

É So how do we control the sampling rate?

É Default 16 MHz Arduino ADC clock rate is █═╓╒ ▓╗◑

É Normal conversion requires 13 clock cycles or Ⱨ▼

Â Maximum sampling rate is ωȟφρυὌᾀ

É The actualsampling rate depends on your implementation

20



ADC Sampling RateADC Sampling Rate

ÉThe serial monitor is a very useful debugging tool for 

Arduino and other MCUs

É It is common to embed the

ADC conversion function

into the main loop

ÉTakes approximately 284 Ⱨ▼
to execute this loop

ÉActual sampling rate is 3,521 Hz!
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Sample Arduino Code

int analogPin = 3;
int val = 0;

void setup() {
Serial.begin (9600);

}

void loop() {
val = analogRead( analogPin );
Serial.print ƽƧ6ÁÌÕÅ ÉÓƙ ƧƾƘ
Serial.println ( val );

}
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