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Motivation

E A comma task for many senior
design projectss to interface an
analog signal with a digital syste 5700 il

E The digital system will typically b Q o ht
microcontroller :
A MSP430
A Arduino Mega

______

E There are several important
considerations that need to be mad s
when performing this type of interfa g sees

A Voltage levels
A Interface circuits
A Sampling rates




Interfacing with the ADC

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

"\ ADC b 000001, 101, ...

E The ADC has 3 important
characteristics

A Referenc¥oltagé The maximum
voltage that can be converted

A Resolution The minimum volta@e_
change that can be detected

A Sampling Ratelhe time interval 0
between consecutive samples
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Interfacing with the ADC

£ All voltages are measured w.r.t. some AR
reference point

Vin
AUsually the referencé"\/\poi->t i s
L

Acommono
A Sometimes the reference point can be anc @ 5/

voltage ,._,) REF
—_—d T
EOEarth groundo i s EathGpynd e c t

the physical earth

EoCommono 1 S S mplé
that Is common to the entire circuit

E Some power supplies use earth groung
as the reference and others use a o-
common terminal as the reference common””
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E Resolution and Dynamic Range
E Sampling Rate

E Some Common Applications



Resolution and Dynamic Ran




Resolution and Voltage Levels

E The reference VOItage IS the11 | --ocmoomeoee —
maximum voltage that the 110 ‘
ADC can convert

2 101
A The minimum voltage is S ,,,
typically O V (or GND) g
-‘D? 011
7 —— L] .010
E The resolution of the ADC 15 |
the smallest voltage chang%00 > -
that can be measured 0 Veer
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Resolution and Voltage Levels

TmY " edmrr ~rimt " |
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Given an analog voltage, we can compute the expected digital outf

]|
O is an Nbit digital word

“T»gll @ is the analog input voltage

T

Given the ADC digital output, we
can compute the expected analog
Input
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Resolution and Voltage Levels

E In order for your ADC to function properly, your analog input
signal must be within range of the ADC reference voltage
A Pay attention to circuits that requHmothrél power supplies
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GND Negative swing can >
damage the ADC input!



Resolution and Voltage Levels

E You may not always have the ability to control the D(
offset of your analog source

E You can shift the average value (or DC offset) of you
Input signal externally using anamp

R , Y (Y
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Resolution and Voltage Levels

E Maximum resolution will only be achieved with full
scale input Vier

£ For inputs with fixed amplitud&-"""\=xye T it Resolutio

A Increase gain before ADC

A Set the correwmt 0
VREF
MSP432P4 ATmega328
1.2V Av,. (5 V) _ _
3-bit Resolutior
1.45V 1.1V
25V Externally Set

ExternallySet
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Resolution and Voltage Levels

E For inputs with large dynamic

range 0 1 thendeereasayain
A Variable gain block will provide best
resolution T + thenmnaereasegain

8 gl T @ 8 Trall

E Gain is controlled by ADC output R,
- ' : Switch Controlled
E ,tbr\][e)%e(l)ilrj]tput Is now dependenton | R | ,— W (Ey “oniete

A The MCU must know the current value_ti‘/\,_
gain

R
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Resolution and Voltage Levels

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

E During power up or for invalid inputs the analog signal may exceed safe
operating voltages for the ADC

A You should limit (or clamp) the analog input signal
E Theoutputislimitedtgqy L=y 75
E =| IS required to limit the current flowing into the output of taenpgs
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Resolution and Voltage Levels




Sampling
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ADC Sampling Rate

E One of the most important characteristics of the ADC Is the
sampling rate

The sampling rate must be at least twice the highest frequency
Interest

E If the sampling rate is too low you willadji@sing

E Aliasing Is an effect that causes signals with different
frequencies to hecome indistinquishable

WA
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ADC Sampling Rate

E The Fourier series expansion . Sampling Frequency
for the Saw tooth wave: A i
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ADC Sampling Rate

E When choosing a sampling rate you must know
something about the frequency content of your signa

E An antialiasing filter should be used to limit the
bandwidth 5
" A
05/ /“w 7\
Vine ADCL o // // |
fo=142 | L/—Nm '
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ADC Sampling Rate

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

E Care must be taken when using low sampling rates
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ADC Sampling Rate

E So how do we control the sampling rate?

E Default 16 MHz Arduino ADC clock rfffe js.

E Normal conversion requires 13 clock cycles orH v
A Maximum sampling rateis-  olp p ©4

E Theactualsampling rate depends on your implementation

One Conversion _ Next Conversion
+
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ADC Sampling Rate

E The serial monitor is a very useful debugging tool for
Arduino and other MCUs

Sample Arduino Code

int analogPin = 3;

E It Is common to embed th¢int val =0;
ADC conversion function |yeig setup() {

Into the main |OOp } Serial.begin  (9600);

void loop() {

E Takes approximately 284y  va = analogRead(analongn )|
: Serial.print 526 Al O EO
to execute this loop Serialprintin  (val )

}

E Actual sampling rate 8521 Hz
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