Data conversion:
ADC /DAC



Digital-to-Analog Converter (DAC)
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Analog-to-Digital Conversion

Analog-to-digital conversion (ADC) and digital-to-
analog conversion (DAC) are the processes that
allow digital computers to interact with everyday
signals: voltage, current, distance, velocity,
temperature, altitude, force, acceleration, pressure
etc.

Digital information 1s different from its analog
counterpart 1in two respects:

- 1t 1s sampled
- 1t 1S guantized
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ADC Pr|nC|pIes S/H and Quantization
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Quantization Error
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A 1-bit ADC

andlmg signal Vdd

Vln r\_/

Vref

Vout=Vdd is Vin > Vret/2

Vout=0 if Vin < Vref/2

% Vref/2

1 / digital signal

comparator
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- Analog signal range: 0 -5 v
-Vref=25v
-Vdd=5v

Vin:0-25v -->Vout: 0 v (FALSE)
Vin: 2.5 -5v -->Vout: 5 v (TRUE)

Resolution: 2

Example:
Vin=3.8 v
- What is the output of 1-bit ADC?

- What is the quantization error?

1-bit ADC



Analog-to-Digital Conversion
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Sampling Theory
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Nyquist theorem:
Analog signal that has been digitized can be perfectly reconstructed

if the sampling rate was 1/(2W) seconds,
where W is the highest frequency in the original signal.
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Sampling Theory
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1. Run adc.py

2. Evaluate the ADC with different parameters
and discuss



Using Analog Filters
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Basic A/D Architecture

Conversion

Input Signal E = :
- I=
" sample and Hold
ADC Types:
* Ramp ADC
* Flash ADC

* Succesive-approximation ADC
* Sigma-delta ADC
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Address bus

Ramp ADC =
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n-bit ADC requires 2”n cycles to perform a conversion in worst case.



Flash ADC

* Requires 4095 parallel
comparators for 12-bit.
s ———— « \/ery fast, conversion is
done in one step.
* Complexity doubles with

each added bit of
resolution.
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Succesive-approximation ADC

Qutput from
Sample/Hold

* Uses an internal n-bit DAC

T

DAC |—

Conversion
Logic

Digital Samples

* Conversion logic is a simple n-bit counter

* n-bit ADC requires n cycles to perform a conversion

in worst case.
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Delta-sigma ADC

Qutput from Integrator
Sample/Hold + z _ Digital Samples
N Digital Filter
1-Bit
DAC

Requires 1-bit DAC: less susceptible to noise

Requires high sampling rate, suitable for audio applications

It has digital filter, so no need for expensive low-pass filters at input
Resolution can be very high.

Izmir Institute of Technoloav Embedded Svystems Lab



DBO (LsB)
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