" DACs and ADCs

Digital to Analog Converter (DAC)

Specification of DAC

1.

4.

Resolution
Resoluiion of DAC is change in analog voltage corresponding to LSEB bit
increment at the input.

Resolution = i
2" —1
where, V, = Reference voltage corresponding to logic 1
n = Number of bit

Analog Output Voltage
Resolution x Decimal equivalent of binary data.
Analog output voltage of an N-bit straight binary DAC

Vy =K [2“"‘ Dy + 2V by +22b, + 2'b, _-f._bo_]

K = Proportionality factor.

1: if the n'" bit of digital input is "1

Q. if the nth bit of digital input is ‘0"

Full scale output (Vg) voliage is maximum output of DAC
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Vg = Resolution * Maximum decimal

= L # (2" 1)
20 -1
Vis = v,
% Resolution
Resolution
% Resolution = ——————x 100
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% Resolution = % 100

Error/Accuracy

Maximum error acceptable in ADC/DAC is 1 LSB bit which is equal 1o

resoiution.

Remember:

weighted-Resistor DAC

Vo= —lix Re

+—og IL5B

Digitally controlled
electronic switches

QOutput voltage:
Be
N1 R

Proportionality factor:

Vo =

(ON W+ 2NV o + 2V, *20\{’) '

input current to OP-AMP:

_ Yref. -

Maximum ocutput current:

Hesistance:

* Theresistance values are weighted in accordance with the binary weight.
*  Here”OP-AMP"is employed as a“summing amplifier”,
*  OP-AMPis used in negative feedback mode towork as a“current to voltage
converter”.
*  For N-bit DAC
(i} Number of different levels = 2N
(it Number of steps = 2N _1



R-2R Ladder DAC by Using Non-inverting OP-AMP

Cutput voltage:
Re For 3-bit DAC
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For N-bit DAC
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3-bit (b, b, b,) R-2R ladder DAC
Gain of OP-AMP
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where V . = Reference voltage or Input voltage
Vo = Cutput voltage
Output analog voltage:
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Output voltage:
For 4-bit DAC

Y '="'Y2r_534f_- [bo + 201 +4b, +8b5]

For N-bit DAC

Forward current :

*  ON-OFF Switches (5., 5., S,, $,) are at the same potential.

*  Wealways consider the bit as M5B, where the input reference voltage or

supply to be given.

®* Thebitstream (b, b, b, by), has MSB= byand LSB=b,.

Types of ADCs are
{a) Countertype

{b) Successive approximation resistor type (SAR)

{c) Flash type
{d) Dual slope type

@ Counter type ADC

Analog Input
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Analog to Digital Converter

Specifications of ADC

1. Voltage Range
Voltage range

2. Resolution

Resolution

% Resolution

3. Dynamic range
Dynamic range
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max  °min

Y_r'ange

2" —1

—1 %100
201

(1.8 + 6n)dB
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Number of clock pulse required for n-bit conversion = 27 - 1
Maximum conversion time = (2N -1} T ..

Counter type ADC also known as ‘ramp type’ ADC.

In this ADC, conversion time depends on input analog voitage.

{b) SAR type ADC

Analog Input
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Comparator MSE LSB
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Number of ciock pulse required for n-bit conversion = n.
Maximum conversion time = n* T _, .
In SAR ADC, conversion time is independent of input analog voltage.



(d) Dual slope integrating type ADC
(¢} Flash type ADC
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Total number of clock pulse required = 2" + N~ 2n+ 1.
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Digital * Itis most accurate ADC therefore mostly used in digital voltmeter.

B Qutpus * itis slowest ADC.
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Resolution = 1V

4V, Resolution = 1V

e Forn bit conversion flash type ADC requires
(i) 2"-1comparalors
(i) 2" resistors
(i) One 2" x n priority encoder
e ltis the fastest ADC among alil.
e |tis also known as parallel comparaltor type ADC.



