Data Converters

All the real world quantities are analog in nature. We can represent these
quantities electrically as analog signals. An analog signal is a time varying signal
that has any number of values (variations) for a given time slot.

In contrast to this, a digital signal varies suddenly from one level to another
level and will have only finite number of values (variations) for a given time slot.

qrEdides H quantities analog in nature % BId gl Sol quantities Ea)
electrically analog signals Q}Irepresent HLd %I Ush TATAT [&ITel time
varying signal 8T & oa# fheT fGT 31T time slot & foIT number of values
gld gl

sﬂ?}T faudia, v ffoee Reaa suddenly one level to another level H
suddenly vary sh{drl g 3R smﬁr T Affad @#g Tare & T values
finite 8T %I

Types of Data Converters

The electronic circuits, which can be operated with analog signals are called as
analog circuits. Similarly, the electronic circuits, which can be operated with

digital signals are called as digital circuits. (ﬁa—zjﬁas iche, TSA TaATATeT
Bester @ Tarferd fhar ST @hdT &, Tt Afche Shgelldl &l 34T diE,
SerreTers aithe, ot RfSteer Riveier & TafeleT Rham ST Tehel &,
f3foicer wfehe sgerd §1)

A data converter is an electronic circuit that converts data of one form to another.

(3o FAER T SO WihT ¥ o T W & 3eT Y g@y Wit o
gRafdd & g1)
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There are two types of data converters -

1- Analog to Digital Converter
2- Digital to Analog Converter

Digital to Analog Converter:- A Digital to Analog Converter (DAC) converts a
digital input signal into an analog output signal. The digital signal is represented
with a binary code, which is a combination of bits 0 and 1. ( Digital to Analog

Converter (DAC) T8fSicel o1 f@astel &1 TaATTeT 3M3eqe [@aetel &
gRafdd &ar g1 Bfoea e #t e dI8eY HIg H  represented
fhar T %’,EIT ﬁ?\ﬂ 0 3iR 1T combination %’)

The block diagram of DAC is shown in the following figure -

Digital
Digital 4 to Analog
e q >
Converter

A Digital to Analog Converter (DAC) consists of a number of binary inputs and a
single output. In general, the number of binary inputs of a DAC will be a power of

two. (Digital to Analog Converter (DAC) & Eh_é' CIEL Soldc IR T T
3M3eYe gl &1 WHEY dR W, DAC & SgeR’l $AYE &I HEAT power of
twoH gldr & )
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Applications:

e Modems need DAC to convert data to analog form so that it can be carried over
telephone wires.

e Video adapters also need DACs known as RAMDACs to convert digital form of
data to analog form.

e Digital Motor Control

* Printers

e Sound Equipments

e Function Generators or Oscilloscopes

e Digital Audio

Types of DACs:-

There are two types of DACs

1- Weighted Resistor DAC
2- R-2R Ladder DAC

Weighted Resistor DAC-
A weighted resistor DAC produces an analog output, which is almost equal

to the digital (binary) input by using binary weighted resistors in the
inverting adder circuit. In short, a binary weighted resistor DAC is called as

weighted resistor DAC. ( weighted resistor DAC TATATIT 3-TI3_c,"l:-|;c,"
produces h{drl ?, ST inverting adder circuit P=) binary weighted resistors
T 39T Flah digital (binary) input & SIETS3T ST BT &1 &9
H, binary weighted resistor DAC Ea) weighted resistor DAC #T &gl SATT

gl)
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Advantages:

e It is Simple in Construction.

e |t provides fast conversion.

Disadvantages:

e This type requires large range of resistors with necessary high precision for low
resistors.

e Requires low switch resistances in transistors.

e Can be expensive. Hence resolution is limited to 8-bit size.
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R-2R Ladder DAC:-

The R-2R Ladder DAC overcomes the disadvantages of a binary weighted
resistor DAC. R-2R Ladder DAC produces an analog output, which uses a R-2R

ladder network in the inverting adder circuit.( R-2R oisT DAC, a binary weighted

resistor DAC sJshdTeT I WcH AT &1 R-2R oIST DAC Ueh TSATAlTaT 3A13cYc
hl 3cUTcel hldl %‘,EIT R-2R Ladder & inverting adder circuit bl 39T
AT § |
Rf
 AAA

e
L oL 1

The advantages of a R-2R Ladder DAC are as follows -

e R-2R Ladder DAC contains only two values of resistor: R and 2R. So, it is
easy to select and design more accurate resistors.( R-2R st DAC H

gfaIeeh & had & AT 8d &: R 3R 2R | sFfaT, 310+ T+
iR T TI e 3R BAsT & 3maa 1)
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e It does not need as precision resistors as Binary weighted DACs.( sa#
Binary weighted DACs &I d¥g Hcldh (precision) resistors T 3TaThdl

oTe &1)
- Itis cheap and easy to manufacture.

¢ |f more number of bits are present in the digital input, then we have to
include required number of R-2R sections additionally.( gfe Bfoed

gAYC $r 37fe T&AT gidr §, ' R-2R sections Fl §GId & )

Due to the above advantages, R-2R Ladder DAC is preferable over binary
weighted resistor DAC. (m'q'?f AT & HRUT, R-2R Ladder DAC , weighted

resistor DAC ¥ S8R &)

Disadvantages:

¢ It has slower conversion rate.

Analog to Digital Converter

An Analog to Digital Converter (ADC) converts an analog signal into a digital signal.
The digital signal is represented with a binary code, which is a combination of bits

0 and 1. (Analog to Digital Converter (ADC) converts Ueh analog signal @I digital
signal # gRafdd #ar g1 Bfoee ester & v S5 #is & @y
geffar arar g, S foew 031k 191 TIee §l)

Analog
Analog to Digital
E— < »
Input Digital Output
Converter

Page 6 of 10



An Analog to Digital Converter (ADC) consists of a single analog input and many
binary outputs. In general, the number of binary outputs of ADC will be a power

of two.( AT ¥ B3foice FAaey (ADC) H Tehdl analog input 3R &5
binary outputs 8/d &1 ADC & SIS’ 3r3cqc $I HEIT 2% Gia] H gIdr
g 1)

Applications:

1. Digital Voltmeter: measures voltage in analog and convert to digital form using
ADC for digital representation form.

2. Mobile phone: Analog voice is converted to digital form for further
processing(speech compression,encoding etc.) before it is converted back to
analog form for transmission.

3. Scanner: When we take photo, the scanner uses ADC internally to convert
analog information provided by picture into digital information.

4. Voice Recorder: It uses ADC to convert analog voice information to the digital
information. Latest VOIP solutions utilize the same concept.

Types of ADCs -

e Counter type ADC
e Successive Approximation ADC
e Flash type ADC

Counter type ADC

A counter type ADC produces a digital output, which is approximately equal to
the analog input by using counter operation internally. The counter type ADC
is constructed using a binary counter, DAC and a comparator.

(counter type ADC Ta f3faicd AT3CYC I 3cUTceT hIdl %}, S 3TaRe §9

¥ counter operation T 3TN TP analog input 3 ST TeT &
counter type ADC & T8I #13eY, DAC 3R U JAfAT &1 3uTIT Fleh
ATIT AT & )
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Advantages:

1 Simple construction.

2 Easy to design and less expensive.

3 Speed can be adjusted by adjusting the clock frequency.
4 Faster than dual slope type ADC.

Flash Type ADC

A flash type ADC produces an equivalent digital output for a corresponding
analog input in no time. Hence, flash type ADC is the fastest ADC. Flash Type ADC
is based on the principle of comparing analog input voltage with a set of

reference voltages.( flash type ADC SW JAT &Y analog input be) equivalent
digital output 3cTesT AT §. 3T, , flash type ADC TEH AT ADC g. Flash

Type ADC analog input voltage HI reference voItages? set I comparingai

feeia o 3meaRa g1)
To convert the analog input voltage into a digital signal of n-bit output, 2*n -1

comparators are required.( analog input voltage P n-bit output & digital signal

gRafda & & AT, (24n - 1) comparators T 3TIISHAT glaT gl)
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Advantages:
1)It is the fastest type of ADC. Typical conversion time is 100ns or less.
2)The construction is simple and easier to design.

Disadvantages:

1)It is not suitable for higher number of bits.

2)To convert the analog input voltage into a digital signal of n-bit output, (2n — 1)
comparators are required. The number of comparators required doubles for each
added bit.

Successive Approximation ADC

A successive approximation type ADC produces a digital output, which is
approximately equal to the analog input by using successive approximation
technique internally.
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Advantages:
1 Conversion time is very small.

2 Conversion time is constant and independent of the amplitude of the
analog input signal VA.

Disadvantages:

1 Circuit is complex.
2 The conversion time is more compared to flash type ADC.
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