Lecture-3

A/D and D/A converters



Digital-to-Analog Conversion
[DAC]



Digital-to-Analog Conversion

* When data is in binary form, the O'sand 1's
may be of several forms such as the TTL form
where the logic zero may be a value up to 0.8
volts and the 1 may be a voltage from 2to 5
volts.

 The data can be converted to clean digital
form using gates which are designed to be on
or off depending on the value of the incoming
signal.



Digital-to-Analog Conversion

* Data in clean binary digital form can be
converted to an analog form by using a
summing amplifier.

* For example, a simple 4-bit D/A converter can
be made with a four-input summing amplifier.



Weighted Sum DAC

* One way to achieve D/A conversion is to use a
summing amplifier.

* This approach is not satisfactory for a large
number of bits because it requires too much
precision in the summing resistors.

* This problem is overcome in the R-2R network
DAC.



Weighted Sum DAC
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R-2R Ladder DAC
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R-2R Ladder DAC
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Having just B and ZE places much less
stringent requirements on the required
precision of the resistors than the
scaled resistor approach to DAC.

These weighting factors can be
obtained by a Thevenin analysis
of each input point.




R-2R Ladder DAC

 The summing amplifier with the R-2R ladder of
resistances shown produces the output where the
D's take the value O or 1.

* The digital inputs could be TTL voltages which close
the switches on a logical 1 and leave it grounded
for a logical O.

 This is illustrated for 4 bits, but can be extended to

any number with just the resistance values R and
2R.



Analog to Digital Conversion
[ADC]



ADC Basic Principle

* The basic principle of operation is to use the
comparator principle to determine whether or
not to turn on a particular bit of the binary
number output.

* |tis typical for an ADC to use a digital-to-

analog converter (DAC) to determine one of
the inputs to the comparator.



ADC Various Approaches

3 Basic Types

Digital-Ramp ADC
Successive Approximation ADC
Flash ADC



Digital-Ramp ADC

* Conversion from analog to digital form
inherently involves comparator action where
the value of the analog voltage at some point
in time is compared with some standard.

A common way to do that is to apply the
analog voltage to one terminal of a

comparator and trigger a binary counter
which drives a DAC.



Digital-Ramp ADC

Both comparatar
output and start Input clock
line normally high pulses

v + Comparator Jutn
g
- Start pulze resets the Start
counter and blocks line

clock during reset. At | AND
end of start pulse, the
counter starts,

7 | e Comparator ‘F Reset

output i
’ ~*Counter]
: Digital I Clock
B R oYy + A—tnl— . 3
: 5 . nalog |4
Dac | i vWhen the digital ramp Cony. 4=
tout! tooutput of the DAC st ATt
aHtput: { reaches the signal Tnu:?::
voltage Ws, the Counter increases woltage Digitél
time tocomparator goes Tow, aut of DAC until 1t reaches Systems

Starj_ii t, stopping the count. the input sample voltage Ys
5 :

’ & T




Digital-Ramp ADC

* The output of the DAC is applied to the other
terminal of the comparator.

* Since the output of the DAC is increasing
with the counter, it will trigger the
comparator at some point when its voltage
exceeds the analog input.

* The transition of the comparator stops the
binary counter, which at that point holds the

digital value corresponding to the analog
voltage.



Successive approximation ADC
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Successive approximation ADC
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