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Sample and Hold, A/D
and D/A Circuits

LEARNING OBJECTIVES

« Sample and hold circuit

Digital to analog converter

Weighted resistor DAC

R — 2R ladder DAC

Analog to digital converters

Parallel comparator (Flash) A/D converter

After reading this chapter, you will be able to understand:

» The counter type A/D converter
Servo tracking A/D converter
 Successive approximation converter
Charge balancing ADC

Dual scope A/D converter

SAMPLE AND HoLD CircuIT

The sample and hold circuit as its name implies, samples an input
signal and holds on to its last sampled value until the input is sam-
ple again.
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The analog signal V, to be sampled is applied to the drain,
and sample and hold control voltage (V) is applied to the gate of
E-MOSFET.

During positive portion of V,, the MOSFET conducts and acts as
a closed switch. This allows the input voltage to charge Capacitor
C, i.e., input voltage appears across C and in turn at the output.

When V_is zero, the E-MOSFET is off (non-conductive) and
acts as an open switch, the only discharge path for C is through
OP amp. However the input resistance of OP Amp is very high, So
voltage across C is retained.
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Figure 1 Input and output waveforms
To obtain close approximation of the input wave form, the fre-
quency of the sample and hold control voltage must be signifi-
cantly higher than that of the input. The sample and hold circuit is
commonly used in digital interfacing and communications.

DiGiTAL To ANALOG CONVERTER

The input is an n bit Binary word D and is combined with a refer-
ence voltage V, to give an analog output signal.
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For a voltage output (DAC) the D/A converter is mathemati-
cally described as
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V=KV (d2"'+d 2%+ +d 27")
V, — output voltage, V,, — Full scale output voltage and
K — Scaling factor,
Binary word D=d d, ... d,
Weighted Resistor DAC

It uses a summing amplifier with a binary weighted resistor

network R,
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The OP Amp can be connected either in inverting or non
inverting mode,

The OP Amp is simply working as a current to voltage
converter.
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This DAC uses wide range of resistances 2R—2"R, so it is
not suitable for integrated circuits

R-2R Ladder DAC

This circuit utilizes twice the number of resistors as in
binary weighted DAC, for the same number of bits (V) but
of values R and 2R only.

The ladder used in this circuit is a current splitting
device, at any of the ladder nodes the resistance is 2R look-
ing, to the left or the right or towards the switch.
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Example 1: The basic step of a 8-bit DAC is 12 mV. If
00000000 represents 0V. What is the output for input
101101017

Solution: Outputis=12mV (I x27+ 1 x2°+ 1 x2%+ 1 x
224 1x2%=2.172V

Example 2: The values of LSB, MSB, and full scale output
for an 8-bit DAC for 0 to 10 V range are?

Solution: LSB= LS = % of full scale voltage

LSB= 10 =39.mV
256

MSB = (%] full scale voltage =5V

Full scale output = Full scale reading = (full scale
voltage — 1 LSB)
=10V-0.039V=9961V

1. Resolution =g= FSR

2" 2" -1

2 MsB=—T

ANALOG TO DiGITAL CONVERTERS

The block schematic of ADC is shown in the figure, it pro-
vides the function just opposite to that of a DAC. It accepts
an analog input voltage ¥ and produces an output binary
word d, d, ... d . of functional value D
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Figure 2 Basic circuit of a flash type A/D converter.

Table 1 Comparator and its truth table

Voltage Input

Logic Output

V.>V, X=1
V.<V, X=0
V.=V, Previous value

This is the simplest possible A/D, converter, at the same
time, the fastest and most expensive technique. At each
node of the resistor divider, a comparison voltage is avail-
able, the purpose of this circuit is to compare the analog,
input voltage ¥ with each of the node voltages. In gen-
eral the number of comparators required is 2" — 1 for n-bit
ADC. Hence number of comparators doubles for each
added bit.

The Counter Type A/D Converter

The clear pulse resets the counter to zero count, the counter
then records in binary form the number of pulses form the
clock line.

The principle is to adjust the DAC’s input code until

the DAC’s output comes within J_r%LSB to the analog

input ¥V which is to converted to binary digital from
the counter frequency must be low enough to give suf-
ficient time for DAC to settle and for the comparator
to respond, low speed is the major draw back in this
method.
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Figure 3 Counter type A/D converter
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Figure 4 D/A output staircase waveform

The conversion time can be as long as (2" — 1) clock
periods depending upon the magnitude of the input V. For
example, 12-bit system with 1MHz clock frequency, the
counter will take (2! — 1) us = 4.095 ms to convert a full
scale input.

If the input signal is a sampled signal, the minimum
interval between samples must be nT seconds for 7'— clock
period, and maximum value of input voltage is represented
by n-pulses.

Servo Tracking A/D Converter

An improved version of counting ADC is the tracking or a
servo converter shown in the figure.

The circuit consists of an up/down counter with the com-
parator controlling the direction of the count
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The analog output of the DAC is ¥, and is compared with
the analog input V.

If input V > V', the output of the comparator goes high
and the counter is caused to count up.
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The DAC output increase with each incoming clock pulse
and when it becomes more than V, the counter reverses the
direction and counts down.

The process goes on being repeated and digital output
changes back and forth, by £1 LSB around the correct
value. The disadvantage is, however, the time needed to sta-
bilize as a new conversion value is directly proportional to
the rate at which the analog signal changes.
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Figure 5 Wave forms associated with tracking ADC.

Successive Approximation Converter

The successive approximation technique uses a very effi-
cient code search strategy to complete n-bit conversion in
just n clock periods.

This circuit uses a successive approximation register
(SAR) to find the required value of each bit by trial and
error
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Functional diagram of successive approximation ADC
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Figure 6 The D/A output voltage and analog input voltage

It can be seen that the D/A output voltage becomes succes-
sively closer to the actual analog input voltage. In general
the successive approximation ADC technique is more ver-
satile and superior to all other circuits
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For all the ADCs which use DAC as one of their com-
ponents, the major drawback is, the resolution of ADC will
depend upon resolution of DAC.

Charge Balancing ADC

The principle of charge balancing ADC is to first convert
the input signal to a frequency using a voltage to frequency
(V/F) converter. This frequency is then measured by a
counter and converted to an output code proportional to the
analog input.
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This is widely used system with V >0, V. < 0, Initially
counter cleared and at t = ¢, S, connects V/ and sampled for
n, = 2" clock pulses. At the time ,(at the end of the integra-
tion of v ), all flip flops in the counter read 0.

Now the reference Voltage V, is automatically connected
to the input reference voltage V), is automatically connected
to the input of the integrator, at # = ¢,, we have assumed that
[Vi|>V,, so that the integration time 7, is less than T, as
indicated. As long as J is negative the output of the com-
parator is positive and the AND gate allows clock pulses to
be counted. When V falls to zero, at ¢ = ¢,, the AND gate is
inhibited and no further clock pulses enter the counter.

LA

a 2" N
2

V is proportional to counter reading 7,.
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This technique can be very accurate; six digit digital Resolution: the resolution of a converter is the smallest
voltmeters employ such signal processing, the dual scope change in voltage which may be produced at the output or
system is inherently noise—immune because of input signal input of converter.
integration. %
Conversion time = 2¥* 1. Clk cycles Resolution = 3 5 =1LSB LSB increment

EXERCISES

Practice Problems | 3. A 10-bit A/D converter is used to digitize an analog
signal in the range 0 to 10 V. The maximum peak to

Directions for questions 1 to 10: Select the correct alterna- i ’
peak ripple voltage that can be allowed in the dc supply

tive from the given choices.

A 4-bi ohted Ch R voltage is_____
L - it weighted DAC has I./R =2 Vand R 2. For (A) nearly 100 mV (B) nearly 10 mV
an mput of 1000 the output will be (C) near]y 25 mV (D) near]y SmV
4. For a dual ADC type 3% DVM, reference voltage is
200 mV and first integration time is 400 mS. For same
Ve input voltage de-integration is 470.2 mS. The DVM
will indicate
(A) 200 mV (B) 235.1 mV
(C) 199.9 mV (D) 1.818 mV

5. In the case of a dual slope integrating type A/D con-
verter if the output of 10-bit counter is clocked at 1

(A) =2V (B) -4V MHz, maximum frequency of analog signal that can be
(C) -8V (D) 8V converted using A/D converter is
) ) ) (A) 3kHz (B) 2kHz
2. A 4-bit D/A converter is connected to free running (C) 20 kHz (D) 1kHz

3-bit up-counter as shown. What will be the wave form

obtained at v,? 6. An 8-bit digital ramp ADC with a 50-mV resolution

uses a clock frequency of 2.5 MHz and a comparator

1 kQ
1D with V=1 mV. The digital output for /, =6V is
Q—|D, Y (A) 01111000 (B) 10010110
o 5 0 (C) 01011110 (D) 01011111
Clk O; D; 1KQ 7. A sample and hold circuit having a holding capacitor
3-bit counter  D/A converter qf O.l. nF is used at the inpgt o.f aADC. The f:onversion
= time is 1 us and during this time the capacitor should
not lose more than 0.1% of charge put across it during
(A) sampling time. The maximum value of the input signal
to the S/H circuit is 5 V. The leakage current of S/H
circuit is less than
(A) 2.5mA (B) 0.25 mA
(©) 5uA (D) 0.5uA
B) 8. Inthe D/A converter, V/, =10V, R = 10 k€. Voltage V is
J‘|_|J_,—|J—|_,—'_IJIrr ” . " &
Vg AV
2R 2R 2R
: J_'JJI\J—'I,I\ -
+ Yo
(D)
(A) -0.781V (B) —1.562V
(C) -3.125V (D) —6.250V
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Common Data for Questions 9 and 10: In the circuit 9. The stable state of LED displays is
comparator output is logic ‘1°, if , >V, and is logic ‘0’ (A) 06 (B) 07
otherwise. The D/A conversion is done as per the relation. ©) 10 (D) 13
3 o
Voac = Zn:02 'b, V where b, (MSB), b,, b, and b, are ¢, The magnitude of error between ¥, . and V, at steady
counter outputs. The counter starts from clear state. state in V.
. (A) 02V (B) 0.7V
4-bit D/A
converter (©) 05V (D) 0.1V
| L= Binary 2 Digit
| i to > LED
BCD display
4-bit
upcounter | o,
Clock +J v
Practice Problems 2 5. An 8-bit DAC has a full scale output voltage of 15 V.
Directions for questions 1 to 10: Select the correct alterna- The output voltage when the input is 101110101is__.
tive from the given choices. (A) 10.89mV (B) 2ZmV
1. The minimum number of comparators required to build © 12V (D) 1089V
n-bit flash ADC is 6. A 12-bit ADC is employed to convert an analog voltage
(A) 2! (B) 2n 0 to 12V, the resolution of the ADC is
(Cc) 2n (D) 2"-1 (A) 244 mV (B) 83.3 mV
2. If the resolution of D/A converter is approximately 5% (©) 2.92mV (D)1.0 mV
of its ful.l scale range then it is an . 7. In A 4-bit weighted—resistor D/A converter the resistor
(A) 8-bit converter (B) 10-bit converter value corresponding to LSB is 4 kQ, then the resistor
(C) 12-bit converter (D) 16-bit converter value corresponding to the MSB will be?
3. The circuit shown is a 4-bit DAC. The inputs 0 corre- (A) 32kQ (B) 16 kQ
spond to 0 V and 1 to 5 V. The OP-AMP is ideal but all (C) 1/4kQ (D) 12 kQ
the resistances and 5 V input has a tolerance of £10%. ) ) ) )
The specification of tolerance for the ADC is 8. 6-bit DAC is having outqu voltage of 4.2 V for input
101010. The full scale reading of the DAC is?
i . (A) 6.4V (B) 63V
2R C) 72V (D) 8V
4R 9. Resolution of 4-bit ADC is 0.2V, for the input 0of 2.55V
o n Vot the output stable state will be?
(A) 1101 (B) 1011
A (C) 1100 (D) 1110
10. The correct order for most accurate, fastest, simplest
L design of ADCs respectively,
(A) Dual scope ADC, Flash type ADC, SAR type
(A) £35% (B) +20% ADC
- 7o - 270 type , Dual scope , Flash type
(C) £10% (D) £5% B) SAR type ADC, Dual scope ADC, Flash typ

4. A digital to analog converter with a full scale output
voltage of 3.5 V has a resolution close to 20 mV. Its bit
size is
(A) 4 (B) 8
(©C) 16 (D) 32

ADC

(C) Flash type ADC, SAR type ADC, Counter type
ADC

(D) Dual scope ADC, Flash type ADC, Counter type
ADC
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PRrEviOus YEARS’ QUESTIONS

1. A 3-bit gray counter is used to control the output of 3. A temperature in the range of —40° C to 55° C is to

the multiplexer as shown in the figure. The initial state be measured with a resolution of 0.1° C. the mini-
of the counter is 000,. The output is pulled high. The mum number of ADC bits required to get a matching
output of the circuit follows the sequence [2014] dynamic range of the temperature sensor is [2016]
(A) 8 (B) 10
Az ©) 12 (D) 14
3-bitgray | Ay A 4. A 2-bit flash Analog to Digital Converter (ADC) is
counter |, given below. The input is 0 7V, ” 3 Volts.
E So_ | A The expression for the LSB of the output B, as a
; 0 Boolean function of X, X, and X is [2016]
/:) 1 4xt 3“'
/ 2 MUX Output
2 10082
l3 3 ¥ Xa
Ck >
20002 I B4
(A) 1,1, 1,1,0,1,1,1, (B)I,1,1,1,1,1,1,1 :% | o
© LI, L1,0,1,L,1 (D) 1,1,1,1,1,1,L,]I, 3000 >
2. An 8-bit, unipolar Successive Approximation Register 1000 L X
type ADC is used to convert 3.5 V to digital equivalent >
output. The reference voltage is + 5 V. The output of =
the ADC, at the end of 3™ clock pulse after the start of Y
conversion, is [2015] A X (Y ox B 7 @
(A) 1010 0000 (B) 1000 0000 ORAEAZA ® X [XZ ®X11
C) 0000 0001 D) 0000 0011 _
© ® © X, [Xox] (D) X, [x,0x]

ANSWER KEYs

EXERCISES
Practice Problems |
1. B 2. B 3. B 4. B 5.D 6. A 7. D 8. C 9. D 10. B

Practice Problems 2
1. D 2. A 3. A 4. B 5.D 6. C 7. D 8. B 9. A 10. D

Previous Years’ Questions
1. A 2. A 3. B 4. A
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