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1 [Explain the circuit of a full wave precision rectifier using half wave rectifiers| 10 co3 L2
and summing circuit. Demonstrate the input and output waveforms.

2 [Explain the working of R-2R ladder DAC. 10 CcOo2 L2
In 8 bit DAC has an output voltage of 0-2.55 V. Define its resolution in two
different ways.

3 |What is the major limitation of conventional rectifier? Explain the working of| 10 co3 L3
precision positive and negative half wave rectifier using noninverting type.

4 |Explain the operating principle of PLL. Define lock range and capture range, 10 Co5 L2
pullin time.

5 |Design a nonsaturating half wave rectifier to produce a 2 V peak output] 10 co3 L3
from a 1 MHz sine wave input with a 0.5 peak value.Use a bipolar op-amp|
with a supply voltage of +/- 15 V.(l; =500 p A)
If the R-2R DAC is expressed into a 5 bit. Calculate the analog output voltage
when the input is (i)00001 (ii) 10000 (iii)11111

6 |Discuss the operation of successive approximation ADC with circuit diagram. 10 C0o2 L3’
Explain the working of PLL with block diagram. Explain the function of each 10 Cco6 L2
block in detail.Design a square waveform generator of frequency 100 Hz and
duty cycle of 75%.




Q.1

Half-Wave Rectifier and Summing Circuit

The left side of the circuit in Fig. 9-4 is a precision half-wave rectifier as in
Fig. 9-2, but with the diodes reversed. The right side is an inverting summing
amplifier circuit (explained in Section 3-6). The input voltage is applied to
terminal a of the summing amplifier and to the input of the precision rectifier.
Note that resistor R; in the precision half-wave rectifier circuit has twice the
resistance of Ry, so the rectified voltage applied to terminal b of the summing
amplifier is —2v;, as illustrated.

<~——Precision rectifier

Rz = 2R1

R,
AW
= R3

During the positive half-cycle of the input, the voltage at terminal g s 4,
while that at terminal b is —2v;. The output from the summing circuit with
Rs=R4is

Uo =

_ Re

During the negative half-cycle of the input, v, = —v; and vp = 0. Consequently,
the outputis

Vo= "6 (o, +0)

= Re

It is seen that the output is a full-wave rectified version of the input voltage
If resistor Rg equals R4 and Rs, the circuit has an overall voltage gain of 1
When Rg is greater than R4 and Rs, amplification and rectification both 0cctr
A precision full-wave rectifier circuit is also known as an absolute value circuit

This means the circuit output is the absolute value of the input peak voltage
regardless of the input polarity. '



Q.2
R-2R DAC . _
Figure 15-6(a) shows a 3-bit DAC circuit that uses only two resistor values (R

and 2R), and so this circuit is much more suitable for I(; fabr‘ication than the
weighted-resistor DAC. In addition to the resistor relationship, note that the
circuit uses a reference voltage (Vyf) and switches that set one end of resjs-
tors Ry, R3, and Rs either to ground or to the op-amp inverting input termi-
nal. This arrangement is a more accurate substitute for applying the digital
bits directly as inputs (as in Fig. 15-4) because the bit amplitudes are unlikely

Rs
= 2R
Switches Patin il i i s [ == RF
controlled ' F
by digital inputs\ _ W\I
= +Vce
B —0
+ } v
—~VEE
(a) Three-bit R-2R DAC circuit — Al
he I - i
2mA 1mA, K2 osmA, Re 033ma
_L R— R— W’ R— !
Vref #I] 5kQ *I:‘, 5kQ *IS
ov ] I mA 0.5 mA 0.25mA<Rs
- Ry Ry Rs 10kQ
10 kQ 10 kQ 10 kQ =L
(MSB) | 4, d,  (LSB)lds
e T - T = I Io
(b) Resistance values and currents in a 3-bit R-2R DAC circuit
Vref RF d‘l d2 d3 d4 dn
Vo= + =

R \21 22 3 et *o,



to be predictable with any degree of
accuracy. The switches (usually
FETs) are controlled by the digital
input bits so that they are set to
ground when a bit is absent or to the
(virtual ground) op-amp input
when the bit is present. This means
that there is always a constant cur-
rent through each resistor regard-
less of the switch position and that
the resistor currents track each other
with temperature changes.

The R-2R DAC circuit is repro-

Digital inputs

di da ds Analog outputs

0 O 1 0.25mA x5kQ =125V
0 1 0 0.5mA x5kQ =25V
0 1 1 0.75mA x 5kQ =375V
1 0O O 1 mA x 5kQ =5V

1 0 1 1.25mA x 5kQ =6.25V
1 1 0 I.5SmAx5kQ =75V
1 1 1 1.75mA x 5kQ =875V

Figure 15-7 Digital inputs and the resul-

tant analog outputs for the DAC in Fig.
15-6(b).

duced in Fig. 15-6(b) with R = 5 kQ and 2R = 10 k() resistor values and with
a 10 V reference source. Note that when looking from resistor R4 into the
_ junction of Rs and Re, the resistance seen is Rs||Rs = (2R)[[(2R) = R = 5 k(2.
' Looking from R; into the R3-R4 junction, the resistance is again (2R)|I(2R) = R.
Looking from the reference source into the R;-R, junction, once more the
resistance is (2R)||(2R) = R. So, the reference source current is '

Pz Vi 10V

ref= —m=———
R 5kQ
=2mA

Moving from the Ri1-R> junction toward R1 and R», a 2R resistance (10 k€2)
is offered in each branch. So, Iref splits up into equal 1 mA levels in R; and Ra.
Similarly, the 1 mA current through R splits into 0.5 mA in R; and Ry, and the
0.5 mA in Ry splits into 0.25 mA in Rs and Re. Depending upon the switch po-

sitions, currents I, Is, and Is add to giv
The table in Fig. 15-7 shows the resu
puts. A 001 input, for example, causes

e I, which results in Vo = (IoRF)-

1t of all combinations of digital bit in-
only current Is to be switched to the

op-amp input so that I flows through Rg to produce a 1.25 V analog ou’tpu.t.
This is the LSB. Similarly, when the input is 100, I, = I, and Vo =5V, which is

the MSB. When all three digital input

terminal (a 111 digital input), I
output. Note that the use

negative analog output voltage- A positive output can

a negative reference voltage source.

The equation for the analog outpu

ten as
VisRe (A1, %2

where d;, d», and d3 are eithe
of each digital input bit. Th :
DAC with any number of digital it

r1or0, depending up
e equation can be rew
put bits

s are switched to the op-amp inverting
+ I3 + Is flows through Rg to give an 8_.75 Vv
of an inverting amplifier at the DAC output gives a

be produced by using

t from the 3-bit R-2R DAC can be writ-

%)

8

on the presence Or absence
ritten and expanded for a



Q.2 _ ,
n = Number of bits = 8
i) Resolution = 2™ =2% - 256
i.e. the output voltage can have 256 different values including zero. .

ii) Vops = Full scale output voltage
= 255V
” VOFS _ 255 _ 10 mV
Resolution = 5n._1 =28_1{ 1LSB

Q.3
The advantages of op-am

P precision rectifier circuits over simple diode
rectifiers are as follows:

1. No diode voltage drop between input and output.
2. The ability to rectify very small voltages (much smaller than the typical
0.7 V diode forward voltage drop).
3. Amplification, if required.
4. Low output impedance.
Items (1) and (2) indicate that the precision rectifier is a close approximation
to an ideal diode.

Negative Precision Half Wave Rectifiers

Fig. 6.2.5 (a) shows negative precision half wave rectifier.
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Fig. 6.25 Negative precision half wave rectifier
ig. 6.4




~
’ igh and diode is reverse ;
When V,, is Positive, instantaneously V" goes high ” )
ircui =0V
as open circuit. Hence V,, 3 |
' e is forward
When V,, is negative, instantaneously V' goes low and dio biaseg .

acts as short circuit. The feedback path is

‘ Ry
complete and circuit acts as voltage follower. R MW v
Thus V, = Vg = - Vi, due to virtual ground. Vv, o
Hence output is negative half cycle of the _I_ L_ o, ]
input produced as it is. The waveforms are - A .

shown in the Fig. 6.25 (b).

Another type of negative precision half
wave rectifier is shown in the Fig. 6.2.6. The Reomp
Op-amp A is in inverting mode. When Vi, is
positive, due to high open loop gain, V' is -
highly negative. This makes D; forward
biased and D, reverse biased. Thus feedback
path gets established and circuit acts ag inverting amplifier.

Fig. 6.2.6

, R ;
V'=- R—i Vin =V, ~ Dy acts as short circuit
using R;= Ry V,

== Vin and output produces Negative half cycle,
When V,, is negative, due to high A o, Vin4

instantly V' becomes positive henge D, is /\ /\

reverse biased D, is forward biased. Ag Dy is ;\/: :\/‘n ) o
open V, =0 and diode D, prevents op-amp S LR 4 \ |

to go into saturation. The waveforms are
shown in the Fig. 6.2.7. v

As negative half cycle is produced for
positive half cycle of input, the circuit is
salled the inverting half wave precision
negative rectifier,

Fig. 6.2.7 wavefors




Fig. 6.2.1 Saturating precision

Wer giving V_ = Vin- Due to half wave rectifier
high open loop gain, withj

Fig. 6.2.2 Saturated precision half wave rectifier

When V;, goes negative, op-amp output attains negative saturation voltage and diode
D is reverse biased. Due to open diode, feedback path gets opened and inverting
terminal remains at ground potential as Ry is grounded. Th

us V, = 0 and negative half
¢ycle of V;, is clipped off. This is shown in the Fig. 6.2.2 (b)
For positive input cycle, the positive Vi
Jutput cycle is produced at the output
tence the circuit is called noninverting

)

alf wave precision rectifier.

The waveforms are shown in the
ig. 6.2.3. Voy
By changing the direction of diode
! this circuit, a negative half wave
Tecision rectifier can be obtained in ——

é

(o)

Z—A
(o]
-rl—k
-

%

hich positive half cycle of the inI::‘llt
s clipped off and negaﬁ"e. half e
Produced at the output as it 1s. Fig. 6.2.3 wav“""gsct?é.lrlalf wave precision




Q.4

A phase-locked loop (PLL) system accepts an input voltage waveform and
generates another wave that is phase-locked to the input. The generated wave
has a frequency exactly equal to the input frequency and is normally phase-
shifted from the input by a fixed phase angle. Feedback from the output pre-
vents the frequency of the generated wave from drifting away from equality

LOCK RANGE : When PLL is in lock, it can track frequency changes in the incoming
signal. The range of frequencies over which the PLL can maintain lock with the
incoming signal is called the lock range or tracking range of the PLL. It is usually
expressed as a percentage of f,,, the VCO frequency.

CAPTURE RANGE : The range of frequencies over which the PLL can acquire lock

with an input signal is called the capture range. It is also expressed as a percentage
of f,. ‘ |

PULL-IN TIME : The capture of an input signal does not take place as soon as the
ignal is applied, but it takes finite time. The total time taken by the PLL to establish a

f ock is called pull-in time. This depends on the initial phase and frequency difference

between the two signals as well as on the overall loop again and the bandwidth of the
e

lowpass filter.

Q.5
R,= Yo _ 2V
I 500 pA

=4k (use3.9k) standard value)
R3 = RilIR =1 kQ1I13.9 kO

= 796 ) (use 820 v standard value)
For diodes D, and Do,

Vr > [Vee — (—Verg)l>[15V — (—=15 V)]
>30V
Select
brsgmy~ 01 Ttk 04
1 MH-=

= 0.1 ps
Compensate the Op-amp as a voltage follower

Thmesem #~_ _ =



Sel
ect I = 500 nA (for adeqguate diode current)

RI = Ty OS5V

I, 500 pA

= ] k€) (standard value)

v, o VeiRr (g_l_+dz L, ds ,.+irl)

+
R A2 2 g 2 2"

10V><51<.Q_0_+0+0+0+1)
ki) \2b 22 22 2 2°

= 312.5mV =LSB

(b)
VO=10V><5k.Q(i 0+0+0+0)
5kQ ol "2t ap " 3 g
= 5V MSB
(c)

10Vx5kQ(1 1 1 1 1
V= =
- 5kQ (21+22+23+24+25)

= 9.6875V
or from Eq. 15-1

Vimax) = LSB X 2" =312.5 mV x 25
=10V

and Eq. 15-2

= 9.6875V



Q.6
Successive Approximation ADC

The operation of a successive approximation ADC is similar to that of the digi-
tal ramp-type, except that the register flip-flops are toggled in reverse. That
is, instead of being toggled in the sequence ds-ds-ds-d,-d;, they are toggled in
the dy-d-ds-ds-ds sequence. The MSB (d,) is toggled first, instead of the LSB
(ds). If this produces a DAC output that exceeds vi,, the register is reset to
zero and the next MSB is toggled. The result is that the register is initially tog-
gled in large steps so that equality between v;, and the DAC output is
reached much more quickly than with the usual toggling sequence.

Digital Ramp ADC

The digital ramp ADC shown in Fig. 15-18(a) is a modified version of the lin-
ear ramp ADC discussed above. The ramp generator in Fig. 15-16 is replaced
with a DAC, which converts the digital output back to analog. As illustrated
in Fig. 15-18(b), the output waveform from the DAC is a staircase, incre-
mented by each clock pulse passed to the register. A rectangular-wave control
input is used to cycle the system through the conversion process. The leading
edge of the control input pulse resets the register to zero at the commence-
ment of the conversion cycle, and applies a high input to the (three-input)
AND gate. At this instant, the analog input is greater than the DAC output

and so the comparator output is high, thus allowing the AND gate to pass
clock pulses to toggle the register.

When the re

ACoutpyt (
o]

gister output is the digital equivalent of the anlog input, the
oW, With Z’R)lequ'als Uin, and this causes the comparator output to switch
Wit one oW input to the AND gate, no C\OL?k pulses are ‘p«?ssed to‘t\\e
leng fih COunmlg ceases. The reglst.er o‘utqu i now Fhe d\gxltal e
f ¢analog nput, and this condition is maintained for the time f until

e 6 - . .
COntro] Iput switches to positive once again.
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(a) ADC using a digital ramp generator
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(b) Waveforms for digital ramp generator ADC
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RiInclk dAinacaram and wawafaeea— s §o 32 =2«
Amplifier
Phase _ Voltage-
" 2 ™| detector [y Filter | controlled 0
1 oscillator Vo

(a) Basic phase-locked loop block diagram



COMPONENTS OF PLL:
» VOLTAGE CONTROLLED OSCILLATOR (VSO)
» PHASE DETECTOR
P LOW PASS FILTERS
TYPES OF PHASE DETECTOR
1. ANALOG PHASE DETECTOR
2. DIGITAL PHASE DETECTOR
Types of ANALOG PHASE DETECTOR
1. Switch type

Electronic Switch

Input Signal - S . ‘DutputrSi gnal
(Vs) (Ve)
Drive from VCO
Ve T,
f
0 - : Veo output

Positive

/"_ error voltage

-t

t Zero error voltage

‘;t

Negative error voltage.



DIGITAL PHASE DETECTOR:
1. Using xor gate
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‘ Fig- 8.3.8 (a) Digital phase detector using SR filp-flop
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Fig. 8.3.8 (b) Input and output waveforms
VOLTAGE CONTROLLED OSCILLATOR (VSO)
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Fig. 9.8 (a) Low pass filter (b) Passive filter (c) Active filter



Ref Input

Feedback

Phase Detector
Output

Loop Filter
Cutput

s Ra+ 2Rp
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