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Module 1 EduKannada.Com
Chapter 1: BJT Biasing

A transistor (Bipolar Junction Transistor-BJT) is a sandwich of one type of
semiconductor (P-type or N-type) between two layers of other type. Transistors are of two types:
p-n-p transistor and n-p-n transistor. There are three distinct regions (hence, terminals) in a
transistor: Emitter, Base, and Collector.

Transistor biasing is the establishment of suitable dc values such as Ic, Ve, and Ipetc.
by using single dc source. When BJT is properly biased, amplification of signal takes place. A
transistor steady state operation depends more on its base current, collector voltage, and
collector current. Therefore, if transistor is to operate as a linear amplifier, it must be properly
biased to have a suitable operating point.

Establishing the correct operating point requires proper selection of bias resistor and
load resistor to provide the appropriate input current and collector voltage condition. The correct
biasing of transistor emitter NPN or PNP generally lies somewhere between the two extremes
of operation with respect to its being either “fully-on” or “fully-off” along its load line. The
central operating point is called the “Quiescent Operating Point” or Q-point for short.

For any circuit, four-terminals would be required: two-input-terminals and two-output-
terminals. Hence, for a transistor, one of the three terminals will be common to both input and
output in a circuit. Thus, there are three different modes of operation for a transistor: Common-
Base Connection (CB), Common Emitter Connection (CE), and Common Collector Connection
(CC). Transistor Biasing is the establishment of suitable dc-values such as IC, VCE, IB, etc., by
using a dc-source. When BJT is properly biased, amplification of signal takes place. There are
mainly three types of biasing a transistor: Base bias or Fixed bias, Collector-to-Base bias,
Voltage-divider bias.

1.1 BASE BIAS or FIXED BIAS:

Base biasing configuration is given in the following Figure. A base resistance Rp is used
between Vcc and base to establish the base current Ig. Since Vcc and Rp are fixed quantities, I
remains fixed.

Base bias circuit using

= anpn transistor Base bias circuit using

= apnp transistor

Applying Kirchhoff’s Voltage Law (KVL) to the base circuit:
Vee—1sRp — Ve =0

Or,
Ig = (Voo — VBENRp --------mmmmeemeeeen (1)
VBE is 0.7 V for Silicon and 0.3 V for Germanium transistor.

Applying the KVL to the collector circuit:
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Vee—IcRe—Vee =0

Or,

Ve = Vec - IcRc ========meemeesenn-- (2)

Note that, the voltage and current polarities are reversed in base bias circuits of NPN and PNP
transistors; but, the same KVL equations are applicable.

Example 1:

The base bias circuit shown in the figure, for the values indicated calculates Is, Ic & Vcg
Given:
Rp=470 kQ, Rc=2.2 kQ, Vcc=18 V

Vee = Vge 18V = 0.7V
= Te 07T 36.8u4
Rp 470kQ, H

I¢ = hyoly = 100 x 36,844 = 3.68mA

Iy =

Veg = Veg — IcRe = 18V — (3.68mA x z.zm) =9.9v

Example 2:
Calculate the mean maximum and minimum limits of IC and VCE for the base bias circuit in
figure (a), when Jfe(min)=50 and hfe(maxy=200.
Given:
Nfe(ming=50 and hpe(max)=200.
Vee = Vgg 18V =107V

Ip= == 368
B Ry 470 kQ HA

¥, Ve
=z 2 8V <=, r. 18V
0k 22k0 a0k 22k0
EduKannada.Com
i Vi
h, =50 he, =200
(a): Conditions for P i (b): Conditions for Priman)
Caseli:
feman)=200
Ic = hyelg = 200 X 36.8uA = 7.36mA
Veg = Veg — IcRe = 18V — (7A36mA X 2.2kQ = 1.8V
Case.ii:

Dife(miny=50
Ie = hy,lp = 50 x 36.80A = 1.84mA
Ves = Veg — IcRe = 18V — (1.84mA x 2.2kQ = 13.95V
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Two Q points in figure (c) for a transistor for a given type number always have a wide range of
hye values (the hte spread).so hie max) and hte min) should always be used for practical analysis. This
bias circuit is clearly implied because of uncertainty of the Q point. More predictable results can
be obtained with other types of bias circuits.

I{mA)A
9+

0 point for g, = 200

EduKannada.Com|

Q point for k= 50

S e " s
0 5 +—t »Ve(V)

A A 16 18
18V 99V 1395V

(c): The transistor hy, value has a major effect on the @ point
for a base bias circuit.

1.2 COLLECTOR-TO-BASE BIAS CIRCUIT:

The collector-to-base bias circuit shown in the following Figure, has the base resistor
RB connected between the transistor collector and base terminals. This circuit has significantly
improved bias stability for /ife changes compared to base bias.

Applying KVL to the outer loop;
VCC—(IC +IB)RC—-VCE =0 Or, VCE=VCC—(IC + IB)RC -
Applying KVL to the loop VCE, IBRB, and VBE;
VCE - VBE—IBRB =0 Or,  VCE = VBE + IBRB ------------------- (3b)
Equating equations 3a and 3b;
VCC —(IC + IB) RC = VBE + IBRB
Or, (IC+IB)RC + IBRB = VCC — VBE
i.e.,IB (RC + RB) + ICRC = VCC — VBE
Substituting /C = IB in above equation, we get;
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IB (RC + RB) + BIBRC = VCC — VBE
Gives, IB = (VCC — VBEY(B+1)RC + RB -----vcvmemremeecee 4)
Effect of IC or fp:

——Any-ehanges in VCE changes IB, the change in IB causes IC to change. If IC increases
above the design level, there is an increased voltage drop across RC; resulting in reduction of
VCE. The reduced VCE causes IB to be lower. If IB decreases, IC also decreases, as IC = BIB.
Similarly, a reduction in IC produces an increase in VCE, which increase IB, thus tending to
increase IC back to the original level. Thus an increase/ decrease in IC produces a feedback
effect that tends to return IC toward its original level.

In the collector-to-base bias circuit, the feedback from the collector-to-base reduces the
effect of B (due to transistor replacement). Thus collector-to-base bias has greater stability than
base bias, for a given range of 8 values.

1.3 VOLTAGE DIVIDER BIAS CIRCUIT:

Voltage divider bias is the most stable of the three basic transistor biasing circuits. A
voltage divider circuit is shown in the following figure.

E?

EduKannada.Com|

There is an emitter resistor RE conqcc}c‘;ql in series with Emitter terminal, so that the total dc
load in series with the transistor is (R€ + RE). Resistors R1 and R2 constitutes a voltage VB.

Applying KVL to the loop Vee. Ry, and R,. we get:

Vee—IiR —LR; =0 [ R . TR 5. 3 7 —,

We have: [, =1, + I
Voltage divider bias circuits are normally designed to have a voltage divider current I, very much greater

than transistor base current Ig. i.e.. I, >> Ip. Hence. I; = [ ===------~

Using6in5: LR, + LR, = Vee ie, L(R;+R)=Vee Or. IL,=(Veo)/(Ry+Ry)

V5 is the voltage across R,. ie. Vs =LR, Or, Vs=(Vec *R;) /(R +R)
Ve is the voltage across Rg. ie. Ve=IRp

Applying KVL to the base-emitter loop: Ve—Var— V=0 ie. Vpe=Vp-Vg
Or. Ve=Va—Vae ie., IeRe = Va— Vae Hence. Ir=(Vs—Vse) /Re

Applying KVL to the collector-emitter loop: Vee—IcRc—Veg—IcRe =0 [Le=1c]
ie. Vee=Vee—Ic(Re+Re)
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Module 1
Chapter 2: Operational Amplifier Application Circuit

An Op-Amp is a direct-coupled high gain, high bandwidth differential amplifier with very high
value of input impedance and very low value of output impedance.

1.4 PEAK DETECTORS:

Peak detector detects holds the most positive value attained by the input signal. The following
Figure shows peak detector circuit.

Detected!
output

s »J:

switch

During positive half cycle of the input, D-conducts and capacitor charges to peak
(highest) value of the input. Capacitor retains its charged value unless and until it discharges
with a help of switch. The op-amp is connected as a voltage follower and its output voltage will
be equal the drop across capacitor which is positive peak value of the applied voltage and will
remain that for long periods until next more higher peak occurs at the input. For negative cycle
of input, the diode is reverse biased and capacitor retains its value.

Modified Peak Detector:

More sophisticated peak detector that buffers the signal source from the capacitor is
shown in the following Figure.

—oy

Peak of the
input

As Op-Amp (A1) is connected as voltage follower, the circuit presents very high impedance to
the signal source. Op-Amp (A2) acts as a buffer between the capacitor and the load. Output (V0)
at any given time is equal to the voltage on the capacitor which is nothing but, the peak value of
the input occurred up to that time.

Whenever the input signal has higher peak than the present one, the capacitor charges
up to new high input level. Whenever input level gets dropped, then capacitor retains the peak
value of input, as diode D/ gets reverse biased and diode D2 prevents amplifier A7 output from
going into negative saturation. To hold the negative peak of the input signal, reverse the diode
connections in the above figure.

Applic: H
e Used for AM in communication

e Used in test and measurement instrumentation applications.
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1.5 Schmitt Trigger (Regenerative Comparator)
Need for Schmitt Trigger Circuit

If the input waveform is slow or has noise on it, then there is a possibility that the output
will switch back and forth several times during the switch over phase as only small levels of
noise on the input will cause the output to change.

This may not be a problem in some circumstances, but if the output from the operational
amplifier comparator is being fed into fast logic circuitry, then it can often give rise to problems.

Basic Schmitt trigger circuit

A Schmitt trigger circuit is a fast-operating voltage level detector. In Schmitt trigger
circit, positive feedback has an unusual effect on the circuit. It forces the reference voltage to
have the same polarity as that of output voltage. The reference voltage is positive, when the
output voltage is positive high (+Vsa) and negative, when the output is low (-Via).

Here the voltage at which the output switches from +Vu to +Vsa or vice versa are called

upper trigger point (UTP) and lower trigger point (LTP) and the difference between the two
trigger point is called Hysteresis.

Inverting Schmitt Trigger:

The input voltage Vi, is applied to the inverting input terminal and the feedback
voltage goes to the non-inverting terminal. This means, the circuit uses positive voltage
feedback (i.e., feedback voltage aids the input voltage). If the input voltage at the inverting
terminal is slightly positive than feedback voltage at the non-inverting terminal, the output
voltage will be negative (negative saturation, —Vs«); and if the input voltage more negative
than the reference feedback voltage, the output will be positive (positive saturation, +Vsa).

(A

AA
WY
>

Hence, the voltage at the output switches from +Vsat to —Vsat or vice-versa is called Upper
Trigger Point (UTP) and Lower Trigger Point (LTP). The difference between two trigger points
is called Hysteresis. The upper and lower trigger points can be written as

UTP = me Vsat
Vyys = UTP —LTP = LeV - Le(—v )= 2(L)V = 28V,
Ri+R) T R+Ry) 0 TRy 4Ry e T
R2
#-hers

Non-Inverting Schmitt Trigger:

The input voltage Vin is applied to the non-inverting input terminal and the feedback
voltage also goes to the non-inverting terminal. The inverting terminal is grounded.. Initially,
assume that the output is in the negative saturation (—Vsat). Then the feedback voltage is also
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negative. This feedback voltage will hold the output in negative saturation, until the input
voltage becomes positive enough to make voltage positive.

B P ®

Let Vi is the voltage at point A. Hence, VA = IR:.
Since no current passes through the Op-Amp, entire current flows through R».
Therefore, | = 22 = et
Ry Ry
When Vin becomes positive and its magnitude becomes greater than (R2/R1) Vsat, then the
output switches to +Vsat. Therefore, the UTP at which the output switches to +Vsat is given by

RoVsut
Urp= 22
R

Similarly, when Vin becomes negative and its magnitude becomes greater than (R2/R1) Vsat,
then the output switches to —Vsat. Therefore, the LTP at which the output switches to —Vsat is
given by
UTP = = RZVSHI
Ry

- . . (R2 .
Viys = UTP = LTP = z(R—l) Veat = 28Veat

Applications of Schmitt Trigger:
Schmitt trigger is used in many applications, where level needs to be sensed. Hysteresis is
used to reduce the multiple transitions that can occur around.
1. Digital to analog conversion.
2. Level detection.
3. Line reception.

Design a Schmitt trigger whose threshold voltages are = 5 V. Draw its wave forms.
Choosing op-amp with ¥, =+ 13.5 V with supply + 15 V.

Vyrp = +5V
R; ! R
Now Vyrp = v, ie,5 = —x13.5
b P Tl Ry +R,

~Ri+Ry =27R; ie.R; =17R,
Choose R; = 10kQ =R, = 17kQ (Use 18kQ)

The designed circuit with waveform are shown below.
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135

L 135

For the circuit shown, R, = 120 Q and R, = 51 kQ Determine the threshold voltages, if
power supply applied to the op-amps are +15 V and 15 V.

_Givcn =15V
Vii? = +Vcc = +15V.
Vew = = Vigg = -15V.
Ry = 51kQ,R; = 120Q
WKT il |
R 15120 <
Vurp = 22 o 222 _35omy, 3
Ri+Ry ~ 51x10° +120 T ST
-
Va Ry _ = 15x120
Vip = 22 "2 o~ 0% 35omv
Ri+R;  51x10°+120 =
Examplod:

For the circuit shown in Figure below find the value of R, and R, if supply voltages
are +12 and ~ 12 V. Assume hysteresis with = 6 V.

Given: Via' =12V; Voo = =12V andVy =6V

=12V

MM
w-e
O

Jl
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Hysteresis is given by

R V™ Ra Vst~ R
Vy = . st _ 2 i s
T Ri+R; Ri+R; R +R, [V’" Va ]

| S Vi

RitRs [V - V™ ]

Ry 6 R,

—E— = . =025

Ri+R, 12-[-12] Ri+Rs
Ry = 025R +0.25R; ~0.75R; = 025 R

Ls Assumin,

R 075 ta

Design Schmitt trigger circuit with UTP = 4 and LTP = 2 V [both positive ] Assume
Vo ™14, Given: Vi = 14V, UTP = 4and LTP = 2V.
Vm‘
-
Ry +Ry
=t
Ri+Ry

Vi

V™

Ry
= - Vire = 2.V
Vure TP R R:

Ri+R:

2 =ag_Ra 28Ry = 2R1+2R;  26R, = 2R,  i<.[R = 13K,

Ry +R;

Let[R; = 10kQ Ry =13x10k = 130kQ

=4 -2 =2xl4x
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Design schmitt trigger circuit with UTP = — 2 and LTP=-4V. V_ =14V,
We have,

Department of Information Science & Engineeri

2R
UTP - LTP = =72 VoA
Rk, Viat

= Die il O 2Ry Ve _ 2R,

x14 UTP=-2..

Ri+R: R +R, R4
28R,
Qi 202 =
Rtk = R, = 13R, A
=14 V]
LetR; =10k =R, = 130kQ(120kstd)
Also WKT .
UTP + L1p = 2Ri¥eer ~Hy=14Y
: Ri+R;
Vg = EHRUTPSLTR) -y 5y

2R
Example 7:

For the schmitt trigger R, = 3 k and R, = 1 kQ calculate the Vpp Vippand ¥y Assume
saturation voltages as + 12 V.

Given: V' =12V; Ve~ =-12V; R =2kQ; Ry =3kQ
WKT
(V“" )R' i
Fifigre gt v
5 <
ol (12)x1k Zav =L
3k
i o Ve Ry 5
LTP R:
i (12)x1k AN
3k

The hysteresis width is given by

RiTi + : 1k 24 _
i =é[ym, Wk ]:3—k[12—(712)]=7_8V
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1.6 Active Filters:

INTRODUCTION:

Filter is a frequency selective circuit commonly used in signal processing that passes
signal of specified range of frequencies and blocks the signals of frequencies outside the band.
Active filters are attractive due to their —

+  Flexibility in gain control

*  Small component size

* No loading Problem

+ Pass band gain

+ Use of the inductors can be avoided
Filters are useful in many areas of applications, such as Communication and Signal Processing.
They are found in electronic systems like Radio, Television, Telephones, Radars, satellites, and

biomedical instruments.

Digital Filters

Passive Filters

Classification of filters

Active Filters

Passive filters work for high frequencies; but at audio frequencies, the inductors become
problematic, as they are large, heavy, high power dissipation, and expensive.
Active filters use Op-Amp as the active element, resistors and capacitors as passive elements.

;I‘;' PASSIVE FILTERS ACTIVE FILTERS
Filters with only components like resistors, | Filters with components such as Op-Amps,
1 capacitors, and inductors are known as | transistors, and other active elements are
passive filters. known as active filters.
Passive filters do not require an external | Active filters require an external power
2 power source for operation; incapable of | supply for operation; capable of providing
providing power gain. power gain.
3 Better stability and can withstand large | Oscillations and noise will be generated due
currents. to feedback loops.
4 A passive filter has no frequency limitations. Due to acl’ve. e].emenls, active filters have
frequency limitations.
Passive filters circuits are bulky/ heavy due to P -
. ! Active filters circuits are more compact, less
5 the presence of inductors; they consume more heavy: and . ith hich speed
power and operate with limited speed. cavy: and operate with high speed.
6 Difficult to fabricate in IC form and usually | Can be fabricated in IC form and usually
designed using discrete components. designed using discrete components.

Active filters offer the following advantages over Passive filters:

e Gain and frequency adjustment flexibility

e No loading problem & No insertion loss

e Size and weight

e Cost.

ADE (21CS33), Module 1: Active Filters.
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Most commonly used active filters are —

e Low-pass filter, High-pass filter, Band-pass filter, Band-stop filter (Band-reject filter), and
All-pass filter.

Frequency Response:
Low pass Filter response High pass Filter response:

f

Gain

A A

Ideal Response

A—— |

|¥ \gir bn
”Tu Pass band top band Passband
Yin |
- i > flar st —
Ju Frequency e L Frequency =
Band pass filter frequency response Band reject filter frequency response
A Ideal Response A
Gain
‘ } 0.707
[Vl Pass band | Pass band
| iy S ; e >
A fe i Frequency —» f; fe Jy Frequency —»

Design of Low pass filters: An active filter generally uses Op-Amp. Op-Amp has very high
input impedance and low output impedance. The gain is determined by the resistive network in
the feedback loop.

First Oder Active Low-Pass Filter (LPF): The first-order low-pass butter worth filter consists
of a single RC filter stage, providing a low frequency path to the non-inverting input of an Op-
Amp. The circuit diagram and the frequency response of the circuit is given below:
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A
Voltage Gain
07074y —$F-mmmemmmmmmmmes
(3 dB)
| Passband Stop band
|
of o

fu  Frequency —»

e From the graph: the gain (4) is almost constant for the frequency range: 0 < f < fy.
e At cut-off frequency. f = fz. the gainis 0.7074x.

o After cut-off frequency f. the gain decreases at the rate of 20 dB/decade.

P 1
o The cut-off frequency is given by: fi = TR
sos R

e Pass band gainis given by: Ap = 1+ R—’
1

Some applications of low-pass filters are —

e Low-pass filters are used in Audio amplifiers

e LPFs are used in equalizers or speakers to reduce the high frequency noise.

Design a first order low pass filter with cut-off frequency of 2.2 kHz and with pass band
gain of 2.

Given: cut-off frequency /= 2.2 KHz. The low pass filter circuit with designed values is as follows:
Let us choose € = 0,01 uF.
1
WKT =——
J1=32RE
= ) T S|
2/uC 2mx2.2x10°%0,01x10~¢
R=7233kQ
For frequency scaling, use the potentiometer of valuc calculated below,
WKT

R,
Ap=1+=L=2
et
2z
Ry
Therefore R, = R, = 10 ke(Take).

Determine the value of the resistance required for the low pass filter with cut-off frequency
30 k rad/sec and capacitor value = 0.001 uF.

Given c,, = 30k rad/sec and C = 0.001 pF.

WKT o, = 2nf;,

1
and -—
/¥ =2=RC
1
@ g =2 % —————=30x10°?
27 R>0.001x10°
1
30x10°x0.001x10°
A =0.33x10*°

30x 167 x 1677 x10
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Second Order Low-Pass Filter: First order filter can be converted to second order filter by
adding an extra RC-network, as shown in the following Figure. The frequency response of

second order low-pass filter is same as the first order low-pass filter except that the gain at the
stop band rolls off at the rate of 40 dB/decade.
R, R,

A Slope =40 dB/decade
07074, =%

GaB) v il

—
Stop band

.|F§L>l

Frequency —»

After cut-off frequency fz, the gain decreases at the rate of 40 dB/decade.
o The cut-off frequency is given by: fz = Wﬁ'

o IfR,=R;=R&C,=C;=Cthen f = ﬁ
e Pass band gainis givenby: Ar = 1+ 2—§

Determine the values of Resistance required for second order low pass Butter worth filter
having cut-off frequency as 15 k rad/sec with capacitor value as 0.01 pF.
Given: @, = 15 k rad/sec, C = 0.01 F.
From equation (7.38)
1
Ju= 2xJR2R>C:Cs

But R, = R, = R and C, = C; = C and C as 0.01 pyF

1 1
¢ - = ™
2 J(R)2x(0.01x10%)? 21 XRx0.01x10 .

15x10°
and @y =2nfy= 15 k rad/sec =2; x f; =15 x 10° Ju= "5 =23870 kHz
on i i f"i“ i ‘)v it
,_——l -
.3870x10° = R =6.67 kQ R, = R, = 6.67 kQ
e 2% Rx%0.01x107° 2=a

Design a second order low pass filter with cut-off frequency of 10 kHz and unity gain at low
Srequency. Also calculate the voltage transfer function magnitude at 15 kHz for the filter.

Y N |
Given: Cut-off frequency fu = dZnRC
1 -
_— = —=15.92x10
Re 27fn  2xx10x10*
15.92x107°
= =" = 0.159 pF
Let R = 100 k€2, then = i6® P!

Therefore C, = 0.159 pF and C; = 0.159 pF

The voltage transfer function is given by
Vol(s) _ Ar -

T

ADE (21CS33), Module 1: Active Filters.
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Design a second order low pass butter worth filter for the cut-off frequency f;, = 200 Hz and
draw the circuit diagram.
Given : f,, = 200 Hz.

For second order filter

R,= 0.586R,
Choose R, =R, =Rand C, = C; = C=0.1 pF R
i = T
Now, let us find value of R Le Ap=1+ R_l = 1.586.
1
fu =2nRC choosing R, =10kQ
0= 1 14821 586
2mxRx0.1x107° R
R=7.96kQ. 1+-RL 1586
10kQ
R o586
10kQ
Rf =5.86 kQ

For adjustment use 10 kQ pot.

High-Pass Butter Worth Filter:
High-pass filters passes higher frequency signals, attenuating all signals below cut-off
frequency, fL.

First Order High-Pass Butter Worth Filter:

The filter circuit consists of a passive filter followed by a non-inverting amplifier.
R R,

//Slupc +20 dB/decade

¢ High Frequencies|
[ s

i

Stop band Pass band

A
Y

Low |
Frequencies Y2~
5 ]

0 i >
i Frequency —

o Atlow frequency: f < f;. ;L" < Ar. Ar increases at the rate of 20 dB/decade till = f;.
o At cut-off frequency. f=f;. the gain is 0.70745.
o Atvery high frequency f > fr. :7” = 4ris constant.
v T e
o The cut-off frequency is given by: f; = S

o Pass band gain is given by: Ap = 1+ ‘;l
1
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Design a first order high pass filter with a cut-off frequency of 10 kHz with pass band gain

of 2.
Given: f; = 101 kHz (given)

Choose C < 1 puF.
Let C=0.01 uF

1
Calculate R = ——
alculate s

1
27x10%10° x0.01x10~°

5913 kQ

R
Step 4: Gain 4, =2 = 1+-L
Ry
87 Aoty
L o1=R,=
& =R

Choosing R, = 10 kQ(say).

Second Order High-Pass Filter:

A first order high-pass filter can be converted into a second order high-pass filter by using an
extra RC-network in the input side. The frequency response of second order high-pass filter is
same as the first order high-pass filter except that the gain at the stop band rolls off at the rate
of 40 dB/decade.

Voltage Slope + 40 dB/decade
gain |
A+
07074, —$=.
wn
|

(3.6B) do
B 5 4 e

_l_ | Stopband | Pass band
& Y % I

——— —
Frequency —p.

o The cut-off frequency is given by: f; = Wﬁ.
2830203
o IfR,=R;=R&C,=C;=C:then f, = ﬁ

o Pass band gainis given by: Ar = 1+ %
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Examplet:

For the circuit shown in Figure

find (a) lower cut-off frequency (b) pass band gain

Given: R,=R;=16kQ and C, = C; = 0.01 uF

(a) The lower cut-off frequency for second order high pass filter is given by
1 3

2m\[R3R5C,C 7 ~1 Aty

AN 27rJ(16x103) (01x107¢)

kHz

fi=

b)  The pass band gain is
31.6x10°
54x10°

=1.586

Active Band-Pass Filter:

Active band-pass filters provide an effective means of making a filter to pass only a given band
of frequencies. An active band-pass filter can be constructed by cascading a single low-pass
filter with a single high-pass filter, as shown below:

v ,\/—D HUgrpes Amplification Lowpest

- filter filter Vo

The cut-off frequency of the low-pass filter is higher than the cut-off frequency of the high-pass
filter; and the difference between these frequencies at the —~3dB point will give the ‘bandwidth’
of the band-pass filter. A band-pass filter can be characterized by Quality factor (Q). The relation
between Q, 3dB bandwidth, and the center frequency, fc, is given by:

_ [ fe

TBW T fu—fu

Q
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Wide Band-Pass Filter:

A low Q-filter will have a wide-pass-band; i.e., with Q < 0. It has wide flat response over the range of
frequencies and bandwidth is large.

: Ry
AAA : AAA
YWy i YWy
i ”
R, | WW
M —_L
\AALAS = i)
= c 1 AAA Vow
i ! YWy b
Vi 0—— ¢ i I3 b3

II
=

1

<«———— First order HPF —————3 <———— First order LPF ——

Aot o
07074, —>
10 < Pass > Stop
ban band band
o 3 ; >
I Ju Frequency
Single stage first order Band-Pass Filter:
] 1
1
G
AAA
YYyy
R, G R,
Vi =IWW—
AR s "‘nul

Narrow Band-Pass Filter:
A high Q-filter will have a narrow-pass-band; i.e., with Q > 10. It has a sharp bell type response,
with high gain and high selectivity.
1
e fe= wmVRRGG
_ _fc _ 1 /R
S T g VR
axi A =R _ _yp2
e Maximum Gain, 4, = = 2Q

ADE (21CS33), Module I: Active Filters. Page 18




Maharaja Institute of Technology Mysore Department of Information Science & Engineering

Bandwidth

Amplitude (dB)

Center Frequency

i f /i Frequency (Hz)

Applications of Band-Pass Filters (BPF):

e BPFs are also used in optics like Lasers, LIDARS, etc.

e BPFs are extensively used in wireless transmitters and receivers.

e BPFs are used in electronic devices like Sonar, Seismology; and medical applications like
ECG, and electrocardiograms.

e BPFs are extensively used for Audio signal processing, where a particular range of
frequencies of sound is required while removing the rest.

Band-Stop Filter (Band-Reject Filter):

Band-Stop Filer (BSF) is another type of frequency selective circuit that functions in exactly
opposite to the band-pass filter. BSF passes all frequencies with the exception of those within a
specified stop band, which are attenuated. If this stop band is very narrow and highly attenuated
over a few hertz, then the band-stop filter is referred as a notch filter.

Wide Band-Reject Filter:

The frequency response curve and the circuit diagram of a wide band-reject filter is given below.
A Pass Pass
T Band Reject Band

{ Band |
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Summing
Amplifier

Example 2

Design a basic wide band, RC band stop filter with a lower cut-off frequency of 200Hz and a
higher cut-off frequency of 800Hz. Find the geometric center frequency, -3dB bandwidth and
Q of the circuit.

Given: f; = 200Hz, fy =800Hz
We have

1
f = sarctt
The upper and lower cut-off frequency points for a band stop can be found using the same
formula as that for both low and high pass filters.

Assuming a capacitor, C value for both filter sections of 0.1pF, the Values of the two frequency
determining resistors, Ry and Ry are calculated as follows.

High pass filter section Low pass filter section
1 1
fi = g = 200Hz and € = 0.1yF fu = 2 5= 800Hz and C = 0.1F
. [N ——— . _ 1
R = exaxioe= 7958 (Lor BKQ SR = e o= 1990 Qor 2K

From this we can calculate the geometric center frequency, f; as:
f. =Vf, X fy =200 x 800 = 400Hz
BW = fy — f, =800 — 200 = 600Hz

oo M0 or— 3548
Q= 3w =600~ 267 0r =3

Narrow Band-Stop Filter (Notch Filter):

Notch filters are highly selective, high-Q form of band-stop filter, which can be used to reject a
single or very small band of frequencies. The most common notch filter design is the twin-T
notch filter network (shown below).
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R =R, =2(R,)
Cy=Cy=(035)C,

1
47 R Cs

N = froen =

A twin-T network offers very high reactance at the resonance frequency and very low reactance
at frequency off-resonance. In the circuit diagram, very low frequency signals find their way to
the output via low-pass filter (formed by R1 — R2 — C3); and very high frequency signals find
their way to the output via high-pass filter (formed by C1 — C2 —R3). Hence, in an intermediate
band of frequencies, both filters pass signals to the output; due to cancellation of +ve phase shift
of high-pass filter with the —ve phase shift of the low-pass filter.

gain 4

& Notch

— —
ot Frequency

Frequency requiring

attenuation

Example 1:
Design a two op-amp narrow-band, RC notch filter with a center notch frequency, fy of 1kHz
and a -3dB bandwidth of 100Hz. Use 0.1uF capacitors in your design and calculate the expected
notch depth in decibels.

Given: fy = 1000Hz, BW = 100Hz and C = 0.1uF.

1. Calculate value of R for the given capacitance of 0.1uF
1

S InfC = #mx 1000 x 0.1 x 1076 /o or 8000

2. Calculate the value of Q.

_ fy 1000 1000 _ 10

T BW T 100 © 100
3. Calculate the value of feedback fraction k

1 1
K=1—E= 1—m—0.975
4. Calculate the values of resistors R3 and Ra
Ry
K =0.975 =R 4R,

Assume Rs= 10k, then Rj equals:
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R3 =R, — 975 R, = 10000 — 0.975 x 10000
*. Ry = 250Q
5. Calculate the expected notch depth in decibels,(dB)

Ll
Q

10
fulas) = 2010g( ) = —20dB
1.7 NON LINEAR AMPLIFIER:

Non linearity is the behaviour of a circuit, particularly an amplifier, in which the output
signal strength do not vary in direct proportion to the input signal strength. A non-linear
amplifier in as circuit which gives non-linear relationship between its input and output signals.
The Non-linear amplification can be achieved in a simple way by just connecting a non-linear
device such as PN-junction diode in the feedback path. In the circuit shown is the following
Figure, large change in input voltage causes small change in the output voltage. This circuit is
a log amplifier; hence the output voltage is logarithm of the input voltage.

The above Figure shows a non-linear amplifier, where diode ‘D’ is used in negative
feedback path. By virtual ground concept; as node B is grounded, node A will be virtually
grounded. Therefore, V4 = 0.

2 VnVa Ve —
We have; | = === =% since V,=0.
Let Irbe the current through the diode. The voltage across diode is VA — V0. Since, VA = 0, the
voltage across diode is —V0.

1
Diode equation: =V = nVrln [IL]

Where, VT — Voltage equivalent of Temperature

If — Diode forward current

Ir — Diode reverse saturation current.
Since, current through the Op-Amp is negligible; I = Iy
Therefore, If =Il= %

Gives, Vy =nVrIn [%] =nVrln [VL] I, R =V, is a constant.
) Vier.

The above equation shows that, the output voltage is a logarithmic function of input voltage.

Applic: H
Non-linear Amplifiers are used in AC bridge balance detectors.

ADE (21CS33), Module I: Active Filters. Page 22




Maharaja Institute of Technology Mysore Department of Information Science & Engineering

1.8 RELAXATION OSCILLATOR:

Relaxation oscillator is a non-linear electronic oscillator circuit that generates a continuous non-
sinusoidal output signal in the form of rectangular wave, triangular wave or a saw-tooth wave.
The time period of non-sinusoidal output depends on the charging time of the capacitor
connected in the oscillator circuit. The relaxation oscillator basically contains a feedback loop
that has a switching device in the form of transistor, relays, operational amplifiers, comparators,
or a tunnel diode that charges a capacitor through a resistance till it reaches a threshold level
then discharges it again. The following Figure shows the basic circuit of an Op-Amp based
relaxation oscillator.

b

= C

A—AAA
i
1
|
v

Assume that, the output is initially in positive saturation. As a result, voltage at non-
inverting input of Op-Amp is +Vsar * R; / (R; + Rz). This force the output to stay in positive
saturation as the capacitor C is initially in fully discharged state. Capacitor C starts charging
towards +Vsar through R. The moment the capacitor voltage exceeds the voltage appearing at
the non-inverting input, the output switches to —Vsar.

Now, the voltage appearing at the non-inverting input changes to —Vsar * R; /(R + R2).
The capacitor starts discharging and after reaching zero, it begins to discharge towards —VSAT.
Again, as soon as it becomes more negative than the voltage appearing at the non-inverting input
of the Op-Amp, the output switches back to +Vsar.

The expression for the time period of the output rectangular waveform is given by;
1+ B)
T=2RCIn (7= 3
In the above equation, the natural logarithm is used, which is logarithm to base e. By varying
the value of resistorR, the time period of the output waveform can be varied.

B is the feedback fraction/ factor and is given by f = R; /(R1 + Rz)

When the output voltage Vj is at at +Vsar the feedback voltage is known as upper threshold
voltage Vyrp and is given by +Vs,r X Rl(‘{il +R2

When the output voltage Vj is at at -VSAT the feedback voltage is known as lower threshold
voltage V,rp and is given by - Vs,r X R1{ R1 + R2
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1.9 VOLTAGE TO CURRENT (V TO I) CONVERTER:

In many applications, we have to convert a voltage to a proportionate current. These voltage-to-
current converter circuits can be of wo rypes:

a) Voltage to Current Converter with Floating Load:
The circuit is shown in the following Figure, where RL is the floating load.

R R
AA 4 ALK
YVYy YWy
—l— =5 -]
Aty >
[
v,
Since, voltage at node A is V;; Vi=1R, or, I, = %‘1

i.e., input voltage V; is converted into and output current.

b) Voltage to Current Converter with Grounded Load:
The circuit is shown in the following Figure.
R g

—_VinVa _h-"
L=t L=
The load current is given by; I, = I; + I,

Vip=V, Vo—V; VintVp=2V;
Therefore, I; = "TZ + Ve _ Vin ;‘e 2

R
For a non-inverting amplifier, we know that; 4, = 1+ % =2 s0,Vy =2V,
Therefore, I} = @ Or, I, = %

Thus, the current I;, is proportionate to voltage.
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1.10 CURRENT TO VOLTAGE (C TO V) CONVERTER:

Consider the simple Op-Amp circuit to convert  to V, as shown in the following Figure.
R

A‘lA
YVYY
—> 1,

Since, current through the Op-Amp is negligible, Iy = I¢
Ve —Vo
I =1 =22
f

s R
By virtual ground concept; as node 4 is grounded, node B will be virtually grounded. Therefore,
Vg = 0.
. Vo

.IS=R—f" or, Vo = IsR

Thus, output is proportional to the input current/; Reject, and the circuit works as [ to V
converter.
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Module 1
Chapter 3: Voltage Regulators

INTRODUCTION

All electronic systems that we use daily, requires a stable power supply voltage source;
and voltage regulators accomplish that. Voltage regulator is a circuit that keeps the output
voltage constant under all operating conditions. Voltage regulation is the process of keeping a
voltage steady under conditions of changing applied voltage, changing load and temperature.
There are two types of voltage regulators: shunt and series.

1.11 Need for Regulators:

In ordinary power supplies, the voltage regulation is very poor. The DC output voltage
changes appreciably with change in load current. The output voltage also changes due to
fluctuations in the input AC supply. This is due the following reasons:

1. In practice, there are considerable fluctuations in line voltage caused by external factors.
This changes the DC output voltage. Most of the electronic circuits will refuse to work
satisfactorily on such output voltage fluctuations. Hence, regulated power supply is the
solution.

2. The internal resistance of ordinary power supply is relatively large (> 30 Q). Therefore,
output voltage is affected by the amount of load current drawn from the supply. These
variations in DC voltage may cause erratic operation of circuits. Without stable potentials,
circuit performance degrades and if the variations are large enough, the components may
get destroyed. In order to avoid this, regulated power supply is used.

Input to the voltage regulator is unregulated pulsating DC obtained from filter rectifier. Its
output is constant DC voltage which is almost ripple free. The following Figure shows block
diagram of regulated power supply.

Input Transformer Rectifier Filter Regulator Regulated
DC output
(230 V, 50 H:

N

The transformer provides voltage transformation and electrical isolation between the
input power supply (AC mains) and the DC output. The rectifier circuit changes the AC voltage
appearing across the transformer secondary to DC (unidirectional output). The rectifier circuit
always has some AC content known as ripple. The filter circuit smoothens the ripple of the
rectifier circuit. The regulator is a type of feedback circuit that ensures that the output DC
voltage does not change from its nominal value due to change in line voltage or load current.

Factors Affecting the Load Voltage:

The variables affecting the load voltage in a power supply are given below:

1. Load current (IL): 1deally the output voltage should remain constant in-spite of changes in
the load current, but practically the power supply without regulator, the load voltage decreases
as load current, /L, increases. For practical power supply regulator, the load voltage must be
constant through load to full load condition.

2. Line voltage: The input to the rectifier is AC (230 V) is the line voltage. This input decides
the output voltage level. If input changes, output also changes. So this affects the performance
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of power supply. So ideally voltage must remain constant irrespective of any changes in the line
voltage.

3. Temperature: In the power supply, the rectifier unit is used which uses PN-junction diode.
As the diode characteristics are temperature dependent, the overall performance of the power
supply is temperature dependent.

Performance Parameters of a Power Supply:

The power supply is judged by some parameters, called as performance parameters. These
performance parameters are explained below:

1. Line Regulation: If the input to the rectifier uniti.e. 230 V changes, the output DC of rectifier
will also change and since the output of rectifier is applied to the regulator, the output of
regulator will also vary. Thus the source causes the change in output. This is as source regulation
or line regulation. It is defined as the change in regulated DC output for a given change in input
(line) voltage. Ideally the source regulation should be zero and practically it should be as low as
possible.
2. Load Regulation: Load regulation is defined as the change in the regulated output voltage
when load current is changed from zero (no load) to maximum value (full load). The load
regulation ideally should be zero, but practically it should be as small as possible. The
following Figure shows the load regulation characteristics.
[VNL%-L
v

Percentage load regulation =
FL

]*100

3. Voltage Stability factor (Sv): Voltage stability factor shows the dependency of output voltage
on the input line voltage. Voltage stability factor is defined as the percentage change in the
output voltage which occurs per volt change in input voltage, where load current and
temperature are assumed to be constant. Smaller the value of this factor, better is the
performance of power supply.

4. Temperature Stability Factor (S;): As in the chain of power supply we are using
semiconductor devices (diodes in rectifier block) the output voltage is temperature dependent.
Thus the remperature stability of the power supply will be determined by temperature
coefficients of various temperature sensitive semiconductor devices. So, it is better to choose
the low temperature coefficient devices to keep output voltage constant and independent of
temperature. Sr must be as small as possible, and ideally it should it should be zero for a power
supply.

5. Ripple Rejection Factor (Rg): The output of rectifier and filter consists of ripples. Ripple
rejection is defined as a factor which shows how effectively the regulator rejects the ripples and
attenuates it from input to output. As ripples in the output are small compared to input, the RR
is very small and in dB, it is in negative value.

. e ViyppLe(0
Ripple rejection factor = Ve INPUT

. 3 ) o Viippre( QUTPUT
When expressed in decibels, ripple rejection equals 20 log [ Vapris| INPUT

dB
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v, INPUT
Also, Vrippyg (output) = —(—L'"PPLE

1+LoopGain
Example:
Two power supplies A ondB ore available in the market. Power supply A hos no-load and
Sfull-load voltages of 40V and 30V respectively, whereas these values are 30V and 28V for
power supply B. Which one do you think is better power supply ?

Supply A: Viy, = 40V, Vi, = 30V

% Voltage regulation = [@q *100 = [(%l] 100 = 33%.
L
Supply B: Vy, = 30V, Vi, = 28V

% Voltage regulation = [@)-] *100 = [(302;828)] 100 = 7%.
(M

Conclusion: The power supply which has lower voltage regulation is better. Hence, power
supply B is between than power supply A.

Example:

A regulated power supply operates from 220 + 20 VAC. It produces a no-load regulated
output voltage of 24 £ 0.5VDC. Also, the regulated output voltage falls from 24 VDC to
23.8VDC as the load changes from no-load to fu(lfﬁoad condition for the nominal value of

input voltage. Determine (a) line regulation ond| b | load regulation.
Line regulation = L%) = i =0.0417 = 417%
Load regulation = (2e230)_ 02 _ 0004 = 0,840
238 238
Example:

A regulated power supply provides a ripple rejection of —80dB. If the ripple voltage in the
unregulated input were 2V, determine the output ripple.
. T L X Viippre( OUTPUT __
Ripple rejection in dB is given by: 20 log [mgm)l] dB = —80dB
Vppre(QUTPUT)] _
Or log [vmm weor] | =
VrippLe(OUTPUT)] _ 4
or [ vrma(ineot] | = 10

Therefore, output ripple = 2 X 107V = 0.2mV

Example: The following Figure shows load voltage versus load current characteristics of a regulated
A power supply. Determine the output
2% impedance of the power supply.
23,5|‘- :

Output impedance is given by ratio of
change in the output voltage for known

s change in the load current. From the given
° ;’ characteristic curve, output impedance
@
- _
g =285 _ 03 _ 050 = 50mQ
g 10-0 10

/

— 10
Load current (A)
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1.12 Adjustable Voltage Regulator:

An adjustable voltage regulator is a kind of regulator, whose regulated output voltage
can be varied over a range. There are positive adjustable voltage regulators and negative
adjustable regulators in practice.

LM317 is a classic example of positive adjustable voltage regulator, whose output
voltage can be varied over arange of 1.2 V to 57 V. LM337, is an example of negative adjustable
voltage regulator. LM337 is actually a compliment of LM317 which are similar in operation
and design with the only difference being polarity of regulated output voltage.

1 LM 317 2
- O (TN ouT i
ADJ v
Y 3 RIEE¢’J =
_ f 3
Ay
Dt =
; R
v 1=
pot

Connection of LM317 Adjustable Voltage Regulator

The resistors R; and R determine the output voltage V... The resistor R> can be adjusted to get
the output voltage in the range of 1.21 V to 57 V. The output voltage is given by;
Vou = V& (1 + R/R1) + LapiR>
In this circuit, the value of the Vg is the reference voltage between the adjustment
terminals and the output, taken as 1.25 Volts.
The value of Iapy will be very small and will also have a constant value. Thus the above
equation can be rewritten as
Vou = 1.25(1+R2/R1),
In the equation, due to the small value of Iapy, the drop due to Rz is neglected.

Ad ges of adjustable voltage regul over fixed voltage regulator are

. It has adjustable output voltage form 1.2V to 57V.

Output current 0.10 to 1.5A

. Better load and line regulation.

. Improved system performance

Improved overload protection

. Improved system reliability under the 100% thermal overloading.

QU AW~
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Module 1
Chapter 4: D to A & A to D CONVERTERS
113 INTRODUCTION:

The digital system such as computers also needs to communicate with physical

processes and with people through analog signals. So there is a need of digital to analog

con

verters. Typical A/D and D/A Converter are as shown in figure below.

Analog

signal
Transducer Antialiasing Sample and Ny
sensor filier Hold ADG

DSP/
Comparator
Stair case signzl

Naturally available signal is analog in form, and may be obtained from sensor or transducer.
This analog signal is band limited by anti-aliasing filter.

The signal is then sampled at a frequency rate, more than twice the maximum frequency of
the band limited signal. The sampled signal is held constant by /old circuit while conversion
is taking place.

The discrete signal from the sample and hold circuit is fed to analog to digital converter
(ADC). The ADC gives digital output signal that can be easily processed, stored, or
transmitted by digital systems or computer system.

The digital signal is converted back to by digital to analog converter (DAC). The output of
DAC is usually stair-case waveform, which is passed through smoothing filter to reduce the
quantization noise.
The diagram shown in the above Figure can be used in the applications such as digital signal
processing, digital audio mixing, music and video synthesis, data acquisition, pulse code
modulation, and microprocessor instrumentation.

1.14 BASIC DAC TECHNIQUES:

The DAC converts digital or binary data into its equivalent analog value. The symbolic

representation of an n-bit DAC is given below:
MSB

¥, = Analog output

The DAC output can either be a voltage or current signal. For a voltage output DAC, the

con

Whe
Vo
Vrs
k
bl.
12
bn

version characteristic can be expressed by;
Vo = kvm(zlrl #5277 4552 4 b2
ere,
— Output voltage,
— Full scale output voltage,
— Scaling factor (usually 1),
L.bn — n-bit binary fractional word with decimal point located at the left
— MSB with a weight = Vry/2
—LSB with a weight = Vpg2"
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Performance Parameters of DAC:

1. Resolution: Resolution is the number of various analog output values that is provided by a
DAC. For n-bit DAC, Resolution = 2"
Resolution can also be defined as the ratio of change in output voltage resulting from a
change of LSB at the digital input. For n-bit DAC, Resolution = Vors/2" — 1.
Where, Vors — Full scale output voltage.

If we know the resolution, we can obtain input-output relation for DAC:
VO = Resolution X b
Where, b — Decimal values of digital input.

For example, in a 4-bit system, using ladder, the LSB has a weight of %. This means
that, the smallest increment in the output voltage is %of the input voltage. If we assume
that, this 4-bit system has input voltage levels of +16 V; (since has a weight ofi) a change
in LSB results in a change of 1 V in the output. Thus, the output voltage changes in steps of
1V.

Hence, this converter can be used to represent analog voltages from 0 to +15 V in 1-V
increments. But, this converter cannot be used to resolve voltages into increments smaller
than 1V. If we desire to produce +4.2 V, using this converter, the actual output voltage would
be +4.0 V. This converter is not capable of distinguishing voltages finer than 1 V, which is
the resolution of the converter.

If we want to represent voltages to a finer resolution, we would have to use a converter
with more input bits. For example, the LSB of a 10-bit converter has a weight of 1/1024. If
this converter has a +10 V full-scale output, the resolution is approximately,

1
——=10mV
+10 X 1024 m
Problem: What is the resolution of a 9-bit D/A converter which uses a ladder network?

What is the resolution expressed as a percentage? If the full-scale output voltage of this
converter is +5 V, what is resolution in volts?

Solution:
The LSB in a 9-bit D/A converter has a weight of 51—2 Thus, this converter has a resolution
of 1 partin 512.

The resolution expressed in percentage is % X 100 percent = 0.2 %.

The voltage resolution is obtained by multiplying the weight of the LSB by the full-scale
output voltage. Thus, the resolution in volts is: i X5=10mV.

Problem: How many bits are required at the input of a converter, if it is necessary to resolve
voltage to 5 mV and the ladder has +10V full-scale?

The LSB of an 11-bit D/A converter has a resolution szo%m‘ This would provide a resolution at

1
the output otﬁ X 10=+5mV.
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2. Accuracy: The accuracy of the D/A converter is primarily a function of the accuracy of the
precision resistors used in the ladder and the precision of the reference voltage supply used.
Accuracy is a measure of how close the actual output voltage is to the theoretical output
value.

Vors

Accuracy = -(ﬁ)—z

Problem: Calculate the accuracy of a 8-bit DAC, if the full scale output voltage is 10.0 V?
Solution:

Vors 10
Accuracy = (ﬁ)& e 19.8mV

3. Setting Time: Setting time is the time required for a DAC output to settle within £ zlLSB of final
values for a given digital input.
4. Stability: The performance of a DAC is not stable due to the parameters such as temperature,

power supply variations, and ageing.

Binary Weighted Resistor DAC:

The following Figure shows binary weighted resistor DAC circuit using n-electronic switches
to control the binary inputs b/, b2, . . ., bn.

1, L,
v, :;%* 227 2
9 ('

When the switch is ON; /= 2%, When the switch is OFF; [ = 0.

Due to very high input impedance of Op-Amp, the total current I will flow through R;. The
total current through Reis; I =1y + L + I3 + -+ +1,
_v
2R

Vi Vi Vi
Saghetqaghst ot

by + b,

2"R"
Ve -1 -2 -3 -n
=5 by 271 + by27% 4+ b3273+ .. +b,2
The output voltage is; Vo = —I¢Ry
ie..Vy= 'R#Rf[blz*l 45,272 + by2734 .A.+b,,2-ﬂ]
IfR; = R; or,Vy = —V,([b12*1 +by272 + b327% + +b"2*"]
Drawbacks:

o Large range of resistor values are required, as resistance values increases like 2'R, 22R,
23R, ..., 2"R.
e Practically it is difficult to fabricate large values of resistors on IC.
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R-2R Ladder type DAC:

In R-2R ladder, only two values, R and 2R are used. The circuit diagram is given below:

Each binary bit connects switch either to ground (non-inverting input) or to the inverting
terminal of Op-Amp. Due to virtual ground, both the positions of the switches are at ground
potential, and currents through the resistances are constant.

The current flowing through each of 2R resistances:

L=2 L= Y2 Ve L=tV = wz1)

T 2R 4R 2R 8R n 2R

But, Vo = —I;R; = —Rf(I1 +1+ +1N)
. v, Vi V)
ie. Vo= —R/[#b1 + ﬁbﬁ» ...+ﬁbn]
Ve

Or,Vy = —LR, [blz’1 +by27% + +b,,2’“]

If Re=R; Vo= —V,,[blz’1 +by272 + +b,.2’"]
Advantages:
e As it requires only two types of resistors, fabrication and accurate value of R-@R can
be designed.
e Node voltage remains constant, and hence, slow down effect can be avoided.

Example 1:
The Digital input for a 4bit DAC is D= 0111. Calculate its output voltage. Take Vors=15V.

. L Vops _ 15 _
Solution: Resolution === 27 = 1V/LSB

.".Vo=Resolution x D
D=Decimal value of (0111)=7
_w
Vo = LSB
Vo=17V

X7=17V

Example 2:

A 8bit DAC having resolution of 22mV / LSB. Calculate Vors and output of the input is
(10000000)2.

Given: Resolution = 22mV, Input = (10000000)>.

%
Resolution = — 25—
2n—-1
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Vor.
22my =
Vors = 5.6V

D=equivalent of (10000000), = 128
Vo=22x128 =2.8V
Example 3:

Calculate output voltage produced by DAC, When output range is between 0 and 10 V for input

binary number.
i) 10 (2bit DAC)
ii) 0011

Solution:
i V=10V 1><§+0><};)=5V

i) V=10V 0><§+0><1—+1><%+1x%):1.875Volts.

Example 4:

Calculate the values of the LSB and full scale output for 4bit DAC for 0 to 10V range.

11
We have, LSB = i
1

For 10V range, LSB = %: 625mV

And MSB = (‘5) Fullscale

1 -
= ;Xx10=5V
Full scale output = Full scale voltage — 1 LSB

=10-625mV=9.375V
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1.15 A-D CONVERTERS:

ADC takes the analog signal as input and converts into digital output. The functional diagram
of DAC is given below:

St  EOC

L%
| MSB

A by }

Analog input] D A \
T : Digital
in C 1 output

—

hn

T V 'u{rxl:ncr

ADC is provided with two control inputs start (input to initiate the conversion) and end of
conversion (output to indicate the end of conversion). Direct type ADCs and Integrated type
ADCs are the two types of ADCs available.

Flash (Comparator/ Parallel) type ADC

A simple, fast, but most expensive conversion technique.

2-bit Flash ADC:

¥, (analog input)

MSB
7
Hineto
2-hne
priority  |——=¥,
encoder Lss

¥, = V, (previous value)

Analog input voltage (V,) [X; X, X, X, |Y, Y,
Dm\(u o 0o o 1]0 o
4
Ve o o 0 1 1 fo 1
a
Zjlit 3Va o 1 1 1|1 oo
R
3V,
% 2o v, £t v 3 a2
)
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3-bit Flash ADC:

Input voltage | Logic output (X)
V, >V, X=1

V, <V X=u

V, = Ve Previous value

The resistive network is to set to equal reference voltages at each node. The comparator
compares set reference value at inverting terminal of Op-Amp with analog output at non-
inverting terminal. The truth table for ADC is given below:
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Advantages:
1. High speed

Disadvantages:
1. Number of comparators required is almost double for each added bit

E.g.  For 2-bit ADC; No. of Comparators = 4 (2)
For 3-bit ADC; No. of Comparators = 8 (2°)

Successive Approximation type ADC:

The following Figure shows successive approximation ADC.

Figure shows a successive approximation register (SAR), the output of which is
connected to DAC and output latch circuit. The input signal (Vin) is compared with the analog
output signal (Va) of the DAC. Output of the comparator is feedback into SAR. The control logic
inside SAR adjusts its digital output; until it is equal to the analog input signal. The operation
could be understood by the code tree given below.

Atthe start of conversion cycle, start conversion terminal is made high. On the first clock
pulse, the output of the SAR is made 1000. The DAC produces an analog voltage (Va)
proportional to 1000. This analog voltage is compared with input analog signal (Vin). If Vin
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> Va, the comparator output will be high and SAR keeps Q3 high. On the other hand, if Vi <
Va, then the comparator output becomes low and SAR resets Q3 to low. If Vin > Va, SAR follows
the upward path in code tree and if Vin < Va, SAR follows downward path.

The conversion time for n-bit successive approximation ADC is (n + 2) clock periods.

1111 1111

1110 1110

Vo<V, 1101 1100
f 1011

v, >V, 1011
1010
1010 {100]
1001 1000
0111

0111
0110 0110
0101

V<V

K 0101 _

’
in

1100

0100

Y
-2 A

00

0010

0001

Advantages:
1. Considerably good speed

2. Good resolution.
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