Integrated Circuits, MOSFETSs, OP-Amps and their Applications
Prof. Hardik J Pandya
Department of Electronic Systems Engineering
Indian Institute of Science, Bangalore

Lecture — 26
Operational Amplifier as a Band Pass and band reject filter

Welcome to this particular module, and this is the module for our lecture, but where we
are looking at filters right. So, we have seen bend we have seen the filters that will pass a
particular band and it will filter out particular band correct. So, we have seen low pass
filter and high pass filter. Low pass filter we have seen passive filters and we have seen
active filters same way in high pass filter we have seen passive filters and we have seen

active filters.

Now, let us focus on low pass and high pass combination. So, what will happen it will be
a band pass filter. So, how exactly band filter we can design using operation amplifier let
us see it. So, we will see two kind of filters one is band pass filter and another one is
band reject filters. And we will think some examples. So, we can understand how we can
decide this circuits alright. So, if you come back to the screen and what you see here is a

band pass filter correct band pass filter.
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Band Pasa Filter
F—

* The principal characteristic of a Band Pass Filter or any filter for that matter, is its ability to
pass frequencies relatively un-attenuated over a specified band or spread of frequencies
called the “Pass Band” and attenuated the other bands of frequency called “Stop Band”

+ Simple Band Pass Filter can be gasily made by cascading together a single Low Pass Filter with

Vout

+ The cut-off or corner frequency of the Iu\\ pa.k:- filte J i‘i higher t ]% cut-off frequency
of the Tigh pass filter (HPF) and the differ¢ i cguencies at the -3dB point will
determine the bandwidth” of the band pass fi f'llLru]uIL attenuating any signals outside of these
points

Now, the principle characteristic of band pass filter or any filter for that matter is it is

ability to pass frequencies relatively, un attenuated relatively, un attenuated over a
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specific band or spread of frequency called pass band and attenuate the other band of
frequency called stop band correct we are seen this. That when you design a filter a
certain band of frequency is allowed to pass which are called pass band frequencies
incident frequencies, that we do not want they are attenuated it is called the stop band

frequency very simple right.

Now, a simple band pass filter can be easily made by cascading single low pass filter
with a single high pass filter super easy right. If we knows how a low pass filter circuit
is, if you know how high pass filter circuit is then by cascading low pass filter with a

high pass filter, we can design a band pass filter.

So, if there is a block diagram it is a high pass filter at the starting of the block, this block
diagram for the band pass filter alright this is our band pass filter, the first block is high
pass filter, then we have to amplify then low pass filter alright. So, high pass and low
pass combination of this cascading of this we will with we will result in a band pass
filter; input peak to peak it is a term frequency we will see what is the output which
frequency it can pass alright. So, the cutoff or corner frequency of the low pass filter is
higher than the cutoff high pass filter and the difference between the frequency at minus
3 d B point we will determine the band width of the band pass filter alright. So, what
does it mean? The cutoff or corner frequency of low filter right is higher than the cutoff
frequency of high pass filter right and the difference between this frequency; that means,
if I draw right the cutoff frequency of the low pass filter and the cutoff frequency of high
pass filter write the difference between it; that means, this is the difference that is the
band which will be allowed to pass. So, this is a pass band this is the pass band and this
is the stop band right stop band, this is also stop band, this is what it means by this

sentence ok.

The cutoff frequency or corner frequency of low pass filter is higher than the cutoff
frequency of high pass filter right. So, if this is my cutoff frequency for low pass filter,
this is higher than the cutoff frequency for my pass filter right and the difference between
two that is this difference is my band of frequencies, that I want to and it is my band pass

filter it is my band pass filter.
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A simple band pass filter alright a simple band pass filter how we can design? We can
use high pass filter stage,, we can use low pass filter stage, we can cascade both the
stages. So, you see here we have capacitor and resistor this is our high pass stage. I apply
a signal right to the capacitor and you know how the high pass filter works, this output of
the high pass filter is fed to the low pass filter, and thus; in thus what will happened? In
this particular case in high pass filter, you can have a band of frequencies that will pass

above this f L right.

In case of low pass filter there will be band of frequencies that will pass below this f's
that means, this one right this particular band alright. So, if [ merge both if I cascade both
what will I have? I have my band pass filter, with this cascading together of individual
low pass and high pass filters produces a low Q-factor type filter circuit, which has a
wide pass band which has a wide pass band. Very easy to understand band pass filter

once you know how the low pass and high pass filter works.
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Band Pass Plrer - Simalation

Figure 10a

So, we will do this experiment also is called Simulink. We will perform a simulation
with a software right and we will see how we can design the circuit using a Simulink and

how we can obtain this point, obtain this plot for the band pass filter.
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Figure 10a

This will perform in the experimental portion, when we perform the experiments for
designing the filters we will see how we can design a band pass filter. In general we will
see how we can get the source from the library, how we can select the capacitor, how we

can define deferent values of capacitor, how we can define and break the resistors, I have



again connect this resistors, how we can connect this capacitors, how we can select the

ground from the library, and how at what point we want to see the output voltage.

When we design this thing and we apply a fifteen volts peak to peak f is a sudden
frequency right, that we have selected and we have to understand that what is the band of
frequency that is around two pass, we will be able to see that whatever frequency we
have selected that minus 3 dB that we were get minus 3 dB. So, it will be bend like this
that is allowed to pass and that is why the band is not passed, thus there it is a band pass

filter.
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* Design an band pass filter with a lower cut-off frequency of 2 kHz with a resistor value of
10 k0 and higher cut-off frequency of 10 kHz with a capacitor value as ?JF_

Solutipn
Given f = 2kHzand Ry = 10k (0 and | <,z ? 8
fy= 10kHzand C,=500pF , R, = 7
£ \/__,» (= == —L—=79nF
20f8 — 22:2000:1000
1
R, =3.18k0

T 2mfC, 2m+1000045p |
C] :-H-_L__-"' = ;.--"""'-_I,ooa.ﬂ.a

So, let us take an examples to make it easier design an band pass filter with a lower
cutoff frequency of two kilo hertz, and beta resistor value of 10 kilo high cutoff
frequency of 10 kilo hertz capacitor value of 5 Pico farad. So, what is given f L is given
right f H is given. See f L is given right f L is given, f H is given. This is your f L this is
your f H right. Now you are given R there is a resistor here, we were given ¢ which is

here right. So, we know that f equals to correct.

So, from here we can find ¢ equals to 7.9 picofarad correct. Now we for second we know
that this is for first one right. So, f again f equals to. So, fc 1, f ¢ 2 we can say like this 1
by 2 pi right. So, this is this one we have calculated because we know value of R 1, but

we do not know value of C 1 we do not know, here we know value of C 2, but we do not



know value of R 2 right. So, first is the equation for f L, this is this is equation for f H
right from here, from here, and from here we can find R1C1 R 2 C 2.

So, here what is given? We are given value of f L then we have R 1 what we do not have
C 1. So, C 1 would be equal to 1 upon 2 pi f L into R we can substitute value one upon
two pi f L what is f L? F L is 2 kilo hertz into resistance, resistance is 10 kilo correct. So,
we will get value of C 1 equals to 7.9 nanofarad, we get C 1 equals to seven point nine

nanofarad beautiful very easy.

Now, let us see how we can find value of f H and using f H, how can find R 2 how we

can find R 2. So, f H what we f H equals to?
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* Design an band pass filter with a lower cut-off frequency of 2 kHz with a resistor value of
10 k() and higher cut-off frequency of 10 kHz with a capacitor value as ?JF.

Solutipn
Given f = 2kHzand R = 10k () and | <, c 17 : i
fy=10kHzand C,=500pF , 2, = ]
e i‘_-1 ! 1'1

=79nF

G = MER 2002000410000
1 1
mf.C, 2w+ 10000+ %

C‘, - e—
3_(1'1} - m A X Jooos kg®
W= Swxii't
T N
il

1 by 2 pi R 2 C 2 what we have we have f H, what we have we have C 2, what we do not
have R 2. So, R 2 will be 1 divided by 2 pi f H C 2 right. So, this will be 1 divided by 2
pi f H what is f H? 10 kilo hertz right hertz into C 2 500 picofarad, 500 10 to the power

minus 12 so, that will give us 3.18 kilo ohm, that you can see here 3.18 kilo ohm correct.

So, using the given values you can designed a band pass filter very easy right absolutely
easy we have to just understand and remember one equation, and then you can easily

design the circuit that is your band pass filter.
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* Calculate the higher and lower cut-off frequenmes of the active band
f||tert:|rcu|tassﬁow in the Figure, Fin
own in the Eigu e

Solunon
GivenR, =10k and C2 = 0.1 uF,
R2=10kHz and C3 = 0.1uF

1
' 159.19 Hz
J6= 20k, = 2w+ 000+ 10000 _....—’

"l=l-

r.,_/ﬁr / a0 ked1u =1591

—

Gain of the Filter = -R2/R1
=-10k/10k=1

Now, if you are given a circuit right again this is a band pass filter and you are applying
the signal to the inverting terminal. So, it is a inverting amplifier right inverting amplifier
we understand. So, gain of inverting amplifier you already know minus R 2 by R 1 right
frequency we know f equals to let us say we right f C 1 and f C 2 right because we have
band pass. So, f C 1, fC 2 correct. So, we will write fC 1,fC 1 equalto 1 by2piR 1, C
1; fC21by2pi R2C 2 correct and gain we know this formula right what is gain
calculate the higher and lower cutoff frequency of active band pass filter as shown in

figure find out it is gain.

So, let us find out it is gain first right gain first gain first. So, R 2 by R 1, 10 by 10, minus
R 2 by R 1 minus 10 by 10 gain equals to 1 easy super easy right, now let us see the
cutoff frequencies. So, fC 1; fC 1 equals to 1 upon 2 pi R 1 into C 2 right because C 2 is
here R 1 is here right f C 2, 1 upon 2 pi R 2 C 3 right substitute the values. Substituting
values what we get? We get the value of f C 1 and f C 2 easy very easy right super easy.
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Design a band pass filter so that f,= 2 kHz, Q. = 20. Choose C=1pF

o o

Given, the central frequency f, = 2 kHz and 0 = 20
As we know that, Q=f,/8W = ff,-f)
20=2%/(f, - f) => ffy=1) = 0.1k h
Also, f, = VIfyf) => fyfi= (2P =4 M
(h=fF =3+ £ 2 £, = fi+ f3-2 (4 M)
(0.0 kP +8 M =24 f7
(P =F3+ [+ 2ffy = (0.1 kF +8 M+ 8M = 16.01M
f,#f=4.001
On solving, [y = 2050.5 Hz and f,= 1950.5 Hz
1 1 1
h= g =R e, 120505

1 1 1
= —f = =
= e, = R Tt e 119505

=T77.60

= 81661

Then let us do one more problem let us solve one more problem, design a band pass filter
show that f o equals to 2 kilo hertz using different way of putting the things, some people
say f ¢ some say f L, f H some say f o right does not matter. Do not worry about it never
get confused with this kind of terms right. So, we f o 2 kilo hertz quality factor 20 ¢

equals to 1 microfarad in this case central frequency f o. So, what is f 0?
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Band Pass Filter — Exvample 3 h

Design a band pass filter so that f= 2 kHz, 0= 20. Choose = 1
— —
Solution
Given, the central frequency f, = 2 kHz and 0 = 20
C——
As we know that, Q=f/BW = fJf-f) ~
20=2k/f,~f) => {f,~f) = 0.1k i
Also, f, = VIfyf) => fyfi= [2kF =4 M ,‘L
Uh=FR =R 12200 =M+ -2 (4 M)
0.1kF +8M = 2+ f? 4
U+ fF =fi+ 17+ 2f,f, = (0.1 kF +8 M +8M = 16.01 M &‘
fy+f=4.001k @S o

On solving, fo = 2050.5 Hz and fj= 1950.5 Hz U
1 1 ]2

= 77,601

= —— =l = =
h 2CR, VT dmelpef,  2melpe20505
1 1

|
h= ek, = M= Tipe g, Tmeipe 10505 - el

See central frequency. So, you have this right f L f H right and this will be center
frequency. So, f o right and quality factor can be f o divided by band width quality factor



can be f o divided by bandwidth. So, when I say we have people say f H people say f L
people say f c people say f o this is term for everything, that does not mean that

everything is same.

This is critical frequency this is central frequency this is higher cutoff this is lower
cutoff. So, you have to understand what are the terms, but point is do not get confuse if
you see a suddenly new term do not get confused the central frequency is given by f o we

have seen here right for this.
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Busd Pass Pl - Evanple 3

(J\
Design a band pass filter so that f,= 2 kHz, Q.= 20. Choose C=1pF
Solution S 2,
Given, the central frequency f, = 2 kHz and 0 = 20 GJQ
As we know that, Q=f,/8W = fAf,-f)

20=2/(fy-f) => (fy~f) = 0.1k
Also, f, = VIfuf) => fyi= (2kF =4 M
(y=fF =F+17- 20 =7+ £7- 2 (M)
(0.1KP+8M=f24f7
(h+ B = [ £+ 21, = (0.1 kP +8 M+ 8M = 16.01 M
o Yo
—

S+ fi=4.001k @ :
On solving, [y = 2050.5 Hz and f,= 1950.5 Hz b

1 1 1 E U

= —— =R = = = 7760
h MR, VT Tmedpef, Imelpe20505 0

1 1 !
= —_— Rs= =)
= gk =R i tue g e 1pe 19508

= 81661

Particular plot this is again your gain, gain decibels this is your frequency in hertz correct
then Q equals to f o by bandwidth what is bandwidth? Bandwidth is nothing, but lower
frequency minus up upper frequency right f L minus f H or higher frequency minus

lower frequency.
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Buad Pass Pl - Evanple 3

Design a band pass filter so that f,= 2 kHz, fi = 20. Choose C=1puF
Solution
Given, the central frequency f, = 2 kHz and 0 = 20
As we know that, Q=f,/BW, = A~ 1)
20=2h-f) = tfy-f) = 0.1k
Aiso = VIff) <STf= (2P =4M_ z, }0 &
U..'fJ“fa’\‘L"'2J‘:f.-=f).)*ﬁ’-2(¢ M) 2" l/
(01KP+8M=f24f72
U+ £ = [ 17+ 21, = (0.1 kP +8 M+ 8M = 16.01 M ﬂu - bh/h__
i+ f=4.001k
On solving, [y = 2050.5 Hz and f,= 1950.5 Hz
1 1
h= g =M= g, e e 20505

1 1 !
- — Rs= -
o= saer =R e T i 19505

P A

=T77.60

= 81661

So, in terms if positive, if you have this f H f L right f o bandwidth, f H minus f L right.
So, we have written Q equals to f o divided by bandwidth f o divided by f H minus f L
substitute value q equals to twenty right then f o is 2 kilo hertz right divided by f H
minus f'l. So, f H minus f L would be 0.1 k.

Now, f o equals to underfoot of f H into f L that also we know right which is nothing, but
fH f L equal to 2 k whole square equals to 4 m right. Now f H minus f L whole square is
what it is like similar right this is very easy you see mathematics. So, easy math basic

mathematics.
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Band Pass Flter — Example 3 2
Design a band pass filter so tht f,= 2 kz, i = 20. Choose C= 1 pF C Gl L J 1 J,_r-;'i
Salution 2 -
. _ oot
Given, the central frequency f, = 2 kHz and 0 = 20 A:'——________-————'
As we know that, Q=f,/8W = fAf,-f)
e — e

20=2h-f) = fy-f) =01k
Also, f, = VIfyf) => fyfi= (2P =4 M
(h=fF =3+ £ 2/, = fi+ f2-2 (4 M)
— Ik M fES?
(h# [ =f3 [+ 21,1, = (0.1 kP +8 M+ 8M = 16.01 M
fi+f= 4001k

On solving, [y = 2050.5 Hz and f,= 1950, Ly

S— e 1
h= =M= g, e e 20505
1 e hy e+ 2050:

1

= =R - = 8160

MRl v yrry Al s e T
—_—

T

= T77.60

what is this a minus p whole square equals to a square plus b square minus 2 a b right
this is what is written f L square plus f L square minus 2 f H into f L, this is nothing, but f
H square plus f I square minus 2 types 4 M. So, when we substitute the value we will get
this finally, we can use a when you solve this equation, when you solve this ah equation

you will get f H plus f L is 4.001 K.

On solving f H equals to this one and f L equals to this one. So, f H equals to 1 by 2 pi R
¢ R 1 equals to this f 1 equals to 1 by 2 pi R ¢, R 2 will be this value correct. So, this is

how we can design the band pass filter.
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Band Reect Fitos

The Figure below shows the ideal frequeney response of a Band stop filter

The band stop filter is formed by the combination of low pass and high pass filters with a parallel
connection instead of caseading connection. The name itself indicates that it will stop a particular
band of frequencies. Since it eliminates frequencies, it is also called as band elimination filter or
band reject filter or noteh filter

We know that unlike high pass and low pass filters, band pass and band stop filterd have two cut-
off frequencies. It will pass above and below a particular range of frequencies/whose cut off
frequencies are predetermined depending upon the value of the compohents usetl in the circuit
design r

iy ¥

Any frequencies in betweep these two cut-off frequencies are

attenuated. It has two pafThands and one stop band. T
nd pass filter are as ghown /

ideal characteristics of t
Pass

below

’ h Fit
Basd Stog Filter

Now, once we have seen how the band pass filter can be designed, let us see how band
stop filter can be designed, and what are band stop filters, what are band reject filters
right. So, you see here the plot if you see the plot what you see is this, is the band which
is top band, this is the pass band, this is the pass band right. So, this is ideal in actual you
will get something like this alright.

This is the plot for response plot for band stop filter; that means, a particular frequency
that we do not require particular band of frequency, that we require we can stop it by
designing a filter using a pressure amplifier right. The figure shows ideal frequency
response of band stop filter, with a band stop filter is formed by combination of low pass

and high pass filters.

So, band stop filters can be again design or can be formed by using low pass and high
pass filter. In case of the band pass filter, it was high pass and low pass in case band stop
low pass and high pass with a parallel connection instead of cascading connection you
see. So, in case of band pass filter we were cascading low pass filter and high pass filter.
In case of band stop filter, we are connecting low pass filter and high pass filter, but in

the parallel connection ok.

So, you remember that when you have to design a band band reject filter or band stop
filter you have to connect low pass and high pass in a parallel connection. The name

itself indicates it will stop a particular band of frequencies since it eliminates



frequencies, it is also called band elimination filter or band reject filter or noise filter you

see. So, it has lot of names what are the names let us write down.

(Refer Slide Time: 18:48)

Band Reject Flters
+ The Figure below shows the ideal frequency response of a Band stop filter

+ The band stop filter is formed by the combination of low pass and high pass filters with a parallel
connection instead of cascading connection. The name itself indicates that it will stop a particular
band of frequencies. Since it eliminates frequencies, it is also called as band elimination filter or
band reject filter or noteh filter

We know that unlike high pass and low }.1'-_?11|tl.|‘~ band pasg and band stop filterg have two cut-
off frequencies. It will pass uhu\l. agsl below a particular/range of frequencies|whose cut off
frequencies are predetermyied;depending upon the value bf the compofents usedl in the circuit
design

4 V’ v

i these two cut-off frequencies are

+ Any frequdpd etwe i
atteguated.\lt/has two pass bands and one stop band. The

idea)) characteristies of the Bapd-pHss rlltr are as shown

b a0d &" i
R

Pass Pass

Band Siog Filter

Band stop filter, band reject filter, band elimination filter also called notch filter you see
four different names for band reject filter, band stop, band reject, band elimination, band

notch filter alright.

So, any equation comes to your exam or any equation comes in your interview, then you
can answer, that yes we know all this filter because all this filters are same filter, which is
my band reject filter. So, it is called by many names, it is called by many names very

easy right very easy to understand op amps and it is application is not it.

So, the band stop filter is formed by combination of low pass and high pass in a parallel
connection right second is it will stop band of frequencies is also called band reject notch
or band elimination, we know that unlike high pass and low pass filter band pass and
band stop filters have two cutoff frequencies right see here 1, here 2 same way in band

pass filter.
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Band Rejeet Fultens
+ The Figure below shows the ideal frequeney response of a Band stop filter

+ The band stop filter is formed by the combination of low pass and high pass filters with a parallel
connection instead of caseading connection. The name itself indicates that it will stop apartientar
band of frequencies. Since it eliminates frequencies, it is also called as band elimination filter or
bandreject filter or noteh filter d

e Lo

We know that unlike high pass and low pass filters, band pass and band stop filters have two cut-
off fr\-.n!umciu.-s. It will pass above and below a particular range of frequencies whose cut off
|

T are predetermined depending upon the value of the components used in the eircuit

design -

I

Any frequencies in betfigen these two cut-off frequencies are
attenuated. It has two pass [bands, : 1. The
ideal characteristics of the [Band mseﬁ]ﬂﬁ are as [shown
below

pass | stop | Poss

AN ™
L h,f [;(Nz) | Q/m}ﬁ/ i
We have we had 1 and we had 2 and this was stop band, this was stop band this was pass
band right you do not you do not have to write PBS SP S P you have to write stop band,
you have to write pass band, you have to write gain, it is very important what you write
on the axis. Even you know it is obvious that is the frequencies still you have mention
when you are plotting a graph, what is your y axis, what is your x axis you have to write

full form pass band, you have to write full form stop band ok.

So, whenever you show in exam or in your class or in your interview, if you are ask
please plot everything correctly. Now it has two cutoff frequency, when we have band
pass and band reject filter. You will pass above and below a particular range of frequency
whose cutoff frequencies are predetermined depending on the value of components in the
circuit design. So, what does that mean that? Here in this particular case it will pass all
the frequencies below F L and all the frequencies above F H it will only stop the
frequencies between F L and f H; that means, this band of frequencies it will not allow to

pass right.

Now, any frequencies in between these two cutoff frequency are attenuated that means,
they are stopped. It has two pass bands and one stop band the ideal characteristics of
band pass filter are shown below. So, it is are actually may not band pass, but band reject

filter ah shown in this particular figure.
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+ In Band Pass filter action we have seen that a basic RC low pass filter can be combined with an
RC high pass filter to form a simple filter that will pass a band of frequencies either side of two

cutoff frequencies

+ We can also combine these RC filters to form another J,
type of filters that can block or{severely attenuate « - - Pt
given band of i ‘tweel 0 cutoff - o2

frequencies and phss all of R frefuengles. This is the
Band Reject or the(Band Stop Mter

+ I this “stop band"is very narrcky ahighly attenuated
e Ll b .

over a very small ringe of frequ q ) while passing all
other frequencies, it is more ¢ & aly referred to as
the “Band No ifter w_His is because its
" - - . .
frequency response shows a deep noteh with high
selectivity

+ A typical Band Reject Filter frequency response is
shown in Figure 1 aside

Figure 1

So, band reject filter; in band reject filter in band pass filter what we have seen? We have
seen a basic R ¢ low pass filter combined with RC high pass filter to form a simple filter
that will pass a band of frequencies either side of two cutoff frequencies. These figures in
the case of band pass filter right. We can also combine these RC filter to form another
type of filter that can block or severely attenuate a given band frequencies between two

cutoff frequencies, and this is called your band reject or band stop.

Then have you see here you see pass band, pass band, stop band gain is given by V out
and V in we have in decibels we have frequency, if it is logarithm logarithmic scale
logarithmic scale then we have to write down it is log right if it is not, it will write down
it is in hertz right frequency now bandwidth. Bandwidth is f H minus f L this is your
central frequency. So, if this stop band is very narrow or highly attenuated over a very
small range of frequency while passing all the other bands, it is more referred to as band
notch filter what does that mean? It means that if instead of having this this bandwidth, if

I have like this very narrow band using very narrow band right.

Then it is called band notch filter, this is because it is frequency response was a deep
notch deep notch you see deep notch right here with high selectivity. Only that particular
small band of frequencies are stopped right and it looks like a deep notch that is why it is

called so called band notch filter, same filter band reject filter is also called band.

A typical band reject filter response is shown here alright this shown in this figure.
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Band Bejeet Filter

* The transformation of this filter characteristic can be o
casily implemented using a single low pass and high pass Pl P
filter circuits isolated from each other by non-inverting -
voltage follower, (Av = 1). The output from these two
filter circuits is then summed using a third operational
amplifier connected as a voltage summer (adder) as
shown in Figure 2

The use of operational amplifiers within the band stop
filter design also allows us to introduee voltage gain into
the basic filter circuit. The two non-inverting voltage
followers can easily be converted into a basic non-
inverting amplifier with a gain of Av = 1 + Rf/Rin by the
addition of input and feedback resistors :
Thus, if we require a band stop filter to have its -3dB cut-
off points at say, 1kHz and 10kHz and a stop band gain of
-10dB in between, we can easily design a low-pass filter -3
and a high-pass filter with these requirements and simply 3

-

-

cascade them together to form our wide-band hmul-passuf’f‘ 7 Figure2
filter design hitpefwneelectronics-tutorials s/

Now, let us see further. The transformation of this filter characteristics can be easily
implemented as we can see here right. So, we see this is the band pass, pass band pass
band, band stop response low pass response, high pass response and here this is center
frequency, this will be the band which is rejected this is a band which is rejected. So, if I

want to draw this [ can draw this very easily right.

I have a low pass filter a low pass active filter let me just clear this point. I have this low
pass active filter, [ have high pass active filter, [ have a summer summing amplifier is not
it we have seen summing amplifier we have seen op amp as a summing amplifier you see
R output voltage fed here, that is like V 1, R 1, V 2, R 2 right this output will be RF into
V minus RF into RF is this one RF into V 1 by R 1 plus V 2 by R 2 right this is what we

have seen into V in. So, that will be my V out.

So, we have seen summer we have seen the low pass and a high pass active filter, when I
connect the low pass and high pass active filters in parallel connection as you can see
with a summer which you can see here and you have a input voltage with peak to peak
voltage this to this right and with a particular frequency, and we can design a notch filter

or band reject filter by selecting different values of resistors.

So, resistance and capacitance of course, transformation of this filter characteristics can
be implemented a single using a single low pass and high pass filter circuit by non

inverting voltage follower, the output from these two filter circuit is summed using a



third operational amplifier called a voltage summer, which you can see here right. The
use of operational amplifier within the band stop filter design, also allows us to introduce
voltage gain right. So, because we have used now the amplifier, we can also amplify the
signal and we can also improve or gain the voltage, we can also introduce the voltage
gain. The two in non inverting voltage followers, can be easily converted to into a basic

inverting amplifier with the gain of A f equals to 1 plus.
(Refer Slide Time: 27:21)

Band Refect el

« The transformation of this filter characteristic can be 4 pro
casily implemented using a single low pass and high pass P Foa b
filter circuits isolafed from each ofher by non-inverting . . ]
voltage follower, (Av = 1). The output from these two
filter_circaits 1s then summed using a third operational
amplifier connected as a voltage summer (adder) as
———a

shown in Figure 2

* The use of operational amplifiers within the band stop
filter design also allows ys toj ¢ voltage gain into

the basic filter cireuit. The two non-inverfig-voltage
followers can easily be converted into a basic non-
inverting amplifier with a gain of Av = 1+ Rf/Rin by the
addition of input and feedback resistors =
« Thus, if we require a band stop filter to have its -3dB cut-
off points at say, 1kHz and 10kHz and a stop band gain of
-10dB in between, we can casily design a low-pass filter
and a high-pass filter with these requirements and simply
caseade them together to form our wide-band band-pass Figure 2
filter design g/ . electionics tutcrils ws/

So, you see this is a amplifier this is amplifier, it is nothing, but unity gain amplifier right
unity gain amplifier. This unity gain amplifier we can convert into a non inverting
amplifier right and we can introduce a voltage gain right now this both are (Refer Time:
27:38) amplifier or a voltage follower right. This is my low pass filter, this is my high
pass filter right, but these are just voltage follower instead of voltage follower, if I use a
non inverting amplifier or if use a inverting amplifier, they can I can easily tuned by
gain. Thus we require a band stop filter to have it is minus 3 dB cutoff frequency say 1
kilo hertz and 10 kilo hertz a stop band gain of minus 10 d B, in between, you can easily
design a low pass filter and a high pass filter, with this frequency requirements, and

simply cascade them together to form a wide band pass filter design.
Same way if I cascade them in a parallel form, I can form the band reject design.

(Refer Slide Time: 28:20)



Band Reject Ftten — Example |

Design a basic wide-band, RC band stop filter with a lower cut-off fregugncy of 400Hz and 2
higher cut-off frequency of 2 kHz having a pass band gain as 2.

Solution

The upper and lower cut-off frequency points for a band stop filter can be fpund using the same
formula as that for both the low and high pass filters as shown L = z‘ 'ﬂHZ

=1 —
f="Janc
Low Pass Filter Section O R, J‘ S WZ_‘
fi=V =400 Hz A —
2nR,C;
Assuming C1=0.1 yF gives — g . {
- — -

=1 = 39780 =
Ry /erfhcl 39780 = 4 kD
High Pass Filter Section ==————

il - .
fl' = ZZHchz = 2000 Hz
Assuming C2=0.1 pFgives _ ———

E— =¥ = A
R, = /erfrCz' 795!1=8%01’1

So, let us now design a basic wide band RC band stop filter with a lower cutoff
frequency of 400 hertz right. So, f L equals to 400 hertz, f H 2 kilo hertz, gain 2 right
have you know this formula. So, f H equals to 1 upon 2 pi R 1 C 1. So, we will get 400
hertz we have 400 hertz already right we have 400 hertz already. So, R 1 will be nothing,
but 4 kilo ohms right very easy. Now same way f L equals to 1 by 2 pi R 2 C 2. So, we
already know f L is equal to 2 kilo hertz or 2000 hertz. So, R 2 would be nothing, but
800 ohms. So, we have found the value of R 1 we have found the value of R 2, we have
already know value of C 1, we already know value of C 2 do you know it yes you know
itC1C2.

Then then you see if | keep value of C 1 and C 2, I know now I can finally, of R 1 and R
2 and you know f H and f L the n I can design the band stop filter.
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Further given, A, = 2 1+R ﬁ\j &
This gives Ri=R; /

IfRi=10kQ, then the circuit looks as follows

So, now further what is given? Further is given that gain is 2 right. So, let me design
band reject filter with a non inverting amplifier. So, gain will be 1 plus R f by R i right R
fby Riequalto 2. So, R fby Riequal to 1 or R fequal to R, R fequals R i, R i equals
to 10 kilo ohm right. If R 1 equals to 10 kilo ohm right and R f is also equal to 10 kilo

ohm, then my circuit will look like the one I have shown on the screen, is not it.

So, I have R f 1 have R i, I can put a value of R i substitute the value of R 1, [ have found
C 1, I have found C 2, I have found R 1 I have found R, R I; I know R fI know R 12,1
know R 3 I know R f. So, I can easily design my band reject filter alright. So, this is how

I can design my band reject filter.

So, now what we see is using the operational amplifier we can design a band pass filter,
we can design a band reject filter, we can design high pass filter, we can design a low
pass filter. Now once you know low pass filter your life become super easy, because
using the low pass and high pass in different combination, we will give us the band pass
filter or we will give us the band reject filter right give us the band pass filter or will give
us the band reject filter correct. So, now, we have also seen how we can design the
circuit for band pass, we have seen the circuit for band reject, we have solved some

problems for band pass and solved some problem for band reject.

Similarly, in the previous module you have solved some problems for high pass we have

solved some problem for low pass. So, now, it will be little bit easier for you to



understand how the filter would work, how the filters would work. So, just go through all
the modules for this particular lecture and I am hoping that you will understand better
about how the filters would work and how we can design a filter using operational

amplifier alright.

So, the next class what we will see, we will see the design of the oscillators. Very
important topic and it will have several modules to help you out how we can design
oscillators using operational amplifiers. What are oscillators, what are kind of oscillators,

what are the problem arises with oscillators, and how we can design oscillators alright.

So, till then what you do is, you just look at this lecture understand how these filters are
designed and if you have any kind of problem in understanding, you can definitely ask
me through the forum and I will try to get back to you at my earliest. So, you take care

read this and have fun bye.



