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ABSTRACT
A high Q band pass filter using two operational amplifiers is
reported. The quality factor Q of the circuit is controllable
through a single resistance. The results of experimental and
theoretical studies are presented and confirms the theory.

1. Introduction
The application of band pass filter for selecting a band of frequencies is well

known in the open literature. In general form the transfer function of a band pass filter is

given by

a,s

T(s)= (D

a, +bs +bys’
where a,_a; b;and b, are constants.

The quality factor Q of the band pass filter is governed by the term b;. It has
infinite Q if b, approaches zero value but practically it is not possible although some high
value up to Q=20 is easily possible.

In the literature number of circuits of band pass filter using operational amplifiers
are available [1-5]. Here the new circuit of band-pass filter using only two operational
amplifier is presented which has a controllable Q through a single resistance. The
experimental results confirm the theory.

2. Circuit Description
Consider the general circuit shown in fig.1.Its voltage transfer function is given by

v,  -7,/Z, o
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\Y -7./Z
o _ 3 4 (3)
Zl ZS
put Z,= I+ S(?R combination of R in parallel with C
S
73 = ————— resistance R in series with C
(1+sCR)
Z4=Ry
and Zs = R5
Equation (3) becomes
V sCR

o

= 4
V., 1+s’C’R’+sCR(2-K) @

R
where K =—*
5
The actual circuit is shown in fig.2.

The equation (4) represents a high Q band pass transfer function which is
controllable through R4 or Rs.For sinusoidal input s = jo the equation (4) becomes
W _ JoCR

5
Vi (1-0’C’R*+ joCR(2-K) ©)
put ®CR = u (normalized from), equation(5) becomes
v, u
-2 / 6)

V.o (-u’)+ ju(2-K)

1

V,|. : . D
—2| is maximum at this value which is given by

i

Center frequency up = 1,and gain
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Fig.2. Actual Circuit of High Q Band Pass Filter

Fig.1. The General Circuit
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1
The lower and upper cutoff frequency v and u;, occurs at ﬁ of maximum gain

1 1
1,6 at —x——— , and are given as
NS ¢

_—(2-K)+4(2-K)* +4 ®)

u

2
u 2-K)++J(2-K)*+4 )
h=
2
The bandwidth of the filter circuit is given by
BW.=uy,—u
Or B.W.=(2-K) (10)
The quality factor Q = Yo
U, —u,
or Q= ! (11)
(2-K)

It is clearly seen from eqn.(11) that Q approaches infinity as K approach the
value 2.0.The Q can be controlled by R4 or Rs.

3. Experimental Results

The circuit was tested for R=10KQ ,C=0.001pF, Rs=10KQ and R4,=15KQ in first
experiment and for R=10KQ ,C=0.001pF Rs=10KQ and R,=18KQQ in second experiment.
The IC 3140 which is an operational amplifier was used and operated with a £12V power
supply. An input signal of 100mV was given in the frequency range of 1KHz to 100KHz.
The results for K= Ry/Rs= 1.5 and K=1.8 are shown in figure -3 and figure-4 respectively.
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Fig.3. Frequency Response of Band Pass Filter (K=1.5)
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Fig.4. Frequency Response of Band Pass Filter (K=1.8)
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4. Conclusions
A new type of band pass filter circuit has been reported. The circuit realises a high Q
band pass filter, which is controllable through a single element as a resistance. The results

of experimental study confirm the theoretical predictions made.
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