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Abstract

This paper presents a detailed design of First Order and Second Order high pass Butterworth filters using operational amplifier.
The frequency response of the filters showed agreement with the theoretical expectations.
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1. Introduction

A filter is a frequency- selective circuit that allows a specified
band of frequencies and blocks or attenuates signal of
frequencies outside this band. Thus a filter is an electrical or
electronic network that alters the amplitude or phase
characteristics of a signal with respect to the frequency. Filters
are generally classified as (a) Analog or Digital (b) Passive or
Active and (c) audio frequency (AF) or radio frequency (RF).
In this paper design and fabrication of active filters are
presented. Operational amplifiers along with resistors and
capacitors are used for fabrication of filters. The frequency
response of the filters was studied.

2. Theoretical background and circuit diagrams of the filters
2.1 First order high pass Butterworth filter

High pass filter are often formed simply by interchanging
frequency determining resistor and capacitors in low pass
filter. That is a first order high pass filter is formed from a first
order low pass type by interchanging components R and C.
Figure- 1 shows a first order high pass Butterworth filter with

a low cut off frequency of fi. This is the frequency at which
the magnitude of the gain is 0.707 times its pass band value.

Obviously, all frequencies higher than i are pass band
frequencies with the highest frequency determined by the
close loop bandwidth of the OP-AMP.

The output voltage is given by:
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Where, Ay = (1 + %)= Passband gain of the filter
1

| = frequency of the input signal

fi= ﬁ = Low cut off frequency of the filter.

And magnitude of the voltage gain is:
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Figure-1 shows the circuit of first order high pass Butterworth
filter using RC network and operational amplifier (OPAMP).
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Fig 1: Circuit diagram of a first order high pass Butterworth filter

2.2 Second order high-pass Butterworth filter

As in the case of the first order filter, a second order high pass
filter can be formed from a second order low pass filter simply
by interchanging the frequency determining resistors and
capacitors. Figure 4 shows a second order high pass filter.

The voltage gain magnitude equation of the second order high
pass filter is as follows:
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|“’_o = __AF f = frequency of the input signal
Vin |1+Ei}"'
b L (8)
R fi = Low cut off frequency.
Where, A = (1 + R—F)= Passhand gain of the filter
1
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Fig 2: Circuit diagram of a second order high pass Butterworth filter

3. Calculation of circuit components

3.1 First order high pass Butterworth filter

For a high pass filter of cut off frequency 1KHz with a pass
band gain 2

fi = 1KHz, C= 0.014F and hence,\

1

= (1059010 159 KQ

Resistance has been taken as, R= (15+1) KE2

Since passband gain is 2, Br = Ry = 10KQ

3.2 Second order high-pass Butterworth filter
For designing a 2" order high pass Butterworth filter of

higher cut off frequency fi = 1KHz, the required components
are taken as, Rz = Ra =R gng Co = G =C =1 #F

1

R= P ETeT e 159 K0

Hence, . The chosen value of R=

(15+1) K&

To guarantee Butterworth response gain must be equel to
1.586 and hence, & = 0.586R,

Chosen values are Br = 3-3KQ) 5pq Ry = 5.6 KQ

4. Frequency Response Data and Results

4.1 First order high pass Butterworth filter

The data for frequency response of the 1% order high pass
filter is shown in Table-1.

Table 1

Input frequency (F) Input voltage Output voltage s mt?gthde Magn;l:;ji vp
in (Hz) Vin in volt Vs in volt v, (dB)= ° ..,

10 1.00 0.08 0.08 -21.40

100 1.00 0.75 0.75 -02.50

200 1.00 1.25 1.25 01.94

500 1.00 1.80 1.80 05.10

700 1.00 1.94 1.94 05.74

800 1.00 2.00 2.00 06.02

1000 1.00 2.00 2.00 06.02
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3000 1.00 2.00 2.00 06.02
7000 1.00 2.00 2.00 06.02
10000 1.00 1.90 1.90 05.58
100000 1.00 1.95 1.95 05.80

The frequency response curve for 1% order high pass filter is shown in figure-3.
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Fig 3: Frequency Response curve of 1% order Butterworth filter

4.2 Second order high pass Butterworth filter
The data for frequency response of the 1% order high pass filter is shown in Table-2.

Table 2
Input frequency | Inputvoltage | Output voltage Galnm;gnltude Magnitude
i i : z 20log | ==
(f] in (Hz) Vinin volt Vg in volt L’iu (dB)= ] i

30 1.00 0.01 0.01 -38.42
100 1.00 0.03 0.03 -30.46
200 1.00 0.06 0.06 -24.44
500 1.00 0.43 0.43 -07.33
600 1.00 0.54 0.54 -05.35
700 1.00 0.70 0.70 -03.09
800 1.00 0.80 0.80 -01.94
900 1.00 0.95 0.95 -0.44
1000 1.00 1.05 1.05 0.42
1200 1.00 1.25 1.25 01.94
1500 1.00 1.38 1.38 02.79
2000 1.00 145 145 03.23
3000 1.00 1.55 1.55 03.81
7000 1.00 1.60 1.60 04.08
10000 1.00 1.60 1.60 04.08
100000 1.00 1.45 145 03.23

137



International Journal of Advanced Science and Research

The frequency response curve for 2™ order high pass filter is shown in figure-4.
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Fig 4: Frequency Response curve of 2" order Butterworth filter

5. Conclusions

In this paper the low pass Butterworth filter of order 1 and 2
have been successfully implemented. The frequency response
of the filter closed to the ideal one. Each of these filters uses
an OP-AMP as the active element and resistors and capacitors
as the passive elements. Since, the OP-AMP is capable of
providing high gain; the input signal is not attenuated as it is
in passive filters. Because of the high input resistance and low
output resistance of the OP-AMP, the active filter does not
cause loading of the source or load.
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