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Abstract:

Single-input Multiple-output Signals Third-order Active-R Filter for different
Circuit Merit Factor Q Configuration is proposed. This paper discusses a new
configuration to realize third-order low pass, band pass and high pass. The presented
circuit uses Single-input Multiple-output signals, OP-AMP and passive components.
This filter is useful for high frequency operation, monolithic IC implementation and it
is easy to design .This circuit gives three filter functions low-pass, high-pass and
band-pass. This filter circuit can be used for different merit factor (Q) with high pass
band gain. This gives better stop-band attenuation and sharper cut-off at the edge of
the pass-band. Thus the response shows wider pass-band. The Ideal value of this filter
circuit which is closed to Ideal value of third-order active-R filter is at 0.8< Q >6. The
advantages of this circuit are reduction in size and weight, increased circuit reliability,
more economical and easy for manufacturing.

Key words: third-order active-R filter, Single-input Multiple-output signals, circuit
merit factor Q.

Introduction:

The filter is a device designed pointed out in the literature that active-
to separate, pass or suppress a group of R networks offer substantially low
signals from a mixture of signals. sensitivity characteristics as compared
These are  frequency  selective to RC active structures (Soderstand &
networks. The operational amplifier Mitral971).This  paper  proposes
(op. amp.) is now accepted as the basic realization and design method for
active component for an inductorless Single-input  Multiple-output Third-
filter. The circuit is realized using order Active-R Filter for different
single pole (as “integrator’) behavior Circuit Merit Factor Q . This filter
of an internally = compensated circuit gives three filter functions low
operational amplifier [1, 2, 3-5]. The pass, high pass and band pass, with
filter without the capacitor is called an ideal gain roll-off and high pass-band
active-R filter and has received much gain. The circuit is designed and
attention due to its potential studied for different values of circuit
advantages in term of miniaturization, merit Factor Q. The filters are
ease of design and high frequency extensively used in communication,
performance [6].It has been also instrumentation,  control  systems

611


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

Baghdad Science Journal

Vol.12(3)2015

entertainment  electronics,
systems etc.
Proposed Circuit Configuration:

The  Propose  Single-input
Multiple-output  Signals Third-order
Active-R Filter for different Circuit
Merit Factor Q circuit diagram is
shown in figurel. With the advent of
the high frequency roll-off in the
response of the op-amp, the circuit is
constructed with Single-input
Multiple-output signals; three op-amp
(LA741) and four resistances. The op-

sonar

R3

amp can be used as an inverting or
non-inverting grounded integration
depending on connection with identical
gain bandwidth product as an active
element. This filter gives multiple
outputs, which tend three filter
functions, low pass, band pass and high
pass. The negative feedback is
introduced through resistances Ri; R
and Rs from the output of three op-
amps to inverting input of the first op.
amplifiers.

BR2

order active-R filter.

The resistance R; is tapped at
different points for variation in
feedback. The op-amps are coupled
such that output of first op- amplifier is
connected to non-inverting input of
second op-amp and output of second
op-amplifier is connected to non-
inverting input of third op-amp. Non-
inverting terminal of first op-amp,
inverting terminal of second and third
op-amps are grounded. The input is
applied to inverting input of first op-
amp through resistance Ry,

Circuit and
Equations:

The single-pole model of an op-amp
leads to complex gain and the transfer
function is given by [7].
A(s)=Awy ! (S+a,) (1)

Where,
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Fig. 1: Proposed Circuit diagram for Single-input Multiple-output Signals third-

612

Ao = open loop d.c. gain, @,= open
loop (3dB) bandwidth, GB =A,®, =

gain bandwidth product of op-
amplifier.
A(s)=Aw,/S=GB/S, 2

Where, S >> o,

This shows that the op-amp is an
“integrator”, Thus Single-input
Multiple-output  Signals Third-order
Active-R Filter transfer function at
three different terminals are given
below. The voltage transfer function
for low pass filter.
T, (5)= X—S(31/ R4)GZBlGBZGBg

ST+ XS+ XS+ X,
©)
The voltage transfer function for band
pass filter
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Ter (S) = ;(i/xR4g ZG+leG izf X
1 2 3 4
(4)
The voltage transfer function for high
pass filter

1/R,)S®
THP(S): X 83 ( 24)
ST+ XS+ XS+ X,
)
Where,
N
Ri BR, Rz Ry B

X,=GB, {Ril + (1 - B)R,M}
X3:GBlGBzRM

GB, GB,GB
XF{ o 3}
M=1/(RR, + B(1 — B)R2)
The circuit was designed using
coefficient matching technique with
general third-order filter transfer
function [4, 5]
T(5)- H,S°+H,S* +HS+H,

$°+5%, [ (1/Q)+1]+ S} [(1/Q)+1] &
(6)

By comparing (3), (4), and (5) with (6),
we get the design equation as

TR Ly S
Ri BR; R; Ru B

1 7
GB, {Ril +(1- B)RZM} =W, {1+1/Q}

(8)

GB,GB,RM=W*{1+1/Q}  (9)
R3 0

So that Values of Ry, Rz, Rz and R4 can
be calculated using these equations for
different values of Q, fy;=15 KHz,
B=0.5 and R=400 Q (tablel).

Sensitivity:
The sensitivities of @, and Q in this

Wider Pass-band Third-order Active-R
Filter are as follows.

1 1-B
Sg° = g{(T) (1 — RR,M)}
1.1
SR =363
01,1 2
S¥9=3 o — RRo M (
(1 - B)Ry)}

1-B
B

) (R, + 2B
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Sky == 31+
e =3 G0
Ses1 = Sts2 = St :§
S¥=—(1+ Q){R(1 — RR,M)(> +
“M(=))}
St =51+ O
Stz =R:(1+ QG G
RM (%) (R, + 2B(1 —
B)R,)) — R, M(1 + 2B(1 —
B)) 158, =—s(1+ Q{1+

1

=_1 1
=31+ Q)
1

SGQBl :Sgsz ==3 1+Q)

2
Seps = —-5;1+0Q)
Thus, passive and active sensitivities
are all less than unity. So for all
practical purposes this circuit is stable
as these sensitivities are very low.

Tablel: Resistance values for some
values of Q.

Q Rl R2 R3 R4

Q@ | @ | © | ©

0-1 3.4 118 52k 1.4
0-4 10.8 330 | 52k 11
0.8 16.9 477 52k 1.06
1 19 524.8 | 52k 1.05

6 32.9 797 52k 1.03

10 34.9 833 52k 1.03

Material and Methods:

The circuit performance was
studied with different values of Q
(0.1, 04, 0.8, 1, 6 and 10) with
constant values of f,=15 KHz, B=0.5
and R=400 Q for GB=2m X 5.6 X
10° rad/sec. The table 1 shows
resistance values of resistors for
different Q values. Same circuit was
also studied for different values of
center frequency f,. The observed
frequency response shows good
agreement with theoretical results. The
general range of this frequency
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response for this active-R filter is from
10 Hz to 1MHz as operating range of
this op-amp is 10 Hz to 1.2MHz.
Following observations are noticed
from experimental study at three
different terminals low pass, band pass

120

100

40 4

Gain(dB)

20 —+

and high pass filter function for
different values of Q.

Result and Discussion:

A. Low pass response:

[N

- 0=2000

o

]

00000
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10k

Frequency

Fig. 2: Low pass (LP) responses for different values of Q

Table: 2. Analysis of Low Pass Response for Graph (Fig 2)

g — & Gain Roll-off in stop band Overshoot in the pass band

°m | = T | s

23 | I = |3

<€ X = 2

& 8 E 2 8 g = L2 = M)

x = ) 5] LR o N = o 7 T
° | £ s 5% | BEFE| & Iz
0-1 91.2 20 25 17.8 197 0 0
0-4 93.5 38 23 60 18 50 0 0
0.8 93.8 43 28 65 18 40 0 0
1 94 43 28 65 18 40 0 0
6 94 44 29 66 18 40 0 0
10 94 44 29 66 18 40 3.3 10

The maximum pass-band gain gain 94dB. The Gain roll-off values are

varies between 91.2dB to 94dB .Also,
the gain roll-off per octave varies
between 17.8 to 18dB/octave. The
maximum pass-band gain increase with
increase in values of circuit merit
factor Q but after Q>1 this value gets
stabilized at the maximum pass-band
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closed to ideal value of 18dB/octave
for third order active-R filter.
Overshoot is observed at Q>10.But in
previous reported configuration
Overshoot is observed and increases
forQ>1.2[8].
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B. Band-pass response:
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Fig.3: The band pass (BP) response for different Q,

Table: 3. Analysis of Band Pass Response for Graph (Fig. 3)

% Gain Roll-off / octave in stop band
g" /’? . oge
S = = I Leading Part Trailing Part
oM I I X
Q 23 < < s o 2
& R - g e2¥ | § | gg%
5] SEX 5 TEX
3 o S g< X! S 5=
> [ SRR Q SR
01 39 0.4 56 55.6 6 0.6 12 198
04 52 0.8 60 59.2 6 2 12 60
0.8 56.8 1.1 54 52.9 6 3 12 60
1 58 13 50 48.2 6 3 12 60
6 624 1.8 45 43.2 6 3 12 60
10 624 18 45 43.2 6 3 12 60

The maximum pass-band gain
varies between 39dB to 62.4dB. Also,
the bandwidth varies between 43.2
KHz to 59.2 KHz. The maximum pass-
band gain increases with increase in
circuit merit factor Q. The bandwidth
decreases with increasing in values of
circuit merit factor Q but after Q>1 the
bandwidth gets stabilized at 43.2 KHz.
For lower values of circuit merit factor
Q, this filter can be used for wide
bandwidth and for higher values of
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circuit merit factor Q it can be used for
narrow bandwidth. There is no shift in
the central frequency. It is also
observed that the pass band
distribution of frequency is symmetric
for both sides. But in previous reported
the pass band distribution of frequency
isn’t symmetric for both sides [8]. The
circuit works better band pass response
for Q=1.
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C. High pass response:
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Fig. 4: High pass (HP) responses for different values of Q

Table: 4. Analysis of High Pass Response for Graph (Fig.4)

Gain Roll-off in stop . R §
_ I band Gain Stabilization @
— = c L
= 3 r S
Q < z 2 53
T w o] L b= — =l
w t S o] Sol — N T
© S T EN m I O
s o SEZ z X x
3 og< = $
© 172) o
0.1 155 140 90 17.6 20 -3.6 603 0
0.4 47 32 68 18 5 -0.9 137 0
0.8 20 5 25 18 5 0 55 0
1 18 3 17 18 5 0 55 0
6 13 2 15 18 5 0 55 4.5
10 13 2 15 18 5 0 55 4.6

The Gain roll-off in stop-band
varies between 17.6 to 18dB/octave
which is close to the ideal value of 18
dB /octave for third order active-R
filter .Also, the gain gets stabilized
almost at 0 dB for all values of Q >
0.8.Also, the response shows overshoot
for all the values of Q > 6. But in
previous reported configuration the
gain stabilized for Q > 5.Also,
overshoot is observed for all the values
of Q [8-15]. The analysis for the
responses are summarizes in the table
3.

Conclusion:
A realization of voltage-mode
transfer function for Single-input

Multiple-output  Signals  Third-order
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Active-R Filter for different Circuit
Merit Factor Q has been presented.
The filter circuit is composed only of
three op. amplifiers and four
resistances. Also this single filter
circuit gives Multiple-output functions
low pass, band pass and high pass
filters. It is suitable for high frequency
operation and  monolithic IC
implementation. The low pass and
band pass performance of the circuit
gives high pass band gain and excellent
for lower value of fy For high pass
filter, circuit shows gain stabilization at
0 dB for Q>0.8, The Ideal value of this
filter circuit which is closed to Ideal
value of third-order active-R filter is at
0.8< Q >6.Also, filter circuit can be
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used for both narrow as well as for
wide bandwidth.
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