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ABSTRACT: Operational Amplifier is a basic building block of many Analog circuits like Amplifiers, Filters,
Integrators, Oscillators, etc. This paper presents a design of an active band pass filter using single stage operational
amplifier in 45nm CMOS technology and also presents a techniques to enhance the pass band gain and Q factor of
active band pass filter. Proposed active band pass filter exhibits the pass band gain, Q factor and power dissipation as
22db, 12.64 and 450 micro watts respectively. Proposed active band pass filter is dedicated for the applications where
high selective band pass filters are required. Design and simulation work has been carried out on cadence virtuoso 6.1
tool.
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I.LINTRODUCTION

Operational Amplifier is a versatile device which is used to amplify dc as well as ac input signals and was originally
designed for mathematical operations. Modern day OPAMP has variety of applications such as ac and dc signal
amplification, Active filters, Oscillators, Comparators, Regulators, etc[1]. This paper illustrates an application of
OPAMP as an active band pass filter and also proposes techniques to enhance the pass band gain and Q factor of active
band pass filters. Active filters unlike Passive filters not only filter the input signal but also amplify it and also they are
easier to tune and adjust as compare to passive filters.

Active low pass filter is designed using a biquad design methodology for a wireless and wire line applications with a
reconfigurable frequency response, selectable order, continuously tunable frequency and adjustable power consumption
[2]. Chebyshev high pass filter of fourth order is designed with programmable gain and corner frequency is designed to
support for ADSL and VDSL applications [3]. For high frequency applications filters are realized through operational
trans conductance amplifiers. Tunable Sub Hertz operational transconductance amplifier-capacitor filter with very low
transconductance is designed using single ended and differential operational transconductance amplifiers
configurations biased with MOSFET interface trap charge pumping current generators [4]. Fully differential
intermediate frequency filter with 6™ order butterworth bandpass characteristic is designed using operational
transconductance amplifier [5]. Resonators having high quality factor which are used in active filters are designed
using operational transconductance amplifiers [6]. New higher order current mode filter is designed using OTA-C
Filter. Current mode filter designed is having minimum number of active and passive components, uses only single
ended OTAs and uses only grounded capacitors for integration and also new method is proposed for specification based
parametric fault detection of higher order linear analog circuits [7].

Second order filter provides sharper frequency response as compare to first order filters. Second order linear and log
domain filter synthesis from state space representation is done using operational tranconductance amplifier. 3db
bandwidth and Q factor can be adjusted using transconductance of operational transconductance amplifier [8]. CMOS
tunable versatile filter can be implemented through current conveyor. Filter realized through this technique is suitable
for Low pass, High Pass, Band pass and Elliptical Notch filter. Current Conveyor is the basic building block that can be
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implemented in analog circuit design .Current conveyors have wide range of applications ranging from universal and
multifunction filters, Oscillators, etc. Current conveyors can provide larger Bandwidth and are suitable for the low
voltage applications. Filters realized through current conveyors are suitable for high frequency applications while filters
realized through OPAMP are suitable for low frequency applications and this is because no feedback is present in
current conveyor [9]. Universal Filters are the filters which can be made to behave as a low pass, high pass, band pass
and band reject filters by simply changing the input connections and not modifying the circuit of filter [10].
Floating active inductor is realized using 3 stage operational transconductance amplifier and this floating active
inductor is used to realize a low frequency based active band pass filter [11]. Active band pass filter is designed using
single stage operational amplifier with a positive feedback. Q factor and pass band gain gets boosted up in band pass
filter realized with positive feedback applied single stage OPAMP [12]. In this paper an active band pass filter is
proposed which uses two stage OPAMP with a positive feedback. By using the two stage OPAMP and positive
feedback topologies open loop gain of an OPAMP gets boosted a lot hence the pass band gain and Q factor of active
band pass filter.
Single stage OPAMP which is used to realize a conventional active band pass filter contains the basic differential pair
with the active current mirror load. Two NMOS transistors (Nm0 and Nm1), forms the basic differential pair and two
PMOS transistors (PmO and Pm1) forms the active current mirror load. Active current mirror load provides the gain
and also converts the differential output into single ended output. Bias current source of 100 micro ampere in bottom is
used to bias all transistors of single stage OPAMP in saturation region. The two transistors in a differential pair provide
a simple means of steering the tail current to one of the two destinations and the small signal gain of the circuit is the
function of tail current. The small signal gain of the differential pair with the current source loads is in the range of 10
to 20 in submicron technologies. The voltage gain of single stage OPAMP is given by the expression

Ay= G Roue 1.
Here G,, is the trans conductance of an OPAMP and .R,,,; is the output impedance. to the varying available spectrum.
Using a Trust-Worthy algorithm, it improves the trustworthiness of the Spectrum sensing in CR-Networks.
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Figure 1. Single Stage CMOS Operational Amplifier.
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Il. MATERIALS AND METHODS

A. Conventional Active Band pass Filters using OP-AMPs.
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Figure 2. Conventional Active Band Pass Filter.

In the above mentioned figure the sinusoidal signal of frequency 1 MHZ varying between -0.8 to 0.8 volts is applied at
the input of Active band pass filter and finally filtered output is obtained at the output terminal . Designing equations
used for the calculation of center frequency, 3 db bandwidth and Q factor of active band pass filter are mentioned as
below.
f is the low cutoff frequency of the active low pass filter and its expression is given as below.
1
fi =5 2.
Here C is the capacitance and its value used in the circuit is 2 PF and value of R is 398 K Ohms. From the value of R
and C the low cutoff frequency of the filter is calculated as 200 HZ.
fr is the high cutoff frequency of the active low pass filter, and its expression is given as below.
1
fo = 5me 3.
Here C is the capacitance and its value used in the circuit is 5 PF and value of R is 4 K ohms. From the values of R
and C high cutoff frequency of the filter is calculated as 8 KHZ.
Bandwidth of band pass filter is given by the following expression.
Bandwidth = ( f;, - f;) = 7.8 KHZ. 4,
Centre frequency of band pass filter is given by the following expression.

fo=v(fn fi) =126 KHZ. 5.
Where f;, and f; are cut off frequencies of active low pass and high pass filters respectively.

Selectivity is an important parameter of band pass filter and is denoted by Q and its expression is given by.
Q= L= 228016 6.

B 78KHZ

B. Active Band Pass filter employing an OPAMP with the Positive Feedback.
Output impedance of single stage operational amplifier is increased by applying positive feedback in it and this in
turn increases its open loop gain. Gain boosted OPAMP is designed using a positive feedback for enhancement of its
gain [13]. Noise performance and transconductance of Bulk driven OPAMP is improved by using positive feedback in
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it [14]. Positive feedback is applied to the folded cascode OPAMP for its DC gain enhancement [15]. Positive
feedback applied single stage OPAMP is used for designing of active band pass filter. Q factor and pass band gain are
obtained for the active band pass filter and found higher as compare to that of conventional band pass filter. Value of
resistances, capacitances, supply voltage and bias current source in active band pass filter are same as that of
conventional active band pass filter.

C. Proposed Active Band Pass filter.

Two stage OPAMP is a topology of OPAMP which provides high gain, medium output swing and high power
dissipation. Low power two stage CMOS OPAMP is designed using a current buffer compensation strategy for
providing better stability to it [16]. Two stage CMOS OPAMP is designed using particle swarm optimization algorithm
for getting required functionality and performance specifications [17]. Two stage OPAMP design is proposed for a
balance between its noise performance and power consumption [18]. Proposed active band pass filter is designed using
an OPAMP which incorporates the two stage OPAMP topology and positive feedback topology which is discussed
above. Open loop gain of an OPAMP increased a lot due to both of these topologies and hence the Q factor and pass
band gain of active band pass filter designed using this OPAMP. Q factor and pass band gain obtained for this active
band pass filter is found higher as compare to the active band pass filter designed using positive feedback applied
OPAMP. Values of resistance, capacitance, voltage supply and Bias current source is same as in conventional active
band pass filter. Circuit diagram of two stage OPAMP with positive feedback is mentioned as below.
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Figure 3. Two Stage OPAMP with Positive Feedback.

Cross coupled transistors M3, M4, M5 and M6 generates the positive feedback in two stage OPAMP mentioned above.
111. RESULT AND DISCUSSION

Simulation results shows frequency response of the conventional active band pass filter, active band pass filter
employing positive feedback OPAMP and proposed active band pass filters and the input signal applied to them.
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Figure 4. Input Voltage Swing of Input Signal applied to Active Band Pass Filters.
The input AC signal of 100 micro volt with dc level of 0.8 volts is applied between the start time of 0 micro
seconds and stop time of 100 micro seconds.
a) Conventional active band pass filter.
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Figure 5. Frequency Response of Conventional Active Band Pass filter.

From the above graph it can be seen that frequency response is obtained between the start frequency of 1 HZ and
stop frequency of 100 MHZ. Cut off frequency of active high pass filter is obtained as 200 HZ and cut off
frequency for active low pass filter is obtained as 8 . It is also clear from the figure that center frequency of active
band pass filter is obtained as 1264 HZ, pass band gain, 3db bandwidth and Q factor of the active band pass filter
is obtained as 2 db, 7.8 KHZ and 0.16 respectively.
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b) Active band pass filter employing an OPAMP with the Positive Feedback.
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Figure 6. Frequency Response of Active Band Pass filter employing Positive Feedback.
From the above mentioned figure it is clear that 3 db bandwidth of active band pass employing single stage
OPAMP with positive feedback filter is reduced to 0.6 KHZ from 7.8 KHZ, pass band gain is increased from
2db to 12db and this leads to the increase in Q factor from 0.16 to 2.10.

c) Proposed active band pass filter employing two stage OPAMP with the positive feedback .
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Figure 7. Frequency Response of Proposed Active Band Pass Filter.

From the above mentioned figure it is clear that Pass band gain of proposed active band pass filter is boosted from 2
db to 22 db, 3db bandwidth is reduced from 7.8 KHZ to 0.1 KHZ and this leads to the boosting in Q factor from 0.16 to
12.64. Besides the pass band gain and Q factor noise and power dissipation is also calculated for active band pass
filters.
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Table mentioned below shows the comparison of parameters like Pass band gain, Q factor, noise and power
dissipation of conventional active band pass filter, active band pass filter employing positive feedback applied single
stage OPAMP and proposed active band pass filter.

Table 1. Comparison of the Parameters of Active Band Pass Filters.

Conventional active band pass Active band pass filter employing Proposed active band pass filter
filter. positive feedback OPAMP. employing two stage OPAMP
with positive feedback.

Pass Q Noise | P, Pass Q factor | Noise P, Pass Q Noise | P,
Band factor band band | factor
Gain. Gain Gain
+2db | 0.16 1.20e | 300u +12db 2.10 1.25e- | 400u +22d | 12.64 | 1.21e | 450u
-11 watt 10 watt b -11 watt
IV.CONCLUSION

This paper gives insight into the application of an operational amplifier as an active band pass filter. Selectivity and
Pass band gain both are very important parameters for checking the performance of any band pass filter. From the
above table it can be concluded that proposed active band pass filter exhibits a high pass band , high Q factor and low
power consumption. Proposed active band pass filter is dedicated for superhetrodyne communication receivers. Highly
selective band pass filter improves the performance of superhetrodyne receivers.
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