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Abstract

This paper proposes feed forward third order switiebapacitor filter. The circuit consists of
only op-amps and switched capacitors. The cireuitesigned for cut-off frequency 20 kHz. The
proposed circuit implements three filter functiof®ny pass, band pass and high pass
simultaneously in single circuit. The circuit chetexistics are studied for various values of
circuit merit factors. In band pass operation dzmsd gain increases with increase in the value
of Q. However pass band gain remains almost samevopass filter. The gain-roll off for this
circuit is close to the ideal value of 60dB astfurd order filters. Thus, the circuit shows better
response for Q > 10 angl$20 kHz.

Keywords: Feed forward, third order filters, Switched capac(SC), pass band gain, Circuit
merit factor, gain roll-off.

Introduction

Active filters with only resistors have many adwggs in terms of miniaturization, ease of
design and extension of response towards high émegjes [1,2]. The operational amplifier
shows the high frequency roll off due to parasiipacitances. Active-R circuits contain only
op-amps and resistors, so that they are suitableigb frequency operation and integration with
the bipolar monolithic technology [3, 4].

The need to have monolithic high-performance andilbgrs motivated circuit designers to

investigate alternatives to conventional activefit€rs. A practical alternative appeared in the
form of switched-capacitor (SC) filters. The origindea was to replace a resistor by an SC
simulating the resistor. Thus, this equivalentstesicould be implemented with a capacitor and
two switches operating with two-clock phases. 3terf consist of switches, capacitors, and op-
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amps. They are characterized by difference equatiorcontrast to differential equations for
continuous-time filters [5].

SC approach overcomes some of the problems inharestandard active filters while adding
some interesting new capabilities. SC filters ae tost. They need a small chip area. They
require low power. They are fully implementablestandard MOS processes [6]. They can be
combined with digital circuits on one chip [7].

Switched-capacitor (SC) building blocks are oftéassified into two categorieqassiveand
active A passive SC building block (or element) is defiras a network composed of switches
and capacitors only, whereas its active counterpardt only built from switches and capacitors,
but also active devices such as op-amps. Stripthaking, a MOS switch is an active device, for
it is composed of one or more transistors, whictstnhe driven by the system clock or its
derivatives [8].

Basic Switching operation:

The essence of the Switched-Capacitor is the usgapécitors and analog Switches to perform
the same function as resistors. This replacementesistor, analog with op. amp based
integrator, and then form an active filter [9].rthermore, the use of the Switched-Capacitor
will be seen to give frequency tenability to actifiters. Filter using Switched-Capacitor
techniqgue overcome a major obstacle of filter ooha fabrication— the implementation of
resistors by simulating resistors with high speedt@ed-Capacitors using MOSFETs. The
switching function of the MOSFET produces a disere¢sponse rather than a continuous
response from the filter.

The resistor is approximated by the Switched-Ciamald O].

T 1

_c
cC f.T

R =

Note that the switching frequency must be muchdatban the input signal. Thus a Switched-
Capacitor can be used to replace a resistor. Taresethis equivalent resistor, in conjunction
with other Capacitors and op amp integrators, ended to synthesize in active filters.

Proposed Circuit Configuration

The proposed circuit configuration for Feed Forwahird order Switched-Capacitor (SC) filter

is shown in fig (1). It uses three op —amp#\ (741 C) with wide identical gain bandwidth

product (GB) and four Capacitors with MOSFET, whidnm Switched-Capacitor. Switched-

Capacitor can replace resistors, which was propeaddr [11]. The feed forward input is given

to the second as well as third op-amp through SZfunction is observed at the output of the
third op-amp. The output of the second op-amp gBRdunction. The HP function is seen at the
output of the first op-amp.
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Circuit analysis and design equations
Op-amp pA 741 is an internally compensated op-amp, whicgbregented by “Single pole
model” [12-14],

Where Ay:- open loop D.C. gain of op-amp
W, :- open loop- 3 dB bandwidth of the op-amp i3

A w,:- GB = gain-bandwidth product of op-amp
for S>>w,

A(S)___AO(DO :@
S S
This shows Op-amp as integrator.

Transfer function of the proposed third order Shaid-Capacitor filter for low pass AS), for
band pass g-(S) and for high passy#(S) are given below.

Te(S) = - C,GBGBCB, (3)
XS+ X, +X,S+X,
Eo(S) = ~C,CGBGB,S (4)
XS+ X, +X,S+X,
-C,GB S
Te(S) = 42212 (5)

XS+ X, +X,S+X,
Where

X1=C,+C,+C,+C,

X, = GB,C, +GB,C, + GB,C,

X3 = GB,GB,C, + GB,GB,C,

X4 = GB,GB,GB,C,

The circuit was designed using coefficient matchieghnique i.e. by comparing these transfer
functions with general second order transfer fuomsti

The general third order transfer function is gibsn

a,S’+0a,S +a,S+a,

T(S) = 1 1
S+ u)o(1+JS2 + w§(1+JS+ wy
Q Q
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Comparing equations (3), (4) and (5) with equa(®n
w5
GB®

w§(1+éJ = GB,GB,C, + GB,GB,C,

= GB,GB,GB,C,

w{l+%} = GB,C, +GB,C, + GB,C,

1=C,+C,+C,+C,
Using these equations, values of C; and G can be calculated for different values of merit
factors Q.

Experimental

The circuit performance is studiddr different values of circuit merit factors wittut-off
frequency of 20 kHz. The general operating rangsisffilter is 10 Hz to ® MHz. The value of
GB (GB, = GB, = GB,) is 2n(5[6)x10°rad/sec for different values of Q-{005, 1, 5, 10, and
20).

Results and Discussion

Following observations are noticed for low passydo@ass and high pass at corresponding
terminals.

(A) Low passresponse

With the increase in the value of Q the maximumspasd gain varies from 82 dB to 87 dB.
Gain roll-off is 14 for Q = @ which increases with the value of Q and is 1%d&ive for Q =
20. These values are near about the ideal valil8dB/octave for third order filter. The response
also shows overshoot of 9 dB for Q = 5, which iases, to 19 dB for Q = 20.

(B) Band pass response

The maximum passband gain increases from 33 dB;hwhcreases to 77 dB with the increase
in the value of Q. The bandwidth decreases withrtbeease in Q. There is no shift in the central
frequency for higher values of Q, but for lowerues it shit leftward with decrease in Q. It is
also observed that the passband distribution ofuacy is asymmetric. In leading part of the
response the gain roll-off/octave is 6dB/octave dbbrthe values of Q. In trailing part of the

response is it is 8 dB/octave for Q A @vhile it is 13 dB/octave for all the other valudLQ.

(C) High passresponse:

The gain-roll off is 11 dB/octave for Q #10while it is 12 dB/octave for all the other valuss

Q. These values are nowhere near the ideal value afB/octave. The overshoot of 38 dB
appears for Q = 5 which increases with the valu® ahd is 48 dB for Q = 20. The gain does not
stabilize for any of the value of Q.
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Conclusion

A realization of feed forward third order switcheapacitor filter has been proposed. Gain roll-
off for low pass filter varies about the ideal v@ltrhe circuit can be used as wide band pass,
while it acts as narrow band pass for higher vall#®vever for high pass operation gain
stabilisation does not take place. Thus the usthefSwitched-Capacitor to replace resistor in

active filter circuit will suited to overcome a roajobstacle to filter on chip fabrication.
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Figure 1: Circuit diagram of Universal Third order Switched-Capacitor filter

Table 1: Capacitor valuesfor different Q

Q Cl C2 C3 C4
01 33uF 1uF 47 nF 56 UF
0-5 10 uF 033puF 4-7 nF 82 uF
1 6-8 UF 022 uF 47nF | 100pF
5 47 uF 01uF 47nF | 100pF
10 39 pF 01uF 47nF | 100pF
20 33 uF 01pF 47nF | 100pF

Scholar Research Library

281



G. N. Shindeet al

Arch. Appl. Sci. Res., 2010: 2 (1)277-285

Gain (dB)

Gain (dB)

1k 10k 100k im
Frequency (Hz)
Figure 2: Low Pass Response for Central Frequency 20k
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Figure 3: High Pass Response for Central Frequency 20k
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Table No.2: Data sheet for L ow passresponse
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Figure 4: Band Pass Response for Central Frequency 20k
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Q Max. Pass| FoL | FoC Fon | % change| Gain Roll-off in stop
Band Gain | kHz kHz in FoL band

dB dB/Octave | Octave

Starting at
(kHz)
0.1 82 20 0 0 14 100
0.5 86 45 25 5 17 50
1 87 50 30 10 18 50
5 87 50 30 10 19 50
10 87 50 30 10 19 50
20 87 50 30 10 19 50
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Table No.3: Data sheet for Band pass response

Q | Max. f1 fa Band- Gain Roll-off in stop band
Pass | (kHz) | (kHz) | width Leading Part Trailing Part
Band (kHz )| dB/Octave| Octave | dB/Octave| Octave
Gain Starting Starting
(dB) at at
(Hz) (Hz)
0.1| 33 0[6 60 5914 6 200 8 100 k
0.5| 48 13 70 57 6 800 13 50 k
1 54 21 60 39 6 2 k 13 40 k
5 67 5[3 40 347 6 2k 13 40 k
10| 73 9 31 22 6 2k 13 40 k
20 | 77 10 30 20 6 2k 13 40 k

Table No.4: Data sheet for High passresponse

Q| Fon | Fo L Fon % Gain Roll-off in stop band Peak Gajn
kHz kHz change| dB/Octave Octave of
in Fow Starting at | overshoot
(kHz) dB
0.1| 14 6 42 11 400
05| 4 16 400 12 200
1] 3.9 16.1 412 12 200
51| 3.9 16.1 412 12 200 38
10| 3.9 16.1 412 12 200 44
20| 3.9 16.1 412 12 200 48
Fon: 3-dB Frequency
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