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Abstract

This paper proposes an nth order (where n = 2,3, ---,n) voltage mode active-C filter using n number of current
controlled current conveyors (CCCIIs) and n number of equal valued grounded capacitors. The proposed to-
pology can implement both band pass and low pass responses without alteration of any components. The fil-
ters offer the following important features: use of minimum number of current controlled current conveyors
(CCClls) and passive components, no matching constraint, use of all grounded capacitors and absence of
external resistor suitable for integration, cut off frequency can easily be electronically adjusted using AMS
0.35 um CMOS technology. PSPICE simulation results of third order band pass and low pass responses are

provided. The results are found to agree well with the theory.
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1. Introduction

Nowadays, current conveyors play an important role for
the realization of various analog signal processing cir-
cuits and systems. They are accepted to have high per-
formance properties such as wide signal bandwidth, high
dynamic range, low power consumption and occupy less
chip area [1,2]. The basic second generation current
conveyor (CCII) does not have in built tuning property,
whereas second generation current controlled current
conveyor (CCCII) possesses this property because of the
adjustability of intrinsic resistance at port X of CCCII by
bias current [3-5]. Already a number of analog biqua-
dratic filters have been reported in [6-9] and references
cited there in. However, the nth order filter can be flexi-
bly used to realize any higher order filter function and
hence serves a wide range of applications. Higher order
filters can be obtained by various methods such as cas-
cading of lower order filters or state variable technique
or signal flow graph. Already a number of current con-
veyor (CCII or CCCII) based higher order current mode
[10-14] and voltage mode [15-18] filters have been re-
ported. As this paper is concerning higher order voltage
mode filters, hence only the study of the features of al-
ready reported higher order voltage mode filters [15-18]
are made in Table 1.
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In this work, an attempt is made to propose a new nth
order (where, n = 2,3, ---,n) voltage mode filter. Both low
pass and band pass responses can be obtained from the
same topology using n CCCllIs and grounded n capaci-
tors. It does not require any resistor. The proposed to-
pology is an active-C filter and hence ideal for IC im-
plementation. The use of CCClIs in the circuit provides
electronic tunability [5] of the filter parameters.

2. Circuit Description

The circuit symbol of the DOCCCII is shown in Figure
1 The port relationship of a DOCCCII can be defined as

I, =0, Vy =V, +I,Ry|, I, =*1, 1)

where, the positive and negative signs define a positive
and a negative DOCCCII respectively. In this equation
Ry, the intrinsic series input resistance of the conveyor at
X port is electronically tunable via 7, of the CMOS based
CCCllI shown in Figure 2 and Ry may be defined as [5]
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Table 1. Comparative study of the available nth order voltage mode filter.

Active Require to
element used All passive In built tunabilit cha?n e the
and number of ~ Number of Number of | P  fil Y Types of filter hard 9
Ref. No. active capacitors resistors elements are of filter implemented ardware o
ded P hange fil
elements required required grounde: parameters change filter
required type
15 CCIl, 3n-2 n+l 3n-1 Yes No Universal filter Yes
Not
16 CClIl, n+1 n n+2 No No Low pass Applicable
17 CCIl, n+2 Minimum 2n+3 No No Universal filter Yes
Not
18 CCCIl, n+1 n 1 Yes Yes Low pass Applicable
Proposed CCCll, n n Nil Yes Yes Low pass & No
Band pass
; 1) Low pass Response
0 b At I/out Wlth I/inl = Vin and I/1'112 = 0
Iy X 4 I 2) Band pass Response
DOCCCII o At V;ut Wlth V;nl = 0 and V;nZ = V;n
Iy — o]y 7 |e I Hence, thg proposed circuit gives an mve_rted nth order
band pass filter and nth order low pass filter from the

Figure 1. Block diagram of DOCCCII.

where, g, and g, are the transconductances of M, and
M, respectively, I is bias current of DOCCCII. The
proposed voltage mode nth order filter circuit is shown in
Figure 3.
The routine analysis of the circuit of Figure 3 gives
the transfer function for an nth order filter as
Via =sV,,R.C

Vou = W )

where
D(S)=
a,, (RX”C")S" +[ "2 q

j=1 n(n-j)

(RXC)'H. s" } +a,RCs+ay

(6)
n=23--,n @)
a, =1 (8)
D) = Yn-)n-i) T K1) (j=12-n-2)
9)
a,=2 (10)
anO = 1 (11)

From above equations we can see that specialization in
the numerator of (5) results in the following filter res-
ponses:
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same topology.
As an example, a third order transfer function

Vii—sV,,R.C

inl

V =
“ $*RC*+35°R*C* +2sR . C +1

(12)

is realized using (5)—(11) and the corresponding third
order circuit obtained from the nth order circuit of Fig-
ure 3 is given in Figure 4.
With V,, =V, and, Equation (12) simplifies to
;o v
* SPRIC*+35°R*C* +25R,C +1

(13)

which is a low pass response.
Similarly, with V., =0 and, Equation (12) simplifies
to
—sV. R C

V — in”"x 14
“ $*R3C*+35°R*C* +2sR . C +1 a4

which is a band pass response.

The forth order filters is obtained by adding section
shown in Figure 5 between 2™ and 3™ CCClII- of Figure
4. Similarly, fifth and higher order filters are obtained by
adding one section shown in Figure 5 for each higher order.

Comparision of the available nth order filters [15-18]
and the proposed one is given in Table 1. It reveals that
the proposed circuit uses minimum number of current
conveyors and passive components and no resistor. It can
realize both band pass and low pass responses in contrast
to only low pass response in [16,18] and does not require
to change any hardware to change filter type. The uni-
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Figure 2. Internal structure of DOCCCII.
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Figure 3. Proposed voltage mode nth order low pass and band pass filters.
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Figure 4. Proposed voltage mode third order low pass and
band pass filters.

versal filters realized by structures in [15,17] are attrac-
tive, but the changing of the filter type would required
the change of hardware of the filter circuits. Hence they
are not suitable for monolithic IC implementation.

3. Simulation and Results

To verify the theory, the proposed voltage mode nth or-
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Figure 5. Section to be added for higher order filter.

der filter circuit is simulated with PSPICE using 0.35 pum
AMS CMOS based CCCII circuit given in Figure 2 [5]
with supply voltage of +2.5 volts and aspect ratio of
transistors as given in Table 2.

As an example, a third order low pass filter and a band
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Table 2. MOS dimensions used in the circuit.

Transistors w(um) L(um)
My, M, 20 0.35
Mz, M4 60 0.35
Ms, Mg, My 30 2
Mg, Mg 10 2
Mo, M1, Mg, Mss 10 1
MlZy Ml3y Mle, M17 30 1

pass filter are obtained with C = 50 pF and 7= 200 pA.
Frequency responses of the proposed low pass and band
pass filters are shown in Figure 6 and Figure 7 respec-
tively. The response for the low pass filter exhibits a
—60 dB/dec slope for frequencies higher than f,. The re-
sponse for the band pass filter, as shown in Figure 7,
exhibits an asymmetrical third order nature with a slope of
20 dB/dec for frequencies lower than f, and -40 dB/dec
for frequencies higher than f,. The results show a close
matching with the theoretical values. The deviation at
higher frequency may be due to parasites of DOCC-
CII/CCClls. The time-domain response of the band pass
filter is shown in Figure 8. Large signal behavior of the
proposed filter is investigated by observing the depen-
dence of the output total harmonic distortion (%THD)
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upon the level of input signal. The result as illustrated in
Figure 9, shows that the %THD is well within the rea-
sonable limit of 4% [19] for input peak-to-peak voltage
level of 2 V. Responses as shown in Figures 8 and 9
reveal that the output is of good quality.

4. Conclusions

In this paper a generalized nth order (where n = 2,3, - ,n)
voltage mode active-C filter topology is proposed. Both
nth order band pass and low pass responses may be rea-
lized using same topology. The topology uses n equal
value grounded capacitors, single dual output current
controlled current conveyor (DOCCCII) and (n-1) cur-
rent controlled current conveyors (CCCIllIs). The verifi-
cation of the theory is performed by using AMS 0.35 um
CMOS based DOCCCII/CCCII. Comparison with the
reported publications [15-18] reveals that the proposed
topology uses minimum number of active analog build-
ing blocks and minimum passive components. All of the
used capacitors are grounded. It does not use any resistor
and there is no requirement of changing any hardware for
changing filter type from low pass to band pass or
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Figure 6. Frequency response of the third order low pass filter.
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of the third order band pass filter.
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Figure 8. Time response of the band pass filter for input peak-to-peak voltage of 2 V.
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vice-versa, hence suitable for monolithic IC implementa-

tion.
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