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Abstract

In this paper we present a new universal current-mode
frequency filter using only three dual-output second-
generation current conveyors (DO-CCII) and five grounded
passive elements. Simultaneously a low-pass, high-pass and
band-pass can be realized — all with high output impedance.
Using the proposed structure the quality factor Q can be via
single passive element changed independently of the natural
angular frequency . The PSpice simulations are given,
which confirm the theoretical analysis results.

1. Introduction

Current-mode frequency filters using current conveyors as
active elements are still under considerable attention mainly
because of their bandwidth, linearity and dynamic range [1], [2].
Mostly  second-generation current conveyors or their
modifications with one [3-7] or more current outputs [8-15] are
used. Using such active elements, a number of multifunction or
universal filters have been designed that simultaneously realize
more than one frequency response without changing the circuit
topology, [4-10], [12], [14], [15]. Although the structures in [4],
[6], [10] use only two or three active elements, some of the
outputs are not of a high impedance. In the case of [4] and [6]
another disadvantage is the necessity of using floating passive
elements. This drawback is removed in the universal filter in [7].
However, five active elements have to be used. It is possible to
reduce the number of active elements using dual-output current
conveyors. As an example a structure in [12] can be given,
which realizes a low-, a band-pass and a band-reject filter.
Frequency filters with high output impedance realizing a high-,
low- and band-pass response are presented in [8], [9], [14] and
[15]. Nevertheless, the use of up to four current outputs of active
elements sets considerable demands on the realization in
integrated form.

In this letter we present a new topology of a universal filter
realizing high-, low- and band-pass responses at the same time.
The advantages of this circuitry can be seen in the usage of the
most required number of active and passive elements, while the
structure is driven in a terminal X of the active element and all
current outputs are of high impedance.

2. Dual-output second-generation current conveyor
The relation between the port currents and voltages of the

DO-CCII active element (Fig.1.) can be described by the
following hybrid matrix
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where a=1-¢, f=%(1-0) , and y=%(1-7) are the
voltage or current transfer coefficients, whereas ‘E‘ <1,

lo| <<1, and || <<1 represent the voltage or current tracking

errors. The +sign refers to the positive or negative types of the
current conveyor.

3. Proposed circuit
The proposed universal frequency filter using the DO-CCII

elements is shown in Fig. 2. The circuit analysis yields to
following current transfer functions
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and hence the filter provides the high-, low-, and band-pass
responses simultaneously. The gain of the high-, low- and band-
pass (2) in the pass band is as follows
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For the second-generation current conveyors it holds o, =1,

i=1,2, 3. For the filter to be stable, all terms in the denominator
of the transfer function have to be positive. Therefore f =-1

and /3,3, =—1, and hence, two possible variant solutions can be

described.
Adding up the currents Ioyr; and Ioyr, a band-reject can be
realized in case ¥ =¥,/ /3, . Adding up the currents Ioyti, lout:
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Fig. 1. Electrical symbol of the DO-CCII
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Fig. 2. Proposed current-mode universal filter

and Ioyr; an all-pass filter can be designed, if y, =—y and
G5 = G,. For the given conditions a suitable combination of the
current transfer coefficients £ and ¥ can be found. It should
be mentioned that the most suitable are those combinations that
yield to the usage of positive current outputs, because of
maximal simplicity of the internal structure of the DO-CCII
(Fig. 3), and consequently, final circuit solution.

For chosen coefficients 3, =1, f,=-1, y,=7, =7, =1 the

natural angular frequency w, and quality factor Q can be

expressed as
1
o= 2% =L |GGG gy
cC, G, C,

From (4) it can be seen that the quality factor can be by G,
adjusted independently of the natural angular frequency. The

Fig. 3. Internal structure of the DO-CCII with a) two positive, b)
one positive and negative current outputs

natural frequency can also be independently adjusted, but since
only five passive elements are used, the control of f, can be done
via the capacitors C; and C, (C; = C,). If it is required to control
the natural frequency via resistors, it is necessary to use a
structure employing at least seven passive elements (two
capacitors, five resistors) [16].

Even if the proposed circuit is driven into the low-impedance
terminal X of the DO-CCII, the input impedance of the filter is
not ideally zero, but is given as follows

sC,
5°C,C, +5C,G +G,G,

Zn(8)= (5)

The relative sensitivities of the ay and Q parameters of the
designed circuit are

s
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and so the influence of all passive and active elements on the
proposed filter is small.

4. Simulation Results

The behaviour of the designed frequency filter in Fig. 2 was
verified by the simulations in the PSpice program. The DO-CCII
active element considered was realized using the topology
shown in Fig. 3. [13], where the supply voltage is £2.5 V and
the bias current is /g =400 pA. Transistors PNP and NPN were
simulated using the NUHFARRY and PUHFARRY models
[17], which simulate UHF transistor arrays HFA3046 and
HFA3096.

We designed a universal frequency filter with natural
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Fig. 4. Simulation results of the high-, low- and band-pass
responses of the current-mode filter
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Fig. 5. a) Ideal and simulated notch responses of the proposed
filter, b) Simulated low-pass responses of the filter if R is

changed
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Fig. 6. Input impedance of the proposed filter vs. frequency

frequency f, =100 kHz, and quality factor Q=0.707, while
C,=C,=22nF, G,=G3=14mS, and G;=19mS. The
simulation results for the high-, low- and band-pass are shown in
Fig. 4. The finite value of the attenuation of the band- and high-
pass filter at low frequencies is caused by the finite value of the
output impedance of the terminals Z of the current conveyors.
The increase in the gain of the low-pass filter in the stop-band is
caused by the parasitic input-impedance of the X-port of the
DO-CCII; element. This feature can be also seen in other
structures, e.g. [18-20].

The response of the frequency filter working as a band-reject
is shown in Fig. Sa, with the value of passive elements being
retained. The control of the quality factor O, independent of the
the natural frequency fy = ax/2m, is depicted in Fig. 5b. The
values of the resistor R; were chosen as 365 Q, 715 Q, 3.65 kQ,
and 7.15kQ, which according to (4b) corresponds with the
values 0.5, 1, 5, and 10 of the quality factor Q. From the
simulations one can see that the available value of the quality
factor is about 5.

From (5) and Fig. 6 it can be seen that the input impedance is
of a band-pass character and it changes if varying the quality
factor.

6. Conclusions

In this letter we presented a new universal current-mode
frequency filter. The current conveyors were used as the active
elements. The advantages of this structure are in that all current
responses are at high impedances and, furthermore, all the
passive elements are grounded, which is suitable for the
implementation of the structure in the integrated form. Besides,
the possibility of changing the quality factor Q via single
passive element independently of pole angular frequency @ can
be used. The possibiliti of controlling the natural frequency
independently of the quiality factor has been also discussed. The
behaviour of the proposed structure has been verified using
bipolar implementation of the active elements. The results fully
suport the feasibilities of the frequency filter.
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