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ABSTRACT

This article presents a current-mode universal biquadratic filter performing completely
standard functions: low-pass, high-pass, band-pass, band-reject and all-pass functions, based-on
Current Controlled Current Conveyors (CCCIIs). The features of the circuit are that: the quality
factor and pole frequency can be tuned orthogonally via the input bias currents except lowpass
and highpass functions: the circuit description is very simple, consisting of merely 3 CCClls and
2 grounded capacitors. Additionally, each function response can be selected by digital method.
Because of its simplicity, the proposed circuit can be conveniently facbricated. The PSPICE
simulation results are depicted. The given results agree well with the theoretical anticipation. The
maximum power consumption is approximately 1.16mW at £1.5V power supply voltages.
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INTRODUCTION

In electrical engineering works, an analog filter is an important block and widely used for
continuous-time signal processing. It can be found in many fields: for instance, communication,
measurement and instrumentation, and control systems (Sedra and Smith. 1991 and Ibrahim et, al.
2005). One of most popular analog filters is a universal biquadratic filter since it can provide
several functions. Nowadays, a universal filter working in current-mode has being been more
popular than voltage-mode one. Since the last decade, there has been much effort to reduce the
supply voltage of analog CMOS systems. This is because of the demand for portable and battery-
powered equipment. Since a low-voltage operating circuit becomes necessary, the current-mode
technique is ideally suited for this purpose. Actually, a circuit using the current-mode technique has
many other advantages: for example, larger dynamic range, higher bandwidth, greater linearity,
simpler circuitry and lower power consumption (Toumazou et, al. 1990 and Bhaskar et, al. 1999).

From literature reviews, most of proposed current-mode universal filters need to employ a bulk
number of passive and active components and require changing circuit topologies to achieve
several functions (Shah and Malik. 2005, Chang et, al. 2001 and Tu et, al. 2002). Some of them
manipulate a number of floating capacitors (Shah and Malink. 2005, Sagbas and Fidanboylu 2004
and Wu and El-masry. 1998), which is not appropriate to realize in a monolithic chip (Horng. 2005
and Bhusan and Newcomb. 1967). Furthermore, the most of presented works still cannot provide
complete set of standard functions (Shah and Malik. 2005, Wang and Lee. 2005, Sharma and
Senani. 2004, Shah and Malink. 2005, Sagbas and Fidanboylu 2004, Wu and El-masry. 1998
Pandey et, al. 2005 and Senani et, al. 2004), they achieve only low-pass, high-pass and band-pass
functions.

This work is arranged to propose a novel current-mode universal biquadratic filter,
emphasizing on use of Current Controlled Current Conveyors (CCCIIs), which can be readily
found in several commercial monolithic chips. The features of proposed circuits are its ability to
provide complete set of standard functions without changing circuit topology, its wide range of
operating frequency, its simplicity, and its suitability for monolithic integrated circuit fabrication.
The performances of proposed circuits are illustrated by PSPICE simulations, they show good
agreement as mentioned.

PRINCIPLE OF OPERATION

1. Current Controlled Current Conveyor (CCCII)

Since the proposed circuit is based on CCCllIs, a brief review of CCCII is given in this section.
The characteristic of ideal CCClIs are represented by the following hybrid matrix

Iy 0 0 0
v, |[=|1 R, Ofi €))
0 0

<

X

+1

Z z

< X

Where the positive and negative signs define a positive and negative current controlled current
conveyor (CCCIl+, CCCII-), respectively. The intrinsic x terminal current controlled resistance is
given as
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X
B
Where |, and V; are bias current and thermal voltage, respectively. The symbol and the
equivalent circuit of the CCCII are illustrated in Fig. 1(a) and (b), respectively.
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Fig. 2 Proposed Current-mode Universal Filter

2. Proposed current-mode universal biquad filter

The proposed current-mode universal filter is shown in Fig. 2, where l,, 15, and I, are

input bias currents of CCCII1, CCCII2 and CCCII3, respectively. Straightforwardly analyzing the
circuit in Fig. 2, the transfer functions of this network can be obtained as



a v o A 4 a aa o
249TN709ANNA I AUANTEURHAAN U%%W“fmudLa?ﬂi’!ﬂﬂﬂ’JUQNLLUU@%@]aﬂIG] gli9asmenIunIzuE 155

| _ Iin3Sz + S(]‘/ RX3C1)(Iin3 B Iinl) +(1/C1C2RX1RX2) Iin3 _(1/C1C2Rx2Rx3) Iin2 (3)
0=

s’+s t !
Rx3C1 Rlex2C1C2

From Eqn. (3), the magnitude of currentinput I, ,, I, ,and |, ; are digitally chosen as Table.
1 to obtain a standard function of the 2"—order networks. From Eqn. (3), the pole frequency W,

and quality factor Q, of each filter response can be expressed as

1
@y = |————— @)
RXlRXZClCZ
1
and =R.C, |——— 5
>R RRCE, X

For simple consideration, if we assign C, =C, =Cand I, =1,, = I, Eqns. (4) and (5) are
subsequently modified to

o, = 2l ©
CV,

and Q= ls. (7
IBS

Eqn. (6) shows that the pole frequency can be adjusted by | . Similarly, Eqn. (7) shows that the
quality factor can be adjusted by |,. It should be pointed out that this adjustment does not affect
the pole frequency. Reversely, the pole frequency can be controlled via | . In addition, bandwidth
(BW) of the system can be expressed by

@ 2y
Q CV;

BW = @)

We found that the bandwidth can be linearly controlled by lg;. Moreover, the quality factor can be
much high by controlling Ig; to be much less than Ig. This differs from the conventional current-
controlled universal filters in such that they use an input bias current to control the quality factor.
However, it has a limited value of current in the circuits, the quality factor is then restricted.

Filter Responses l. l. I
inl in2 in3
LP 0 1 0
HP 1 1 1
BP 1 0 0
BR 1 0 1
AP 2 0 1

Table 1: The |;,, I;,, and 1, 5 logic conditions for each filter function response
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Possible circuit characteristics, digital choosing by adding digitally selective circuit
(Maruyama et, al. 2002) of the input terminals is shown in Table 1. It can be seen from this table
that one of the realizations of the low-pass (LP), high-pass (HP), band-pass (BP), band-reject (BR)

and all-pass (AP) transfer functions can be achieved as follows:

2

,
LP: T,n(S) = 1 0 1
s?+5s +
Rx3cl Rlex2C1C2
S2
HP: T, (S) = 1 1
s?+5s +
Rx3C1 RleXZC1C:2
/ S
BP: Tgp(S) = (1”0 Q) 1
s?+s +
Rx3C1 Rlexzclcz
% + @’
BR: Ty (S) = 1 0 1
s° +

S +
Rx3C1 Rxl R><2(:1Cz

s’ —s(w, /Q,) + @,
2 1 1
s’ +s +
RXSCl RXl RXZClCZ

and  AP: T, (s)=

©)

(10)

(11)

(12)

(13)

In the low-pass and high-pass transfer functions, the circuit condition: ¢,, = g, is required.
So, in case of low-pass and high-pass functions, the quality factor and pole frequency can not be

tuned orthogonally by controlling |, .
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T
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Fig. 3 Internal Construction of CCCII
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3. Circuit Sensitivities
The sensitivities of the proposed circuit are low and can be found as

S =152 =-1 (14)
and S =1 8% =-1 (15)

From Egns.(14) and (15), we can see that the absolute magnitude of the sensitivities are equal
unity.

4. Non-ideal case

In practice, the CCCII is possible to work with non-ideality. Its properties will change to

I, =al, (16)
and V, = ﬂ\/y an

Where & and [ are transferred error values deviated from one. In the case of non-ideal and brief

@, = o f,2, (18)
Rlexz

While Q, is still equal to Eqn. (5). Actually, these deviations are very small and can be ignored.

consideration, the @, is changed to

SIMULATION RESULTS AND DISCUSSIONS

To prove the performances of the proposed circuits, the PSPICE simulation program was used
for the examinations. The PNP and NPN transistors employed in the proposed circuit were
simulated by respectively using the parameters of the PR200N and NR200N bipolar transistors of
ALAJ400 transistor array from AT&T (Frey. 1993). Fig. 3 depicts schematic description of the
CCCII used in the simulations. Fig. 4 shows the frequency response of CCCII. It is seen that the
CCCII can operate over wide range of frequency up to 59.46MHz. All CCClls were biased with

+1.5V power supplies and C, = C, = 4.7nF . The results shown in Fig. 5 are the magnitudes and
phase responses of the proposed biquad filter obtained from Fig. 2, where I, 15, and I, are

equal to50A. The proposed biquad circuit function depends solely on the input current which
can be digitally controlled as shown in Table 1.
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Fig. 6 and Fig. 7 display magnitude responses of band-pass and band-reject functions,
respectively, with different |, values. They are obviously shown that the bandwidths of the

responses can be linearly adjusted by the input bias current | ;, as depicted in Eqn. (8) without

affecting the pole frequency as given in Eqgn. (6). Similarly, the results in Fig. 8 are phase
responses of all-pass function. It confirms the performances of proposed circuit in such

controllability of the quality factor via |5, without affecting the pole frequency. Maximum power
consumption is about 1.16mW.
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CONCLUSIONS

The current-mode universal biquadratic filter base on CCClIs has been presented. There
are three main advantages of proposed circuit. First, the circuit can perform all standard filter
functions i.e. low-pass, high-pass, band-pass, band-reject and all-pass functions. Second, its
quality factor can be controlled independently to its pole frequency and vise versa. Third, its
performing function can be digitally controlled by its input bias current, this is easily modified to
use in control systems using a microcontroller (Toumazou et, al. 1990). In addition, from
simulation results, the proposed circuit can work at low supply voltages (£1.5V), low power
consumption. The circuit description comprises only 3 CCClls and 2 grounded capacitors. With
mentioned features, it is very suitable to realize the proposed circuits in monolithic chip for use in
battery-powered, portable electronic equipments such as wireless communication system devices.
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