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Abstract

A new novel current-mode biquad filter using one
multiple output second generation current conveyor
(CCH), two operational transconductance amplifiers
(OTAs), and two grounded capacitors is presented. The
filter has three inputs and one output and can realise five
different biquad transfer functions simultaneously
without any changes in the circuit topology. This circuit
enables the circuit characteristics to be electronically
tuned. Grounded capacitors are suitable for integrated
circuit implementation. An example is given, together
with simulated results by PSPICE.

1. Introduction

The designs of current-mode circuits employing
active devices such as CCII and OTA have been reported
in the literature [1-2], The CCIIs and OTAs have been
found useful in many applications, such as the synthesis
of various active filter transfer functions. The CCII have
been demonstrated to provide high performance than the
conventional op-amps. Whereas, OTAs provide a highly
linear electronic tunability and a wide tunable range of
its transconductance gain. The circuit configuration
consisting of OTAs, CCII, and grounded capacitors
without resistors is considered to be more suitable for
monolithic integration. Several designs with three input
and one output current-mode universal filter have been
discussed [3-4]. This Letter proposes a new universal
filter circuit which need fewer active and passive
elements than [3-4] to implement all the basic second-
order filter functions.

2. Circuit Description
The circuit of the proposed filter is shown Fig. 1.

Using standard notation, the three output CCII £ can be

characterised by iZ= * iX,i¥=0,and vX=vY [5-6].
An OTA is a differential voltage controlled current
source , and its circuit diagram is shown in Fig. 2. The

transconductance € represents the ratio of the output
current to the input voltage and it is adjustable within the
range of several decades by a supplied bias current
Ly j6.8n=lour Vi 1, 12v;

. Routine circuit analysis
yields the current transfer functions:

0-7803-5146-0/98/$10.00 ©1998 IEEE.

TT12-1.1

_h(8*CICy) - 1 (SCag3) + I3(8384)
S?CICy +SCags + 8384
Five types of biquadratic filters are realised with
the following specialization :
(i) highpass: I,=1I5=0, input signal is I;;

Toyr 0))

(1) lowpass: I,=1,=0, inputsignalis I3;
(iii) bandpass: I;=1; =0, input signal is I, ;
(iv) notch: I,=0and I,=I;= input signal;
(v) allpass: I;=1I,=1I3= input signal;
The angular frequency @, and quality factor Q
are given by
oy = (BEL12- (%g’; 2@
Qo= (Eeyl/2 G)
Cag3
Thus, the quality factor Q( can be controlled by the
ratio of C{/C, or by the transconductance gain ratio
g4/ g3 (i.e. adjusting the bias current Ip, and Iy ).
From eqns. 2 and 3 it is easy to show that the
passive sensitivities of the parameters @y and Q are
1

@y _ S @ —_ g0 = Q% —_
S G G, & S &4 2

Q- g% _.gO_g _1
SCx SCz ng Sg4 2

3. Experimental Results

To evaluate the performance of the circuits shown
in Fig.1, consider the biquad characteristics with the
chosen values for passive components: C=C, =318pF,
and g3=g4=02ms. This choice leads to f
=wy/2 £ =100kHz, and Q o =1. In PSPICE simulation ,
A CA3080 OTA macro model [7] has been used. The
current-mode frequency responses of the highpass,
bandpass, and lowpass filter are showing in Fig. 3. The
simulation results confirm the theoretical analysis.

4. Conclusions

In summary, the proposed new current-mode
universal biquad filter with three inputs and one output
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using only one three-ouput CCII, two OTAs, two

grounded capacitors is presented. The circuit provide the

following advantages:

(i) realisation of highpass, bandpass, lowpass, notch,
allpass filtering from the same configuration.

(ii) grounded capacitors without resistors are suitable
for integrated circuit implementation.

(iii) no requirement for matching components.
(iv) low sensitivities and fewer components.
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Fig. 1. Proposed universal biquad filter

Fig. 2. Symbol of OTA
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Fig. 3 Simulated results of lowpass,
bandpass, and highpass responses



