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Abstract: 
A new current-mode universal filter using unity- 

gain current and voltage followers is presented. The filter 
has three inputs and one output. It offers the following 
advantageous features: realisation of highpass, bandpass, 
lowpass, notch, and allpass filter without any changes in 
the circuit topology, low active and passive sensitivities, 
no requirement for critical matching, and fewer active 
and passive elements. Moreover, the current mode circuit 
is suitable for integrated circuit implementation for using 
grounded capacitors. PSPICE simulated results that 
confirm the theoretical analysis are obtained. 

1. Introduction 
The current-mode monolithic active components 

using new integration process are able to operate 
accurately in an open loop and improve the dynamic 
behaviour of the classical operational amplifier. Circuits 
based on the current-mode components are becoming 
popular due to their high frequency operation and wide 
dynamic range. There are many design applications of 
universal biquad filters employing several current mode 
active elements (Fabre et al.1995, Tsukutani et al. 1996, 
Liu 1995). Current Conveyor (CC) is one of the active 
components found useful in universal biquad filters 
design. However, circuits using CC’s will be limited 
mainly due to the voltage and current transfer ratios. 
From the point of view of active sensitivity, using unity- 
gain cells such as followers could avoid some of the 
tracking errors in CC’s. Recently, there has been a 
growing interest in designing current-mode and voltage- 
mode continuous-time filters using unity-gain current 
mirrors andor voltage followers (Zele et al. 1993, 
Tsivids et al. 1994, Celma, et al. 1995, Muhammad et al. 
1996, Weng et al. 1997 ). This is attributed to their low 
power dissipation and high frequency operation. These 
filters (Zele et al. 1993, Tsivids et al. 1994, Celma, et al. 
1995), however, cannot be realised without changing the 
circuit topology to achieve a specific function. In 1996, 
Muhammad presented a universal filter structure which 
can implement all the basic second-order filter finctions 
(lowpass, highpass, bandpass, notch and allpass) without 
adding any additional active elements and changing the 
circuit topology. We propose a new universal filter 

circuit which need fewer active and passive elements 
than Muhammad’s circuit to implement all the basic 
second-order filter functions. The multiple output unity 
gain current follower can be easily obtained from the 
multiple output second-generation current conveyor 
(CCJI) by grounding its high input impedance terminal 
(Muhammad et al. 1996, Wu et al. 1996). 

2. Circuit description: 
A current follower (CF) is a two-port network 

whose terminal characteristics can be described as V, =0, 
and i ,  =+ i ,  where the plus and minus signs denote 
CF+ and CF-, respectively. A voltage follower (VF) is 
also a two-port network whose terminal characteristics 
can be described by iy =0, and Vx = Vy . Their network 
symbols are shown in Fig. l(a) and (b). 

The circuit is shown in Fig. 2. Using standard 
notations, the multiple output current followers CF k can 
be characterized by i,k = fa,,&, n=1-3, where 
ank  = I - , I cnk I <<I represents the current tracking 
error of the kth output for the nth current follower. The 
unity-gain voltage follower can be characterized by 
v x  = Pnvy 9 n =1-2, where p n = l - S n ,  I Snl<<l 
represents the voltage tracking error of the nth voltage 
follower . Routine analysis yields the current transfer 
function: 

The angular frequency wo and quality factor Q O  are 
given by 

(3) 
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Five types of biquadratic filters are realised with 
the following specialisation : 
(i) highpass : Z2 = Z3 =0, input signal is Z1 ; 
(ii) lowpass : z1 = I2 =o, input signal is 13 ; 
(iii) bandpass: Zl = Z3 =0, input signal is 12 ; 
(iv) notch: Z2 =O and Zl = Z, = input signal ; 
(v) allpass: = 12 = I ,  = input signal ; 
Thus, the quality factor Q o  can be controlled by the 
ratio of R,/R or C 2 /  C l .  

From Eqns. 2 and 3 it is easy to show that the 
active and passive sensitivities of the parameters w 0 

andQo are 

all ofthe passive and active sensitivities are small and no 
greater than unity. 

3. Biquad Realisation 
Finally, to verify theoretical prediction of the 

proposed circuit, shown in Fig. 2, consider the biquad 
characteristics with the chosen values for passive 
components: C 1 =C 2 =3 18pF, and R 1 =R 2 =5kS1. This 
choice leads to f 0 = WO /2 n =lOOkHz, and Q 0 =l.  In 
PSPICE simulation, second generation current conveyors 
CCIIs (implemented by AD844 ICs from Analog 
Devices) have been used to realise CF and VF. The 
current-mode frequency responses of the highpass, 
bandpass, and lowpass filter are showing in Fig. 3. The 
notching filtering gain and phase responses are shown in 
Fig. 4. The allpass filtering gain and phase responses are 
shown in Fig. 5. 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 
using only two VFs, three CFs ( including one three- 
output CF ), two resistors, and two grounded capacitors 
is presented. The circuit provides the following 
advantages: 
(i) realisation of highpass, bandpass, lowpass, notch, 
allpass filtering from the same configuration. 
(ii) using unity-gain cells could avoid some of the 
tracking errors in CC’s. 
(iii) low passive and active sensitivites. 

(iv) fewer passive and active components. 
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Fig. l (a )  Symbol o f  current follower 

Fig. l(b) Symbol of voltage follower 
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Fig. 4 Simulated results of notch responses 

Fig. 5.  Simulated results of allpass responses 

Fig. 2 Proposed universal biquad filter 
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Fig. 3 Simulated results of lowpass, bandpass, 
and h ig hpass responses 
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