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Universal Current-Mode Biquad
with Minimum Components

Orapin Channumsin, Tattaya Pukkalanun and Worapong Tangsrirat, Member, IAENG

Abstract—A current controllable current-mode universal
filter with four inputs and one output employing multi-output
current-controlled current conveyors (MOCCCIIs) is
described. The proposed circuit offers the following attractive
features: employment the minimum number of active and
passive components, i.e., two MOCCCIIs and two grounded
capacitors; simultaneous realization of all the standard
filtering functions; independent current-control of the natural
angular frequency (a,) and bandwidth (BW); no requirement
of component matching conditions; employment of only two
grounded passive capacitors which is suitable for integrated
circuit (IC) implementation; and low passive and active
sensitivities.

Index Terms— current-controlled current conveyor
(CCCIl), biquadratic filter, current-mode circuit, minimum
components

I. INTRODUCTION

S a result of the well-known advantages of current-

mode operation, several realizations of various current-
mode active filters using second-generation current
conveyors (CClIs) have received wide attention. Among
these existing filters, a number of current-mode CClI-based
universal filters also exist in the technical literature [1]-[5],
where most of them have been realized in the form of the
single-input multiple-output filter configuration. A little
work has been developed for the multiple-input single-
output current-mode universal filters.  Although some
current-mode CCll-based universal filters with multiple
inputs and one output were recently proposed in [6]-[11],
however, their structures suffer from the use of excessive
numbers of active and passive components, and the lack of
electronic tunability. From the point of ease of IC
fabrication process, it is preferable to realize the active
filters by using a minimum number of active and passive
components.

In this paper, a low-component count current-controlled
current-mode universal biquadratic filter with four inputs
and one output is introduced. The proposed filter requires
only two MOCCCIIs and two grounded capacitors and
provides the advantage of an electronic tuning capability,
which is especially interested from the IC fabrication point
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of view [12]. By proper selecting the input signals, the
circuit can realize all the standard biquadratic filtering
functions, i.e., lowpass (LP), bandpass (BP), highpass (HP),
bandstop (BS) and allpass (AP), from the same circuit
configuration. The natural angular frequency (a,) and
bandwidth (BW) can be orthogonally and electronically
tuned through adjusting the bias current of the MOCCCII.
No critical matching conditions are required, and all the
incremental  parameter sensitivities are low. The
performances of the proposed circuit are simulated with
PSPICE to confirm the theoretical analysis.

Il. CIrRcUIT CONFIGURATION

Generally, a MOCCCII is a versatile active building
block as shown in Fig. 1. The port relations of the
plus/minus-type MOCCCII can be characterized by the
following equation [13].

iy =0, Vy=Vy +ixRy, gy =+ix, i =iy (1)

The schematic bipolar realization of the MOCCCII is
shown in Fig. 2. In this case, the parasitic resistance R, at
the terminal x can be expressed by

Ry =T )
2lg

where V5 is the thermal voltage, and |g is the bias current of
the conveyor.
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Fig.1 : Circuit symbol of the MOCCCII.

The realization of the proposed current-mode universal
filter with four input terminals and one output terminal that
requires only two MOCCCIIs and two grounded capacitors
is shown in Fig.3. Since all the grounded capacitors are
employed, the circuit is suitable for IC implementation [12].
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Fig.2 : Schematic bipolar implementation of the MOCCCII.
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Fig.3 : Proposed current-controlled current-mode universal filter.

By routine circuit analysis using equation (1), the current
transfer function of the proposed filter can be given by :

oyt = (s%RyaRy2C1C2 + SRypCo + D)1y + (SRoCo)(15 + 13) + 14
out —
(s?RyqRy2C1Cy + SR,Cp +1)

@)

It can be seen from equation (3) that the circuit can
realize five types of the biquadratic filter, which are
summarized as follows:

DLP:I;=1,=13=0 and l4=an input current signal l;,.

2) BP:1l;=1,=1,=0 and I3=1;, or
|1:|3:|4:0 and IZ:Iin-

3) HP: 1, =0 and Iy =-l3=-l4 =1}, or
|3=0 and |1:'|2:'|4=|in-

4) BS:l,=14=0and ly=-I3=1;, or
I3=1,=0 and Iy =-1, =1,

5) AP:|4:0 and II:'I2:'I3:Iin-

Note that there are no critical component matching
conditions in the realization of all the filter responses. The
parameters a, and BW of this filter are given by :
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From equations (4) and (5), it can be seen that the e, for
all the filter responses can electronically be tuned by
varying the resistance R,, through the bias current Ilo;
without affecting the bandwidth BW. Therefore, the filter
parameters a, and BW can independently controllable over
a wide range by electronic means.

The incremental sensitivities of the parameters «, and
BW are calculated as :

1
@o - 6
SRxLRerCllCZ 2 ©

BW
-1 7
SRchl %

and

BW _0. 8
SRX2,02 0 (8)

All of the parameter sensitivities are within unity in
magnitude.

I1l. NON-IDEAL EFFECTS

The effects of MOCCCII non-idealities on the filter
performance have been now considered in this section. By
considering the non-ideal MOCCCII characteristics, the port
relation in equation (1) are rewritten as :
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Iy =0, vy =avy +iyRy, i =+Bpiy, I, ==Fhixy (9)

10
where a = 1 - g and & (|&| << 1) represents the voltage U
. . 0
tracking error from y to x terminal, £, =1 - &, and & (|5 -
<< 1) denotes the current tracking error from x to +z 3 gvw Bp
terminal, and £, = 1 - &, and &, (|&n << 1) denotes the < o \ oo g;’
current tracking error from x to -z terminal of the 5
MOCCCII, respectively. Re-analysis of Fig.3 with equation g H
(9), the parameters w, and BW for this case are rewritten by
o = a1a2ﬁnlﬂp2 (10) e 10k 100k M 10M
° RXlRX2C1C2 Frequency (Hz)
Fig.4 : Simulated frequency characteristics of LP, BP, HP and BS filters
and of the proposed circuit in Fig.3.
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BW -1 (14) 40~ -200°
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and Fig.5 : Gain and phase characteristics of the AP filter at f, = 122 kHz.
To demonstrate the current tuning of f,, the resultin

responses of the BP filter for different bias currents lg (= loz
= lgy) are given in Fig.6. In this setting, the f,-values
calculated from equation (4) are equal to 30.61 kHz, 61.20
kHz and 122.4 kHz, respectively. From the simulations, the
corresponding f, are measured as 30.87 kHz, 61.40 kHz and
119.07 kHz, respectively.

S“ZvﬁplﬁpZﬁnZ =0

which are no more than unity in magnitude.

IV. SIMULATION RESULTS

PSPICE simulations were carried out to prove the validity 10
of the proposed circuit of Fig.3. The MOCCCII was
performed by the schematic bipolar implementation given in . I
Fig.2 with the transistor model of PR1I0ON (PNP) and lo=30uA 7 N fo100wA
NP100N (NPN) of the bipolar arrays ALA400 from AT&T L=25uA \\ /

[14], and DC supply voltage = +3V. 0 y//
The simulation results shown in Fig.4 for the LP, BP, HP
E 20 \\ .
purpose, the components of the filter were chosen as lo; = /// \\:\\\
lo, = 100 A and C; = C, = 10 nF. This setting has been - <

Simulation
***** Theoretical

Current gain (dB)

and BS responses verify the presented theory. For this

30
selected to obtain the filter responses with f, = w,/27= 122 \\
kHz and Q = 1. Fig.5 shows the simulated frequency 40 h
responses and the theoretical behavior of the gain and phase t 10K 100K ™ 1M
characteristics of the AP filter at f, = w,/27 = 122 kHz, Frequency (Hz)
which agrees very well with the theory. It is observed form

; : Fig.6 : Simulated frequency responses of the BP filter
both figures that the proposed filter performs all the when lo (= loy = lo) is varied.

standard biquadratic filtering functions well.
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For the electronically controllability property of the phase
shift, Fig.7 shows the simulated phase responses of the
proposed the AP filter when Ig is respectively varied to 25
uA, 50 pA and 100 pA. The results obtained from the
simulations show that the corresponding f, are about at
30.62 kHz, 61.4 kHz and 117.5 kHz, which are in good
agreement with theoretical values : f, = 30.61 kHz, 60.49
kHz and 122.4 kHz, respectively.
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Fig.7 : Simulated phase responses of the AP filter
when lo (= log = loy) is varied.

V. CONCLUSION

This paper describes a novel current-controlled current-
mode universal filter using only two MOCCCIIs and two
grounded capacitors, which is a canonical structure, and
suitable for IC implementation. The filter can realize LP,
BP, HP, BS and AP filter responses from the same
topology. The parameter @, of the proposed filter can
electronically be controlled without disturbing the BW. The
circuit also requires no component matching conditions, and
has low passive and active sensitivities. Both its active and
passive sensitivities are low.
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