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Abstract

This article presents a current-mode multifunction biquadratic filter performing
completely standard functions low-pass, high-pass, band-pass, band-reject and
all-pass functions. The circuit principle is based on current controlled current conveyor
transconductance amplifiers (CC-CCTAs) with three input terminals and one
output terminal. The features of the circuit are that, the pole frequency and quality
factor can be electronically tuned via the input bias currents. The circuit topology
is very simple, consisting of merely 2 CC-CCTAs and 2 grounded capacitors, without
any external resistor and using only grounded elements. The proposed circuit
is very suitable to further develop into an integrated circuit architecture. The PSpice
simulation results agree well with the theoretical anticipation. The total power

consumption is approximately 7.93mW on power supply voltage of £3V.
Keywords : Current-mode, Multifunction biquadratic filter, CC-CCTA

Introduction

An analog filter is an important building
block, widely used for continuous-time
signal processing. It can be found in many
fields:

measurement,

including communications,

instrumentation, and
control systems (Sedra A. S. and Smith
K.C., 2003; Ibrahim, M. A., Minael S. and
Kuntman H. A., 2005).

popular analog filters is multi-purpose

One of most

and universal filters that can be classified
either as multi<input and single-output
(MISO) filter (Chunhua W., Haiguang L.
and Yan Z.,
multi-output (SIMO) filter (Minaei S,
Kuntman H., Cicekoglu O., Turkoz S.
and Tarim N., 2000). Among these filters,
the MISO filters have rather simple

2009) or single-input and

structures (Chumhua W., Yan Z., Qiujing
Z. and Sichun D. 2009). Recently, a
universal filter working in current-mode
has being been more popular than the
voltage-mode type. Since the last two
decade, there has been much effort to
reduce the supply voltage of analog
systems. This is due to 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 such as: larger dynamic range,
higher

bandwidth, greater linearity,

simpler circuitry and lower power



consumption (Toumazou C., Lidgey F.]J.
and Haigh D.G., 1990; Bhaskar D.R,
Sharma V.K.,, Monis and Rizvi S.M.IL,
1999).

From our survey, it is found that
several implementations of current-mode
filters have been reported (Biolek D. and
Biolkova V., 2003; Biolek D. and Biolkova
V.,2003; Keskina A. U, Biolek D., Hancioglu
E. and Biolkova V., 2006; Tangsrirat W. and
Surakampontorn W., 2007; Tangsrirat W.,
Dumawipata T. and Surakampontorn W.,
2007; Prasada D., Bhaskara D.R. and Singhb
A K., 2008; Siripruchyanun M. and Jaikla W.,
2008; Jaikla W. and Siripruchyanun M.,
2006; Jaikla W. and Siripruchyanun M.,
2007). Unfortunately, these reported circuits
suffer from one or more of following
weaknesses:

¢ Pole frequency and quality factor
cannot be controlled orthogonally (Biolek
D. and Biolkova V. 2003; Keskina A.U,
Biolek D., Hancioglu E. and Biolkova V.,
2006; Tangsrirat W., Dumawipata T. and
Surakampontorn W., 2007; Prasada D.,
Bhaskara D.R. and Singhb A.K., 2008;
Siripruchyanun M. and Jaikla W., 2008).

* Require changing circuit topolo-
gies to achieve several functions (Biolek
D., and Biolkova V., 2003; Tangsrirat W.
and Surakampontorn W., 2006).

e Some outputs of the filter
responses are not
impedance (Biolek D. and Biolkova, 2003;
Keskina A.U, Biolek D., Hancioglu E. and
Biolkova V., 2006; Prasada D., Bhaskara

in high output
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D.R. and Singhb A K., 2008; Jaikla W. and
Siripruchyanun M., 2006; Jaikla W. and
Siripruchyanun M., 2007).

¢ Cannot provide completely stan-
dard functions (Biolek D. and Biolkova,
2003; Biolek D. and Biolkova V., 2003;
Keskina A.U, Biolek D., Hancioglu E.
and Biolkova V., 2006; Tangsrirat W. and
Surakampontorn W., 2006; Prasada D.,
Bhaskara D.R. and Singhb A.K., 2008;
Jaikla W., Siripruchyanun M., 2006; Jaikla
W., Siripruchyanun M., 2007).

A reported 5-+terminals active element,
namely current convey or transconductance
amplifier (CCTA) (Prokop R. and Musil V.,
2005) has been proposed in 2005, it seems
to be a versatile component in the reali-
zation of a class of analog signal processing
circuits, especially analog frequency filters.
It is a really current-mode element whose
input and output signals are currents.
In addition, the output current gain can be
adjusted. However, the CCTA cannot be
controlled by the parasitic resistance at
current input port. Recently, (Siripruchyanun
and Jaikla, 2008) have proposed the
modified-version CCTA, whose parasitic
resistance at current input port can be
controlled by an input bias current. It is
newly named current controlled current
conveyor transconductance
(CCCCTA). It seems to be a useful building

block, since many circuits and systems

amplifier

can be implemented by employing only
single CC-CCTA. Presently, the CC-CCTA

has been extensively used, such as filters
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(Lawanwisut S. and Siripruchyanun M.,
2010; Kaetkaew O., Lawanwisut S.,
Chantafong K. and Siripruchyanun M.,
2009),
Siripruchyanun M., 2009; Jaikla W. and
2009),
simulator (Silapan P., Srisakul T., Jaikla
W. and Siripruchyanun M., 2009), and etc.

The aim of this paper is to propose

oscillators (Lawanwisut S. and

Siripruchyanun M., inductance

a current-mode multifunction biquadratic
filter, emphasizing on use of the CC-CCTAs
and grounded capacitors. The features of
the proposed circuit are that, the proposed
multifunction biquadratic filter can
completely provide 5 functions which are
low-pass, high-pass, band-pass, band-reject
and all-pass functions without changing
circuit topology. The circuit description
is very simple, employing only grounded
capacitors as passive components, thus it
is suitable for fabricating in monolithic
chip. The quality factor and pole frequency
can be electronically adjusted. The PSpice
results with  the

simulation agree

theoretical analysis.
Principle of Operation

Basic Concept of CC-CCTA

Since the proposed circuit is based
on CC-CCTA, a brief review of CC-CCTA
is givenin this section. Generally, CC-CCTA
properties are similar to the conventional
CCTA, except that the CC-CCTA has finite

input resistance at the x input terminal.

This parasitic resistance can be controlled
by the bias current: as shown in the
following equation (Siripruchyanun M.
and Jaikla W., 2008).

I, 0 0 0 0}/
Vo_|Ro 1 0 0|y, @
I 1 0 0 O}V
where
V.
R =—L 2)
21,
and
_[BZ
gm_ZVT (3)

Where and arethethermal voltage,
input current and the transconductance
gain of the CC-CCTA, respectively. The
symbol and equivalent circuit of the
CCLCCTA are illustrated in Fig. 1 (a)
and (b), respectively.

ilm Ile
Vy Iy iy Vo
o—=p y 0 |e—o
CC-CCTA
Vx lx x z iz VZ
(a)

(b)
Fig.1. The CC-CCTA (a) Symzbol (b)

Equivalent circuit.
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Proposed Current-mode Multifunction Biquadratic Filter

The completed current-mode multifunction biquadratic filter is shown in Fig. 2.

o
-0

b o

inf > X

[

CC-CCTA,

y z
L
CiT

> X 0]

CC-CCTA, °

in2 =0
y z j_ I Iout

o

Fig. 2. Proposed current-mode multifunction biquadratic filter.

From circuit in Fig. 2, the output current transfer function can be obtained as

(s2+sg.n12+gm1gm2j1. _,’_s@I +gm1gm2 I

4

, ~ Cz Cl Cz in3 C2 in2 Cl Cz inl
. SZ +S@+gmlgm2
CZ CICZ
From Eq. (4), the all standard

transfer functions can be obtained by
selecting appropriate inputs by following
conditions
) Ifr,=1,and1,,=1,=0,alow-

pass function is achieved at the output. The
transfer function can be written to be
Em&m2.

CG,
8Em.
C2

out __

%)

gmlgm2
CICZ

L s7+s +

2) If Iin = _Iinl = _IinZ = 11)13/ a higl1_pass
function can be obtained. The transfer
function can be written to be

2
N

out  __

(6)

I, g g8m  EmEm
G GG

3) If I,=1,,, and /,,=1,,=0, the

obtained output function is a band-pass.

The transfer function can be given by

g 8m
Ioul — CZ
I ...8 2, 88w @)
in §° 4 g 2mE 4 OmOme
CZ CICZ

4) If ]in = [z'n3 = _IinZ/ and Iinl = Or
a band-reject function is provided. The

transfer function can be written to be

24 Em8ma
Lo _ GG (8)
I, §2 +S@+ EmEm
G, CG,

5 Ifr,=1,,=-21,,and I,, =0, an

in2 ’/ inl

all-pass filter is obtained. The transfer func-

tion can be written to be

g 8m | EmEm

@: C2 CICZ (9)
I, §2 +S@+ EmEmr
Cz CICZ
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where g, :21%
T 7

_ 134
gmz—TVT‘

The pole frequency (@, and quality

factor (Q,) can be expressed to be

@, = 1 M, (10)
21\ C,C,
CZIBZ
= /— 11
9 cl,, 1

From Egs. (10) and (11), the pole
frequency can be adjusted by I, and I,

and

without affecting the quality factor. More-
over, for example when the pole frequency
was adjusted by I, equals I, as shown
in Egs. (10) and (11), therefore the quality

factor without I, and I,

Sensitivity Analysis
The sensitivities of the proposed

circuit can be found as

% 1 @, 1 @,
SCIO’CZ :_E’SIBZJM :E’SVT :_l’ (12)
and
SQo :l SQa :_l (13)
1p,,Cy 2’ 154.C 2

Therefore, all active and passive sensi-

tivities are equal or less than unity in manitude.

Simulation and Results

To investigate the performances of the
proposed circuit, the PSpice simulation
program was used for the examination.
The PNP and NPN transistors employed in
the CC-CCTA were simulated by using the
parameters of the PR 200N and NR 200N
bipolar transistors of ALA 400 transistor
array from AT&T (Frey D.R., 1993). Fig. 3
depicts schematic description of the CC-
CCTA used in the simulation. The circuit
was bias with £3V power supplies voltage,
C=C=1nF, 1, =1,,=50u4,and Iy,and I,
=120u4. The results shown in Fig. 4 are the
gain responses of the proposed multifunction
biquadratic filter. It is clearly seen that it
can provide low-pass, high-pass, band-pass,
band-reject and all-pass functions dependent
on selection as depicted in Egs. (5)+9),
without modifying circuit topology. Fig. 5
shows gain responses of band-pass function
where I, and I, are equally set to keep the
ratio to be constant. It is found that pole
frequency can be adjusted without affecting
the quality factor. Total power consumption

obtained from PSpice is about 7.93mW.

v 2 v

Bt
0

27

Fig. 3. Internal construction of CCCCTA
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Conclusions

The current-mode multifunction biquadratic
filter with three input terminals and
one output terminal based on CC-CCTAs
has been presented. The advantages of
the proposed circuit are that it performs
completely standard functions, low-pass
high-pass band-pass band-reject and
all-pass functions from the same circuit
configuration without component matching

conditions and changing circuit topology.

The pole frequency can be electronically
tuned without affecting the quality factor.
The circuit description comprises only 2
CC-CCTAs and 2 grounded capacitors.
With mentioned features, it is very suitable
to realize the proposed circuit in monolithic
chip to use in battery-powered, portable
electronic equipments such as wireless

communication system devices.

20
8o g I
§ o | o B
: V Ip=lp=120pA
20 © In=ln=180pA —E
0 Ip=Ip=250pA
A Ig=Tp=300pA
40700k 300K 1.0M 3.0M
Frequency (Hz)

Fig 5. Band-pass responses for different values of I, and I,, with keeping their ratios

constant [, =1,, =1,
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