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A Current-mode Multifunction Biquadratic Filter Using CFTAs
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Abstract

This article presents a current-mode multifunction
biquadratic filter performing completely standard
functions including low-pass, high-pass, band-pass,
band-reject and all-pass functions. The circuit
principle is based on current follower transconductance
amplifier (CFTA). The dominant features of the circuit
are that, the pole frequency and quality factor can be
electronically tuned via the inputbias currents. Moreover,
the circuit topology is unsophisticated, consisting
of merely 2 CFTAs and 2 grouned capacitors. Without
any external resistor and using only grounded
elements, the proposed circuit is thus appropriate
to further develop into an integrated circuit
architecture. The PSpice simulation results are
shown. The given results agree well with the the
oretical anticipation, i.e. the maximum power con-
sumption is approximately 4.32mW at +1.25V power
supply voltage.
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1. Introduction

An analog filter is an important building block,
widely used for continuous-time signal processing.
It can be found in many fields, including, communica-
tions measurement and instrumentation and control
systems [1], [2]. One of most popular analog filters is
a multifunction biquadratic filter, since it can provide
several functions. Recently, a universal filter working
in current-mode has being been more popular than
the voltage-mode type. Since the last 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 [3],[4].

The current follower transconductance
amplifier (CFTA) isarecentlyreportedactivecomponent.
It seem to be a versatile component in the realization
of a class of analog signal processing circuits,
especially analog frequency filters [5],[6]. There are
many papers presenting various applications using
CFTAs such as current or voltage-mode universal
filters, current-mode or mixed-mode KHN—equivalent
biquads, current-mode all-pass filter, active-C
grounded positive inductance simulator, current-mode
quadrature oscillator [5]-[15]. It is really current-mode
element whose input and output signals are currents.
In addition, it can also adjust the output current gain.

The aim of this paper is to propose a current-mode
multifunction biquadratic filter, emphasizing on use of
the CFTAs and grounded capacitors. The features of the

proposed circuit are that, the proposed multifunction
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Figure 1 CFTA (a) Symbol (b) Equivalent circuit.

biquadratic filter can completely provide 5 functions
low-pass high-pass band-pass band-reject and all-pass
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 simulation results are also shown,
which are in correspondence with the theoretical

analysis.

2. Principle of Operation
2.1 Basic Concept of CFTA

The schematic symbol and the ideal behavioral
model of the CFTA are shown in Fig. 1(a) and (b)
respectively. It has one low impedance current input
at f'port. The current i, flows from port z. In some
applications, to utilize the current through z terminal,
an auxiliary z, (z-copy) terminal is used [7], [9], [10],
[14]-[16]. The internal current mirror provides a copy
of the current flowing out of the z terminal to the
z. terminal. The voltage v, on z terminal is transferred
into current using transconductance (g,,), which
flows into output terminal x. The g, is tuned by /,. In
general, CFTA can contain an arbitrary number of x
terminals, providing currents /, of both directions. The
characteristics of the ideal CFTA are represented by
the following hybrid matrix shown in Eq. (1).
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7 0O 0 O I,
IZ,ZC = 1 0 O ‘/A 2 (1)
I, 0 0 zxg, V.
For a CMOS CFTA, the gm is written as
8, =kl (2

where k = 14,Cy (W/ L) and the current /, is input bias
current, £, is the free electron mobility in the channel,
C,, 1s the gate oxide capacitance per unit area. W and

L are the channel width and length respectively.

2.2 Implementation of the Filter

The filter is designed by cascading summing
currents and the current-mode lossless integrator
as systematically shown in Fig. 2. From block
diagram in Fig. 2, its transfer function can be found
tobe [17].

(s2 +sb+ab)[.

in3

+sbl,

in2 + ablinl

; 3)

out

s +sb+ab

From Eq. (3), the pole frequency (@®,) and
quality factor (Q,) of each filter response can be

expressed as

o, =~ab 4)
and
b
0, = ab (5)

It is found that the pole frequency and the quality factor
can be adjusted by a or b.

2.3 Proposed Current-mode Multifunction Biquadratic
Filter
The filter is designed by cascading the lossless

integrator as systematically shown in Fig. 3. From
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Figure 2 Block diagram for filter implementation [ 17].
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Figure 4 Proposed current-mode multifunction

biquadratic filter.

circuit in Fig. 3, the current transfer function can be

expressed as

En
sC

Out __

i Q)
The completed current-mode multifunction biquadratic
filter is shown in Fig. 4, based on filter topology in
Fig. 2. From Eq. (6), the output current of the circuit

in Fig. 4 can be obtained as

2 8mz2 . 8mEm2 82 8m8m2
R e sl SR I, +="2"=1,
, _[ c, cC, j in3 c, in2 cc, m (7)
out
S2+SM+gnzlng
G, CG,

From Eq. (7), the all standard transfer functions can be

obtained by selecting appropriate inputs by conditions
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as listed in Table 1. The magnitudes of input currents

I, I ,and I

inl> £in3 in3

can be chosen as in Table 1 to obtain a
standard function of the network. The minus sign (-)
represents the inverting input current. Also for function
AP, 1,,, mustbe double of ,,; Sotoachieve this condition,

the current amplifier which has gain of 2 is required.

Table 1 The /,,, /,,, and [, ;values selection for each

filter function response

Filter Responses Input Selections
I L s i
BP 0 1 0
HP -1 -1 1
BR 0 -1 1
AP 0 -2 1
LP 1 0 0

From Eq. (7) and substituting the transconductances
as depicted in Eq. (2), it yields pole frequency (@, )
and quality factor (Q,) as follows:

1
(klkzlmlaz )2
CICZ

®)

and

)

From Egs. (8) and (9), by maintaining the ratio I,
and 7, to be constant, it can be remarked that the pole
frequency can be adjusted by 7 and I without
affecting the quality factor. For example, when 7,
is set to equal to I, , therefore the pole frequency
can be electronically adjusted by 7, and [, without
affecting the quality factor. The filter bandwidth (BW)

can be expressed as follows

@, k1,
BW —Q—O— C, (10)

Note that the bandwidth can be controlled by 7,
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Figure 5 Apossible internal construction of the CFTA.

2.4 Circuit Sensitivity

The sensitivities of the proposed circuit can be

found as
1 1
S =P =S =S =i S8 =S8 = =2 (1)
B1 B2 1 2 4 1 2 2
and
1 1 1 1
Sm =S¢ :Z?S?f =2 Sp =8 :‘Z;ng = (12)

Therefore, all the active and passive sensitivities are

less than unity in magnitude.

3. Simulation Results

To prove the performances of the proposed
filter, the PSpice simulation program was used for the
examinations. The PMOS and NMOS transistors have
been simulated by respectively using the parameters of
a0.25 pm TSMC CMOS technology [18]. The transistor
aspect ratios of PMOS and NMOS transistor are indicated
in Table 2. Fig. 5 depicts schematic description of the
CFTA used in the simulations. The circuit was biased
with £1.25V power supply voltage, Vy, =—0.55V
C, =C,=0.1nF, I, =1, =100uA. Loads of the

circuit are 1Q of resistor.

Table 2 Dimensions of the transistors

Transistor W(um) | L(um)
M-M,, M;,-M,, 1 0.25
M;-Ms, Mo-M,, M3, Mp-My, 5 0.25
MM, M5-M,, 3 0.25
M,-M;, 25 0.25
M, 4.5 0.25
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Figure 6 Gain responses of the biquadratic filter (a)
LP (b) HP (c) BP (d) BR (e) AP.
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Figure 7 Band-pass responses for different values
of I z and [ 4 with keeping their ratios

constant [ z ;=1 5,=1 4.

The results shown in Fig. 6 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 in Table 1, without modifying a circuit
topology.

Fig. 7 shows gain responses of band-pass
function, where 7 z, and [ 5z, are equally set to keep
the ratio to be constant and changed for several values.
It is found that pole frequency can be adjusted without
affecting the quality factor. Total power consumption
obtained from PSpice is about 4.32 mW.

4. Conclusions

The current-mode multifunction biquadratic
filter based on CFTA has been presented. The features
ofthe 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 and
quality factor can be electronically adjusted via two
input bias currents. The circuit description comprises

only 2 CFTAs and 2 grounded capacitors. With
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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.

References

[17 A. S. Sedra and K.C. Smith, Microelectronic
circuits, 5rd ed., Florida: Holt, Rinehart and

Winston, 2003.

M. A. Ibrahim, S. Minaei, and H.A. Kuntman,
“A 22.5 MHz current-mode KHN-biquad
using differential voltage current conveyor
and grounded passive elements,” International

Journal of electronics and Communications, vol.
59, pp. 311-318, 2005.

C. Toumazou, F.J. Lidgey, and D.G. Haigh, “The
current-mode approach,” Analogue IC design,

London: Peter Peregrinus, 1990.

D. R. Bhaskar, V.K. Sharma, M. Monis, and

S.M.I. Rizvi, “New current-mode universal

(4]

biquad filter,” Microelectronics Journal, vol. 30,
pp. 837-839, 1999.
D. Biolek, R. Senani, V. Biolkova, and Z. Kolka,

“Active elements for analog signal processing:

(3]

classification, review, and new proposals,”
Radioengineering, vol. 17, pp. 15-32, 2008.
[6] N.Herencsar, J. Koton, K. Vrba, and J. Misurec,
“A novel current-mode SIMO type universal
filter using CFTAs,” Contemporary Engineering,
Sciences, vol. 2, pp. 59-66, 2009.
[7] N. Herencsar, J. Koton, I. Lattenberg, and K.
Vrba, “Signal-flow graphs for current-mode
universal filter design using current follower
transconductance ampliers (CFTAs),” in
Processing of the International Conference on

Applied Electronics, pp. 69-72, 2008.

484

[8] N. Herencsar, J. Koton, K. Vrba, 1. Lattenberg,
and J. Misurec, “Generalized design method for
voltage-controlled current-mode multifunction
filters,” in Processing of the 16th Telecommunica-
tions Forum-TELFOR’ 08 , pp.400-403, 2008.
N. Herencsar, J. Koton, K. Vrba, and I. Lattenberg,
“Novel SIMO type current-mode universal filter
using CFTAs and CMIs,” in Processing of the
31th International Conference on Telecommu-
nications and Signal Processing, pp. 107-110,
2008.

[10] N. Herencsar, J. Koton, and K. Vrba, “Realization
of current-mode KHN-equivalent biquad
using current follower transconductance
ampliers (CFTAs),” [EICE Trans Fundamentals of
Electronics, Communications and Computer
Sciences, vol. E93-A, pp. 1816-1819, 2010.

[I1] N. Herencsar, J. Koton, K. Vrba, and A.
Lahiri, “Novel mixed-mode KHN—equivalentusing
Z-copy CFTAs and grounded capacitors,” in
Processing of the 4th International Conference
on Circuits, Systems and Signals, pp. 87-90,2010.

[12] N. Herencsar, J. Koton, K. Vrba, A. Lahiri, and
O Cicekoglu, “Current- controlled CFTA- based
cureent-mode SITO universal filter and
quadrature oscillator,” Novel mixed-mode
KHN-equivalent using Z-copy CFTAs and

i

grounded capacitors,” in Processing of the
International Conference on Applied Electronics,
pp- 121-124, 2010.

[13] N. Herencsar, J. Koton, K. Vrba, and O
Cicekoglu, “New active-C grounded positive
inductance simulator based on CFTAs,” in
Processing of the International Conference on
Telecommunications and Signal Processing, pp.

35-37, 2010.



- mirmnsasundwesuasnie I 22 auf 3 0. - 5. 255
The Journal of KMUTNB., Vol. 22, No. 3, Sep. - Dec. 2012

[14] N. Herencsar, K. Vrba, J. Koton, and A. Lahiri.

“Realisations of single-resistance-controlled
quadrature oscillators using generalised current
follower transconductance amplier and unity-gain
voltage follower,” Int. J. Electron., vol. 97, pp.
897-906, 2010.

[15] W. Tangsrirat, “Novel current-mode and voltage

-mode universal biquad filters using single CFTA,”
Indian Journal of Engineering & Materials
Sciences, vol. 17, pp. 99-104, 2010.

[16] D. Biolek, V. Biolkova, and Z. Kolka,

“Single-CDTA (current differencing transcon-

ductance amplifier) current-mode biquad

485

revisited,” WSEAS Transactions on Electronics,
vol. 5, n0.6, pp. 250-256, 2008.

[17] S. Lawanwisut and M. Siripruchyanun,

“Active-only Electronically Controllable
Current-mode Multifunction Biquadratic
Filter Using CCCCTA,” Electrical Engineering
Conference (EECON 33), vol. 2, pp. 1097-1100,
2010.

[18] P. Prommee, K. Angkeaw, M. Somdunyakanok,

and K. Dejhan. “CMOS-based near zero-offset
multiple inputs max—min circuits and its
applications,” Analog Integr. Circuits Signal
Process, vol. 61, pp. 93-105, 2009.



