Hindawi Publishing Corporation
ISRN Electronics
Volume 2013, Article ID 125746, 5 pages
http://dx.doi.org/10.1155/2013/125746

Research Article
Voltage-Mode Universal Biquadratic Filter Using Single DVCC
Jiun-Wei Horng and Zih-Yang Jhao
Department of Electronic Engineering, Chung Yuan Christian University, Chung-Li 32023, Taiwan
Correspondence should be addressed to Jiun-Wei Horng; jwhorng@cycu.edu.tw
Received 14 January 2013; Accepted 11 February 2013
Academic Editors: M. Hopkinson and J.-Y. Sim
Copyright © 2013 J.-W. Horng and Z.-Y. Jhao. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.
A voltage-mode universal biquadratic filter using a differential voltage current conveyor (DVCC), two capacitors, and two resistors is
presented. The proposed circuit has four input terminals and three output terminals and can realize all the standard filter functions,
which are lowpass, bandpass, highpass, notch, and allpass filters, without changing the circuit topology. Three simultaneous output
filter responses can be obtained from some derived filter types. The proposed circuit employs only one DVCC that simplifies the
configuration.

1. Introduction
Recently, there is a growing interest in designing currentconveyor- (CC-) or current-feedback-amplifier- (CFA-)
based active filters. This is attributed to their high signal
bandwidths, greater linearity, and larger dynamic range than
OPAMP-based ones [1]. Note that a CFA is equivalent to a
plus-type second-generation current conveyor (CCII) with a
voltage follower [2].
Active filters are so widely used in electronic systems,
such as telecommunications, radar, consumer electronics,
instrumentation systems, and military ordnance, [1, 3]. Many
voltage-mode universal biquadratic filters with multi-inputs
were proposed [4–10]. From the different combinations of
injection of input voltage signals, voltage-mode lowpass,
bandpass, highpass, notch, and allpass filters can be obtained
without changing the circuit topology. However, these circuits require at least two active components. Moreover, the
universal biquadratic circuits in [4, 7–9] require one more
active component for the unity-gain inverting input in the
allpass realizations. In 2002, Horng et al. proposed a universal
biquad with four inputs using three resistors, two capacitors,
and one CFA [11]. However, it still requires one more active
component for the unity-gain inverting input in the allpass
realization. Two voltage-mode universal biquads each with
three inputs using two resistors, two capacitors, and one CCII
were presented in [12, 13]. However, each of these two circuits
requires one more active component for amplifying the

input signal in the notch and allpass realizations. A voltagemode universal biquadratic filter using single plus-type CCII
(CCII+), two resistors, and two capacitors was presented in
[14]. However, only two standard filter types can be obtained
simultaneously in the same circuit.
In this paper, a voltage-mode universal biquadratic filter
circuit that has four input terminals and three output terminals is presented. It can realize all the standard filter functions,
which is, lowpass, bandpass, highpass, notch, and allpass
filters, without changing the circuit topology. With respect to
the previous single active element universal biquad in Horng
et al. [11], the proposed circuit employs less passive components does not need one more active component for the
unity-gain inverting input in the allpass realization and the
availability of two more simultaneous output filter responses
from some derived filter types. With respect to the previous
single CCII universal biquads in [12, 13], the proposed circuit
does not need one more active component for amplifying the
input signal in the notch and allpass realizations. With respect
to the previous single CCII+ universal biquad in [14], one
more simultaneous output filter response can be obtained
from some derived filter types.

2. Proposed Circuit
The port relations of a CCII can be characterized by V𝑥 =
V𝑦 , 𝑖𝑧 = ±𝑖𝑥 , and 𝑖𝑦 = 0. The CCII has a disadvantage that
only one of the input terminals has high-input impedance
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(the 𝑦 terminal). The differential difference current conveyor
(DDCC) [15] and DVCC [16] are extensions of the CCII
and are specially defined to handle differential input voltage
signals. Using standard notation, the port relations of a
DDCC can be characterized by V𝑥 = V𝑦1 −V𝑦2 +V𝑦3 , 𝑖𝑧𝑘 = ±𝑖𝑥 ,
and 𝑖𝑦1 = 𝑖𝑦2 = 𝑖𝑦3 = 0; the port relations of a DVCC can be
characterized by V𝑥 = V𝑦1 − V𝑦2 , 𝑖𝑧𝑘 = ±𝑖𝑥 , and 𝑖𝑦1 = 𝑖𝑦2 = 0.
Considering the proposed voltage-mode circuit in Figure 1,
the output voltage functions can be expressed as
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Figure 1: The proposed voltage-mode universal biquad.
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Figure 2: The CMOS DVCC implementation.

× (𝑠2 𝐶1 𝐶2 + 𝑠 (𝐶1 𝐺2 + 𝐶2 𝐺1 − 𝐶2 𝐺2 )
−1

+ 𝐺1 𝐺2 ) .
From (1), we can see that thirteen circuit types can be
obtained from Figure 1.
(a) If 𝑉in2 = 𝑉in3 = 𝑉in4 = 0 (grounded), 𝑉in1 = input
voltage signal, a lowpass filter can be obtained at 𝑉o1
and a bandpass filter can be obtained at 𝑉o3 .
(b) If 𝑉in1 = 𝑉in3 = 𝑉in4 = 0 (grounded), 𝑉in2 = input
voltage signal, a bandpass filter can be obtained at 𝑉o1
and a highpass filter can be obtained at 𝑉o3 .

filter can be obtained at 𝑉o1 and a highpass filter can
be obtained at 𝑉o3 .
(g) If 𝑉in2 = 𝑉in3 = 0 (grounded), 𝑉in1 = 𝑉in4 = input
voltage signal and 𝑅2 = 𝑅1 , a bandpass filter can be
obtained at 𝑉o1 and a lowpass filter can be obtained at
𝑉o2 .
(h) If 𝑉in1 = 𝑉in4 = 0 (grounded), 𝑉in2 = 𝑉in3 = input
voltage signal and 𝐶2 = 𝐶1 , a highpass filter can be
obtained at 𝑉o2 and a bandpass filter can be obtained
at 𝑉o3 .

(c) If 𝑉in1 = 𝑉in2 = 𝑉in4 = 0 (grounded), 𝑉in3 = input
voltage signal and 𝑅2 = 𝑅1 , a highpass filter can be
obtained at 𝑉o1 and a bandpass filter can be obtained
at 𝑉o2 .

(i) If 𝑉in1 = 𝑉in3 = 0 (grounded), 𝑉in2 = 𝑉in4 = input
voltage signal and 𝐶2 = 𝐶1 , a lowpass filter can be
obtained at 𝑉o1 , a highpass filter can be obtained at
𝑉o2 and a notch filter can be obtained at 𝑉o3 .

(d) If 𝑉in1 = 𝑉in2 = 𝑉in3 = 0 (grounded), 𝑉in4 = input
voltage signal and 𝐶2 = 𝐶1 , a bandpass filter can be
obtained at 𝑉o2 and a lowpass filter can be obtained at
𝑉o3 .

(j) If 𝑉in1 = 𝑉in3 = 0 (grounded), 𝑉in2 = 𝑉in4 = input
voltage signal and 2𝐶2 𝐺2 = 2𝐶1 𝐺2 + 𝐶2 𝐺1 , a lowpass
filter can be obtained at 𝑉o1 and an allpass filter can
be obtained at 𝑉o3 .

(e) If 𝑉in2 = 𝑉in4 = 0 (grounded), 𝑉in1 = 𝑉in3 = input
voltage signal and 𝑅2 = 𝑅1 , a notch filter can be
obtained at 𝑉o1 , a lowpass filter can be obtained at 𝑉o2 ,
and a highpass filter can be obtained at 𝑉o3 .

(k) If 𝑉in1 = 𝑉in2 = 0 (grounded), 𝑉in3 = 𝑉in4 = input
voltage signal, a bandpass filter can be obtained at 𝑉o2 .

(f) If 𝑉in2 = 𝑉in4 = 0 (grounded), 𝑉in1 = 𝑉in3 = input
voltage signal and 2𝐶2 𝐺2 = 𝐶1 𝐺2 + 2𝐶2 𝐺1 , an allpass

(l) If 𝑉in2 = 0 (grounded), 𝑉in1 = 𝑉in3 = 𝑉in4 = input
voltage signal, 𝐶2 = 𝐶1 , and 𝑅2 = 2𝑅1 , a highpass
filter can be obtained at 𝑉o1 and a lowpass filter can
be obtained at 𝑉o2 .
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Figure 3: Simulated frequency responses of Figure 1 designed with 𝑉in2 = 𝑉in4 = 0 (grounded), 𝑉in1 = 𝑉in3 = input voltage signal, 𝐶1 = 𝐶2 =
50 pF, and 𝑅1 = 𝑅2 = 10 kΩ: (a) notch filter (𝑉o1 ), (b) lowpass filter (𝑉o2 ), and (c) highpass filter (𝑉o3 ).

(m) If 𝑉in1 = 0 (grounded), 𝑉in2 = 𝑉in3 = 𝑉in4 = input
voltage signal, 𝑅2 = 𝑅1 , and 𝐶2 = 0.5𝐶1 , a highpass
filter can be obtained at 𝑉o2 and a lowpass filter can be
obtained at 𝑉o3 .
Thus, the circuit is capable of realizing all voltage-mode
filter functions. Note that three standard filter responses can
be obtained simultaneously from the circuit types (e) and (i).

3. Nonideality Analysis of the DVCC
Taking into consideration the DVCC nonidealities, the port
relations of DVCC can be expressed as
V𝑥 = 𝛼1 V𝑦1 − 𝛼2 V𝑦2 ,

𝑖𝑧 = ±𝛽𝑘 𝑖𝑥 ,

(2)

where 𝛽𝑘 = 1 − 𝜀𝑘𝑖 and 𝜀𝑘𝑖 (|𝜀𝑘𝑖 | ≪ 1) denotes the current
tracking error from 𝑥 terminal to 𝑧𝑘 terminal of a DVCC, 𝛼1 =
1 − 𝜀V1 and 𝜀V1 (|𝜀V1 | ≪ 1) is the input voltage tracking error
from 𝑦1 terminal to 𝑥 terminal of a DVCC, and 𝛼2 = 1 − 𝜀V2

and 𝜀V2 (|𝜀V2 | ≪ 1) is the input voltage tracking error from 𝑦2
terminal to 𝑥 terminal of a DVCC. The denominator of the
nonideal output voltage function for Figure 1 becomes
𝐷 (𝑠) = 𝑠2 𝐶1 𝐶2 + 𝑠 (𝐶1 𝐺2 𝛼2 𝛽2 + 𝐶2 𝐺1 − 𝐶2 𝐺2 𝛼1 𝛽1 )
+ 𝐺1 𝐺2 𝛼2 𝛽2 .

(3)

The resonance angular frequency and quality factor are
obtained by

𝜔𝑜 = √

𝐺1 𝐺2 𝛼2 𝛽2
,
𝐶1 𝐶2

√𝐶1 𝐶2 𝐺1 𝐺2 𝛼2 𝛽2
𝑄=
.
𝐶1 𝐺2 𝛼2 𝛽2 + 𝐶2 𝐺1 − 𝐶2 𝐺2 𝛼1 𝛽1

(4)
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Figure 4: Simulated frequency responses of Figure 1 designed with
𝑉in2 = 𝑉in4 = 0 (grounded), 𝑉in1 = 𝑉in3 = input voltage signal,
𝐶1 = 𝐶2 = 50 pF, 𝑅1 = 10 kΩ, and 𝑅2 = 5 kΩ: (a) allpass filter
(𝑉o1 ), and (b) highpass filter (𝑉o3 ).

𝑆𝛼𝑄1 ,𝛽1 ≅

𝐶2 𝐺2
,
𝐶1 𝐺2 + 𝐶2 𝐺1 − 𝐶2 𝐺2

𝑆𝛼𝑄2 ,𝛽2 ≅

𝐶2 𝐺1 − 𝐶1 𝐺2 − 𝐶2 𝐺2
.
2 (𝐶1 𝐺2 + 𝐶2 𝐺1 − 𝐶2 𝐺2 )
(5)

4. Simulation Results
HSPICE simulations were carried out to demonstrate the
feasibility of the proposed circuits using 0.18 𝜇m, level 49
MOSFET from TSMC. The DVCC was realized by the CMOS
implementation in Figure 2 [17] with the NMOS and PMOS
transistor aspect ratios 𝑊/𝐿 = 4.5 u/0.9 u and 𝑊/𝐿 =
9 u/0.9 u, respectively. The supply voltages are 𝑉+ = +0.9 V,
𝑉− = −0.9 V, and 𝑉𝑏 = −0.38 V.
Figures 3(a)–3(c) represent the simulated frequency responses for the notch (𝑉o1 ), lowpass (𝑉o2 ), and highpass (𝑉o3 )
filters of Figure 1, respectively, designed with 𝑉in2 = 𝑉in4 = 0
(grounded), 𝑉in1 = 𝑉in3 = input voltage signal, 𝑄 = 1, and
𝑓o = 318.3 kHz: 𝐶1 = 𝐶2 = 50 pF and 𝑅1 = 𝑅2 = 10 kΩ.
Figures 4(a) and 4(b) represent the simulated frequency
responses for the allpass (𝑉o1 ) and highpass (𝑉o3 ) filters
of Figure 1, respectively, designed with 𝑉in2 = 𝑉in4 = 0
(grounded), 𝑉in1 = 𝑉in3 = input voltage signal, 𝑄 = 1.414, and
𝑓o = 450.16 kHz: 𝐶1 = 𝐶2 = 50 pF, 𝑅1 = 10 kΩ, and 𝑅2 =
5 kΩ.

5. Conclusions
In this paper, a new voltage-mode universal biquadratic filter
has been presented. The new voltage-mode circuit with four
input terminals and three output terminals employs two
capacitors, two resistors, and one DVCC. The new circuit has
the features of using only four passive components and does
not need one more active component in the realizations of
notch and allpass filters and the availability of three simultaneous output filter responses from some derived filter types
(types (e) and (i)).

Acknowledgment
The active and passive sensitivities are low and obtained by
1
𝜔
𝜔
𝑆𝐺𝑜 ,𝐺 ,𝛼 ,𝛽 = −𝑆𝐶𝑜1 ,𝐶2 = ,
1 2 2 2
2
𝑆𝐶𝑄1

𝐶2 𝐺1 − 𝐶1 𝐺2 − 𝐶2 𝐺2
≅
,
2 (𝐶1 𝐺2 + 𝐶2 𝐺1 − 𝐶2 𝐺2 )

𝑆𝐶𝑄2 ≅

𝐶1 𝐺2 + 𝐶2 𝐺2 − 𝐶2 𝐺1
,
2 (𝐶1 𝐺2 + 𝐶2 𝐺1 − 𝐶2 𝐺2 )

𝑄
𝑆𝐺
≅
1

𝐶1 𝐺2 − 𝐶2 𝐺1 − 𝐶2 𝐺2
,
2 (𝐶1 𝐺2 + 𝐶2 𝐺1 − 𝐶2 𝐺2 )

𝑄
𝑆𝐺
≅
2

𝐶2 𝐺1 + 𝐶2 𝐺2 − 𝐶1 𝐺2
,
2 (𝐶1 𝐺2 + 𝐶2 𝐺1 − 𝐶2 𝐺2 )

The National Science Council, China, supported this work
under Grant no. NSC 101-2221-E-033-070.

References
[1] C. Toumazou, F. J. Lidgey, and D. G. Haigh, Analog IC Design:
The Current-Mode Approach, Peter Peregrinus, London, UK,
1990.
[2] J. A. Svoboda, L. McGory, and S. Webb, “Applications of a
commercially available current conveyor,” International Journal
of Electronics, vol. 70, no. 1, pp. 159–164, 1991.
[3] M. A. Ibrahim, S. Minaei, and H. Kuntman, “A 22.5 MHz
current-mode KHN-biquad using differential voltage current
conveyor and grounded passive elements,” AEU International
Journal of Electronics and Communications, vol. 59, no. 5, pp.
311–318, 2005.

ISRN Electronics
[4] C. M. Chang and M. S. Lee, “Comment: universal voltagemode filter with three inputs and one output using three current
conveyors and one voltage follower,” Electronics Letters, vol. 31,
no. 5, pp. 353–355, 1995.
[5] M. T. Abuelma’atti and S. M. Al-Shahrani, “New universal filter
using two current-feedback amplifiers,” International Journal of
Electronics, vol. 80, no. 6, pp. 753–756, 1996.
[6] S. Ozoguz and E. O. Gunes, “Universal filter with three inputs
using CCII+,” Electronics Letters, vol. 32, no. 23, pp. 2134–2135,
1996.
[7] J. W. Horng, M. H. Lee, H. C. Cheng, and C. W. Chang,
“New CCII-based voltage-mode universal biquadratic filter,”
International Journal of Electronics, vol. 82, no. 2, pp. 151–155,
1997.
[8] J. W. Horng, “New configuration for realizing universal voltagemode filter using two current feedback amplifiers,” IEEE Transactions on Instrumentation and Measurement, vol. 49, no. 5, pp.
1043–1045, 2000.
[9] J. W. Horng, “High-input impedance voltage-mode universal
biquadratic filter using three plus-type CCIIs,” IEEE Transactions on Circuits and Systems II, vol. 48, no. 10, pp. 996–997, 2001.
[10] J. W. Horng, “High input impedance voltage-mode universal
biquadratic filter with three inputs using DDCCs,” Circuits,
Systems, and Signal Processing, vol. 27, no. 4, pp. 553–562, 2008.
[11] J. W. Horng, C. K. Chang, and J. M. Chu, “Voltage-mode threeinput single-output multifunction filters employing minimum
number of components,” IEICE Transactions on Fundamentals
of Electronics, Communications and Computer Sciences, vol. 85,
no. 8, pp. 1970–1973, 2002.
[12] M. Sagbas and M. Koksal, “Voltage-mode three-input singleoutput multifunction filters employing minimum number of
components,” Frequenz, vol. 61, no. 3-4, pp. 87–93, 2007.
[13] P. Kumar and K. Pal, “Universal biquadratic filter using a
single current conveyor,” Journal of Active and Passive Electronic
Devices, vol. 3, pp. 7–16, 2008.
[14] J. W. Horng, “Voltage/current-mode universal biquadratic filter
using single CCII+,” Indian Journal of Pure and Applied Physics,
vol. 48, no. 10, pp. 749–756, 2010.
[15] W. Chiu, S. I. Liu, H. W. Tsao, and J. J. Chen, “CMOS differential difference current conveyors and their applications,” IEE
Proceedings-Circuits Devices and Systems, vol. 143, no. 2, pp. 91–
96, 1996.
[16] K. Pal, “Modified current conveyors and their applications,”
Microelectronics Journal, vol. 20, no. 4, pp. 37–40, 1989.
[17] H. O. Elwan and A. M. Soliman, “Novel CMOS differential
voltage current conveyor and its applications,” IEE ProceedingsCircuits, Devices and Systems, vol. 144, no. 3, pp. 195–200, 1997.

5

International Journal of

Rotating
Machinery

Engineering
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

The Scientific
World Journal
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

International Journal of

Distributed
Sensor Networks

Journal of

Sensors
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Journal of

Control Science
and Engineering

Advances in

Civil Engineering
Hindawi Publishing Corporation
http://www.hindawi.com

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Volume 2014

Submit your manuscripts at
http://www.hindawi.com
Journal of

Journal of

Electrical and Computer
Engineering

Robotics
Hindawi Publishing Corporation
http://www.hindawi.com

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Volume 2014

VLSI Design
Advances in
OptoElectronics

International Journal of

Navigation and
Observation
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Hindawi Publishing Corporation
http://www.hindawi.com

Chemical Engineering
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Volume 2014

Active and Passive
Electronic Components

Antennas and
Propagation
Hindawi Publishing Corporation
http://www.hindawi.com

Aerospace
Engineering

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Volume 2014

International Journal of

International Journal of

International Journal of

Modelling &
Simulation
in Engineering

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Shock and Vibration
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Advances in

Acoustics and Vibration
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

