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ABSTRACT

In this paper one circuit simulating a second generation current
conveyor (CCII) is reported. The circuit uses four operational amplifier
and gives low tracking error. This circuit realises both positive and
negative polarity second generation current conveyor. Based on this
circuit a simulation circuit for dual output current conveyor (DOCCII)
is also described. Finally a generalized CCII circuit is proposed which
by control of logic 0 or 1 at a control terminal of analog multiplexer
gives CCII+ or CCII- simulation. These simulations are used in
verifying the CCII and DOCCII based circuits experimentally, and are
economical.

1. Introduction

The second generation current conveyor CCII introduced by Sedra and Smith [1]
is widely used in realisation of filters and oscillators [2-7]. It is available with both
polarity as CCII+ and CCII-. By connecting CCII+ and CCII- together a dual output CCII
(DOCCII) is formed which has got its importance in current mode filter realisations  [8-
9]. To experimentally test the circuit based on these elements several discrete or spice
models are available in literature [10-16]. In this work two circuits of simulating CCII
and DOCCII are given which purely uses IC741 operational amplifier, available at very
low cost. These simulations are most attractive in research laboratory to practically test
the performance of CCII and DOCCII based realizations.

2. Circuit Description

The first proposed circuit is shown in fig.1. This circuit has been obtained by
modifying the circuit of Huertas [10] shown in fig.2
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Fig.1 A modified configuration of second generation current conveyor [CCII]
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Fig. 2.Circuit reported by Huertas [10]
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The characteristics of second generation current conveyor (CCII) for which this circuit is
proposed is as follows:

CCII (+):
1, =0,
Vx = Vy,
I, = Iy
CCII (-):
i, =0,
Vx = Vy,
1, = -y

symbolic representations of CCII (+) and CCII (-) are given in fig. 3.
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Fig.3 : Symbolic representations of CCII (+) and CCII (-)[a & b ]

For a non ideal CCII:
iy=0,
Vx = Vy(1+ey),
iz = i)((14_82)
where €, and &, are non idealities

2.1 Analysis

In this circuit y terminal is the non inverting terminal of operational amplifier
(OA 1), which has high input impedance, thus iy = 0,
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Also in an operational amplifier inverting terminal follows the non inverting
terminal, therefore v, = vy.

To prove third condition i, = i, for CCII (+) connect V; to A and V, to B. Assume
I current flows through x terminal towards ground.

i =NVs (1)

R
Now =0V VoV )

Rl Rl
which gives Vs=2V;-V, 3)
Similarly V,=2V,4,-V, 4)
as inverting terminal voltage of an operational amplifier is equal to non inverting terminal
voltage
V4 = V3

and eqn. (3) and (4) gives
Vs-V,=V, -V,

or -5 "z _

or -1, =i
Hence this circuit simulates a CCII (-).

Since no current is drawn by non inverting terminals of operational amplifiers in
unity gain ,i, and i, flows through respective resistance R only, thus tracking error is
practically zero. In case of circuit of Huertas [10] it is not zero. Also the circuit of
Huertas uses high valued resistances for R, the present circuit can use low value and it
can be equal to R also. Thus all six resistances of equal values makes circuit realisation
simple.

By connecting V; to B and V, to A, a CCII (-) is realised.

The another active element dual output current conveyor (DOCCII) is also used
in the realisation of filters etc. Based on the circuit of fig.1 one can easily realise a circuit
simulating DOCCII as shown in fig.5. It uses six operational amplifiers and has the
following terminal properties

1, =0,
Vx = Vy,
i, =iy
i; =-x

This circuit also offers low tracking error.

y [ EEEE— —

DOCCII

Fig.4 : Symbolic representations of DOCCII
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Fig.5 : A practical DOCCII implementation circuit.

Finally a generalised current conveyor simulation (GCCII) as shown in fig.6 is proposed.
The circuit uses a analog multiplexer IC-4502 which through logic 0 or 1 at control
terminal C gives CCII+ or CCII- respectively.
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Fig.6 : A GCCII Circuit.
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3. Experimental Results

All these circuits were tested for a.c. input at 1KH, as an amplifier configuration

V,
shown in fig.7. The voltage gain — is given as
— i&
V, R,

where + sign stand for CCII (+) and — sign stand for CC (-).
Choosing R; = 10KQ and R, = 10KQ2, 20KQ, 30KQ, 100KQ,
The circuit were tested for different gain and experimental results were found in good

\4

agreement with the theory. In another experiment the circuit of DOCCII was tested as
amplifier configuration with resistance 10KQ at x w.r.t. ground and resistances of 20KQ
at z and 10KQ at ; terminal w.r.t. ground. The waveforms for an input of 100mv at
1KH, and output for a gain of 2.0 and 1.0 are shown in fig.8. The voltage waveform at
terminal z has a gain of 2.0 and is in phase with voltage at x , while same at ; is out of
phase and has unity gain as designed. In the realisation of CCII+ and DOCCII the IC-741
were used and value of resistances R= 1.0KQ and R; =10KQ .
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Fig.7. An amplifier circuit using CCII



Current Conveyor Simulation Circuits Using Operational Amplifiers 131

|

[

o

=

o

e ——
o=
e
.
s

time s

Fig. 8. Input and output waveforms of DOCCIL.

Using CCII simulated circuit of fig.1 the all pass filter circuits of Khan &
Maheshwari [17] and Pal [18] were tested and result were found very satisfactory.

4. Conclusions
A circuit simulating a second generation current conveyor (CCII) is reported.

The circuit uses four operational amplifier and gives low tracking error. This circuit
realises both positive and negative polarity second generation current conveyor. Based on
this circuit a simulation circuit for dual output current conveyor (DOCCII) is also
described. Finally a generalized CCII circuit is proposed which by control of logic 0 or 1
at a control terminal of analog multiplexer gives CCIl+ or CCII- simulation These
simulations are used in verifying the CCII and DOCCII based circuits experimentally,
and are economical.



132

[10]

[11]

[12]

[13]

[14]

[15]

[16]

S. Rana and K. Pal
REFERENCES

Sedra, A., and Smith, K.C., “A second generation current conveyor and its applications”,
IEEE Trans. Circuit Theory, vol.17, pp.132-134, 1970.

Pal, K., and Singh, R., “Inductorless current conveyor all-pass filter using grounded
capacitors” IEE Publication, vol.18, no.1, pp.47, 1982.

Nandi, R., “ Precise insensitive tunable RC- oscillator realisation using current conveyors
” Proc. of IEE Pt.G., vol.133, pp.129-132, 1986.

Khan, I.A., and Jaidi, H., Mehmood, “Multifunctional translinear-C-current mode filter ”
Int. J. Electronics, vol.87, no.9, pp.1047-1051, 2000.

Surakampontorn, W., Riewruja, V., Kumwachara, K., and Fongsamut, C., “Temperature
compensation of translinear current conveyor and OTA” Electronics Lett., vol.38, no.8,
pp-707-709. 1998.

Kiranon, W., Kesorn, J., and Wardkien, P., “Current controlled oscillator based on
translinear conveyors” Electronics Lett., vol.32, no.15, pp.1330-1331, 1996.
Abuelma’Atti, M.T.,and Al-Qahtani, M.A., “A new current controlled multiphase
sinusoidal oscillator using translinear conveyors” IEEE Trans. on Cir. Sys.-II,
vol.45,n0.7, pp.881-885,1998.

Minaei & Tuskog “New current-mode current-controlled universal filter with single input
and three outputs” JEE, vol. 88, no. 3 pp. 333-337, (2001).

Toker, A., and Ozoguz, S. “Insensitive current Mode Universal filter using dual output
current conveyors . International Journal of Electronics Vol. 87, No. 6, pp. 667-674,
(2000).

Huertas, J. L., “Circuit implementation of current conveyor” Electronics Letters., vol. 16,
pp. 225-226, 1980.

Wilson, B., “High performance current implementation” Electronics Letters., vol. 24 , pp.
990-991 , 1984

Senani, R., “Novel circuit implementation of current conveyors using op. amp. and
OTA.” Electronic Letters., vol. 16, pp. 2-3, 1980.

Sedra, A.S., Roberts, G. N. & Gooch, F. C. “The current conveyor history progress and
new results” IEE Proc. Cir. Devices and Sys., Vol. 137, pp.78-87, 1990.

Yodprosit, U., “High precision CMOS current conveyor” Electronics Letters, vol. 36 , pp.
609-610 , 2000.

Alzaher, H. A., Elwan, H.O. and Ismail, M., “CMOS fully differential second generation
current conveyor” Electronics Letters., vol. 36 , no. 13, pp. 1095-1096, 2000.

Ismail, A. M. and Soliman, A. M., “ Low power CMOS current conveyor” Electronics
Letters, vol. 36, no.1, pp. 7-8, 2000.

Khan I. A. and Maheswari, S., “Simple first order all-pass sections using a single CCII”
International Journal of Electronics Vol. 87, No. 3, pp. 303-306, (2000).

Pal, K.,and Singh, R., “Inductorless current conveyor all-pass filter using grounded
capacitors” Electronics Lett. IEE Publication, vol.18, no.1, pp.47, 1982.



