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Abstract

The paper deals with the design of floating one-
and/or two-port high-order networks. The current
conveyor CCII+ seems to be a suitable active building
block for this purpose. Some examples of the above
mentioned networks are shown .
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1. Introduction

When designing analog signal processing networks
we sometimes need floating one-port or two-port networks.
The suitability of current conveyors for this purpose has
been shown already in [1]. Recently, the second-generation
current conveyor CCII+ has appeared as a commercially
available active building block CCII01 (LPT Electronics,
Oxford, UK). The CCIIO1 device contains two CCII+
conveyors in one package. The internal structure of one
CCII+ according to [2] is shown in Fig.1.
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Fig. 1 Internal structure of a second-generation current conveyor
CCll+

The currently used symbol for the current conveyor
is shown in Fig. 2, where x, y and z are the usually used
conveyor terminals. For theoretical
considerations we are using ideal conveyors, which are
three-port immittance converters with one independent
current /* and two independent voltages. If we consider a
second-generation ideal current conveyor CCII+ then it
holds that I, =% I =0, I=1I*and V,= V,, whereas for
the current coveyor CCII- we have I,=1* I =0, I,= - I*
and V,=V, .
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Fig. 2 The currently used scheme of a current conveyor

We have two possibilities for the floating network
design: either to replace convetional operational
amplifiers, voltage and current followers in already known
schemes by equivalent current conveyors or to design
completely new schemes with current conveyors.

2. Equivalent networks

Respecting the direction of nodal currents we can
replace the three-terminal elements shown in Fig. 3, i.e.
the ideal operational amplifier (Fig. 3a), the voltage
follower (Fig. 3b) and the current follower (Fig. 3c), by an
equivalent current conveyor CCII- . Its corresponding
terminals (x, y, z) are shown in brackets in each scheme
of the element to be replaced. If node x or z is common,
we can use the CCII+ current conveyor instead of CCII- .
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Fig. 3 Three-terminal network elements which can be replaced by an
equivalent CCIl-:  a) ideal operational amplifier, b) voltage '
follower, c¢) current follower



Radicengineering
Vol. 5, No. 2, June 1996

Floating RC Networks Using Current Conveyors T 9
K.VRBA, J.CAJKA, V.ZEMAN

Fig4 shows four different realizations of CCII-
conveyor with the aid of two CCII+ conveyors, i.e. using
one CCIIO1 device. Here,too, the resuiting terminals of the
equivalent networks are denoted. in brackets,
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Fig. 4 Equivalent networks of a CClI- using two conveyors CCll+

The nullor (i.e. the pair nullator - norator) (Fig.
5a) or the ideal differential opamp (Fig. 5b) can be
modelled with the aid of two CCI+ conveyors as shown
in Fig. 5c.
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Fig. 5 Equivalent networks of a) the pair nullator-norator, b) the ideal
differential opamp, c) two connected CCli+ conveyors

Two network elements are equivalent when they
have identical matrices describing the element properties
[7]. Writing the relations between the nodal currents and
the independent current /* and between the nodal and
independent voltages we can state that this condition is
satisfied for all the above mentioned equivalent networks.

3. Floating networks

Replacing both ideal differential opamps in the
well-known generalized immittance converter (GIC) by
two pairs of CCII+ according to Fig.5c we get a GIC with
current conveyors as shown in Fig. 6. Here the two-port

network is loaded by a one-port element Z; . The input
impedance of this two-terminal element has the standard
form

21257

Eqn. (1) shows that we can realize one-ports with
the following second-order immittance functions [3]

Yp(s) = Do +D;s +D7s? or Zx(s) =Xo +X15+X,5%.
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Fig. 6 Loaded generalized immittance converter (GIC)

We present now a new generalized low-pass filter
with current conveyor in Fig. 7a. Let the LPF block be a
two-port network charakterized by its cascade parameters
N =anVa—anl,, I =ayV, —axpl,). Its input port in
the scheme is denoted by a bold dot, whereas the output
port is denoted by a smal circle. The voltage transfer
function of the whole two-port is as follows

Vour _ 1
Vin sCilanRe+ap]+1"’

@

Eqn. (2) shows that the whole two-port network in
Fig.7a works as a low-pass filter (a,, and a,, are in this
case polynomials in s ). The first-order LP filter of this
type is drawn in Fig. 7b. This filter has the following
voltage ratio: V_/V,= 1/(sR,C, + 1). Its cascade parameters
are: a,=sR,C,+1 and a,= 0. We can easily let the
order of the transfer function increase by replacing the LPF
in Fig.7a by a high-order low-pass filter of the same type.
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Fig. 7 a) General low-pass fiiter with one current conveyor CCll-,
b) The basic scheme

As an example, Fig.8 shows a third-order low-pass
filter of the above mentioned type. While the network
represents a two-port (unloaded and without any
feed-back), we could use the CCII+ conveyors instead of
the CCII- ones. In this way we have designed a canonic
structure . Its voltage ratio has the simplest form

Vout — 1

Vin = $3R1C\R2C2R3C3 +5?R2C2R3C3 +5R3Cr +1
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Replacing resistors by capacitors and vice versa in

Fig.8 we get a third-order high-pass filter.
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Fig. 8 Low sensitivity third-order low-pass filter

Another example is shown in Fig.9. Here the CCII+
current conveyor is connected as a negative immittance
converter. The biquad presented in Fig. 9 has the following
voltage transfer function (it is an inverting second-order
band-pass filter)

Vol Via= = SRCH28R,C,R,C, + 5[R(C,- C)+ RG]+ 13 .
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Fig. 9 Second-order band-pass filter with tunable Q-factor

This equation shows that ‘we can control the
Q-factor of the biquad by changing the capacitance value
C, . Short-circuiting the input terminal-pair and fulfilling
the oscillation condition C,= C,(1 - R,/R,) we get from
this filter an oscillator oscillating at the angular frequency
wo= 1/(2R,C,R,C))"? [4].
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Fig. 10 Realization of a one-port element having the floating
fourth-order admittance Y, (s} without the absolute term

The last example in Fig.10 shows a one-port
element realizing the floating fourth-order admittance
function without the absolute term ‘

Y(s) = sD,+ $*D,+ $Dy+ 5D, .

The input admittance of this one-port element in Fig. 10
has the following form

YD(S) = S4R2R3R4C1 C2C3C4 +53R2R4C1 C3Ca+

+S2R2C1C2 +_S(C1 +C2) . ()

4. Filter simulation results

The properties of a real CCII+ from Fig.1 can be
simulated with the aid of the model shown in Fig.11 [6].
For one conveyor in the CCIIO1 device we will consider
the following parameter values in the model: R,= 10 Q2 ,
L,=6nH, C,=C,=2pF,R,=R,=10MQ, C,=1pF,§=
0.1 A/V.

Fig. 11 Model of a device realizing the CCli+ curent conveyor shown
in Fig.1

Let us return to the canonic third-order low-pass
filter shown in Fig8 We have computed the -
gain-frequency characteristic of this filter with the aid of
the MC IV program. For simulation we have used the
following parameter values: C,=C,=C, = 100pF,
R= 1796 Q, R, = 1592 Q, R, = 3183 Q. The cut-off
frequency is f,= 1 MHz.

We got two curves (Fig. 12a), the first one is for
the use of ideal CCII+ conveyors, the second one respects
the CCII+ models according to Fig. 11. Using the MC IV
program we have also tested the sensitivity of the
frequency gain response to 5% parameter value variations.
We used the Monte Carlo method. The results are drawn
in Fig.12b. Evidently, the sensitivity of gain response to
parameter variations is" very low in this case.
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Fig. 12 A set of simulated frequency responses for the third-order
low-pass filter in Fig.8. a) gain-amplitude characteristic with ideal
and with the simulated current conveyor, b) The Monte Carlo
sensitivity of the gain response, if the assumed tolerance of all
element parameters is 5%

5. Conclusions

We have described two ways for floating network
realization using CCII+ current conveyors. The first
method replaces conventional opamp by a CCII- current
conveyor. We have shown how to substitute the above
element by two CCII+ conveyors (i.e. by one CCIIO1
device). As a realization of new networks with CCII+ we
have presented two examples. The results of a filter
simulation are also indicated.

Application of CCII+ conveyors instead of the
operational amplifiers enables us to expand the bandwidth
of active filters up to several tens of MHz. Even new and
unconventional circuit structures employing CCII+ can be
designed.

The designed circuits with current conveyors were
analysed with the aid of our COCO program [7].

Our research effort was supported by the Grant
Agency of the Czech Republic.
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