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Abstract

A novel second-generation current conveyor is
defined. A special three-port cell containing the above
element is. presented. A -method for nth-order
multifunction circuit realization is described. Two
universal networks illustrate the described procedure.
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1. Introduction

Recently [1,2] the family of active circuit elements
has been enriched with a second-generation current
conveyor with two outputs, which will be denoted CCII+/-,
It is a four-port immittance converter with one independent
current /,=I* and three independent voltages. Its schematic
representation is shown in Fig.1. The element CCII+/- is
_described by the matrix equation
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Fig. 1. Schematic symbol of CCii+/- conveyor

2. Cascade of special cells containing
CCII+/- elements

Let there be a general three-port network (a cell) as
shown in Fig.2, which contains one active element CCII+/-
and two passive two-terminal elements. The terminals a, b,
¢ specify the ports of the three-port with respect to the
ground. The symbol a denotes the live terminal of the input
port, symbol b the live port of the output port while symbol
¢ denotes the feedback terminal of the cell.

| coi- P
——
y z-
a c
X z+— o
L —
YZk-‘I sz out
[o2 O

Fig. 2. Special cell using the CCli+/- element

As two-ports, these cells can be connected into a
cascade. The symbol 4 in the subscripts in Fig.2
corresponds therefore -with  the sequence number of
elementary cell in the cascade.

If only one cell is considered and if the feedback
terminal ¢ is connected to its input terminal, then we get a
two-port whose current transfer function is given by the
relation:

" ¥
out 2k . (2)

The current transfer of the cascade of n cells
considered is obviously:

Tow _ 1" he(s) _P©

Ty iY@+ G () Q)

3

In this case the general polynomial Q(p) has 2" terms
; for example, for n=5 the polynomial Q(p) has 32 terms.

Grounding the output terminal z+ of the whole
cascade ~we obtain an autonomous network whose
characteristic equation is

Q(p) =0. )
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Fig. 3. Autonomous network consisting of a cascade of five special three-ports using CCli+/- elements
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Fig. 4. Universal five-port for the realization of fifth-order filters

Connecting the feedback terminals of individual
members in the cascade other than to the cell’s own input
terminal the number of polynomial terms will decrease. If
all the feedback terminals were grounded, the polynomial
O(p) would only have one term. Regarded as almost
optimum can be the case when the feedback terminals of all
members are connected to the input terminal of the first
cell. Then, for instance, for n=>5 (see Fig.3) there will be:

0(5)=Y\13YsIhYy + K1YV Yy + YY1 Yo + 5)

The number of polynomial terms can further be
reduced by grounding terminal 4 in the network in Fig.3.
In that case relation (5) changes to:

Q(S)=Y1Y3Y5Y7Y9 +Y2Y4Y5Y7Y9 +Y2Y4Y6Y7Y9 -+

6
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3. Universal networks for filter
realization

Any autonomous circuit (AC in the following) can be
transformed into a two-port whose transfer functions have
in the denominator the same polynomial as that of the
characteristic equation of the AC considered. This was
described in [3, 4]. If for the schematic diagram in Fig.3 we
choose Y1=SC|+GG, Y2=Gl, Y3=SC2, Y4=G2, Y5=SC3, Y5=G3,
Y=sC,, Ys=Gs4, Yo=5Cs, Y10=Gs , we obtain an autonomous
network with the following characteristic equation:

O(s) = $°C,C,C,C,C5 +5*C,C;C, CsGg +
+5C3C4CsG,G, +5°C,CsG,G,Gy +  (T)
+SCSGIG26304 +G| GzG3G4GS =

Disconnecting the elements C;, Gs and the terminal
z+ of the last conveyor from the ground in the considered
network we obtain a five-port as shown in Fig.4. Here the
input quantities are denoted as V;;, ¥, and [;; , while the
output quantities are denoted Vo, , Vo , Iy and [y . If
V=0, then the properties of the circuit can be described by
the following relations:
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The relations we have obtained show that the
universal five-port in Fig.4 can be used as a highpass or
lowpass filter of fifth order for both voltage and current
transfer functions.

In [2] a lowpass filter of fifth order with CCII+/-
elements is presented which works in the current mode.
The filter can be regarded as a special case of our circuit if
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in Fig.3 the nodes 2-1, 4-1, 6-3, 8-5 and 10-7 are short-
circuited. In this case the polynomial O(s) has 13 terms.

In the following, let us only consider the first two
cells from the cascade in Fig4 and let us ground the
feedback terminal of .the first cell. We obtain a general
autonomous circuit as shown in Fig. 5. The characteristic
equation of this circuit has the typical form:

hWh+hY, =0 ' (12)
Choosing, for example, Y,=sC,+G~3, Yo=G;, Ys=sC,,

Ys=G,, we obtain a concrete circuit with the characteristic
equation

$2C,C, +5C,G3 +G,G, = Qy(s) =0 . (13)
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Fig. 6. Multifunction six-port network

Transforming this multifunctional circuit into a six-
port, we obtain the circuit shown in Fig.6. Here, the input
quantities are ¥, V, Vi3 and V3 while the output
quantities are ¥, o1, Io, lo3, Jos. The complete circuit can
be described by the following equations:

a) If V=V5=0 and 1;,=0, then

- 2 CiCoVy = sC,Gy¥ip + GGV

v, 14
: 206 9

and ‘
I,4=GyV, . (15)

b) For Vj=Vy=V;3=V,=V¢=0, we have:
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From ‘relation (14) it follows that the eight-port in
Fig.6 can work in the voltage mode (V/V;,) as:

- (i) lowpass filter if Vi=V;5, Viy=Viy=V4=Vs=0 and [;;=0

(ii) highpass filter if Vii=V,,, Viy=Vis=V=Vs=0 and ;=0
(lll) bandpass filterif Vin= Vi2, Vi1=Vi3= V4= V5=O and 1“:0
(lV) notch filter if V,'n=V“=V,'2, Viy= V= V5=0 and [i1=0
(V) allpass filter if Vin=ViI=Vi2=Vi3; Iil=0 and Gz=Gg

The same possibilities exist if we are interested in the
output current when the two-port is voltage driven (see
relation 15). , : ‘

The eight-port can also work in the current mode
(Iou'liy), as follows from eqns. (16)-(18), i.e. as:

(i) lowpass filter if /ou=I,3 ,

(ii) highpass filter if /,u=/:,
(iii) bandpass filter if 1,,=l,s,
(iv) notch filter if [y, =l +/,s .

The network can also work in the hybrid mode
(Vou'/Iiz) as a bandpass-filter (see relation 19) .

4. Simulation results

The function of universal five-port from Fig.4 was verified
by means of PSpice computer simulation. The network was

~used as a fifth-order lowpass filter and the values of

components were proposed for the Chebyshev
approximation and a.cut-off frequency of 1 MHz. For the
simulation, a computer model of CCII+/- was made, which
starts from definition relation (1) and, moreover, takes into
consideration the real parts of the impedance of input
terminals x (R,=50Q2) and y (R,~1MQ). From Fig. 7 the
effect of these parameters on the shape of module-
frequency characteristic is evident. In Fig. 8 both frequency
characteristics of the filter with the above model of CCII+/-
are illustrated. The waveforms given correspond to the
voltage mode connection. For the current mode the results

- were almost identical that they are not given here.
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Fig. 7. Gain-amplitude characteristic with ideal and with simulated
CCli+/- for the LPF in the voltage mode in Fig.4
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Fig. 8. Frequency characteristic for the LPF in the voltage mode
in Fig. 4.

5. Conclusion

In the above manner we can design a multifunction n-
port of arbitrary order for multi-purpose application as
filters working in both the current and the voltage (or
hybrid) modes. '
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