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Abstract

A special method of the nodal analysis of the circuits
containing several types of the multi-port current
conveyors is presented in this paper. The method is
based on the given regular and homogeneous models
of the irregular current conveyors by the gyrators.
Then a diakoptic solving and modification of the
inversion of the admittance matrix is applied.
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1. Introduction

The recent progress of the analogue technology has
bred modern active devices [1], i. e. the monolithic IC
active components and functional blocks. Such devices are
the multi-port current conveyors (CC), namely CC I, CC 11
CC II+/-, ICCIIL, DVCC, FDCC, UCC, etc. They are versa-
tile and powerful building blocks for many signal-proces-
sing applications, with higher frequency operation and
wider dynamic range, comparing with the classical opera-
tion amplifiers.

2. Current conveyor as an irregular
element to nodal analysis method

Note that the current conveyors are irregular to nodal
analysis method [2], having no defined the admittance mat-
rix (Y). Ideal current conveyor can be directly described by
heterogeneous set of eq’s only, e.g. by hybrid matrix.

The well known is three-port CC (Fig. 1), given by
Sedra and Smith in 1968. Specially, the type CC30111,
originally called the second generation (CC II) has been
taken great interest and most of applications. It can be ge-

nerally described by the following hybrid matrix equation
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Fig. 1 General 3-port current conveyor

One of the modern CC's is a 5-port differential
voltage current conveyor (DVCC), with balanced output
CC501£242, which has been published in [3] and realized
in CMOS FET technology. This block (Fig. 2) is described
by the hybrid matrix equation

0 a a, a; a,| I, E.
bp 0 0 0 0V, J
by 0 0 0 0|V,|=]|J, 2
by 0 0 0 0|V, J.
b, 0 0 0 0 |V,| |J.,]

In eq’s (1), (2), V; and [; are port variables of the CC, the E;
and J; are variables of driving sources. The coefficients a;
and b; are evaluated on some value from (0, +1, -1), what
depends on the type of the CC. Similarly can be described
the 4-port and 8-port CC as well.
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Fig. 2 General 5-port current conveyor

The heterogeneous mathematical description (1) or (2)
given above has a corresponding electrical model, contai-
ning controlled sources, namely VCVS and CCCS. For the
three-port CC (Fig. 1) and eq. (1), the model is given in the
following Fig. 3.
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Fig. 3 Heterogeneous model of the three-port current conveyor

3. Homogeneous model of the CC
regular to the nodal method

As was mentioned above, the circuit of the Fig. 3 is
irregular to nodal analysis method (NAM). There, for the
NAM is better to use homogenous model given in Fig. 4
containing three gyrators, having the admittance matrix Y.
This circuit (Fig. 4) was obtained from Fig. 3, modelling
the VCVS and the CCCS by the gyrators, using the
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Fig. 4 Homogeneous model of the 3-
port current conveyor using
GR2 gyrators

transformation method given in [4]. The parameters of
these gyrators, namely the transfer conductance (g7), are
corresponding with the parameters of the CC (a;, b,).

The gyrator in Fig. 4 can be replaced by two VCCS
anti-parallel connected and the other equivalent circuit of
the three-port CC is obtained (Fig. 5). There all elements
have the admittance matrix and the NAM can be straight-
forward used. The equivalent circuit (Fig. 5) and the three-
port current conveyor (Fig. 1) can be now described by the
following matrix equation (3) in same basis of variables

0 a, a a,|V, 0
by 0 0 0|V, _ J, 3)
by 0 0 0|V, J,
b, 0 0 0]V, J,

There for the standard conveyors is ap= -1 and by= 1.

On the other hand in the models (Fig. 4 or Fig. 5) and
in the equation (3) is an additional internal node (w) and
order of the admittance matrix, describing whole given net-

work, increases with the number of the CC’s. Therefore
better is to use a method of diakoptic modification given in
[4]. The method is based on tearing of some branches and
then subsequently solving modified subnetworks, step by
step adding the particular torn branches.
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Fig. 5 Homogeneous model of the three-port current conveyor

4. Diakoptic solution of admittance
matrix inversion

The certain network (N) is in initial modification
divided in two subnetworks (A and B) and one coupling
subcircuits (C). The subcircuits (C) can contain a standard
passive admittances (Y) or specially here the VCCS’s as
well, tearing the transfer conductance (g7). The torn net-
work (A+B) is described by blocked diagonal node admit-
tance matrix, that can be easy inverted (separately Y, and
Y3), with minimum numerical errors. In the first modifica-
tion, the subcircuit C (torn branch) is now added to the
original description and new inverse matrix is given by

Y!=v'

@ = Yo, kB, - 4)

Here, B is the matrix of some additional increments
given by formula (6), and k) is a correction coefficient (8).
Furthermore the other coupling subcircuits are consecutive
added. The formula (4) can be generalised to (5) for any
(m+1)-th step of the other modification

-1 -1
Yoty = Yo + KBy - ®)
The matrix B, of the increments between two steps of
modification is given by the product (6) of two vectors,

namely Zz, (7) and Zj, (8), resulting from the previous step
of the matrix modification

B(m) = Zzo-Zoz- (6)
The row vector, with dimension (1 x n), is defined as
Zoy =lz0 =2 k(200 = 20 b2y = 205 bz =2 )] (D
and the column vector (with dimension n x 1) by

2, = [(Zlc ~Zua );(ch ~Zy4 );(230 ~ 2y )"‘(Zm: = Zw )]T’ (®)
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where z; are the entries of the matrix Z,, = Y, from the
previous step and (n) is the order of this matrix. Here (a, b)
are the nodes with the controlling voltages V,, = V, - V,
(input port of the VCCS) and (c, d) are the nodes, where
the controlled source (VCCS) is connected (output port of
the VCCS). In other words, where is the torn branch with
transconductance (g7). Note that the current flows from the
node (c) to the node (d).

The correction coefficient ki, is given by

—_ —8m | Q)
o 1 + ng Zm
where g7, is the increment of the added transfer admittance
of the VCCS and the scalar Z,, is calculated as

Z,=Z

m

(10)

(a+b)(c+d) *

5. Improvement of diakoptic matrix
inversion

The procedure given above is rather complicated,
adding six VCCS's (Fig. 5) for each conveyor one by one.
Therefore a new modification of this algorithm is given
now, taking the whole CC directly in one step, to improve
the efficiency of this diakoptic method.

It can be mathematically described as follows. In the
first step the passive subnetwork (usually RC) is regularly
described by the diagonal admittance matrix Y. Then, the
inversion of the admittance matrix Y, describing the whole
circuit (including the CC), can be obtained by general for-
mula of the diakoptic modification [4]

Y'=Y"+k-B. (11)

There, the matrix B of the increments is given as a product
of the two vectors

B=Z,-Z,,. (12)

Namely for the 3-port conveyor the column vector is (with
dimension n x1)

b,Z .+ bIny +b,7 _

=~ |bZ,+bZ, +b,Z,

o= , (13)
bOan + bIZny + bZan
and the row vector (with dimension 1 x )
~ (aOZxx +ta,Z, +azsz),... (14)

0z —
...(aOZm +alZ_W +azZzn)

The both vectors above (13), (14) are resulting from the
previous step of the matrix modification. The z; are the

entries of the matrix Z =Y ™', the (n) is the order of this

matrix and number of all nodes, the (x, y, z) are the corres-
ponding nodes of the CC.

The correction coefficient in (11) is for 3-port current
conveyor given by

k=-1/k , (15)

k=ky=ab,Z_ + aobley +a,b,Z _+
+abZ, +abZ, +ab,Z + (16)

+a,b,Z_ + azblZzy +a,b,Z

where a;, b; are corresponding with parameters in (3) and
they are evaluated on some value from (0, +1, -1).

The procedure above can be easy modified for multi-
ple-port conveyors too. Then e.g. for the general 5-port
current conveyor CC 50122 (Fig. 2), the correction coef-
ficient (15), (16) is modified in following form

k=k=

=a,b,Z  +a,bZ
+ab,Z,,
+a,b,Z
+ab,Z
+a,b,Z

wl 22 tayhZ, +ab,Z ., +
+a,bZ , +ab,Z  ,+abZ
+a2bIZy2yl +a2bZZy2y2 +a2b3Zy2z1 +a2bSZy222 +
+abZ,
+a,bZ

+ayb,Z

Yyl yly2 yizt T a1b3Zy122 +

y2x
+asb,Z ., +

zlx zlzl

T aSbZZzlyZ +ab,Z

+ a4bZZz2y2 ta,b, 2, +a,b,Z .,

(17)

z2x z2yl

The column vector (13) is grown up on this form

b Z . + bIZXy1 +b,7Z
~ bZ, +bZ,, +b7Z

+ b3szl
+b,Z

+ b4Zx22
+ b4ZyIZZ (1 8)

xy2

ylx ylyl yly2 ylzl

Z0

bOan + bl Znyl + bZZnyZ + b3anl + b4Zn:'2

and similarly is grown the row vector (14).

6. Illustrative example

As an illustrative example of the given procedure, the
simple circuit of the Fig. 6 will be solved, assuming follo-
wing values of resistors: G, = 1, G, =2, G3 = 3 and para-
meters (3) of 3-port CC: ap=-1,a;=a, =1, by =b, =1,
b1 =-1.

Fig. 6 lllustrative example
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The nodal admittance matrix of the passive subnet-
work (without the CC) has this form

G, -G, 310(-3
- G, _o 1l o (19)
-G, G, +G, =310
Then the inversion of this matrix is
5/610(1/2
Z=Y'=| 0 [1] 0 |- (20)
1/2101(1/2

The correction coefficient (15), using (16), results in
/;:—1/(—5/6—1/2—1+1/2+1/2) =6/8 . (21)

The row vector (14) is
Z,,=[-1/3,1,0] (22)

and column one (13)
Z, =[,-3/4,3/4]. (23)

Then, the inverse matrix Z is given by (11) and results in

5/6{0|1/2 1/3 -1 |0 (24)
= 0 |1| O |-|-1/4] 3/4 =
1/210(1/2 1/4 | -3/4

/2] 1 |1/2

=|1/4|1/4| 0

1/413/4|1/2

7. Conclusion

The method given above, of the nodal analysis of the
circuit containing several types of the multi-port current
conveyors, can be applied on other types of the impedance
converters as well.

Furthermore this procedure is suggested for computer
aided analysis of large networks. An algorithm was propo-
sed and this method was used in special software [5] for
computer analysis of the circuits based on the current con-
Veyors.
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