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This paper introduces a new generation method of the grounded capacitor Wien oscillator circuits using
current conveyors (CCII) or inverting current conveyors (ICCII) or combination of both of them. The
nodal admittance matrix (NAM) of the single Op Amp Wien oscillator is taken as the starting point in
the new approach of systematic synthesis of equivalent oscillators. The synthesis procedure is based on
the generalized systematic synthesis framework using NAM expansion. The resulting derived 32
oscillators include many novel oscillators, using current conveyors or inverting current conveyors or
both. Comparison between the generated oscillators based on the effect of parasitic elements on the
oscillator performance is discussed.
& 2009 Elsevier GmbH. All rights reserved.
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1. Introduction

2. Pathological elements

The ﬁrst systematic synthesis of canonic oscillators using
controlled sources was given in [1]. Most of the reported
oscillators employ two ﬂoating capacitors except the circuits that
belong to Wien oscillators employ one grounded capacitor and
one ﬂoating capacitor. In [2] the design of single Op Amp single
resistance controlled oscillators was given. Eight canonic circuits
using ﬁve or six resistors each were given in [2], the two
capacitors used are ﬂoating in all reported circuits except one
which has one grounded capacitor and the other is ﬂoating. Due to
the advantage of using grounded capacitors [3]. A systematic
synthesis method was given in [4] to generate a set of tunable
active RC oscillators each using two ﬁnite gain voltage controlled
voltage sources, three resistors and two grounded capacitors.
Four alternative forms of the Wien bridge oscillator using a
single Op Amp were given in [5], only one of them employ two
grounded capacitors and is shown in Fig. 1.
After the introduction of the second generation current
conveyor (CCII) [6], the ﬁrst Wien oscillator with one grounded
capacitor and one ﬂoating capacitor and using two CCII  was
reported in [7].
A generation method for realizing grounded capacitors Wien
oscillators using two CCII + was introduced in [8].
The objective of this paper is to apply nodal admittance matrix
(NAM) expansion to generate 32 oscillator circuits from the Wien
circuit of Fig. 1 using CCII or inverting CCII (ICCII) [9] or
combination of both.

Recently, a symbolic framework for systematic synthesis of
linear active circuits based on nodal admittance matrix (NAM)
expansion was presented in [10–13]. The matrix expansion
process begins by introducing blank rows and columns, representing new internal nodes, in the admittance matrix. Then,
nullators and norators are used to move the resulting admittance
matrix elements to their ﬁnal locations, properly describing either
ﬂoating or grounded passive elements. Thus, the ﬁnal NAM is
obtained including ﬁnite elements representing passive circuit
components and unbounded elements, so called inﬁnity-variables, representing nullators and norators. In this framework,
nullators and norators [14] ideally describe active elements in the
circuit are used. The nullator and norator are pathological or
singular elements that possess ideal characteristics and are
speciﬁed according to the constraints they impose on their
terminal voltages and currents. For the nullator V= I= 0, while
the norator imposes no constraints on its voltage and current. A
nullator–norator pair constitutes a universal active two-port
network element called the nullor [14] and hence, nullator and
norator are also called nullor elements. The attractive feature of
the two nullor elements is their ability to model active circuits.
Despite the ability of nullor elements to describe many active
building blocks, they fail to represent devices like the CCII+
proposed in [6]. Other passive elements like resistors are
combined with nullators and norators in order to obtain the
nullor representation of the CCII + [7]. In order to avoid the use of
passive elements in the nullor representation of any building
block, additional pathological elements called mirror elements
were introduced in [15,16] to describe the voltage and current
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The condition of oscillation can be controlled by varying R3 or R4
without affecting the radian frequency of oscillation which is
given by
sﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
G1 G2
oO ¼
ð4bÞ
C1 C2
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A
+
G1
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V2

4. Generation of type-A oscillators

C1
C2

Starting from Eq. (3) a family of four oscillators is generated in
the following section. The condition of oscillation in the newly
generated oscillators is controlled by a grounded resistor instead
of a ﬂoating resistor in the circuit of Fig. 1.

G2

Fig. 1. Grounded capacitor Wien oscillator using Op Amp.

4.1. Generation of type-A pathological circuit 1
reversing actions. The voltage mirror (VM) is a lossless two-port
network element used to represent an ideal voltage reversing
action and it is described by
V1 ¼  V2

ð1aÞ

I1 ¼ I2 ¼ 0

ð1bÞ

The current mirror (CM) is a two-port network element used to
represent an ideal current reversing action and it is described by
V1 and V2 are arbitrary

ð1cÞ

I1 ¼ I2 and they are also arbitrary

ð1dÞ

Very recently the systematic synthesis method based on admittance matrix expansion using nullor elements [10–13] has been
extended to accommodate mirror elements. This results in a
generalized framework encompassing all pathological elements
for ideal description of active elements [17–19]. Accordingly, more
alternative realizations are possible and a wide range of active
devices can be used in the synthesis procedure.
In this paper, the conventional systematic synthesis framework
using admittance matrix expansion presented in [10–13] and
[17–19] to synthesize oscillator circuits is presented.

Apply pivotal expansion [12] to the basic NAM Eq. (3) therefore
2
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Y ¼4 0
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G1
G2
G1

0

3

G3 7
5
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ð5Þ

Adding a blank fourth row and fourth column, it is desirable to
move  G1 and  G1 from the second column to the fourth column
(since node 2 is connected to the grounded G2 in parallel with the
external C2 and node 3 is connected to the grounded G4). This is
carried out using a nullator connected between nodes 2 and 4 as
follows:

ð6Þ

It is desirable to move G1 and G1 from the third row to the
fourth row with inverted signs so that a ﬂoating G1 is to be
realized between nodes 1 and 4. This is achieved using a CM
connected between nodes 3 and 4 as follows:

3. Formulation of the NAM equation
The basic Op Amp oscillator circuit considered in this paper is
the grounded capacitor Wien oscillator shown in Fig. 1 [5] having
independent control on the condition of oscillation by varying a
ﬂoating resistor. The state equations are descried by the following
matrix equation:
2
3 2
3
dv1
" #
G1
G1
C
1
6
7 6
dt
7 v1
6
7 ¼ 4 G1 G3
G
G
ð2Þ
1
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5
4 dv2 5

G2 þ
v2
G4
G4
C2
dt
Taking the grounded capacitors as external circuit elements the
NAM equation of the Op Amp circuit with the four resistors is
given by
2
3
G1
G1
6G G
G1 G3 7
ð3Þ
Y ¼4 1 3
5
G2 
G4
G4

ð7Þ

Adding a ﬁfth blank row and column, it is desirable to move G3
to the diagonal position 5, 5. This is carried out using a nullator
connected between nodes 3 and 5 and a CM connected between
nodes 2 and 5 as follows:

ð8Þ

The condition of oscillation is given by
R1 C2
R4
þ
¼
R2 C1
R3

ð4aÞ

Adding the capacitors C1 and C2 at nodes 1 and 2, respectively, the
above equation is realized as shown in Fig. 2(a).
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Fig. 2. Four alternative realizations of type A oscillators: (a) realization A-1, (b) realization A-2, (c) realization A-3, and (d) realization A-4.

between nodes 2 and 5 as follows:

4.2. Generation of type-A pathological circuit 2
Apply pivotal expansion to the basic NAM Eq. (3) in an
alternative form from that given by Eq. (5) therefore
2

G1
6
Y ¼4 0
G1

G1
G2
G1

3
0
G3 7
5

ð12Þ
ð9Þ

G4

Adding a blank fourth row and fourth column, it is desirable to
move  G1 and G1 from the second column to the fourth column.
This is carried out using a nullator connected between nodes 2
and 4 as follows:

ð10Þ

Adding the capacitors C1 and C2 at nodes 1 and 2, respectively, the
above equation is realized as shown in Fig. 2(b).
4.3. Generation of type-A pathological circuit 3
Starting from Eq. (7) and adding a ﬁfth blank row and column,
it is desirable to move  G3 to the diagonal position 5, 5. This is
carried out using a VM connected between nodes 3 and 5 and a
norator connected between nodes 2 and 5 as follows:

It is desirable to move  G1 and G1 from the third row to the
fourth row so that a ﬂoating G1 is to be realized between nodes 1
and 4. This is achieved using a norator connected between nodes 3
and 4 as follows:

ð11Þ

ð13Þ

Adding the capacitors C1 and C2 at nodes 1 and 2, respectively, the
above equation is realized as shown in Fig. 2(c).
4.4. Generation of type-A pathological circuit 4

Adding a ﬁfth blank row and column, it is desirable to move G3 to
the diagonal position 5, 5. This is carried out using a nullator
connected between nodes 3 and 5 and a norator connected

Starting from Eq. (11) and adding a ﬁfth blank row and column,
it is desirable to move G3 to the diagonal position 5, 5. This is
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carried out using a VM connected between nodes 3 and 5 and a
CM connected between nodes 2 and 5 as follows:

between nodes 2 and 5 as follows:

ð19Þ
ð14Þ

Adding the capacitors C1 and C2 at nodes 1 and 2, respectively, the
above equation is realized as shown in Fig. 2(d).

5. Generation of type-B oscillators

5.2. Generation of type-B pathological circuit 2

The following NAM equation which also results in Eqs. (4a) and
(4b) is used as the key equation in the realizations of the following
four equivalent oscillator circuits and classiﬁed as type-B:
2

G1
6
Y ¼ 4 G1 G3

G4

3

G1
G1 G3 7
5
G2 
G4

Adding the capacitors C1 and C2 at nodes 1 and 2, respectively, the
above equation is realized as shown in Fig. 3(a).

ð15Þ

It should be noted that the above equation is obtained from Eq. (3)
by interchanging the signs of the elements in the 1, 2 and 2, 1
positions. This will not affect the condition of oscillation or the
frequency of oscillation.
The above equation, however, cannot be realized as an Op Amp
Wien oscillator.

Apply pivotal expansion to the basic NAM Eq. (15) therefore
2

G1

6
Y ¼4 0
G1

G1
G2
G1

0

3

G3 7
5

ð20Þ

G4

Adding a blank fourth row and fourth column, it is desirable to
move G1 and G1 from the second column to the fourth column to
become  G1 and  G1, respectively. This is carried out using a VM
connected between nodes 2 and 4 as follows:

ð21Þ

5.1. Generation of type-B pathological circuit 1
Apply pivotal expansion to the basic NAM Eq. (15) therefore
2
3
G1
G1
0
6
G3 7
G2
Y ¼4 0
ð16Þ
5
G1 G1
G4
Adding a blank fourth row and fourth column, it is desirable to
move G1 and  G1 from the second column to the fourth column
to become  G1 and G1, respectively. This is carried out using a VM
connected between nodes 2 and 4 as follows:

It is desirable to move G1 and G1 from the third row to the
fourth row with opposite signs so that a ﬂoating G1 is to be
realized between nodes 1 and 4. This is achieved using a CM
connected between nodes 3 and 4 as follows:

ð22Þ
ð17Þ

It is desirable to move  G1 and G1 from the third row to the
fourth row so that a ﬂoating G1 is to be realized between nodes 1
and 4. This is achieved using a norator connected between nodes 3
and 4 as follows:

ð18Þ

Adding a ﬁfth blank row and column, it is desirable to move  G3
to the diagonal position 5, 5. This is carried out using a VM
connected between nodes 3 and 5 and a norator connected

Adding a ﬁfth blank row and column, it is desirable to move G3 to
the diagonal position 5, 5. This is carried out using a VM
connected between nodes 3 and 5 and a CM connected between
nodes 2 and 5 as follows:

ð23Þ

Adding the capacitors C1 and C2 at nodes 1 and 2, respectively, the
above equation is realized as shown in Fig. 3(b).
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Fig. 3. Four alternative realizations of type B oscillators: (a) realization B-1, (b) realization B-2, (c) realization B-3, and (d) realization B-4.

5.3. Generation of type-B pathological circuit 3
Starting from Eq. (16) and following successive steps the
following NAM is obtained:
3
Y
CCII

ð24Þ
X

2
Y

Z+

CCII

1

5

4

X

Z+
2

G1

Adding the capacitors C1 and C2 at nodes 1 and 2, respectively, the
above equation is realized as shown in Fig. 3(c).
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5.4. Generation of type-B pathological circuit 4
Starting from Eq. (20) and following successive steps the
following NAM is obtained:
3
Y

ICCII

2
Z-

ð25Þ
X

Y

1

Adding the capacitors C1 and C2 at nodes 1 and 2, respectively, the
above equation is realized as shown in Fig. 3(d).
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6. The CCII and ICCII oscillator circuits
The eight generated circuits based on the use of pathological
elements and shown in Figs. 2 and 3 can lead to the following four

Fig. 4. (a) Realization of class-I type A circuit from Fig. 2(a) and (b) realization of
class I type B circuit from Fig. 3(a).
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classes of circuits based on alternative pairing of the pathological
elements.

6.1. Class I oscillator circuits
This class includes eight CCII and ICCII circuits obtained from
Figs. 2 and 3 by taking nodes 3, 5, 2 to represent Y, X and Z
terminals of conveyor 1 and nodes 2, 4, 3 to represent Y, X and Z
terminals of conveyor 2. For example the circuit of Fig. 2(a) is
realized by two, CCII + as shown in Fig. 4(a) and the circuit of
Fig. 3(a) is realized by two ICCII  as shown in Fig. 4(b). Similarly
the other six CCII and ICCII circuits can be obtained from Figs. 2b,
c, d, and Figs. 3b, c, d, and are not included here to limit the paper
length.
It is seen that the parasitic resistance RX1 can be compensated
by subtracting its value from the design value of R3. The parasitic
resistance RX2 can be compensated by subtracting its value from
the design value of R1. The parasitic capacitance Cz1 can be
compensated by subtracting its value from the design value of C2.
The only parasitic element which affects the circuit is CZ2 as it
acts in parallel with R4 and it has a very minor effect. It can be
shown that the effect of the parasitic capacitance CZ2 can be
minimized by taking CZ2 R4 much less than C1R1 and C2R2.
6.2. Class II oscillator circuits
This class includes eight CCII and ICCII circuits obtained from
Figs. 3 and 4 by taking nodes 4, 2, 5 to represent Y, X and Z
terminals of conveyor 1 and nodes 5, 3, 4 to represent Y, X and Z
terminals of conveyor 2. For example the circuit of Fig. 3(a) is
realized by two CCII + as shown in Fig. 5(a) and the circuit of
Fig. 4(a) is realized by two ICCII  as shown in Fig. 5(b). Similarly

the other six CCII and ICCII circuits can be obtained from Figs. 2b,
c, d, and Figs. 3b, c, d.
It is seen that the only parasitic element that can be
compensated is parasitic resistance RX2 by subtracting its value
from the design value of R4. The three other parasitic elements
namely RX1, CZ1 and CZ2 are affecting the circuit operation.
It should be noted that pairing the pathological elements
resulting in class II circuits is more sensitive to parasitic element
effects than the alternative pairing resulting in class I circuits.

6.3. Class III oscillator circuits
The third class of oscillator circuits is generated from class I by
applying the adjoint network theorem [20–23]. Although the
adjoint network theorem is intended to convert voltage mode to
current mode circuits it is also applicable to oscillator circuits.
Applying the adjoint network theorem to class I oscillators by
replacing the nullator by a norator and the current mirror by a
voltage mirror and vice versa [9] the circuits of class III are
obtained. For example using the above transformation rule
Fig. 6(a) is obtained as the adjoint of Fig. 2(a). Fig. 6(b) is
obtained from Fig. 6(a) by taking nodes 2, 5, 3 to represent Y, X
and Z terminals of the ﬁrst ICCII  and nodes 3, 4, 2 to represent Y,
X and Z terminals of the second ICCII  .
It is seen that the parasitic resistance RX1 can be compensated
by subtracting its value from the design value of R3. The parasitic
resistance RX2 can be compensated by subtracting its value from

3

4
Y
CCII
X

5
Z+

Y
CCII

1

2

3

X

2

5
Z+

2
G1

G1

G3

G4

G3

C2

G4

G2

4

G2

C2

1

1
C1

C1

2

4
Y
ICCII
X

Y
ICCII

5
Y
ICCII

Z-

1

2

3

X

X
Z-

3
Y
ICCII

Z-

1

5

4

X

2

Z-

2

G1
C2

G3
G2

G4

1
C1

Fig. 5. (a) Realization of class II type A circuit from Fig. 2(a) and (b) realization of
class II type B circuit from Fig. 3(a).
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Fig. 6. (a) Adjoint circuit to the circuit of Fig. 2(a) and (b) realization of class III
type A circuit from Fig. 6(a).

A.M. Soliman / Int. J. Electron. Commun. (AEÜ) 64 (2010) 971–977

the design value of R1. The parasitic capacitance Cz2 can be
compensated by subtracting its value from the design value of C2.
The only parasitic element which affects the circuit is CZ1 as it
acts in parallel with R4.
6.4. Class IV oscillator circuits
The fourth class of oscillator circuits is generated from class II
by applying the adjoint network theorem or from class III by
alternative pairing of pathological elements.

7. Conclusions
A new generation method of the grounded capacitor Wien
oscillator circuits using CCII or ICCII or combination of both of
them is introduced. The NAM of the single Op Amp Wien oscillator
is taken as the starting point in the new approach of systematic
synthesis of equivalent oscillators. The synthesis procedure is
based on the generalized systematic synthesis framework using
NAM expansion.
Four classes are deﬁned and each class includes eight circuits.
The resulting derived 32 oscillators include many novel oscillators,
using various types of current conveyors and inverting current
conveyors. Comparison between the generated oscillators based
on the effect of parasitic elements on the oscillator performance
indicated that classes I and III are affected only by one parasitic
capacitance and are superior to classes II and IV affected by the
two parasitic capacitances and one parasitic resistance RX.
It should also be noted that a two CCII  and a two CCII +
circuits with similar topology was published in [24] and [25],
respectively; however, no generation method was given in both of
them. The two CCII + circuits reported in [8] are generated from
the Op Amp Wien oscillators but using alternative generation
method different from the NAM expansion generation procedure
given in this paper. Finally it should be noted that the circuit of
Fig. 4(a) is identical to Fig. 4(b) in [8] except a third capacitor is
used in [8] to provide independent control on the radian
frequency of operation.
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