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Abstract

New minimum passive component current mode oscillators are given. Two of the new oscillators have a floating property.
Two families of 16 grounded passive component oscillators each are generated from two current conveyor based oscillators.
The generation method is based on the combination of both types of current conveyors and inverting current conveyors.
Additional oscillators are generated using the adjoint network theorem. Some of the oscillator circuits considered in this

paper have the advantage of being easily compensated for the parasitic effects of the current conveyors.
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1. Introduction

The single output second generation current conveyor
(CCIl) family consists of two members. The two mem-
bers are the CCII+ and CCII- introduced in [1]. The in-
verting second generation current conveyor (ICCII) has also
two members namely the ICCII+ and ICCII— as introduced
in [2].

The second generation current conveyor (CCII) shown
symbolically in Fig. 1(a) is a universal building block that
was introduced in [1]. The ICCII is also a universal building
block that was introduced in [2] and shown symbolically in
Fig. 1(b) and they are defined by

I, 0 0 0\ /V,
(vx>=(a 0 0)(5) 0
L 0 k o/ \v.

The parameter a represents the conveyor type, for CCIl a=1
and for ICCIl a = —1.
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The parameter K represents the Z polarity of the conveyor,
for the Z+ polarity K = 1 and for the Z— polarity K = —1.

Three different oscillators [3,4] are used in this paper to
generate a family of oscillators from each circuit. The adjoint
network theorem [5-8] is also used to generate additional
oscillator circuits.

2. Generation of current mode oscillators
family-I

The minimum passive component current mode oscillator
circuit shown in Fig. 2(a) employs a CCII— and a CCII+
and was introduced in [3]. This circuit is a special case
from a family of eight circuits as will be demonstrated by
considering the generalized configuration shown in Fig. 2(b).
The circuit characteristic equation is obtained as

s2C1CoR Ry+s[C1RI+CoRy+a K1 CIRH1 =0 (2)
From Eq. (2) a necessary condition for oscillation is that

K =-1 (3a)
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In this case the condition of oscillation is given by
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Fig. 1. (a) The symbol of CCII and (b) the symbol of ICCII.

881

The frequency of oscillation is given by
1
o = ————
o VC1C2R Ry

Although the parameters a; and K, are arbitrary, they should
be considered in generating the different members of this
oscillator family as given in Table 1. It is seen that the only
two circuits in this family that have a floating property are
circuit numbers 2 and 6 in Table 1. In determining the flota-
tion property identified by /g = 0, for the current mode os-
cillators the output current /o should be taken into consid-
eration.

Fig. 2(c) represents the adjoint oscillator circuit to that of
Fig. 2(a).

The circuit characteristic equation is obtained as

“

S2C1C2R1R2+S[C1R1+C2R2+01K2C1R2]+1 =0 5)

From Egs. (2) and (5) it is seen that if the conveyor num-
bers in the adjoint circuit of Fig. 2(d) are interchanged, the
circuit will be identical to Fig. 2(b). That is the oscillator of
Fig. 2(b) is self-adjoint but Figs. 2(c), (d) and Table 2 are
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Fig. 2. (a) The minimum passive component current mode oscillator [3]; (b) generalized current mode oscillator to (a); (c) the adjoint
oscillator circuit to (a); and (d) generalized current mode oscillator to (c).



882 AM. Soliman / Int. J. Electron. Commun. (AEU) 64 (2010) 880—887

Table 1. The eight oscillator circuits that are generated from Fig. 2(b).

Circuit aj K ay K> Conveyor 1 Conveyor 2 Adjoint to circuit Floating
A-1 + - + + CCII—- CCII+ B-1 No
A-2 + — + — CCII—- CCII— B-2 Yes
A-3 + + — + CCII+ ICCII+ B-3 No
A-4 + + — — CCII+ ICCII— B-4 No
A-5 — - + + ICCII—- CCII+ B-5 No
A-6 — - + — ICCII—- CCII— B-6 Yes
A-7 - + - + ICCII+ ICCII+ B-7 No
A-8 — + - — ICCII+ ICCII- B-8 No

Table 2. The eight oscillator circuits that are generated from Fig. 2(d).

Circuit aj K ap K> Conveyor 1 Conveyor 2 Adjoint to circuit Floating
B-1 + — — — CCIl— ICCII—- A-1 Yes

B-2 + - + — CCIl—- CCIl—- A-2 Yes

B-3 - - - + ICClI—- ICCII+ A-3 No

B-4 — — + + ICCII—- CCIIl+ A-4 No

B-5 + + - — CCIl+ ICCII—- A-5 No

B-6 + + + — CCII+ CCII—- A-6 No

B-7 — + — + ICCII+ ICCII+ A-7 No

B-8 - + + + ICCII+ CCIl+ A-8 No
given to provide more clear illustrations of the family of From Eq. (6) it is seen that necessary conditions for oscil-
minimum passive component current mode oscillators. lation are given by

This minimum component oscillator family has no inde-
pendent control on the condition nor on the frequency of
oscillation and it uses one floating capacitor. It has the ad-
vantage, however, that the parasitic resistances Ry can be
easily compensated by taking R; equal to its design value
minus (Rx| + Ryx2). Similarly for Fig. 2(b) the parasitic ca-
pacitance Cz; can be easily compensated by taking C; equal
to its design value minus Cz;.

a3 Ko K3 =—1, ajaxK1Kp =—1 @)

In this case the condition of oscillation is R3 = R which
is controlled by varying R3 or R without affecting the ra-
dian frequency of oscillation which is given by Eq. (4). The
frequency of oscillation is controlled by varying Ry or R»
without affecting the condition of oscillation.

There are 16 circuits that satisfy the conditions in Eq. (7)
and the coefficient signs and the types of the three conveyors
are given in Table 3 .

From Table 3 it is seen that oscillator circuits A-1 and
A-2 have floating property.

Fig. 3(c) represents the adjoint oscillator circuit to
Fig. 3(a).

This circuit is a special case from a family of 16 cir-
cuits as will be demonstrated by considering the generalized
configuration shown in Fig. 3(d). The circuit characteristic
equation is obtained as

3. Generation of oscillator family-II

The oscillator circuit shown in Fig. 3(a) was introduced
in [4]. It has the advantages of using all grounded re-
sistors and capacitors and it has independent control on
both the condition of oscillation and on the frequency of
oscillation.

This circuit is a special case from a family of 16 cir-

cuits as will be demonstrated by considering the generalized ) 1 aa3K3

configuration shown in Fig. 3(b). The circuit characteristic s°C1CR 1Ry +5CoR 1 Ry i R

equation is obtained as —aiwK 1K, =0 (8)
, 1 a3KyKs From the above Eq. (8) it is seen that necessary conditions

s“C1C2R 1Ry +5sCoR 1Ry [; + T3j| for oscillation are given by

—aixK1K, =0 (6) wmazK3 =1, aiaxK1K, =—1 9)
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Fig. 3. (a) Grounded passive component oscillator circuit I [4]; (b) generalized oscillator I to (a); (c) the adjoint oscillator circuit to (a);

and (d) generalized oscillator to (c).

From Table 4 it is seen that oscillator circuits B-5 and
B-15 have floating property. This indicates that the adjoint
theorem does not preserve the floating property.

4. Generation of oscillator family-II1

The oscillator circuit shown in Fig. 4(a) uses three CCII+
and was introduced in [4]. It has the advantages of using
all grounded resistors and capacitors and it has indepen-
dent control on both the condition of oscillation and the fre-
quency of oscillation. It has the advantage that the parasitic
resistances Ry (of two of the conveyors) can be easily com-
pensated by subtracting its value from each of the resistors
connected to port X of the conveyor. Similarly the parasitic

capacitance Cz can be easily compensated by subtracting
its value from each of the capacitors connected to port Z of
the conveyor.

This circuit is a special case from a family of 16 cir-
cuits as will be demonstrated by considering the generalized
configuration shown in Fig. 4(b). The circuit characteristic
equation is obtained as

2 a3 K3
s“°C1CaR 1Ry +sCoR 1Ry

1

R R3
+aiax K1 K2 K3 =0 (10)

From Eq. (10) it is seen that necessary conditions for oscil-

lation are given by

a3Kz=1, aiaxK1Kr2K3=1 (11)
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Table 3. The family of oscillator circuits generated from Fig. 3(b).

Circuit A-  aj K ay K> as K3 Conveyor 1 Conveyor 2 Conveyor 3 Adjoint to circuit B- Floating
A-1 — — + — — — ICCII— CCIl— ICCII— B-1 Yes
A-2 + — - — — — CCII—- ICCII—- ICCII— B-2 Yes
A-3 — — — + + — ICCII— ICCII+ ccn— B-3 No
A-4 — + - - — — ICCII+ ICCII— ICCII— B-4 No
A-5 + — + + + - CCII—- CCII+ CCII—- B-5 No
A-6 — + + + + — ICCII+ CCII+ CCII- B-6 No
A-7 + + + - - - CCII+ CCII- ICCII— B-7 No
A-8 + + - + + - CCII+ ICCII+ CCII—- B-8 No
A-9 — + - — + + ICCII+ ICCII—- CCII+ B-9 No
A-10 + — — — + + CCIl— ICCII— CCII+ B-10 No
A-11 — — - + — + ICCII—- ICCII+ ICCII+ B-11 No
A-12 — — + — + + ICCII— CcCc— CCI+ B-12 No
A-13 + - + + - + CCII—- CCII+ ICCII+ B-13 No
A-14 - + + + - + ICCII+ CCII+ ICCII+ B-14 No
A-15 + + + — + + CCII+ CCII- CCII+ B-15 No
A-16 + + - + - + CCII+ ICCII+ ICCII+ B-16 No
Table 4. The family of oscillator circuits generated from Fig. 3(d).

Circuit B-  a; K ap K> as K3 Conveyor 1 Conveyor 2 Conveyor 3 Adjoint to circuit A- Floating
B-1 + + + — + + CCII+ CCIl— CCII+ A-1 No
B-2 + - + + + + CCII—- CCII+ CCII+ A-2 No
B-3 + + — + + — CCI+ ICCII+ Ccc— A-3 No
B-4 — + + + + + ICCII+ CCII+ CCII+ A-4 No
B-5 + — — - + — CCII—- ICCII—- CCII—- A-5 Yes
B-6 — + — — + — ICCII+ ICCII— CcCc— A-6 No
B-7 — — + — + + ICCII— CCIl— CCII+ A-7 No
B-8 — — - + + — ICCII—- ICCII+ CCII—- A-8 No
B-9 — + + + - - ICCII+ CCII+ ICCII—- A-9 No
B-10 + — + + — — CCIll— CCIl+ ICCII— A-10 No
B-11 + + - + - + CCII+ ICCII+ ICCII+ A-11 No
B-12 + + + — — — CCI+ CCl— ICCII— A-12 No
B-13 + — — — — + CCll— ICCII— ICCII+ A-13 No
B-14 — + - — - + ICCII+ ICCII—- ICCII+ A-14 No
B-15 — — + — — — ICCII— CCIl— ICCII— A-15 Yes
B-16 — — — + — + ICCII— ICCII+ ICCII+ A-16 No

In this case the condition of oscillation is R3 = R
which is controlled by varying R3 or R without affect-
ing the radian frequency of oscillation which is given
by Eq. (4). The frequency of oscillation is controlled
by varying R; or R, without affecting the condition of
oscillation.

There are 16 circuits that satisfy the conditions in Eq. (8)
and the coefficient signs and the types of the three conveyors
are given in Table 5 .

From Table 5 it is seen that oscillator circuits A-15 and
A-16 have floating property.

Fig. 4(c) represents the adjoint oscillator circuit to
Fig. 4(a).

This circuit is a special case from a family of 16 cir-
cuits as will be demonstrated by considering the generalized
configuration shown in Fig. 4(d). The circuit characteristic
equation is obtained as

2 1 a3 K3
§s“°C1C2R Ry +sCaR 1Ry | — —
R R3

—ajapazK1K, =0 (12)

From Eq. (12) it is seen that necessary conditions for oscil-
lation are given by

a3sK3 =1, aiapazK1K, =—1 (13)
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Fig. 4. (a) Grounded passive component oscillator circuit II [4]; (b) generalized oscillator II to (a); (c) the adjoint oscillator circuit to (a);

and (d) generalized oscillator to (c).

From Table 6 it is seen that oscillator circuits B-9
and B-12 have floating property. Again this indicates
that the adjoint theorem does not preserve the floating

property.

5. Conclusions

Three different oscillator families are generated. The fist
family has eight members and it belongs to the class of cur-
rent mode oscillators. Families II and III employ grounded
resistors and capacitors and use three conveyors and have
16 members each.

The generation method is based on the combination
of both types of current conveyors and inverting current
conveyors. Additional oscillators are generated using the
adjoint network theorem. The oscillator circuits belonging
to families I and III have the advantage of being eas-
ily compensated for the parasitic effects of the current
conveyors.

It is worth noting although the three ICCII— oscil-
lator reported recently in [9] is obtained from the os-
cillator circuit given in Fig. 3(a) by interchange of the
branch impedances connected to ports X and Y of con-
veyor 3, it does not belong to the oscillator family II or its
adjoint.
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Table 5. The family of oscillator circuits generated from Fig. 4(b).

Circuit A-  aj K ay K> as K3 Conveyor 1 Conveyor 2 Conveyor 3 Adjoint to circuit B- Floating
A-1 + + + + + + CCII+ CCII+ CCII+ B-9 No
A-2 + — + — + + CCII—- CCII—- CCII+ B-12 No
A-3 - + - + + + ICCII+ ICCII+ CCII+ B-11 No
A-4 + + - - + + CCII+ ICCII— CCII+ B-10 No
A-5 + — - + + + CCII—- ICCII+ CCII+ B-14 No
A-6 — — — — + + ICCII— ICCII— CCI+ B-16 No
A-7 - - + + + + ICCII— CCII+ CCII+ B-13 No
A-8 — + + — + + ICCII+ CCII- CCII+ B-15 No
A-9 — + + + - - ICCII+ CCII+ ICClI—- B-6 No
A-10 + — + + — — CCIll— CCII+ ICCII— B-5 No
A-11 + + - + - - CCII+ ICCII+ ICCII—- B-8 No
A-12 + + + — — — CCI+ CCll— ICCII— B-7 No
A-13 — + — — — — ICCII+ ICCII—- ICCII— B-1 No
A-14 - - - + — — ICCII—- ICCII+ ICCII—- B-3 No
A-15 + — — — — — CcCl— ICCII— ICCII— B-2 Yes
A-16 — — + — — — ICCII— CCIl— ICCII— B-4 Yes
Table 6. The family of oscillator circuits generated from Fig. 4(d).

Circut B- a1 K a) K> as K3 Conveyor 1 Conveyor 2 Conveyor 3 Adjoint to circuit A- Floating
B-1 - + + + + + ICCII+ CCII+ CCII+ A-13 No
B-2 + — + + + + CCII—- CCII+ CCII+ A-15 No
B-3 + + - + + + CCII+ ICCII+ CCII+ A-14 No
B-4 + + + — + + CCII+ CCIl— CCII+ A-16 No
B-5 + — - — + + CCII—- ICClI—- CCII+ A-10 No
B-6 — + — — + + ICCII+ ICCII—- CCII+ A-9 No
B-7 — — + — + + ICCII— ccho— CCI+ A-12 No
B-8 — — — + + + ICCII—- ICCII+ CCII+ A-11 No
B-9 - — — — — — ICCII—- ICCII—- ICCII—- A-1 Yes
B-10 — — + + — — ICCII— CCI+ ICCII— A-4 No
B-11 — + — + — — ICCII+ ICCII+ ICCII— A-3 No
B-12 + - + — — — CCIl— CCIl—- ICCII—- A-2 Yes
B-13 + + — — — — CCIl+ ICCII— ICCII— A-7 No
B-14 + - - + — — CCIll— ICCII+ ICCII— A-5 No
B-15 - + + — — — ICCII+ CCIl—- ICCII—- A-8 No
B-16 + + + + — — CCI+ CCIl+ ICCII— A-6 No
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