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ABSTRACT

In this paper, two novel tunable sinusoidal quadrature oscillators employing one DDCC
and two OTAs are presented. The proposed circuits both use a DDCC (Differential Difference
Current Conveyor), two OTAs (Operational Transconductance Amplifiers), two grounded
resistors, and two grounded capacitors. The proposed circuits have been simulated by Hspice
using 0.35um CMOS technology. The main advantages of the circuits are: (1) uncoupled
oscillator, (2) wide frequency range, (3) frequency tunability, (4) all grounded passive compo-
nents ideally for integration, (5) the sensitivities are all less than unity, (6) full use of the capa-
bility of the DDCC, and (7) acquirement of two sinusoidal waveforms with about 90°C phase

difference.
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I. Introduction

Sinusoidal oscillators are widely used in com-
munication, control systems, signal processing,
instrumentation, and measurement systems. Recently,
many variable frequency sinusoidal oscillators have been
proposed using active-R, active-C and active-RC tech-
niques [1-5]. In general, current-mode circuits are re-
ceiving much attention for their potential advantages
such as inherent wider band-width, simpler circuitry,
and wider dynamic range [6]. Therefore, the proposed
sinusoidal oscillators are based on current-mode active
components as DDCC (Differential Difference Current
Conveyor) and OTAs (Operational Transconductance
Amplifiers). The proposed circuits both use a DDCC,
two OTAs, two grounded resistors, and two grounded
capacitors.

II. Circuit description

The Differential Difference Current Conveyor
(DDCC) was proposed by [7]. In this paper, the sche-
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matic implementation for positive type DDCC with
CMOS technology in [8] is shown in Fig. 1, and the
ideal characteristic equations are given by

Ly =ly, =k =0
Vx=Vy;=Vy;+ Vys (D
Ix=%1;

The DDCC is convenient to design circuits because that
V acts like a summer to combine three input voltages
VYla Vyg, and Vy3.

The Operational Transconductance Amplifier
(OTA) is basically an op-amp without an output buffer.
In this paper, the schematic implementation for OTA
with CMOS technology in [9] is shown as Fig. 2, and
the ideal characteristic function is given by (2). The
OTA provides highly linear electronic tunability and
wide tunable range of its transconductance gain. It has
been found to be versatile and flexible to realize vari-
ous applications because the transconductance gains of
OTA may be played as a resistor.

IO = (V+ - V—) *8m (2)

The circuit of the first proposed oscillator is shown
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Fig. 2 The schematic implementation for OTA.

in Fig. 3. The circuit uses a DDCC (Differential Differ-
ence Current Conveyor), two OTAs (Operational
Transconductance Amplifiers), two grounded resistors,
and two grounded capacitors.

Assuming the DDCC and OTAs are ideal, the ma-
trix form of the circuit in Fig. 3 can be expressed as

dVg, l-gmRy -1

dr | _ RC, RC 1| Vo 3)
dVo, Em2 0 [[Vo

dt G

Fig. 3 The circuit of the first proposed oscillator.

and according to equation (3), the condition of oscilla-
tion (CO) and the frequency of oscillation (FO) are given
by

CO: g, R =1 @)
and
V&m ! RC,C)y)
FO =fo=% )]

From equation (4), the condition of oscillation can be
adjusted by transconductance gain g,,, or/and grounded
resistor Ry. Since in equation (5) the frequency of os-
cillation can be tuned by transconductance gain g, or/
and grounded capacitor C,. For above descriptions, the
frequency of oscillation and condition of oscillation can
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be independently controlled. From equation (5), the ac-
tive and passive f; sensitivities are obtained as

fo
SRL'gml

— 7
=0 and S}

7
S¥,

1

C],C2=§

(6)

where the active and passive f; sensitivities are all less
than unity. In this circuit, the use of all grounded pas-
sive components is particularly attractive for integrated
circuit implementation.

The circuit of the second proposed oscillator is
shown in Fig. 4. It uses the same amount of active and

DDCC+
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VYoltages {lin)

Z
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»

passive components as the first proposed oscillator.

If the DDCC and OTA are ideal, the matrix form of
the circuit in Fig. 4 can be expressed as

dVo| [1-&mRL 1

dt |_ RC, RC, [VOI %)
dVor| | _8m g [[Vo

dt G,

where matrix form is different with equation (3) but the
condition of oscillation (CO) and frequency of oscilla-
tion (FO) are equivalent to the equation (4) and (5),
respectively. The active and passive f; sensitivities are
also the same as equation (6). The DDCC and OTAs of
proposed circuits are implemented by Fig. 1 and Fig. 2.

II1. Simulation results

The circuits of Fig. 3 and Fig. 4 have been simu-
lated by Hspice using TSMC 0.35um CMOS
technology. Fig. 5 shows the simulated results of Vg,
and Vo, of Fig. 3 and Fig. 4 with R = 1KQ, R = 40KQ,
Cy=C,=C=10pF, VBB of Fig. 1 =-1.7V, and V,, of
Fig. 2 =-0.4V. The results of Fig. 5 show that the oscil-
latory frequency of Fig. 3 and Fig. 4 are 3MHz and
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Fig.5 Simulated results of Vo and Vg, of Fig. 3 and Fig. 4 with Rp = 1KQ, R = 20KQ, C, = C, = C =10pF, Vgg of Fig. 1 =-1.7V,
Vi, of Fig. 2 =-0.4V. —: Vg, of Fig. 3, ---: Vg, of Fig. 3, O: Vg, of Fig. 4, [J: Vo, of Fig. 4.
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Fig. 6 Variation in the frequency of oscillation for Fig. 3 and
Fig. 4 and g, is varied from 100uS to 750uS. 4.: Oscil-
lation frequency of Fig. 3, []: Oscillation frequency of
Fig. 4.

3.3MHz, respectively. The THD. (Total Harmonic
Distortion) of Fig. 3 and Fig. 4 are 6.685% and 7.052%.
Fig. 6 shows the results of Fig. 3 and Fig. 4 with R| =
1KQ, R =40KQ, C, =C,=C=10pF, VBB of Fig. 1 =
-1.7V and gm?2 is varied from 100uS to 750uS with an
error of 3%.

IV. Conclusion

In this paper, the two novel tunable sinusoidal
quadrature oscillators have been presented. The per-
formance of the proposed circuits is demonstrated by
Hspice simulations. All of simulation experimental re-
sults confirm the theoretical analysis. The proposed cir-
cuits are expected to be useful for applications in
communication, instrumentation and measurement
systems. For implement IC, we can use the bandgap
voltage reference circuits to provide the bias voltage in
the active components of proposed circuits.
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