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Abstract

This article describes the sinusoidal oscillator with amplitude controllable based-on CCCCTAs. The proposed circuits

consist of 2 CCCCTAs and 2 grounded capacitors. In addition, the proposed circuits can be electronically

controlled of condition and frequency of oscillation with bias current of CCCCTAs. The output signals have high output

impedances which are connected or driven to next stages or loads. Furthermore, the output signals can be electronically

adjusted the amplitude which is easily and convenient for uses in communication systems or demonstrated in laboratory.

The PSPICE simulation results are confirmed that the proposed circuits have a good performance and accordance

with the theoretical analysis.
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Introduction

The sinusoidal oscillator is vastly used in electrical or electronic
engineering such as the modulation and demodulation
circuits of communication system, instrument or measurement
system, control system, and in laboratory of communication
systems™. Currently, the passive elements in analogue
signal processing circuits are frequently connected to
ground since, they require a small area when fabricated
to integrated circuits (IC). The grounded capacitor is
expediently reduced to the size of an IC*. In adddition,
the grounded capacitor serves to compensate or eliminate
the latent capacity that occurs at the terminals of active
device and the nodes of the circuit™®. An adjustment of the
amplitude of sinusoidal signal is attractive to research and
development®’, since it can be applied to communication
systems. These are AM (Amplitude Modulation)/ASK
(Amplitude Shift Keying) which are classical modulation
schemes in communication system. Furthermore, AM is
useful in plenty of applications such as AM radio
broadcasting and aircraft navigation system. Moreover, ASK
also is widely-used in many applications; for example in
optical communication®”. AM and ASK are vastly used in

laboratories for studying fundamental of electronics/

telecommunication engineering.

The sinusoidal oscillator based-on CCCCTA
has been reported in literature™™. For example, the oscil-
lator circuits in"® are compacted and it can be tuned the
condition of oscillation (CO) and frequency of oscillation
(FO) with electronic method by DC bias current of
CCCCTA. However, the proposed circuits in™* afflicted
from using 2 output (2 gm) in which is the circuits are
complicated. Also, the circuits in Ref.** are using an
external passive resistor in which thermal noise may
occur and it is difficult to implement in IC". The circuit
in”"> employs two CCCCTAs and two grounded capacitors
which is ideal for IC implementation. Also, it can be
electronically/independently adjusted. Unfortunately, the
output currents are unfeasible for adjustment of amplitude
which is not convenient in AM/ASK systems. The
current-mode sinusoidal oscillator in*'* introduced FO and
CO which can be electronically adjusted by DC bias
currents as well as the amplitude can be tuned with
biasing of CCCCTA, which is good for AM/ASK
communication system. Nevertheless, the output currents

can control the amplitude with only a single output.
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The purpose of this paper is to introduce the
synthesis of a sinusoidal oscillator circuit based-on
CCCCTAs. The usefulness of proposed circuits have the
following:

» Using grounded capacitors which are suitable
for IC implementation and eliminable the
parasitic capacitances at ports/nodes.

* The CO and FO can easily be electronically
controlled via DC bias current of CCCCTAs.

» The output currents have high output impedances
that are useful for current-mode circuitry configuration.

* The amplitude of output currents can be
electronically/independently adjusted with DC
bias current, which is suitable for using in AM/
ASK systems.

The workability of the proposed sinusoidal

oscillator is comfirmed via the PSPICE simulation.

Current controlled current conveyor transcon-
ducatance amplifier (CCCCTA)

Since the proposed circuit is based on CCCCTA.
The characteristics of the ideal CCCCTA are represented

by the following hybrid matrix:

I, o 0o 0o o]
V. 1 R0 0 |1
X — X x (1)
L.l o1 0 o |
I 0 0 0 g, ||V

For the CCCCTA implemented by a bipolar

technology, the parasitic resistance is given as

R =
* 2,

) (2)

and transconductance is given as

1

_ B2
gm

o (3)

The circuit symbol and equivalent circuit of the
CCCCTA are illustrated in (Figure 1(a) and (b)), respectively
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Proposed Circuit

The proposed sinusoidal oscillator is shown in
(Figure 2) It consists of two CCCCTAs, two grounded
capacitors and one grounded resistor. The use of grounded
passive element is advantageous from the point of view
of integrated circuit implementation. Moreover, it is found
that the oscillator provides high output impedance which
can directly drive a load without buffering devices. Using
(1) and doing routine circuit analysis, the system characteristic

equation can be expressed as

s’C,C,R R

,+S(C,R, —C,R,)+1=0 4)

From (4), it can be seen that the proposed circuit
can produce oscillations if the condition of oscillation is

fulfilled

Clel = CZRXZ (5)

If the above condition of oscillation (CO) is
satisfied, the circuit produces oscillation with frequency
(FO) of

1

Oppe = e (6)
Cl CZRleXZ

Substituting the parasitic resistance RX and
transconductance g _as respectively shown in (2) and (3)
into (5) and (6), the CO becomes

1,,C =1,C, (7)

and the FO is obtained as

wmc = i IAIIAZ (8)
l VT CICZ

|fIf I,=1,=1,andC,=C,=C ,the FO is

modified to
a)OV(' = 21A
e 9)

From (9), it is clear that, the CO and FO can be

adjusted simultaneously with electronic tuning by IA.
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Figure 1 CCCCTA (a) schematic symbol (b) equivalent
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Figure 2 The proposed sinusoidal oscillator

Simultaneously, the output currents can be obtain as

Loy =8,V (10)
and
lo, =85V, (11)

It should be noted that the amplitude of the current

output /| and I _ can be electronically controlled by /
o1 o2 B2
and IB2, respectively. Moreover, they have high output
impedances which is driven or cascaded to load without
using a buffering device. Furthermore, if IB1 or I82 is
information signal, the AM and ASK can be generated at

current outputs.

Simulation results

To prove the performances of the proposed
oscillator, the PSPICE simulation was performed for
examination. The BJT technology was simulated by using
the parameters of the PR200N and NR200N bipolar
transistors of ALA400 transistor array from AT&T. (Figure 3)
depicts the schematic description of the CCCCTA used

in the simulations with power supplies. The sinusoidal
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oscillator was designed with , and . This yields oscillation
frequency of 2.2MHz. (Figure 4 (a) and (b)) show
simulated output waveforms in transient and steady state,
respectively. (Figure 5) shows simulated output spectrum,
where the total harmonic distortions (THD) of output
currents are about 3.43%. To confirm the output current
can be operated of AM, where IB1 was triangular signal
with a 50kHz frequency is applied, The AM signal at lm
is depicted in (Figure 6) Besides, the proposed circuit has
functioned as AM generator, where IBQ was sinusoidal
signal with a 50kHz frequency shown in (Figure 7) The

results are proper with the theoretical analysis in (10) — (11).

Figure 3 The internal construction of CCCCTA
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Figure 4  The simulated output waveforms (a) transient
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Figure 7 Results of operation of AM of I02

Conclusion

The sinusoidal oscillator using CCCCTAs and
grounded capacitors with current controlled amplitude has
been presented. It employs two CCCCTAs and two
grounded capacitors. Also, grounded capacitors can
reduce the fabrication area of IC and compensated the
latent capacitance at node and input/output ports of
CCCCTAs. In addition, the CO and FO can be adjusted

with electronic tuning. Furthermore, the output current
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signals can be electronically controllable which are easy
for using in AM/ASK communication system. Not only the
output current has high impedance but also the circuit
can be cascaded without additional current buffers. The
performance of proposed circuit are depicted through
PSPICE simulation. The results agree well with the

theoretical anticipation.
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