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Abstract

The sinusoidal oscillator circuit is widely used for communication system,
instrumentation and especially in the analog circuit experiments. The sinusoidal oscillators
were firstly created by discrete circuit techmique. Further the deve]opments in the form of
mtegrated circuit has been camed for the integrable sinusoidal oscillator in order to reduce the
number of devices in the circuit or system increase the cirenit performance.

In this thesis a simple bipolar tegrable sinusoidal oscillator is
theoretically and experimentally described, The controlling current is lincarly related to the
frequency of oscillation over a wide dynamic range close to four orders of magnitude, The

percentage distortion is less than 1%. The temperature compensation is also carried out,
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Abstract

A bipolar simple integrable sinusoidal
oscillator is experimentally described. The
controlling current is linearly related to the
frequency of oscillation over a wide dynamic
range close to four orders of magnitude. The
percentage distortion is 1less than 1%. The
temperature compensation is also carried out.

Introduction

Integrated wide-variable range sinusoidal
oscillators are desirable in many applications.
Doorenbosch [1] described an integrable two-
integrator sinusoidal oscillator having wide
tunable range. However, Doorembosch's circuit
is rather complicated, taking into account that
two units of integrators, frequency determining
and undamping amplifiers are required, as well
as the amplitude detector. Most other wide-
variable range oscillators are of the
relaxation type, requiring the use of sine-
shaping networks to obtain sinusoidal outputs
[2-4]. Due to the difficulties in exactly
compensating the temperature dependence of the
various switching tines, the  frequency
stabilities of these oscillators with respect

to temperature rapidly deteriorate as the
frequencies increase [2].
In this paper, a simple integrable

sinusoidal oscillator will be described and
experimentally demonstrated, having a linear
frequency tuning range of close to four orders
of magnitude. In addition, the oscillation
amplitude is relatively independent of
frequency of oscillation, such that very little
automatic amplitude control action is required
over the whole tuning range. In fact, as will
be shown experimentally, no extra amplitude
controlling circuit is required if the
frequency variable range is less than ten to
one.

Theory

Figure 1(a)
determining circuit of oscillator.
readily shown that :

shows the basic frequency
It can be

where r.'s are the dynamic resistances of the
forward biased diodes. Equation (1) possesses
band-pass characteristic, having w. as the
center frequency of the pass band, where

Wo =1/ 2 ./ (r—;rczcxcz) (2)

and the pass-band gain at w. is given by :

gain| =1 / (2 + CiCa)

Vo

(3)

which is seen to be independent of frequency.

If all the four diodes in figure 1(a) are
perfectly matched, we can rewrite (2) as :

1/ 2Ve /(C:C2) (4)

where I is the diode bias current and V=
(kT/q) is the usual thermal voltage associated
with a pn-junction.

Wo

It can also be readily shown from (1) that
the Q-factor of the pass-band is independent of
the center frequency.

Therefore, if appropriate sitive
feedback is  provided, the circuit?.0 will
oscillate with a frequency given by equation
(1), which is 1linearly related to biasing
current I. It is further seen that for
oscillations to start spontaneously, the loop

amplifier gain should be greater than (2 +
C2Cz2).
Practical circuit implementatjon

Figure 1(b) shows a practical integrable

circuit of oscillator, without extra automatic
amplltude' controlling network. The required
gain to lnitiate oscillations is provided by
the differential pair Q», Qa, having Qs, Qio,
Q.. as the active load. Let gw be the small
signal transconductance of each transistor of

o the differ@nt@al pair, then the small signal
ia/ia = 8(1/2reCs) / (5% + s{(res(Cat+Cz) current gain is approximately given by :

+ rezCa) / Yeifez2Ca1Ca} + 1/41‘.11’.‘-3C1C=] (1) A1 = guR = I.R / 2Vx (5)
0-7803-0510-8/92$03.00 ©1992IEER 1229
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where it will be shown later that the bias
current I. can be easily made to be equal to

(R./R2) (Vrlna/R'), where a is a constant.
Therefore, (5) can be written as :

As = (R:/Rz) (R/R') lna (6)
which is seen to be temperature independent,

and As can be easily set by adjusting the
resistor ratic (Ri/Rz).

In addition, to maintain a low temperature
coefficient of frequency, it is seen from (4)
that the current I must be both variable and
directly related to the absolute temperature.
This requirement, together with the requirement
to obtain temperature independent current gain
in (6), can be met with the biasing circuit of
figure 2, where transistors Q. to Q.. generate a
temperature dependent current I, given by [5] :

I, = (Ri/Rz) (Vzrlna/R') (7)
where a is the ratio of the emitter areas of Qi
to Q2. Transistors Qi. to Qis generate a
current I given by (6] :

I = IsIefIz = (Vzlolna)/R'Ia = VoKI. (8)

where K = (lna/R'I.) is relatively temperature
independent if both I, and R' possess low

temperature coefficients. Using (8) in (4), we
have :

Wo = KIa/2./(C.C2) (9)

which is relatively independent of temperature.

(a)

(b)

A
s
) 2,
=C
2 2
- =

Figure 1(a) The frequency determining network
{b) Practical integrable oscillator, without extra
automatic amplitude controlling network

The amplitude of oscillation can be set by
varying I., using the resistor ratio (Ri/Rz),
and the steady state amplitude will be limited
by the non-linearlity of the differential pair
0>, Qs. Low distortion sinusoidal oscillation
can be obtained if A is only slightly greater
than the required gain condition of equation
(3), and the oscillation current amplitude is
much smaller than the bias current I.

If the transistors Q. to Q. in figure 1(b)
are well matched, then from equation (3), the
required amplifier gain is constant,
independent of the oscillation frequencies.
Therefore, in principle no extra amplitude
controlling network is required. However, due
to small mismatches in integrated transistors,
the oscillation amplitude will not remain
constant over the whole variable range, and
extra amplitude controlling network will be
required. Further discussions on distortions
and amplitude of oscillations will be given in
the next section.

Experimental Results

The circuits of figures 1(b) and 2 have

been experimentally tested using npn
transistors array (LM3046) and selectively
matched discrete pnp transistors. Particular

care has been taken to ensure that Vse and hr=
matchings of transistros Q. to Qe are better
than +1 mV and *5 percent respectively. This is
to minimize the gain variation of the frequency
determining network, as well as to ensure

linear frequency versus controlling current
relationship, as has been predicted in
equations (3) and (4) respectively. Slight

adjustments were needed in the various emitter
balancing resistors (R"s) to obtain a better
than 2 percent unity current ration tracking
accuracy for I ranging from 1ptA to 1mA.
However, as I exceeds several milliamperes, the
current  ratio tracking accuracy rapidly
deteriorates due to random drifts.

Figure 3 shows the plot of oscillation
frequency versus the controlling current. It is
seen that the experimentally measured results
agree well with the theory predicted by
equation (9). Non-linearity becomes pronounced
only at current levels of greater 5mA, which is
primarily due to the increased significance of
various contact resistances in the frequency
controlling network as the forward biased diode
resistances decrease. In addition, the random
driftings of the bias currents at these high
current levels also caused increase frequency

drifts. Therefore, the practical upper limit of
the bias current level appears to be around
5mA. In this particular experiment, additional
amplitude controlling circuit was employed to
automatically maintain the oscillation
amplitude to better than #0.2dB for the
frequency controlling current ranging from 1pA

to  10mA. Since ~very 1little amplitude
controlling action is intrinsically required,
only a simple diode half-wave rectifier has

been employed in conjunction with a low-pass
filter to generate a current increasing with
amplitude, which is substrated from the gain
setting current I.. In fact, it has been found
to be quite practical to operate the oscillator
without any extra amplitude controlling
network, provided that the frequency
controlling current does not vary excessively.
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Figure 2 The biasing circuit to provide temperature independent operation
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Pigure 3 Plot of the frequency versus controlling current relationship
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For example, we have measured an amplitude
variation of 1less than $0.3dB for I ranging
from 100uA to imA, which is a factor of 1:10
frequency variation. This range of frequency
variation would be adequate in many practical
applications. The absense of amplitude
controlling network allows the frequency to be
swept at very rapid rate.

It has also been experimentally confirmed
that distortions increase as the frequency
controlling current decrease, if the
oscillation amplitude is kept constant. These
distortions are primarily second harmonic, and
can be reduced to negligible level, even when
the frequency controlling current is as low as
a few microamperes, by increasing the
conversion resistances R's of figure 1(b) which
will limit the oscillation current level, as
well as employing sensitive amplitude
controlling network. However, in the 100pA to

1mA frequency controlling current range, the
total harmonic distortions can be easily
reduced to 1less than 1 percent, without
employing automatic amplitude controlling
network.

Although temperature compensated biasing
circuit of figure 2 has been employed in these
experiments, no temperature drift ~performance
has been measured, since these temperature
compensations will be effective only when all
the active elements share a common temperature
environment, which cannot be easily realized
with our'discretely simulated circuit.

Conclusjon

This paper has been proposed and
experimentally demonstrated a relative simple
integrable sinusoidal variable oscillator,
having a wide linear frequency-current

relationship. A salient feature of this
oscillator is that the amplitude of oscillation
is relatively independent of the frequency
controlling current, such that it is practical
to operate the oscillator without extra
amplitude controlling network, provided that
the frequency variation range is less than
10:1. A temperature compensated biasing network
has also been described.
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