A Low Frequency Oscillator Using a Gyrator
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A LOW FREQUENCY OSCILLATOR USING A GYRATOR
by

Kohki MaTsuura*, Susumu SHirasawa**, and Gaishi Yamamoro*

Abstract

This paper reports the method to obtain both the negative resistance and the simulated
inductance from a single gyrator at the same time, and proposes a simple application of this
technique to the realization of an oscillator. This oscillation circuit is hopeful in very low
frequency range. The conditions for oscillation are given and the amplitude and frequency
limitations for the circuit are analyz ed.

1. Introduction

Recently, realizations of the functional elements which consist of the operational
amplifiers and some passive elements have been widely investigated. The gyrator is one of
them. The gyrator circuit proposed by Antoniou® is well known. It consists of two
operational amplifiers and four resistors, and has the advantage of simulating an inductance
with a high Q-factor. There is an application of the simulated inductance obtained by a
gyrator circuit terminated by a capacitor to a sinusoidal oscillation circuit. This paper reports
a method to obtain both a negative resistance and a simulated inductance using a single
gyrator at the same time, and proposes a new oscillator circuit using it.

2. Analysis

The L-C parallel resonance type oscillation circuit with a negative resistance is shown in
Fig.1{a). This circuit is realized by the circuit shown in Fig.1(b), where the inductance L is
simulated by the gyrator which is terminated by a capacitor, and the negative resistance -o is
replaced by the negative immitance converter terminated by a positive resistor.

Through the nullor representation, it can be immediately understood that Antoniou's
gyrator circuit is split into the current inversion type negative immitance converter (C.N.LQ)
and negative immitance inverter (N.II). Thus, from Fig.1(b), the detailed block diagram is
derived and shown in Fig.2(a).

For the L-C parallel resonance type oscillator, the stable oscillation is obtained by using
the short circuit stable negative resistance. Therefore, the N.L.C. shown in Fig. 1(b) should be
the CN.IC.. For simplification, we assume that the conversion factors of two N.ICs in
Fig.2(a) are both equal to -1. In Fig.2(a), the admittance of the resonant circuit is invariable
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of (b).

whether the positive resistance R, is connected to the terminals a-a’ or the terminals b-b'".
Thus, C.N.IC. (1) is meaningless. In this way, simplification leads the block diagram
illustrated in Fig.2(b). The nullor representation of Fig.2(b) is given in Fig.2(c). The C.N.I.C.
and N.II can be each constructed by an operational amplifier and two resistors. An
oscillation circuit derived from nullor model is shown in Fig.3. All resistors but R, are
gyration resistors. The amplification of an operational amplifier, A, is assumed to be unipole
and is given by

4= Ao , Q) > Va
Wetjw A
Ry -
where A, is the dc gain and w. is the cutoff R,
frequency of the amplifier. ANN— ANV
The input admittance of the gyrator with Co Rs
a negative resistance is given by T - =
A Cg
Vs X
+
Yg=R.[ 1
£ @ C4R.R:R.Q, Ry R,
n 1 1
w CeR\R:R,Q: R.R, oy
1 . . . .
i , (2 Fig. 3 Oscillator circuit
+ JwC R R3R, :l @)

where @ is the Q-factor of C,, and Q. is the Q-factor of the gyrator terminated by an ideal
capacitor and is given by
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When we assume the Q-factor of an actual capacitor C, is Q,, the admittance of the circuit
which consists of the simulated-L and C, in parallel is given by the equation

Y, = Yg+wg"+jwca ) @)

The compound Q-factor of @, and Q,, @., is given as follows;

Q= (gtoo) ©)

From the equations (2), (3) and (5), Y, becomes

-lhr g me ) et ] ®

where L, is the simulated inductance obtained by the gyrator terminated by a capacitor. The
value of L, is given by

R .R,R,

Ly, = ~ R,

Ce . (N

If the loss of C, is negligibly small and the Q-factor €, is much greater than unity, the
admittance Y, can be reduced to

I s s e » ke L I ®

3. Conditions for oscillation

The conditions for oscillation are given by

Real (Y, 0 =10 |, )]
Imag (Y, ) =0

From the equations (8) and (9), the conditions for oscillation of the circuit shown in Fig.3 are
as follows;

-1

RZ Lg,l 1\

Sy SV AT R L
w, =1//L,C, . 10)

The equations (7) and (10) show that the oscillation frequency w, is controllable by varying the
gyration resistances R,, R,, R,, and R,.
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By letting R, =R, in the equation (10), &, can be reduced to

1 1 —1
R, =w,L (——+ . 11
o 0.7 0. ) (11)
The value of R, for oscillation is shown to be dependent on the oscillation frequency. In our

experiment, polyester film capacitors were used for C; and C, whose capacitances were equal.
Their Q-factors were proved by measurement to have relations with the frequency « such that

Qe Qo -1 (z<1) . (12)

The results of measurement ? are shown in Fig.4 and Table 1. 7 lies in the range 0.23-0.27.
The Q-factors at 1| KHz are

Qs = Q, =250 (I KHa2). (13)

1o° 1.0

1y
i

N 100nF

— /4'nF ] -

33nF =

10¢ .
2 5 1 2 5 wlw.

Normalized Frequency 0.1

Fig. 4 Measured frequency responses of
capacitors’ Q-factor.

Table 1
Capacitance(nF) we(rad/s) T (w=w,)
100 4902 0.27
74 6411 0.27
i ' L L ' i
33 13750 0.23 1K Frequency(Hz) 10K

Fig. 5 Frequency responces of Rp
(calculated values; ——,
Measured values; X x x, O0QO)

Substituting the expressions (12) and (13) into (11), the value of R, for oscillation is
calculated. The calculated values are shown in Fig5, where A,=15x10° and w.=2xx4
rad/sec. The experimental values are also shown in the figure.

From the equation (3), it is found that &, is the function of the frequency and can be
made to be negative by appropriately selecting the values of R, and K,. However, it is
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undesirable for the oscillation circuit to choose this method. Because values of the negative
resistance obtained in this way are uncontrollable.

4. Amplitude of oscillation

The output voltages of two operational amplifiers in Fig.3 are V, and Vj respectively.
We assume that the input-output characteristic is symmetric for the origin, and maximum
output levels of V, and Vj are the same and let them be V.

The relation between V, and Vj is given by

Vi =F<«Vg , (14)

where

R 1 1 1 1
F=R [ £y - .

2 Z+R4\R2+R3+Rn) R (15)
Z is the impedance of C, or C, at the frequency w and an approximation was made that
A,>1.  Let maximum voltage amplitude (peak to zero) across the resonant circuit be V.
The value of V, is calculated and is given as follows ;

_ 7 .

V"Z+1€1Vs IEL>L a6
4 .

V,_Z+R1FVS (| F) <1

In the equation (16), the upper relation holds in the case that Vg =V, the lower holds in the
case that V, =V, or in the case that V, = Vz= V.. If the supply voltages to the amplifiers are
£15 volts, the maximum output voltage is about 14 volts, that is, V=14 volts. From the
equations (15) and (16), V, which is rms value of V; is given by

7| QA+/1-wCR,Q.) 14 .
& Qc+](1—wCR1Q0) ijR4R2 L L L_ R2 i
V= i+ Q. I 1+70+aCRy) RIRIR) R, ]‘ S5 Fl <1,

Fig.6 shows the output level variation with frequency. The experimental conditions are as
follows;
R, = R, = 15KQ, R, =1Mg,
C, = C, = 10nF,
50Q < R, < 100KQ, 10KQ < R, < 500KQ.
As R, increases, the output voltage increases and the variation of output level with frequency
reduces.
We often wish for an oscillator circuit that the output level is independent of the
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Fig. 6 Output level variation with frequency
(calculated values; , Measured values; x x x etc.)

oscillation frequency. This demand is satisfied by connecting a diodes pair to C, in parallel.

By this method, we can obtain a constant level over a comparatively wide range for a large
value of R,.

5. The highest frequency

The highest oscillation frequency of the circuit is determined by the frequency limitation
of the gyrator circuit. Antoniou et a/. analyzed this type of gyrator in detail and proposed a
useful model . The model for the gyrator circuit at high frequency is shown in Fig.7. In
the case that R, =R,=R;=R,=R, the elements in this model are calculated as

' ‘
3 IPM
!
,:> l G, Cp== Le
Yin L
i n
| P

Fig. 7 Antoniou’s model for gyrator circuit at high frequency
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2

_2R+3R,
be="A
L, = R*C, , : (18)

_ 1 R,
©= AR TR
where

2(R+6R,)

b
Af w?

K =

and R, is the output resistance of the amplifier.
Then the driving point admittance is given by

Y = Gp+jwcp+— 1

7p+ij1
_ 1
G.+ FoX (@) (19)
where
_ L? +K?w?
M) = T C BTty @
L, =L.+L,

Since the numerator of X(w) is always positive, X (w) is the inductive reactance provided the
denominator is positive. However, X () is the capacitive reactance when frequency o is so
high that the denominator is negative. Therefore, when the denominator of X(w) is positive,
the circuit is regarded to operate as a gyrator circuit.

The frequency wy at which the denominator is equal to zero is given by

w. — [/ =CoLt+vCEL}{ +4C,L,K?
" 2C,K?

@D

wy is the highest frequency that the circuit operates as a gyrator.
On the other hand, the digital computer simulation was made for this type of gyrator.
The conditions employed in the simulation are as follows ;
R, = 75Q, A, = 15x10°,
we = 2rxx4 rad/sec, R, = 2MQ (input resistance),
R =1KQ, C, = 0.14F, Q. = 10%.
The computed Q-factors of the circuit are shown in Fig.8. The results shown in Fig.8 are
considered to give the Q dependence on frequency in the case that the nonideal gyrator is
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Fig. 8 Q-factor dependence on frequency
(Dotted line indicates negative Q-factor.)

terminated by a high quality capacitor. As shown in Fig.8, Q-factor is negative above wn. This
means that imaginary part of the driving point impedance is negative and that the impedance
is capacitive. Below wn, the circuit acts as a gyrator. Hence, the highest frequency of
oscillation is given by w, in this analysis. The value of w, computed by simulation shows
good agreement with wy calculated by Antoniou’s model.

For the oscillation in very low frequency range (10°~10-°Hz), very large gyration
resistances are needed. For example, R,=10%, R,=10°, R;=10°, R,=10® in ohms for 107"
hertz (C,=C,=10 microfarads). Therefore, in order to fulfil the assumption that its input
impedance should be much larger than the gyration resistances, the very high input impedance
type operational amplifier is useful. We observed the sinusoidal wave at the frequency
10~* hertz using the MOSFET-input operational amplifiers.

6. Conclusions

A method of obtaining the negative resistance and simulated inductance is derived from a
nullor model analysis for Antoniou’s gyrator. A new realization of oscillator using this
technique is proposed and its various characteristics are shown theoretically and experi-
mentally. The variation in the loss of load capacitor with frequency was also taken into
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account. The oscillation frequency is adjustable only by the gyration resistances. By using
high quality capacitors with large capacitance and high input impedance amplifiers (e.g.
MOSFET input operational amplifiers), the oscillator proposed here operates at the lower
frequency than 10~ hertz.
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