
2177867 "OSCILLATION CIRCUIT AND OSCILLATOR FOR USE THEREIN" This invention
relates to an oscillation circuit in which is connected a planar thickness
shear mode oscillator, such, for example, as an AT-cut quartz crystal
oscillator, which is adapted to oscillate in the 5         third overtone.
The invention also relates to an oscillator for use in the said oscillation
circuit. It has been usual for a planar type thickness shear mode quartz
crystal oscillator to have a relationship between its diameter (D) and its
thickness (T) such that 10        it oscillates at a fundamental tone or
frequency. Commonly, this relationship ranges from D/T=50 to D/T = 100. The
reason is as follows. The oscillation of a quartz crystal oscillator is
determined by the difference between the negative resistance of an
oscillation circuit in which the oscillator 15       is connected and the
crystal impedance of the quartz crystal oscillator, and the quartz crystal
oscillator oscillates in an oscillation mode in which this difference is at
its greatest. The negative resistance of the oscillation circuit tends to
decrease as the frequency increases. In other words, 20        the negative
resistance decreases as the ratio D/T increases. On the other hand, the
impedance of a quartz crystal oscillator shows a sharp decline as the ratio
D/T increases, and,    2 



so far as impedances in all oscillation modes near or above D/T=45 are
concerned, the impedance of the oscillator is at its lowest when it
oscillates at its fundamental frequency. The characteristic curve of the
negative resistance 5        of an oscillation circuit varies according to
the IC (integrated circuit) used in the oscillation circuit and the
impedance of a quartz crystal oscillator changes with its diameter and
other factors. The factors discussed above, however, exist fundamentally
and the ratio D/T is usually 10       arranged to be in the range from 50
to 100 so as to get stable oscillation at the fundamental frequency. Some
known planar type quartz crystal oscillators are driven in the third
overtone, but in such a case, their oscillation circuits are provided with
tuning circuits composed of 15       coils (L) and condensers (C). In the
prior art, as described above, very thin quartz plates having a
diameter/thickness ratio D/T=50~100 are employed, but the oscillation of
such quartz crystal oscillators is affected by the nature of their
supporting 20       means and it has been difficult to achieve high stable
oscillation due to a decrease in the quality factor (Q). Further, such
quartz crystal oscillators are so thin that their shock resistance is poor
and theyare liable to break. Further, in an oscillation device which is
provided 25       with a tuning circuit which employs L and C components



3 for getting the third overtone, it is inevitable that the size of the
device is large due to the tuning circuit, and especially because of the
size of its coil (L), while the structure of the device is complex due 5
to its large number of parts. The object of the present invention is to
provide a planar thickness shear mode oscillator which can be used in an
oscillation circuit which does not comprise an L, C timing circuit. 10
According to the present invention, there is provided an oscillation
circuit in which is connected a planar, thickness shear mode oscillator
which is adapted to oscillate in the third overtone, the ratio D/T of the
diameter D to the thickness T of the oscillator being 15        such that
the difference between the impedance of the oscillator and the negative
resistance of the oscillation circuit is greater in the third overtone than
in other oscillation modes. Preferably, the oscillator is a quartz crystal
20        oscillator, e.g. an AT cut quartz crystal oscillator. The
oscillator may be substantially disc shaped. Moreover, an arcuate portion
of the disc may be removed to lower its impedance in overtone oscillations.
The oscillator may be such that 25              10 < D/T < 24.   



4 The invention also comprises a planar, thickness shear mode oscillator
which is adapted to oscillate in the third overtone and which is adapted
for use in the above- mentioned oscillation circuit, the ratio D/T of the 5
diameter D of the oscillator to its thickness T being in accordance with
the expression 10 < D/r < 24. The invention is illustrated, merely by way
of example, in the accompanying drawings, in which:- 10              Figure
1 is a graph showing the relationship between the ratio D/T of a quartz
crystal oscillator and the difference between the negative resistance of an
oscillation circuit and the impedance of the quartz crystal oscillator in
each oscillation mode, 15              Figure 2 is a plan view of a quartz
crystal oscillator according to the present invention, Figure 3 is an
elevation of the quartz crystal oscillator of Figure 2, Figure 4 is a
diagram of an oscillation circuit 20         which incorporates the
oscillator of Figures 2 and 3 but which is not provided with an L, C tuning
circuit, Figure 5 is a grap showing the relationship between the frequency
and the negative resistance of the oscillation circuit, 25
Figure 6 is a graph showing the relationship between  



5 the ratio D/T of the quartz crystal oscillator and the crystal impedance
(CI) in each oscillation mode, Figure 7 is a graph showing the relationship
between the ratio D/T and the negative resistance in the fundamental 5
tone or frequency, Figure 8 is a graph showing the relationship between the
ratio D/T and the negative resistance in the third overtone, and Figure 9
is a graph showing the relationship between 10       the ratio D/T and the
negative resistance in the fifth overtone. In Figures 2 and 3 there is
shown a disc shaped AT cut, thickness shear mode quartz crystal oscillator
in which D designates the diameter and T designates the thickness, 15
and in this caseD = 6mm.The outer periphery of the oscillator is trimmed
just a little (by removing an arcuate portion thereof) to lower its
impedance in overtone oscillations. Figure 4 shows an oscillation circuit
which includes the oscillator of Figures 2 and 3 but which is not provided
20        with an L, C tuning circuit. The relationship between the
negative resistance [err] of the oscillation circuit and the frequency
F(MHZ) of the oscillator is indicated by the curve shown in Figure 5. The
shape of the curve varies a little according to the IC (integrated circuit)
employed 25        in the oscillation circuit, but each curve shows similar



6 declining shape. If the diameter of the quartz crystal oscillator is
6=mm, the relationship between the ratio D/T and the crystal impedance (CI)
in respective oscillation modes is shown 5        in Figure 6.   A
substantially proportional or linear relationship exists between the
thickness T of the quartz crystal oscillator and the frequency F(MHZ) at
the fundamental tone or frequency of the quartz crystal oscillator. The
relationship is indicated by the following equation:- 10             F(MHZ)
= Kf/T (mm),(where, approximately, [err] = 1.670). From the above equation
and from Figures 5 and 6, the relationships between the ratio D/T, the
crystal impedance (CI) and the negative resistance [err] in different
frequency modes can be obtained, and are respectively shown in Figures 15
7, 8 and 9. The difference between the negative resistance IRI of the
circuit and the impedance (CI) of the quartz crystal oscillator in each
oscillation mode can be calculated in each of Figures 7, 8 or 9, and such
difference is indicated graphically in Figure 1. From Figure 1 it will be
seen that this difference 20       is greatest in the third overtone, i.e.
is greatest between the point A and the point B wherein the quartz crystal
oscillator oscillates in the third overtone, and we can obtain an
inequality, 10 < D/T < 24. In practice, in the case of the oscillator of
Figures 2 and 3, the third overtone 



25       oscillation is unstable below D/T=10 and above D/T=24 and    7 a
stable third overtone oscillator can therefore be obtained by arranging
that the ratio D/T avoids such unstable regions. The present invention thus
enables the oscillation 5           circuit to be composed of a small
number of parts since it does not require an L, C tuning circuit, and the
oscillation circuit can therefore be made small. SInce the quartz crystal
oscillator oscillates in the third overtone, the capacitance of motion (Cm)
can be made low and the 10          influence of stray capacitance can be
made small. Further, the quality factor Q can be made large and the
oscillator can be arranged to perform high stable oscillation with
excellent ageing characteristics. Furthermore, the oscillator can be made
thicker than conventional oscillators so as to 15          improve its
shock resistance.    8 C L A I M S           L 1. An oscillation circuit in
which is connected a planar, thickness shear mode oscillator which is
adapted tc oscillate in the third overtone, the ratio D/T of 



the diameter D to the thickness T of the oscillator being 5        such
that the difference between the impedance of the oscillator and the
negative resistance of the oscillation circuit is greater in the third
overtone than in other oscillation modes. 2.    An oscillation circuit as
claimed in claim 1 in which 10       the oscillator is a quartz crystal
oscillator. 3.    An oscillation circuit as claimed in claim 2 in which the
oscillator is an AT cut quartz crystal oscillator. 4.    An oscillation
circuit as claimed in any preceding claim in which the oscillator is
substantially disc shaped. 15       5.    An oscillation circuit as claimed
in claim 4 in which an arcuate portion of the disc shaped oscillator has
been removed to lower its impedance in overtone oscillations. 6. An
oscillation circuit as claimed in any preceding claim in which the
oscillator is such that 20               10 < D/T < 24. 7.     An
oscillation circuit substantially as hereinbefore described with reference
to the accompanying drawings.    8.    A planar, thickness shear mode
oscillator which is adapted to oscillate in the third overtone and which is
adapted for use in the oscillation circuit claimed in claim 1, the ratio
D/T of the diameter 5         D of the oscillator to its thickness T being
in accordance with the expression 



10 < D/T < 24. 9.    An oscillator as claimed in claim 8 in which the
oscillator is a quartz crystal oscillator. 10        10.   An oscillator as
claimed in claim 9 in which the oscillator is an AT cut quartz crystal
oscillator. 11.    An oscillator as claimed in any of claims 8-10 in which
the oscillator is substantially disc-shaped. 12.    An oscillator as
claimed in claim 11 in which 15        an arcuate portion of the disc
shaped oscillator has been removed to lower its impedance in overtone
oscillations. 13.    An oscillator substantially as hereinbefore described
with reference to and as shown in Figures 2 and 3 20        of the
accompanying drawings. 14.    Planar type thickness shear mode quartz
oscillator in which the proportion between the diameter and the thickness
of the quartz oscillator is so designed that difference between impedance
of the quartz oscillator 25        and negative resistance of oscillation
circuit for the quartz oscillator is greater in the third overtone than
those in other oscillation modes.    


