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o) We, MuratA MANUFACTURING
Co., L1p., a Japanese Body Corporate, of
26-10, Tenjin 2-chome, Nagaokakyo-shi
Kyoto-fu, Japan do hereby declare the in-
vention for which we pray that a patent
may be granted to us and the method by
which it is to be performed to be par-
ticularly described in and by the following
statement: —

The present invention relates to an oscil-
lator and, more particularly, to an im-
proved oscillator employing a ceramic re-
sonator or a single crystal piezo-electric
resonator other than quartz. '

Quartz resonators which resonate at a
predetermined frequency in a stable con-
dition regardless of temperature change
have conventionally been used in oscil-
lators. In other words, oscillators employ-
ing a quartz resonator oscillate in a com-
paratively stable condition when compared
with oscillators eémploying inductor and
capacitor elements, even if the environ-
mental temperature changes. For further
stabilizing the temperature-oscillation fre-
quency characteristics of the quartz re-
sonator, it has been common practice to
employ, as shown in Fig. 1 (showing a
circuit diagram of the conventional type
oscillator), capacitors Ca and Cb having
appropriate electrostatic capacitance-tem-
perature characteristics. For example,
according to the oscillator shown in Fig.
I, in which a quartz resonator Q is em-
ployed, the capacitors Ca and Cb generally
have a temperature coefficient of dielectric
constant of about —5,000 to 200 ppm/°C.
When the quartz resonator Q is employed
in the oscilaltor as oscillating element, such
capacitors Ca and Cb would correct the
oscillation frequency deviation caused by
the temperature change.

Instead of employing the quartz resona-
tor, this can be replaced with a ceramic
resonator or a single crystal piezo-electric

single crystal piezo-electric resonator for

resonator other than quartz which is less
expensive, but is apt to deviate in resonance
frequency, under the influence of tem-
perature change. Accordingly, such cera-~
mic resonator and single crystal piezo-
electric resonator have been considered un-
suitable for use in oscillators.

Recently, there has been produced an
improved type of ceramic resonator or

50

55
use in a filter or in a frequency discrimina-
tor -as a reactance element which shows
less deviation in resonance frequency with
respect to temperature change. However,
even such an improved type of resonator,
for example, a resonator composed of
piezo-electric ceramic material of the lead
zirconate titanate system mixed with a

60

‘material which reduced the temperature

coefficient of the resonance frequency, 65
would yet have a temperature coefficient
of electrostatic capacitance as large as
2,000 to 6,000 ppm/°C. In the event that
such a resonator having a smaller tempera-
ture coefficient of resonance frequency and
thus appropriate to be employed in a filter
and frequency discriminator as a reactance
element is employed in the oscillator shown
in Fig. 1, the capacitors Ca and Cb will
will not correct the oscillation frequency 75
deviaion caused by the temperature
change. This is because the temperature
coefficient of the electrostatic capacitance
of such a resonator is still comparatively
large. When the capacitors Ca and Cb have 80
0 ppm/°C of temperature coefficient of
electrostatic capacitance, the oscillation -
frequency of the improved type of re-

70

‘sonator deviates disadvantageously upon

temperature change, as shown by a graph 85
in Fig. 2, in which the axes of abscissa
and ordinate respresent temperature and’

-oscillation frequency, respectively.

In accordance with the invention, there

is provided an oscillator comprising: 90
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a resonator element constituted by a
ceramic material or a single crystal piezo-
electric material other than quartz; and

at least one capacitor coupled to the
resonator, said capacitor being constituted
by a dielectric material and a pair of
eiectrodes bonded on the dielectric material
in a spaced relation to eachother, said
dielectric material having temperature co-
efficient of dielectric constant substantially
equal to that of the resonator element.
According to one preferred embodiment,
the dielectric material is the same as the
material used for constituting the resonator.

According to a preferred embodiment of
the present invention, the resonator has a
small temperature coefficient of resonance
frequancy, comparable to that of the
quartz, and a large temperature coefficient
of dielectric constant, for example, 2,000
to 6,000 ppm/°C or more. Similarly, the
capacitor coupled to the resonator has a
large amount of temperature coefficient of
dielectric constant, for example, 2,000 to
6,000 ppm/°C or more.

With such arrangement as described
above, the oscillation frequancy deviation
caused by the temperature change is
corrected.

As it is understood from the foregoing
description, the resonator employed in the
oscillator of the present invention pre-
ferably satisfies the above described re-
quirements of both of the temperature co-
efficient of resonance frequency and the
temperature coefficient of dielectric con-
stant. On the other hand, the capacitor
coupled to the resonator has to satisfy
the requirement of the temperature co-
efficient of dielectric constant. Generally,
when the resonator is employed in the
filter or in the frequency discriminator, the
temperature coefficient of the resonance
frequency of such resonator is small. How-
ever, such a resonator may have a tem-
perature coefficient of dielectric consant
varying from a large amount to a small
amount. One of the advantages of the
present invention is that it is possible to
employ all types of resonators having large
or small temperature coefficient of the di-
electric constant, provided that the capa-
citor coupled to the resonator has an
approximatley equal temperature co-
efficient of dielectric constant. For ex-
ample, in the case where the oscillator of
the present invention employs a resonator
having a comparatively large temperature
coefficient of dielectric constant, a capa-
citor having large temperature coefficient
of dielectric constant, that is one approxi-
mately equal to that of the resonator is
employed. On the other hand, in the case
where the oscillator of the present inven-
tion employes a resonator having a com-

paratively small temperature coefficient of
dielectric constant a capacitor having a
small temperature coefficient of dielectric
constant that is approximately equal to that
of the resonator is employed.

The invention is illustrated by the fol-
lowing description of a preferred embodi-
ment thereof with reference to the accom-
panying drawings, in which:

Figs. 1 and 2 are drawings already re-
ferred to in the foregoing description, Fig.
1 being a circuit diagram of the prior art
oscillator, Fig. 2 being a graph of a
temperature-oscilaltion frequency charac-
teristics of an oscillator employing ceramic
or single crystal piezo-electric material for
the resonator and capacitors having 0 ppm/
°C of temperature coefficient of electro-
static capacitance;

Fig. 3 is a circuit diagram of an oscil-
lator of one embodiment of the present
invention;

Figure 4 is a graph of a temperature-
oscillation frequency characteristics of the
oscillator shown in Fig. 3;

Figs. 5, 6 and 7 are circuit diagrams
similar to that of Fig. 3, but particularly
showing further embodiments thereof;

Fig. 8 is a perspective view of an
element having resonator and capacitor
coupled therein; and

Fig. 9 is a front view of the element
which is a modification of the element
shown in Fig. 8.

Before the description of the present
invention proceeds, it is to be noted that
like parts are designated by like reference
numerals throughout the accompanying
drawings. _

Referring to Fig. 3, an oscillator 2a of
the present invention comprises a resonator
4 having opposite electrodes 4a and 4b.
One electrode 4a of the resonator 4 is
connected through a capacitor C, to the
ground, while the other electrode 4b is
connected through a capacitor C, to the
ground. A resistor R, is connected in
parallel to the resonator 4 and also an
amplifier AMP; is connected in parallel to
the resonator 4. An output of the amplifier
AMP, is connected through another ampli-
fier AMP, to an output terminal 6.

The resonator 4 is constituted by a
ceramic or single crystal piezo-electric
material other than quartz. According to
the embodiment shown in Fig. 3, the re-
sonator 4 is constituted by ceramic material
obtained from the lead-zirconate-titrate sys-
tem mixed with a material which reduces
the temperature coefficient of the resonance
frequency. Such resonator 4 has a tem-
perature coefficient of dielectric constant
from 2,000 to 6,000 ppm/°C.

Generally, when a material, i.e., the re-

sonator 4 as described above having com-
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resolance frequency and having compara-
tively large temperature coefficient of di-
electric constant is employed in a oscilla-
tor, it is found that the oscillation fre-
quency deviates to a high degree with re-
spect to the temperature changes. For the
purpose of eliminating such oscillation fre-
quency deviation, there are employed
capacitors C, and C,. Each of the capaci-
tors C; and C, are constituted by opposed
electrodes with a dielectric material be-
tween them. However, it is found by the
present ' inventors that the capacitors of
the ordinary type employing dielectric
material having comparatively small tem-
perature. coefficient of dielectric constant
not appropriately correct to oscillation fre-

-quency deviation, but that the capacitors

employing dielectric material having a tem-
perature coefficient of dielectric constant
approximately equal to that of the resona-
tor 4 advantageously reduces the oscilla-
tion .frequency deviation. For example,
according to the embodiment shown in Fig.
3, the capacitors C, and C, employ the
same material for the dielectric as the
material used for constituting the resonator
4. v
With such arrangement . as described
above, the oscillator 2a oscilaltes at a com-
paratlvely stable oscillation frequency with
respect to temperature change, as shown
by a graph of Fig. 4 in which the axes
of abscissa and ordinate represent tem-
perature and oscillation frequency, respec-
tively.
. Such stable operating condition of the

" oscillator is available even in the oscillators
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prepared in other designs as shown in Figs.

, 6 and 7.

Refemng to Fig. 5, there is shown an
oscillator 2b accordlng to another em-
bodiment of the present invention. The
oscillator 2b comprises a resonator 8 having
opposite electrodes 8a and 8b. One elec-
trode 8a is connected to the ground while
the other electrode 8b is connected to a
junction J; betwen series-connected resistors
R; and R, Such series-connected resistors
R, and R, are connected between a source
of power voltage +Vcc and the ground.
The oscillator 2b further comprises a trans-
istor T, having a base connected to the
junction J;, an emitter connected to the
ground through a resistor R, and, a col-
lector connected to the power source +Vcc
through a resistor. R;. Series-connected
capacitors C,; and C, are connected between
the base of the transistor ‘T; and the
ground. A junction J, between the capaci-
tors C, and C, is connected to the emitter
of the transistor T,. It is to be noted that
‘the material, such as ceramic, used for
constituting the resonator 8 is also used

for constituting the dielectric_material for
the capacitors C; and C,.

Referring to Fig.. 6, there is shown an
oscillator 2c¢ accordmg to a further em-
bodiment of the present invention. The
oscillator 2¢ comprises a resonator 10
having opposed electrodes 10a and 10b.
One electrode 10a of the oscillator 10 is
connected to the ground through a capa-
citor C; while the other electrode 10b is
connected to the collector of a transistor
T,. The transistor T, has an emitter con-
nected to the ground through a resistor R
and the base connected -to the ground
through a resistor R; and also to the source
of power through a resitor Ry The base
of the transistor T, is also connected to
said one electrode 10a of the resonator 10.
The oscillator 2¢ further comprises a trans-

former 12 having a primary winding 12a

and a secondary winding 12b. The primary
winding 12a is connected between the elec-
trode 10b of the resonator 10 and the
ground through a resistor Ry and is also

connected across a capacitor C; which is.

grounded through another capacitor C.
It is to be noted that the material, such
as ceramic, used for constituting the re-
sonator 10 is also used for constituting the
dielectric material for the capacitor C;.
Referring to Fig. 7, there is shown an

-oscillator 2d according to a yet further

embodiment of the present invention. The
only difference between the oscillator 2d
shown in Fig. 7 and the oscillator 2¢ shown
in Fig. 6 is in the respective positions of

the capacitor C; and the resonator 10 which.

are substantially reversed.

In constituting each of the osc1llators
described above, the capacitor or capacitors
having the same material as the resonator
may be assembled separately from the re-
sonator as described above, or may be
assembled together with the resonator in a
manner described hereinbelow to provide
a unit element.

Referring to Fig. 8, there is shown a

‘unit element 14a which is particularly de-

signed for use in the oscillators 2a and 2b
shown in Figs. 3 and 5. The unit element
14a comprises a ceramic plate 16 which
is thouroughly polarized to construct a
piezo-electric plate. A portion 20 encircled
by the chain line -on one surface thereof
is bonded with a metallic plate 22a serving
as an electrode. On the other surface of
the ceramic plate 16, there is bonded a
metallic plate 22b which is in face-to-face
relation with the metallic plate 22a. Thus,
a trapped energy resonator -is constructed
between the metallic plate 22a and 22b
within the portion 20. Portions 24 and 26
encircled by the chain line on one surface
of the ceramic plate 16 are bonded with

metallic plates 28a and 30a and, on the:
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other surface of the ceramic plate 16, there
are bonded metallic plates 28b and 30b
which are in face-to-face relation with the
metallic plates 28a and 30a, respectively.
In order to form capacitors between the
metallic plates 28a and 28b within the por-
tion 24 and also between the metallic plates
30a and 30b within the portion 26, the por-

‘tions 24 and 26 may bc arranged with

mechanical damping in a known manner
by deposition of hardening material such
as solder or synthetic resin for preventing
the portions 24 and 26 from being vibrated
by the influence of the trapped energy
resonator, or otherwise such portions 24
and 26 may be heated for removing the
polarization. It is to be noted that the
ceramic plate 16 which has been described
as being thouroughly polarized can be par-
tially polarized at the portion 20 for con-
stituting the capacitors in the portions 24
and 26 without any mechanical damping
or without any heating treatment. It is to
be noted that the portions 24 and 26 may
be arranged with mechanical damping in
a known manner by soldering or by de-
positing synthetic resin for preventing the
portions 24 and 26 from being vibrated
by the influence of the trapped energy
resonator.

The trapped energy resonator and the
capacitors are connected with each other
by a suitable thin layer of metal in such
a manner that the metallic plate 22a is
connected to the metallic plate 28a and
further to a first terminal 32, and the
metallic plate 22b is connected to the
metallic plate 30b and further to a second
terminal 34, and that the metallic plate
28b is connected to the metallic plate
30a and further to a third terminal 36.

Referring to Fig. 9, there is shown a
unit element 14b which is a modification
of the unit element 14a shown in Fig. 8
and is particularly designed for use in the
oscillators 2c and 2d shown in Figs. 6 and
7. The unit element 14b shown in this
modification has one capacitor formed by
the metallic plates 30a and 30b and the
trapped energy resonator formed by the
metallic plates 22a and 22b. Such capacitor
and trapped energy resonator are con-
nected in such a manner that the metallic
plate 22a is connected to the first terminal
32, the metallic plate 30a is connected to
the second terminal 34 and the metallic
plate 22b is connected to the metallic plate
30b and further to the third terminal 36.

It is to be noted that the unit element is

‘not limited to those shown in Figs. 8 and

9, but other arrangement can be employed
for preparing the capacitor with a material
having approximately the same amount of
temperature coefficient of electrostatic
capacitance with that of the material used

for preparing the resonator.
It is also to be noted that the piezo-

-electric ceramic material which has been

described as obtained from lead-zirconate-
titanate can be obtained from other piezo-

electric ceramic material such as barium

titanate ceramics. Furthermore, the re-
sonator which has been described as con-
stituted by piezo-electric ceramic material
can be constituted by single crystal piezo-
electric material, such as lithium-niobate
(LiNbo3), other than quartz, which single
crystal piezo-electric material has a tem-
perature coefficient of dielectric constant
2,000 to 6,000 ppm/°C.

According to the oscillator of the present
invention described above, since the capa-
citor is formed with the material having
approximately the same amount of tem-
perature coefficient of dielectric constant
with that of the material used for prepar-
ing the resonator, the capacitor stabilizes
the oscilaltion frequency of the oscillator
irrespective of the temperature change.

It is to be noted that the metallic plates
28a and 28b of opposite polarities or metal-
lic plates 30a and 30b of opposite polarities
which have ‘been described as being
arranged in face-to-face relation can be
arranged in different manner. For example,
the metallic plates of opposite polarities
bonded on the opposite flat surface of the
ceramic plate may be deviated from each
other or such metallic plates of opposite
polarities may be bonded on the same sur-
face closely adjacent to each other. In a
further modification, the ceramic material
may be prepared in a form of tube having
opposite electrodes mounted on the oppo-
site ends of the tube.

It is further to be noted that the re-
sonator can be arranged other than the
trapped energy type.

Although the present invention has fully
been described by way of examples with
reference to the accompanying drawings,
it is to be noted that various changes and
modifications are apparent to those skilled
in the art. For example, the oscillator

‘shown in any one of Figs. 3, 5, 6 and 7

may be designed in other circuit connec-
tions as long as they employ the mechanical
resonator and at least one capacitor. There-
fore, such changes and modifications are,
unless they depart from the true scope of
the present invention, to be undersood as
included therein.

WHAT WE CLAIM IS: —

1. An oscillator comprising:

a resonator element constituted by a
ceramic material or a single crystal piezo-
electric material other than quartz; and

at least one capacitor coupled to the

‘ resonator, said capacitor being constituted
by a dielectric material and a pair of elec-
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trodes bonded on the dielectric material in
a spaced relation to each other, said di-
electric material having a temperature co-

8. An oscillator as claimed in claim 7,
wherein said resonator element has a large
temperature coefficient of dielectric con-

efficient of dielectric constant substantially stant. 45

5 equal to that of the resonator element. 9. An oscillator substantially as herein-

2. An oscillator as claimed in claim 1, before described with reference to and as
wherein said dielectric material is the same illustrated in any of Figures 3 to 9 and
as that constituting the resonator element. the accompanying drawings.
3. An oscillator as claimed in claim 1 or 10. A method of manufacturing an oscil- 50
10 claim 2 wherein the resonator element is lator comprising steps of:
constituted by a ceramic material selected preparing a ceramic plate having at least
from the lead zirconate titanate system. one portion thereof polarized;
4. An oscillator as claimed in claim 1 or bonding a first pair of electrodes on the
claim 2, wherein the resonator element is ceramic plate at the polarized portion and 55
15 constituted by a single crystal piezo-electric on opposite surfaces in face-to-face relation
material which is lithium niobate. to each other for constituting a resonator
5. An oscillator as claimed in any one thereat; »
of claims 1 to 3 wherein said resonator  bonding a second pair of electrodes on
element and the capacitor are arranged the ceramic plate at a portion other than 60
20 in a unit element including a ceramic plate said polarized portion but having a tem-

" having at least one portion thereof polar- perature constant of dielectric constant
ized, a first pair of metallic plates bonded substantially equal to that of the polarized
on the opposite surfaces of the ceramic portion for constituting a capacitor there-
plate at said polarized portion for con- at; and 65

25 stituting the resonator thereat, a second bonding a conductive lead member on
pair of metallic plate bonded on the cera- the ceramic plate for electrically connect-
mic plate for constituting the capacitor ing the resonator and capacitor and for
thereat, and conductive lead bonded on external electrically connection.
the ceramic plate for electrically connect- 11. A method of manufacturing an oscil- 70

30 ing the resonator and capacitor and for ex- lator substantially as hereinbefore de-
ternal electrical connection. scribed with reference to and as illustrated

6. An oscillator as claimed in claim 5, in any of Figures 3 to 9 of the accompany-
wherein said second pair of metallic plates ing drawings.
are provided with hardening member for

35 mechanically damping the ceramic plate MURATA MANUFACTURING
at a portion where said second pair of CO., LTD.,
metallic plates are bonded. per

7. An oscillator as claimed in any pre- BOULT, WADE & TENNANT, -
ceding claim wherein said resonator 27 Furnival Street,

40 clement has a small temperature coefficient London, EC4.
of resonance frequency. Chartered Patent Agents.

Printed for Her Majesty’s Stationery Office by The Tweeddale Press Lid., Berwick-upon-Tweed, 1980.

Published at the Patent Office, 25 Southampton Buildings, London, WC2A 1AY, from which copies
may be obtained.



1576704 COMPLETE SPECIFICATION

This drbwing Is a reproduction of
3 SHEETS the Original on a reduced scale

Sheet 1
“rg. !
1~Ca 1—~—Cb
; Q ;L Fig. 2
N 3890

3

: g 3580 /

T

=3

o

‘8?35" -20 0 20 40 60
Fig. 3 TEMPERATURE (°C)

Fig. 4
N 3590
.
zX v
863530 — TTh——
sg
23 ss70
b 20 0 20 40 60
ou

TEMPERATURE (°C)



1576704 COMPLETE SPECIFICATION

This drawing Is a reproduction of
3 SHEETS the Original on a reduced scale
Sheet 2

Frg. 5 '{ Vee

F‘ig. 6
10a 10 10b 2c
12

\nbf'f/ v It
T2 -l:J
s | Re-cC® 12
= R? C7i laa
l ;; Ro
Re | tVee
Frg. 7 od

J
7| J
c T2
I0b i . QJR‘[:CJG 12b
,'f,”\}:f ’%S; 12a
Yz . A |

R8s




1576704 COMPLETE SPECIFICATION

This drawing is a reproduction of
3 SHEETS_ the Original on a reduced scale
: Sheet 3

Fig. 8

[ 30a

Fig. 9




