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PATENT SPECIFICATION

l) Apphcatron No. 16170/74 (22) Filed 11 Apnl 1974 / ( 19)
(31) Convention Applicatioz No. 60493/73 (32) F1led 30 May 1973 in

(33) Japan (JA)

(44) Complete Spec:ﬁcatron pubhshed 6 Jan. 1977

(51) INT. CL.> HO3H 9/20
'(52) Index at acceptarice
HIE 1

an

(54) QUARTZ CRYSTAL VIBRATOR /

n We, KABUSHIKI KAISHA SUWA
SEIKOSHA, a Japanese body -corporate, of
3—4, 4-chome, Ginza, Chuo-ku, Tokyo,
Japan, do hereby declare the invention, for
which we pray that a patent may be granted
to us, and the method by which it is to be

performed, to be particularly described in-

and by the following statement:—

This invention relates. to- quartz crysta.l

vibrators e.g. for tunepleces such: -as wnst
watches.

In recent years, the technology -of elec-
tronic wrist watches has developed con-
siderably and quartz crystal wrist watches

are now being manufactured. “Such quartz -

crystal wrist watches have quartz crystal
vibrators as their time standard. Conven-

tional quartz- crystal vibrators utilise the.

flexural mode of vibration and are of the
free-free-bar type or the tuning fork type.
Conventional vibrators are formed -from
natural quartz crystal matérial using a dia-

mond wheel: cutter or a supersonic or ultra-

sonic techmique.

In most cases, the conventlonal v1brators
are supported by having directly adhered to
them electrically conductive supporting
wires, e.g. lead wires and the like. .

Recently, chemical techniques e.g. photo-
etching techniques, have been used in the

No. 48-3575.

Another recent development is. the sup--._

porting of vibrators directly by way of por-

tions thereof - which do not- vibrate . w1th

the remainder of the vibrators. . - -
According to_one .aspect of the present

invention there is provided a flexural:quartz

crystal vibrator made from a.laminar plate
of quartz crystal material and havmg at

least two electrodes on each opposite face,.
which faces are parallel to the plane of vibra-
tion of the vibrator, said )g)late .being .ob-:

cut plate-about-
the X-axis through an angle between 0° and-

tained by firstly rotating a

" 10° and by secondly rotating the X-cut: plate

50

about an imaginary axis generated by the
Y-axis as a result of the first rotation

through an ‘angle between 70° and 90°, the:
arrangement being such that an alternating:

current applied to- the electrodes will cause
the vibrator to vibrate.
- Preferably said plate is 0.5 mllhmetres

- or less in thickness.

- Said vibrator .may be formed from sard
plate by a photo-etching technique.

In one embodiment the quartz crystal
vibrator is secured directly to a mounting
structure via a portion thereof which does

not' vibrate with the remainder of the

vibrator.
According to ‘a further aspect of the pre-

sent invention there is provided a timepiece
including a quartz crystal vibrator as rec1ted,

above.

The invention is illustrated, merely by.
way of example, in the accompanying ¢ draw---

ings, . in whlch —

Figure 1 is a perspective view of a con-
ventional quartz crystal vibrator of the tun-
ing fork type; :

- Figure 2 is a cross-section of the vibrator
of Figure 1 taken on the line 2—2;

Figure 3 is a perspective view of another

type of conventional quartz crystal vibrator

of the tuning fork type;

Figure 4 is a cross-section of the vibrator
of Figure 3 taken on the line 4—4;

Figure 5, consisting of Figures 5(a) and
5(b), is a perspective view of one embodi-
ment of a quartz crystal vibrator according
to the present invention;

Figure 6 is a cross-section of the vibrator

of Figure 5 taken on the line 6—6;

‘Figure 7 is a perspective view of the
vibrator of Flgure 5 1llustratmg the mount-
mg thereof;

Figure 8 shows-the vibrator of Figure 5
connected to form a vibrator of the three
terminal type;

- Figures 9-1 9-2 and. 9-3 illustrate one

~chemical technique for “manufacturing a

quartz crystal vibrator aecordmg to the pre-
sent invention;

- Figure 10, oons1st1ng of Figures 10(a)
and 10(b) shows in perspechve another em-
bodiment of a quartz crystal vibrator ac-
cording to the present invention; and

- Figure 11 is a cross-section of the vibrator
of Figure 10, taken on the line 11—11.

“Figure 1. is a- perspective view of a con-
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- photo-etching technique fo

ventional quartz crystal vibrator of the tun-
ing fork type generally designated by the
reference numeral 1. Figure 2 is a cross-
section of the vibrator 1 tak
2—2. The vibrator has two electrodes 2, 3
which are provided on allj the faces thereof
except the end faces.{ The electrical
mechanical and optical axes of the quartz
crystal material of the vibrator are indicated
by the axes X, Y, Z respectively. In Figure
2 an angle « shown in Figure 1 is 0° for
the sake of simplicity. The supporting wire
4 is electrically connected
2 and a supporting wire{5 is electrically
connected to the electrode|3, these connec-
tions being by soldering of the like. '

‘The vibrator is formed from a plate ob-
tained by rotating a Z-cuf plate about the
X-axis through an angle o, the angle «
being between 0° and 10° and usually about
5°, If a positive voltage is applied to the
electrode 3 and a negative Yoltage is applied
to the electrode 2, the electric fields shown
by the arrows in Figure 2 ate produced. The
components of the electric flelds in the direc-
tion of the X-axis cause the quartz crystal
material of the vibrator to become strained.
Considering one of the tine}: of the vibrator,
the component of the electric fields in the
direction of the X-axis to the left (as seen
in Figure 2) of the axis of the tine is in
the opposite direction to the component of
the eleciric fields in the direction of the
X-axis to the right (again as.seen in Figure

2) of the axis of the tine.| Thus one side

of the tine is in tension and the other side
of the tine is in compresgion. Thus sym-
metrical flexural vibrations pf the vibrator 1
will result when an alternating current is
applied between the electrodes 2, 3.

The advantage of a vibrator of this type
is that it can be easily conngcted to an oscil-
lating circuit (not shown) because its
dynamic impedance is low |and that it can
contribute to high precision time keeping
when it is used in a wrist watch because the
flexion point temperature of the tempera-
ture-resonance frequency characteristics is
near to room ftemperature., On the other
hand, a vibrator of this type has the follow-
ing disadvantage. As cles
Figure 1, the- electrodes mpst be provided
on all except the end faces{and these elec-
trodes are of a complex shape making manu-
facture difficult and making it impossible
to reduce the thickness of [the vibrator in
the direction of the Z-axis below 0.5 milli-

- metres. As a result, when|a flat plate: of

quartz crystal material is to|be formed into
the shape of a tuning fork this must be
done using a diamond wheel cutter or a
supersonic or ultrasonic technique and a
example- em-
ploying hydrofluoric - acid, not be used.
The techniques that can be used to form this

to the electrode:

ly shown in

type of conventional vibrator impose limits
upon its miniaturisation. .
Furthermore, a vibrator of this type
which must be soldered in relatively. narrow
portions on the electrodes 2, 3 and this fur-
ther complicates manufacture, .
Figure 3 is a perspective view of a NT-
cut conventional quartz crystal vibrator of
the tuning fork type formed by a conven-
tional chemical technique. Figure 4 is a
cross-section of the. vibrator of Figure 3

_supported by the supporting wires 4?4"’

70

75

‘taken on the line 4—4 of Figure 3. In °

Figure 4 the thickness of the vibrator has
been exaggerated relative to its width and an

angle « shown in Figure 3 is set at 0° for-

the sake of simplicity. : .

A pair of spaced apart electrodes 7, 8
are disposed- on one face of the vibrator
6. a single electrode 9 (Figure 4) being dis-

posed on the opposite face of the vibrator:-

The electrical, mechanical and optical axes
of the quartz crystal material of the vibra-

tor are indicated by the axes X, Y, Z

respectively. The vibrator 6 is formed from
a plate obtaineéd by rotating an X-cut plate
of quartz crystal material through an angle
o to the X-axis and then through an angle
B to the Y'-axis which is an imaginary Y-
axis generated by the rotation through the
angle «. The angle « is usually between
0° and 10° and the angle 8 is usually be-
tween 50° and 70° or between —50° and
—70°( Le. between 290° and 310°)." As is
shown clearly in Figures 3 and 4 a vibrator
of this type only has electrédes on opposite
faces and so it can be formed from a rela-
tively thin plate of quartz crystal material.
Accordingly, a vibrator of this type has the
advantage that it can be formed by a chemi-
cal technique e.g. a photo-etching technique
resulting in a relatively small sized vibrator
and in particular a relatively thin vibrator
which can be mass-produced.

“The vibrator 6, however, cannot be sup-
ported in the same manner as the vibrator
of Figures 1 and 2. The vibrator of Figures
3 and 4 is supported on a mounting struc-
ture 10, ¢.g. a mounting block, by way of
a base portion thereof which portion does
not vibrate with the remainder of the vibra-
tor. To this end a base portion of the elec-
trode 9 is: adhered to the mounting struc-
ture 10 directly with an alloy having a low
melting point or a conductive adhesive
agent. Thus the whole size of the vibrator
of Figures.3 and 4 can be reduced and its
manufacture made ‘easier compared to the
vibrator of Figures 1 and 2. The electrodes
7, 8 are electrically connected to respective

_terminals 13, 14 by lead wires 11, .12 respec-

tively. This connection may be effected by
a wire bonding technique. The electrode 9
is electrically connected to external circuitry
(not shown) via the mounting structure 10.
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Thus the vibrator is of the three terminal

type.
i y'?As mentioned above, the vibrator of
“Fioures 3 and 4 has the advantage that it
can be made of relatively small size, mass
produced and manufactured readily because
it is produced by a chemical technique and
supported directly on the mounting struc-
ture 10. On the other hand a vibrator of

this type has the following disadvantages.

If positive and negative voltages are applied
-to the electrodes 8, 9 respectively, the elec-
tric fields indicated by the reference numeral
15 in Figure 4 are produced within the
guartz crystal material. A componént 16 of
the electric field 15 in the direction of the
X-axis causes strain of the quartz crystal
material. An alternating current applied

to the electrodes 8, 9 will cause the vibrator-

to perform symmetrical flexural’ vibrations
for the same reasons as described with ref-

erence to Figures 1 and 2. The component’

16, however, is “extremely small' compared
to the electric field 15 since thé former is
related to the latter by the cosine of the
angle B. Consequeritly, the vibratot has
a relatively high dynamic impedance. This
dynamic impedance has been " found
theoretically and practically to be inversely
proportional to cos? 8. When 8 is 70°
the dynamic impedance increases 8.5 times
compared to the case where B8 equals 0°.
When 8 equals 75° the dynamic impedance
increases 15 times compared to the case
where B equals 0° and when 8 equals- 90°
the dynamic impedance is infinity. As the
point of zero temperature coefficient of the
temperature-resonance frequency character-
istics increases with increase in the angle 8,
the flexion point temperature is relatively
low because the angle B8 is generally 70°
since otherwise the dynamic impedance
would become unacceptably high. Thus a
vibrator of this type is unsuitable for time-
pieces because its dynamic impedance is too
high and the flexion point temperature is
too low even though the vibrator is advan-
tageous from the point of view of size and
the fact that it may be mass produced.

.As mentioned above in detail, the con-
ventional vibrator of Figures 1 and 2 has
the advantage that its dynamic impedance
is relatively low and its flexion point tem-

_perature is relatively high but thé' disad-

vantage that it is difficult to miniaturise,
especially to make thin, it cannot be made
by a chemical technique and the use of
supporting wires canses problems.  On the
other hand the conventional vibrator of

Figures 3 and 4 has the advantage that it
can be made relatively thin, that it can be
. made by a chemical fechnique.and that it
can' be bonded directly to the mounting.

structure, but the disadvantage that its

dynamic impedance is relatively high and'its

flexion point temperature is relatively low.
Conventionally, the two fypes of vibrator,
were considered to be different since the
methods of applying the electric fields are
dissimilar. - But in view of the similarity of
the angles o and B, the two types of vibrator
may be regarded as onme. That is to say,
the ‘angle « for both types of vibrator is
between 0° and 10° and for the conven-
tional vibrator of the type illustrated in
Figures 1 and 2 the angle 8 is 90° whereas
the angle 8 for a conventiona! vibrator of
the type illustrated in Figures 3 and 4 is
between 50° and 70° or between —S50°
and —70°, .

The following embodiments of the pre-
sent invention have the advantages of the
conventional ' vibrator as described above
without their disadvantages. '

Figure 5, consisting of Figures 5(a) and
5(), is a perspective view of one embodi-
meént of a quartz crystal vibrator 17 ac-
cording to the present invention, Figure 5(a)
being a front view thereof and Figure 5(b)
being a rear view thereof. In Figure 6, an
angle « shown in Figure 5(a) is set at 0°
for the sake of simplicity. Electrodes 18, 19
are provided on one face of the vibrator and
eléctrodes 20, 21 are provided on the oppo-
site face. Enlarged portions 22, 23 of the
electrodes 20, 21 respectively are provided
for securing or assisting in securing the
vibrator to a. mounting structure 27 (Figure
7). - Connecting wires 24, 25 electrically in-
terconnect the electrodes 18, 20 and the
electrodes 19, 21 respectively to form a
vibrator of the two terminal type.

A thin metallic film 26 is provided on
the end of each tine of the vibrator to en-
able the resonant frequency from the vibra-
tor to be adjusted. To this end the films
26 are irradiated with a laser beam to
evaporate some of the metal thereof until
the desired résonance frequency is achieved.
The films 26 are spaced from the electrodes
in this embodiment but it is not impossible
to connect them to electrodes 18, 19. -

. The electrical, mechanical and optical
axes of the quartz crystal material of the
vibrator are indicated by the axes X, Y, Z
respectively. The vibrator is formed from
a plate obtained by rotating an X-cut plate
about the X-axis through an angle o« and

further rotating it through an angle v about .

the Y'-axis which is an imaginary Y-axis
generated by the Y-axis through rotation of
the angle . Z' is an imaginary Z-axis
generated by rotation through the angle «.
The angle o is between 0° and 10° and
the angle v is between 70° and 90° or
between -—70° and —90° (ie. 290° to
270°) in' which range advantageous tem-
peratire-resonance
are obtained.

-If -positive and negative voltages are

frequency characteristics
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applied to the lead wires 24, 25 the electric
field shown by the curved arrows in Figure
6 are produced in the quartz crystal
material. Thus strains are produced in each
of the tines of the vibrator and if an alter-
nating current is applied between the elec-
trodes, the vibrator will perform symmetrical
flexural vibrations. As it is the compo-
nents of the electric fields
of the X-axis which contiibute to vibration
of the vibrator and as these components are
greater than in the conve
Figures 4 and 5, the vib

has a lower dynamic impedance than the

vibrator of Figures 4 and 5. Furthermore,
since electrodes. are not| provided on- all
opposed surfaces of the ti
may have a thickness of 0.5 millimetres or
less in the direction of the Z-axis. There-
fore, a chemical technique, e.
etching technique can be nsed i
facture of the vibrator pf Figure 5 and
consequently the size and :thickness of the
vibrator can be reduced
duction enhanced. - |
-Figures 9-1, 9-2. and _
chemical technique for |manufacturing a
quartz crystal vibrator accprding to the pre-

sent invention. In Figure|9-1 a thin quartz.

crystal plate 33 which is 0.5 millimetres or
less in thickness and whose faces have been
ground to a mirror finis}
to form a. plurality of
simultaneously. Figures 9-2
trate -a photo-eiching .

shape the electrodes and jthe tuning fork:

Figures 9-2 and 9-3 being sectional views
on the line A—A® of Figure 9-1. In Figure
9-2, a-photo-resist 35 in
electrodes to be formed by|the photo-etching
technique is deposited on |one surface of a
thin metallic film 34 which is deposited or
coated on each face of the plate 33. The
parts 36 of- each film 34 pot covered with

the photo-resist are remoyved by using an

acid such as hydrochloric lacid. -

" Thus, the -electrodes arg first formed on
the plate 33. Next, as shown in Figure 9-3,
a photo-resist 37 in the shape of a tuning
fork of the vibrator -to be formed by the
photo-etching technique is |deposited on the
plate 33. The parts. 38 of the plate 33 not
covered with the photo-resist are then re-
moved using hydrogen flworide or hydro-
fluoric acid or the like. -

By using such a techniq
sized vibrator can be produced and such a
vibrator can be mounted in the manner
illustrated in Figure 7 or Figure 3.

Figure 7 illustrates. the mounting’ of the

ji'e

vibrator 17 shown in Figures-5 and 6. The

mounting structure 27 is G-shaped in- cross-

section and is made of  non-conductive -

material such as a ceramic.. Conductors .28,

.29 are provided on the m!ounting-st;ructure

in the direction

tional vibrator of-

the vibrator

nd its mass pro--
;3 illustrate one

h is photo-etched -

ning forks 33* _
- shown .in Figure 8. .
Figure 10, consisting of Figures 10(a) and 100.

he shape of the

tie an ultra-small- .

which insulates the conductors from one an-
other. The vibrator 17 is securely adhered
to the conductors 28, 29 with a low meltin_
point- alloy, a conductive adhesive agent o~
the like in such a way that the -electrode 22
of the vibrator is electrically connected to
the conductor 28, and the eléctrode 23 and
the conductor 29 are electrically connected.
Therefore, the electrode 18 is connected to
the conductor 28 via the connecting wire 24
and the electrode 20, and similarly, the
electrode 19 is comnected to the conductor
29 via the commecting wire 25 and the elec-
trode 21. Thus a vibrator of the two ter-
minal e is: formed. Lead wires 30, 31
are provided to comnect the conductors 28,
29 to external circuitry (not shown). The.
connecting wires 24, 25 need not necessarily
be of wire: they may be made of a low
melting point alloy or a conductive adhesive
agent or the like. In place of the connect-
ing wires 24, 25, connecting electrodes may
be provided on the side surfaces of the
vibrator as shown by a dotted line 32. :
. Though the vibrator of Figure 5 is shown
as being of ‘the two _terminal type, the elec--
trodes thereof may be connected so that
the vibrator is of the three-terminal type..
To this end, the electrodes 19, 21 are con-
nected as a common electrode, the elec-
trode 20 is connected as a driving electrode
and the electrode 18 is connected as a de--
tecting electrode. This arrangement is

10(b) .illusirates  another embodiment of a
quartz crystal vibrator 39- according to the
present invention, Figure 10(a) being a front
view. thereof and. Figure 10(b) being a rear’
view thereof. Figure 11 is a cross-section
of the vibrator of Figure 10.

The vibrator 39 is formed from a plate
of quattz crystal material in a similar man-.
ner to the vibrator of Figure 5. Electrodes
41, 42, 43, 44 are provided on one face
of the vibrator and electrodes 45, 46 on-
the opposite face. Enlarged portions 47,
48 of the electrodes 45, 46 are provided for
securing or assisting in securing the vibrator
directly to a mounting structure (not shown).
A thin metallic film 49 is provided on the.
end of each tine of the vibrator to enable-
the resonant frequency of the vibrator to:
be adjusted as described in' connection with
Figure 5. - . - C :
.In this vibrator a one-input and a one-
output filter can be constructed by electric-
ally connecting-the electrodes 41, 44, elec-

- trically - connecting- the electrodes 42, 43 as

a pair of detecting electrodes, and electric-
ally connecting the electrodes 45, 46-as a
pair of driving electrodes.” - :
_Alternatively a one-input and a two-out-
put filter can. be constructed by electrically.

connecting - the electrodes 45, 46 as a pair 130.
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of driving electrodes, electrically connecting
the electrodes 41, 42 as one pair of detect-
¥ - electrodes and electrically connecting
the electrodes 43, 44 as the other pair of
detecting electrodes. .

The present invention can be applied to

" a free-free-bar flexural quartz crystal vibra-

10

15

20

tor or any other type of flexural quartz
crystal vibrator and is not limited to flexural
quartz crystal vibrators of the tuning fork
type described above.

Quartz crystal vibrators similar to those
described above are also described and
claimed in the following co-pending Appli-
cations filed with the present Application:

Application No. 16169/74 (Serial No.

1,460,636),
16201/74 (Serial No.

) d:‘-\ plication No.
" Application No. 16202/74 (Serial No.

- 1,460,639) and

25

30

35

,637),
Application No. 29076/76 (Serial No.
1,460,640). .
The disclosures of these applications are
incorporated herein by way of reference.
Quartz crystal vibrators according to the
present invention may, if desired be made
from a plate of quartz crystal material in
a similar manner to that described in con-
nection with the conventional vibrator of
Figures 3 and 4.

WHAT WE CLAIM IS:— o

1. A flexural quartz crystal vibrator
made from a laminar plate of quartz crystal
material and having at least two electrodes
on each opposite face, which faces are

parallel to the plane of vibration of the
vibrator, said plate being obtained by firstly

rotating a X-cut plate about the X-axis -

through an angle between 0° to 10° and by
secondly rotating the X-cut plate about an
imaginary axis, generated by the Y-axis as
a result of the first rotation, through an
angle between 70° and 90° the arrange-
ment being such that an alternating current
applied to the electrodes will cause the vibra-
tor to vibrate. '

2. A quartz crystal vibrator as claimed
in claim 1 in which said plate is 0.5 milli-
metres or less in thickness.

3. A quartz crystal vibrator as claimed
in claim 1 or 2 in which said vibrator is
formed from said plate by a photo-etching
technique. :

4. A quartz crystal vibrator as claimed
in any preceding claim secured directly to
a mounting structure via a portion thereof
which does not vibrate with the remainder
of the vibrator.

5. A quartz crystal vibrator as claimed
in claim 1 and substantially as herein des-
cribed with reference to and as shown in
Figures 5 to 11 of the accompanying draw-
ings. .

6. A timepiece including a quartz crystal
vibrator as claimed in any preceding claim.

J. MILLER & COMPANY,
Agents for the Applicants,
Chartered Patent Agents,

262 High Holborn,
London WC1V 7EF.

Printed for Her Majesty’s Stationery Office by Burgess & Son (Abingdon), Ltd.—1977.
.Published at The Patent Office, 25 Southampton Buildings, London, WC2A 1AY
- from whieh copies may be obtained.
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of driving electrodes, eléctrically connecting parallel to the plane of vibration of the

the electrodes 41, 42 as one pair of detect-
Ik) electrodes and electrically connecting
the electrodes 43, 44 as the other pair of
detecting electrodes.

The present invention can be applied to
a free-free-bar flexural quartz crystal vibra-
tor or any other type of flexural quartz
crystal vibrator and is not limited to flexnral
quartz crystal vibrators of the tuning fork
type described above.

Quartz crystal vibrators similar to those
described above are also described and
claimed in the following co-pending Appli-
cations filed with the present Application:

Application No. 16169/74 (Serial No.
1,460,636), :

Application No. 16201/74 (Serial No.
1,460,637),

Application No. 16202/74 (Serial No.
1,460,639) and _

Application No. 29076/76 (Serial No.
1,460,640).

The disclosures of these applications are
incorporated herein by way of reference.

Quartz crystal vibrators according to the
present invention may, if desired be made
from a plate of quartz crystal material in
a similar manner to that described in con-
nection with the conventional vibrator of
Figures 3 and 4.

WHAT WE CLAIM 1S:—

1. A flexural quartz crystal vibrator
made from a laminar plate of quartz crystal
material and having at least two electrodes
on each opposite face, which faces are

vibrator, said plate being obtained by firstly
rotating a X-cut plate about the X-axis
through an angle between 0° to 10° and by
secondly rotating the X-cut plate about an
imaginary axis, generated by the Y-axis as
a result of the first rofation, through an
angle between 70° and- 90° the arrange-
ment being such that an alternating current
applied to the electrodes will cause the vibra-
tor to.-vibrate. '

2. A quartz crystal vibrator as claimed
in claim 1 in which said plate is 0.5 milli-
metres or less in thickness.

3. A quartz crystal vibrator as claimed
in claim 1 or 2 in which said vibrator is
formed from said plate by a photo-etching
technique.

4. A quartz crystal vibrator as claimed
in any preceding claim secured directly to
a mounting structure via a portion thereof
which does not vibrate with the remainder
of the vibrator.

5. A quartz crystal vibrator as claimed
in claim 1 and substantially as herein des-
cribed with reference to and as shown in
Figures 5 to 11 of the accompanying draw-
ings.

6. A timepiece including a quartz crystal
vibrator as claimed in any preceding claim.

J. MILLER & COMPANY,
Agents for the Applicants,
Chartered Patent Agents,

262 High Holborn,
London WC1V 7EF.

Printed for Her Majesty’s Stationery Office by Burgess & Son (Abingdon), Ltd.—1977.
Published at The Patent Office, 25 Southampton Buildings, London, WC2A 1AY
from which copies may be obtained.
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