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" '(54) A FLEXURAL QUARTZ CRYSTAL VIBRATOR

71) We, KapusHixi KaisHa * Suwa
SEixosHA, 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 decribed: in
and by the following statement:— " =~

This invention relates to flexural quartz

crystal vibrators e.g. for timepiece such' as

wrist watches. _
In recent years, the technology of electro-
nic wrist watches has developed-considerably

being manufactured. Such  quartz crystal

wrist watches have quartz crystal vibrators

as their time standard. Conventional quartz
crystal vibrators utilise the flexural mode of
vibration and are of the free-free-bar type of

" tuning-fork type. Conventional vibrators are

cut from :natural quartz crystal material
using a’ diamond ‘wheel cuttér or a super-
sonic or ultrasonic technique. Recently, che-
mical techniques, e.g. photo-etching tech-

"miques, have been used in the manufacture

of vibrators such as disclosed in Japanese

Patent Publication No. 48-3575.
~According to one_ aspect of the present

invention there is provided a flexural quartz

“crystal vibrator made from a plate of quartz-

crystal material which is 0.5 millimetres or
less in thickness and which is cut in a plane
obtained by firstly rotating the tg}a;)ne of a
X-cut plate about the X-axis through ‘an

“angle between 0° and 10° and by secondly

rotating the plane of 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 quartz crystal vibrator may have elec-
trodes on only one surface thereof. =

The quartz crystal vibrator may be_ pro-
vided with a metallic film on a portion there-
of, which portion, in operation of the vibra-

‘tor, does not vibrate, the said film*being

provided to assist in securing the vibrator to
a mounting structure. IR

In the preferred embodiment thie vibrator -

is a tuning fork vibrator. . &

.According to a further aspect ofthé'pi'é‘- '

sent invention there is provided a timepiece

including a flexural quartzcrystalwbra%or
asrecitedabove. ~ = . L -
The invention is illustrated, merely by

“way of example, in the accompanying draw-
ings, in which:— -

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 taken on the
line 2—2 of the vibrator of Figure 1;

Figure 3 is a perspective view of another
type of conventional quartz crystal vibrator
of the tuning fork type; oo

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

“Figure 5 is a perspective view of a flexu-
ral quartz crystal vibrator according to the
present invention of the tuning fork type;

Figure 6 is a cross-section taken on the
line 6—6 of the vibrator of Figure 5;

" "Figure 7, consisting of Figures 7(a) and
7(b), shows, in perspective, another embodi-

ment of a flexural quartz crystal vibrafor

according to the present invention; and
Figure 8 is a cross-section. taken on the
line 8—8 of the vibrator of Figure 7.

'Figure 1 is a perspective view of a con-
‘Ventional quartz crystal vibrator of the tun-

ing fork-type and is generally designated by
the reference numeral 1. Figure 2 is a cross-
;ect;én of the vibrator 1 taken on the line

-.Tl;c_-,_ vibrator has two electrodes 2, 3 Which
are provided on all the faces thereof except

"the end faces. The electrical, mechanical and-

optical axes of the quartz crystal material of
the vibrator are indicated by axes X, Y, - Z
respectively. In Figure 2 an angle « shown
in Figure 1 is 0° for the sake of simplicity.

The vibrator is made from a Z-cut plate

of quartz crystal material rotated through an.

angle « about the X-axis the angle o being
between 0° and 10° and usually about 5°.
If a positive voltage is applied to the elec-
trode 3 and a negative voltage is applied to
the ‘electrode 2, the electric fields shown by
the- arrows in Figure 2 are produced. The
components of the electric fields in the direc-

tion of the X-axis causes the quartz crystal:

material to--become strained. Considering
one of the tines of the vibrator, the com-

55

65

70

s

85

95

100



1460636 w1 - _ : 2.

10

15

20

25

30

35

is

55

60

65 -

porient of the electric fields

-right (again as seen in ‘Figiii
: -of the tine. Thus, one side
. tension and the other side| of the tine i§ in’

compression. Thus symmet|

% the v1brator The electrodes
in Figures 1 and 2, the electti

Laxes X, Y, Z resi)ectlvely

in the dxrectlon
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 electric

fields in the d1rect10n of .the X-axis to the
e 2) of the axis

of the tine is in

ical flexural vib-
ration .of 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 connécted to an_oscil-
lating circuit (not shown) because its dyna-
mic impedance is low. and| that it can con-
tribute to high precision itne keeping when
it is used in a wrist watch because the flexion
point temperature of the’ tmperature-reson—
ance - frequency characteristics is near . to
room temperature. On th¢ other hand, a
vibrator of this type. has he' followmg dis-
advantage. As clearly shown in_ Figure 1,
electrodes must be provided on'all except
the end faces and these eléctrodes are. of a
complex shape making madufacture difficult
and making ‘it nnpcss;bl 1o réduce the
thickness ‘of the vibratof in| the direction of
the Z-axis below 0.5 millime¢tres. As a result,
when a flat plate of ‘quartz crystal ‘mafterial
is to be formed into, the. shape of a_tuning
fork, this must be domi Ising a. diamond
wheel cutter or a supérsonic- or. iiltrasonic

. technique and “a - photosetching technique

cannot be used. The techniques that can be
used to form this type of-copventional vibra-
tor impose limits upon its mfniaturisation.
Figure 3 is.a perspective view of a NT-
cut conventional quartz crystal vibrator 4 of
the tuning fork type fromed by a ‘conven-

tional chemical technique.| Figure 4 is a

cross-section of the vibrator of Figure 3

4 the thickness of the. v1b1:ar has been_ ex-
agerated relative to 1ts width and an angle o
of s1mp11c1ty A pair of sp'ced apart elec-
trodes 5, 6 are disposed on opposite faces of

connected as also are the éle

and .optical axes of the quartz cry:

terial of the vibrator are-ihdicated by the
formed from a plate obtained.
X-cut plate of quartz.
through an . angle « . fo .
through an angle 8. to_the )
an imaginary Y-axis generated
tion through the angle a,

by rotating a

by the rota-

—50°"

I

5 are electrically

e vibrator 4 is
erystal material
Laxis whlch is’

. js chemical technique, but . the disadvantage
usually between 0° and- 10° and the angle 8.
is usually between 50° and {70° -or between
and ‘—70° (ie..between 290° and
.310°). As is clearly shown in Figures 3 and -
4 a v1brator of thls type only has electrodes--,

“on opposxte faces and S0 1t can be formed
from a relatively thin plate of quartz crystal
material. Accordingly, a vibrator of this type’ u
has the advantage that it can be formed by ™
a chemical technique,: e.g.. a photo-etching 70
technique, resulting in a relatively small .
sized vibrator and in particular a relatively &
thin vibrator which' can be mass-produced.
On the other hand, a vibrator of -this type - .
has the following disadvantage. If positive 75
and negative voltages are applied to the elec-
trodes 5, 6 respectively, electric fields indic-
ated by ‘reference numerals 7, 8 in Figure 4
are produced within the quartz crystal ma-
terial. Components 9, 10 of the electric fields
7, 8 respectively in_the -direction of the X-
axis cause strain of the.quartz crystal ma-
terial."An alternatmg current applied to the
electrodes 5, 6 will cause the vibrator to per-
form. symmetncal flexural vibrations for the
same reasons as.described. with reference to
Figures 1. and 2..The components 9, 10, how-
ever, are extremely small compared to the
electric fields 7, 8 since the former is related
to_ the, latter- by the: cosine of the'angle 8.
Consequently, the vibrator has a relatively.
high dynamic impedance.: This-dynamic im-
pedance has been found theoretically -and
practically to- be. inversely proportional to
cos® 8. When, 8 is. 70° -the dynamic- im-’
pedance increases 8.5 times compared. to the
case where 8- -equal 0°. When 8 equals 75°
the dynamic impedance increases 15 ‘times
compared to the case where 8 equals:0° and-
when 8 -equals 90°, the. -dynamic impedance
is_infinity, As the flexion point temperature
of .the " temperature-resonance frequency
charactenstlcs increases, with increase in the-
angle 8, the flexion point temperature i§ re-
latively low because the angle B is generally
70°, since otherwise the d ic impedance
would become -unacceptably” high. Thus 4
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 advant- -
ageous from the point of view of size a.nd'
the fact that it may be mass-produced

- As mentioned. above in detail, the conven- .
tional vibrator of Figures 1 and 2 has the
advantage that its dynamic impedance is-
relatively low and.its flexion point tempera--
ture is relatively high but the disadvantage
that it is difficultto miniaturise especially -
to make thin and it cannot.be made by a
chemical technique. Onthe. other hand, the
conventional vibrator of Figures 3 and 4 has
the advantage that it can be made relauvely ‘
thin easily and that it cin:.bé made by a
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that its dynamlc impedance is relatively high -
and its flexion point temperature is relatively -
low. Conventionally: the two types of :vibra-
tor were considered to-be different since the

methods - of applymg the electric fields are 130 °

85

115-

120 -

125 -

-



S b}

¢ 1460636

dissimilar, But in view of the similarity in

- angles o and B8, the two types of vibrator

My be regarded as one. That is to say, the

. angle « of both types of vibrator is between
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0° and '10° and for a conventional vibrator
of the type illustrated in Figures 1 and 2-the
angle 8 is 90° whereas the angle lf for'a con-
ventional vibrator of the.type illustrated in
Figures 3 and 4 is betweén 50° and 70° or
between —50° and-~—70°. S
‘The following embodiments of the présent
invention have the advantages of the con-
ventional vibrants as described ‘above with-
out their disadvantages. -~ - -
Figure 5 is a perspective view of one'em-
bodiment of a flexural quartz crystal vibra-
tor according to the present invention and
Figure 6 is a cross-section théréof taken on
the line 6-—6 of Figure 5. In Figure 6 an
angle « shown in Figure 5 is'set at 0° for
the sake of simplicity. Two spaced-apart

electrodes 12, 13 are disposed on one and .

the same face of the yibrator. No electrodes
are provided on’ thé oOpposite face of ‘the.
vibrator although that face may have a de-
posited metal film (not shown) thereon to
secure or assist in securing the vibrator to a
mounting structure {not shown). The elec-
trical mechanical and optical axes of the
quartz crystal material of the vibrator are
indicated by the axes X, Y, Z respectivelg.
The vibrator is formed from a plate ob-
tained by rotfating a X-cut plate of quartz
crystal material to an angle o about the X-
axis and then to an angle vy to the Y'-axis
which is an imaginary Y-axis generated by
the Y-axis on rotation through the angle <.
Z' is an imaginary Z-axis generated by the
rotation through the angle «. The angle « is
between 0° and 10° and the angle y is be-
tween 70° and 90° or between —70° and
—90° ie. between 290° and 270° in which
range advantageous temperature chiaracteris-
tics are obtained.

If positive and negative voltages are
applied to the electrodes 12, 13 respectively,

the electric fields indicated by the arrows in

Figure 6 are produced within the quartz
crystal material. Thus, strains are produced
at each tine of the vibrator and if an altern-
ating current is applied between the elec-
trodes, the vibrator will perform symmetri-
cally flexural vibrations. The components of
the electric fields in the direction of the X-
axis are greater than in the convention vi-
brator of Figures 4 and 5 so that the vibra-
tor of Figure 6 has a lower dynamic im-
pedance than the vibrator of Figures 4 and
5. Furthermore, since electrodes are pro-
vided on only one face of the vibrator, the
vibrator may have a thickness of 0.5 milli-
metres or less in the direction of the Z-axis.
Therefore, a chemical technique, e.g. a
photo-etching technique, can be used in the
manufacture of the vibrator of Figure 6 and

consequently its size can be reduced. still
further.. . S _

" Figure 7, consisting of .Figures 7(a) and
7(b), is a perspective -view of another em-
bodiment of a flexural quartz crystal vibra-
tor 14 according to the present invention.
Figure 7(a) is a front view of the.vibrator
and Figure 7(b) is a rear view thereof.
Figure 8 is.a cross-section taken on-the line
8—8 of Figure 7(a). The vibrator- 14 is
formed in the same manner as the vibrator
of Figure 5, a pair of electrodes 15, 16 being
provided on its front face and electrodes 17
to 20 being provided on its- rear face. This
embodiment of the present invention differs
from that shown in Figure 5 in that elec-
trodes are provided on opposite faces of the
vibrator, those on the rear face forming two

. The. electrodes 15,, 17 and 20 are” con-
nected together to form a first set and the

electrodes 16, 18, 19 are.connected together
‘to ‘form a_ second - set. .\ When a voltage is
. applied across. the two sets, the electric fields

shown by arrows in Figure 8 are produced
within the quartz crystal material, and when
an alternating current is applied between the
sets of electrodes, the vibrator will perform
symmetrical flexural vibrations. Further-
more, as the electric fields have a larger
component in the direction of the X-axis
than the electric fields produced in the vib-
rator of Figures 5 and 6, the vibrator 14 is
energised more effectively and it has a lower
dynamic impedance than the vibrator of
Figures 5 and 6. In the above embodiment,
the electrodes 15, 17, 20 and the electrodes
16, 18, 19 are connected together to form
a two terminal vibrator, However, a filter
may be formed which filter consists of a
driving electrode and a pair of detecting
electrodes, the former being the electrodes

"15, 16 and the Jatter being the electrodes 17,

20 and the electrodes 18, 19 respectively.

A two output filter may be formed con-
sisting of the electrodes 15, 16 as a pair of
driving electrodes, the electrodes 17, 18 as
one pair of detecting electrodes, and the
electrodes 19, 20 as the other pair of detect-
ing electrodes.

It will be appreciated that the present in-
vention can be applied to any quartz crystal
vibrator of the tuning fork type and also to
quartz crystal vibrators of the free-free-bar
type.

Quartz crystal vibrators similar to or iden-
tical with those described above, are also
described and claimed in the following co-
pending applications filed with the present
application : :

Application No. 16170/74 (Serial No.

1,460,638).
Application No. 16201/74 (Serial No.

1,460,637).
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Application ‘No. 1620&/74 (Serial No.

1,460,639).

The_disclosures of these applications are
moorporated herein by way of reference.

WHAT WE CLAIM IS: —

‘1. A flexural quartz | crystal vibrator
made from a plate of quartz crystal material
which is 0.5 millimetres or| less in thickness
and which is cut in ‘a plane obtained by
fisstly rotating the plane ¢f a X-cut plate
about the X-axis through dn.angle between
0° and 10° and by secoddly- rofating the
plane of the X-cut plate abi ut an imaginary
axis, generated by the Y-aXis as a result of
the first rotation, throngh an angle between
70° and 90°.

2. A quartz crystal wbra r as claimed in
claim 1 having electrodes
face thereof. .

3. Aquartzcrystalwb tor as claimed

only one -sur--

in claxm lor 2 provxded with a metallic film

on a portion thereof, which portion, in oper- -
ation of the: vibrator, does not vibrate, thei

said film being provided to assist in secur-
ing the vibrator to a mounting structure.

4. A quartz crystal vibrator as claimed.

in any preceding claim in which' the vibra-
tor is a tuning fork vibrator.
5. A flexural quartz crystal vibrator sub-

stantially as herein described with reference .
_toandasshowan:guresStoSofthe

accompanying drawings.
6. A timepiece mcludmg ‘a * flexural

25
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quartz crystal v1brator as claxmed in any pre- 35

ceding claim.

- MILLER & CO..
Agents for -the Applicants,
Chartered Patent Agents,
262 High Holborn,
London, WC1V 7EF.

Printed for Her
. Published at The Paj

-

Majesfy’s Stati Office by & Son (Abingdon), Ltd.—1977.
Omonw;ys Southamptonwmﬁldm@, London, WC2A 1AY,
from which copies may be obtained L .
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Application No. 16202/74 (Serlal No.
1,460,639).

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

WHAT WE CLAIM IS: —

‘1. "A flexural ¢guartz crystal vibrator
made from a plate of quartz crystal material
which is 0.5 millimetres or less in thickness
and which is cut in a plane obtained by

firstly rotating the plane of a X-cut plate:

about the X-axis through an angle between
0° and 10° and by secondly rotating the
plane of the X-cut plate about an imagmary
axis, generated by the Y-axis as a result of
the first rotation, through an angle between
70° and 90°.

2. A quartz crystal vibrator as claimed in

claim 1 having electrodes on only one sur-

face thereof.
3. A quariz crystal vibrator as claimed

in claim 1 or 2 provxdéd with a metallic film

on a portion thereof, which portion, in oper-
el

ation of the vibrator, does not vibrate,
said film being provided to assist in secur-
ing the vibritor to 2 mounting structure.

4. ‘A quartz crystal vibrator as claimed
in any preceding claim in which’ the vibra-
tor is a tuning fork vibrator. '

5. A flexural quartz crystal vibrator sub-
stantially as herein described with reference

.toandasshowanxguresStosofthe

accompanying drawings.

6. A timepiece mcludmg ‘a * flexural
quartz crystal vibrator as clalmed in any pre-
ceding claim. -

J. MILLER & CO,
Agents for the Applicants,
Chartered Patent Agents,
262 High Holborn,
London, WC1V 7EF.

Printed for Her Majesty’s Stationery Office by B urgess & Son (Abingdon), Ltd.—1977.

Published at The Patent Ome, 25 Southamptcm

London, WC2A 1AY,

from which copies may be
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