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QUARTZ CRYSTAL VIBRATOR (71)   We, KABUSHIKI KAISHA  SUWA    Figure 1
illustrates the cutting of a con- 50 



SEIKOSHA, a Japanese Company, of 3-4, 4- ventional quartz-crystal vibrator,
chome, Kinza, Chuo-ku, Tokyo, Japan, do    Figure 2 is a front view of an
embodiment hereby declare the invention, for which we  of a conventional
quartz-crystal vibrator, 5 pray that a patent may be granted to us,
Figure 3 is a rear view of the vibrator of and the method by which it is to
be per-  Figure 2,                              55 formed, to be
particularly described in and    Figure 4 is a sectional view of the
vibrator by the following statement: -           of Figure 2, This
invention relates to quartz crystal   Figure 5 illustrates an oscillator
circuit 10 vibrators.                               employing a quartz
crystal vibrator, According to one aspect of the present   Figure 6 shows
variation of oscillating fre- 60 



invention there is provided a quartz crystal quency of a quartz crystal
vibrator with vibrator of the tuning fork type which is  variation of
capacitance, planar, having a thickness of 0.2 mm or less   Figure 7 is a
view of one embodiment of 15 and which is made by a photo-etching tech- a
vibrator according to the present invention, nique, comprising two tines
each of which    Figure 8 is a rear view of the vibrator of 65 has at least
a pair of electrodes provided on  Figure 7, each of its front and rear
faces, and an    Figure 9 is a sectional view of the vibrator electrode
provided on at least one side face  of Figure 7, 20 of each tine.
Figure 10, comprising Figures 10A to 10E, Preferably each of the front and
rear faces  shows sectional views of various quartz- 70 



of each tine carries two electrodes.    crystal vibrators, one being
according to the The electrode on each side face electrically  present
invention and the rest being conven- connects one of the electrodes on the
adja- tional, and 25 cent front face to one of the electrodes on    Figure
11 illustrates a method producing the adjacent rear face.
quartz-crystal vibrators according to the 75 Preferably the vibrator is
formed from a  present invention. plate obtained by rotating an X-cut plate
Terms such as "upper", "lower", "front", about the X-axis through 0 degree
to 10 degree and then  "rear", etc used herein refer to directions as 30
about an axis generated by the Y-axis as a  seen in the drawings. result of
the first rotation through 70 degree  to 90 degree.   Referring first to
Figure I there is illus- 80 



The vibrator may include a supporting  trated one form of conventional
tuning fork means for supporting the vibrator and for type quartz crystal
vibrator 2 formed from electrically connecting the vibrator to ex- a thin
quartz crystal plate 1 having a thick- 35 ternal circuitry.
ness of 0.2 mm or less by means of a photo- The supporting means may
comprise a  chemical etching technique. The quartz 85 pair of metallic
terminals.             crystal plate 1 is obtained by rotating an According
to a further aspect of the  X-cut quartz crystal plate about the X-axis
present invention there is provided an oscil- through an angle a of between
0 degree and 10 degree 40 lator circuit including  a  quartz-crystal and
thereafter rotating it about a [err]-axis, vibrator as recited above.
generated by the Y-axis by the first rotation, 90 



According to a still further aspect of the  through an angle [err] of
between 70 and 90 degree. present invention there is provided an elec- In
the following discussion it will be assumed tronic timepiece, e.g. a
wristwatch, having an  that the angle a is 00 and the angle [err] is 90. 45
oscillating circuit as recited in the preceding    Referring to Figures 2
to 4 the front and paragraph.                              rear faces of
the tines of the vibrator 2 are 95 The invention is illustrated, merely by
provided with bipolar electrodes 3, 5 and 4, way of example, in the
accompanying draw- 6, respectively. Figure 4 shows the electric ings, in
which:-                        field generated within the vibrator 2 when
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2 the electrodes 3, 5 are connected to one pole  in relation to Figure 10.
Figure lOA shows of a power source and the electrodes 4, 6  a fixed
vibrator i.e. one having a thickness are connected to the other pole. In
con-  greatly in excess of 0.2 mm, made by a con- sequence, an electric
field which is substan-  ventional mechanical process. An electric 5 tially
parallel to the X-axis is induced inside  field is generated between
electrodes on the  70 the vibrator so that it oscillates in the flexural
front and rear faces of the vibrator and mode.
electrodes on the side faces. The electrical The vibrator 2 is electrically
connected  characteristics of this vibrator are superior 



and supported by terminals or lead wires 11, to those of the vibrator
illustrated in Figure 10  12 (Figure 2) which are made of electrically  2
and it is widely used at present.    75 conductive material such as alloy
solder.    Figure lOB illustrates a principle of the Electrically
conductive material 9, 10 is  vibrator of Figure lOA applied to a thin
injected into respective apertures 7, 8 so as  vibrator, i.e. one having a
thickness of the to electrically to connect together the elec-  order of
0.2 mm or less. Since the area of 15 trodes 3, 5 and the electrodes 4, 6.
the electrodes on the side faces is small, the  80 Vibrators such as those
illustrated in  efficiency of the generated electric field is Figures 2 to
4 are made by a batch process, low, and so such a vibrator has little prac-
that is to say, several tens of vibrators are  ticability. 



made at the same time. This simplifies manu-    The. vibrator shown in
Figure 1OC has 20  facture and reduces cost compared to known  been
described previously in relation to  85 methods   of   mechanically
producing  Figures 2 to 5 and has no electrodes on its individual
vibrators. The vibrators can be  side faces. readily made with a length of
5 mm or less    Figure IOE illustrates a principle of the and a width of
1.5 mm or less so that they  vibrator of Figure 1OC applied to a thick 25
can be made extremely small in size.       vibrator. Efficiency is poor
because the elec- 90 Figure 5 illustrates an oscillator circuit  tric field
cannot reach the interior of the including a quartb crystal vibrator 51 and
vibrator because of its thickness. comprising an inverter 52 composed of C-
In Figure lOD, the merits of the vibrator 



MOS transistors, a drain capacitor 53 and a  of Figures. lOB and 1OC are
adopted and a 30  gate capacitor 54.                         quartz crystal
vibrator according. to the  95 Figure 6 shows the variation of oscillating
present invention is illustrated. The internal frequency (Af/f) of the
vibrator 51 with  electric field is applied much more efficiently. change
in the capacitance of the drain  This effect cannot be found in a thick
capacitor 53 or the gate capacitor 54. Curve  vibrator and it can be found
only in a thin 35  55 illustrates the case where the equivalent vibrator
made by a photo-chemical etching 100 series capacitance is 1 x 10-[err] and
curve  technique. .56 is. the case where the equivalent series    As the
electrodes on the front and rear capacitance is 2 x 10-[err]. The
above-men-  faces are joined by the electrodes on the side 



tioned variable range of frequency is required  faces on the tines, a
quartz crystal vibrator 40  to be wide. In the vibrator  illustrated in
according to the present invention does not 105 Figure 2, the equivalent
series capacitance  require apertures, such as the apertures 7, 8 is about
1 x  10[err] F and further improve-  of the conventional vibrator
illustrated in ment can be expected.                      Figure 2.
Accordingly the vibrator can be Figures 7, 8 and 9 are respectively front,
attached directly to the electrical terminals 45  rear and sectional views
of a quartz crystal  or lead wires 21, 22 which pass through a 110 vibrator
14 according to the present inven-  hermetic seal 23. tion. The vibrator 14
is formed in substan-    Figure 11 illustrates a method of forming tially
the same manner as the conventional  quartz crystal vibrators 24 according
to the 



quartz crystal vibrator as shown in Figure 2.  present invention. In Figure
11 only two 50  Electrodes 15, 15', 16, [err] are arranged on  vibrators 24
are shown although it will be 115 side faces of the tines of the vibrator
14. appreciated that a plurality (several tens) of The electrodes 15, [err]
are connected with  vibrators are formed from a single quartz electrodes
17, 20 on the front and rear faces  crystal plate. The electrodes are
formed on respectively and the electrodes 16, [err] are  both the front and
rear faces but at the 55  connected with electrodes 18, 19 on the  stage
illustrated the vibrators are still con- 120 front and rear faces. As shown
in Figure 9  nected to a frame 25. Metal masks 26, 27 the efficiency is
higher than the efficiency of  having respective openings 28, 281 therein
the vibrator of Figure 2 because the electric  are provided. Each opening
[err] in the centre 



field. component in the direction of the X-  is a little wider than the
adjacent openings 60  axis is induced efficiently. The equivalent  28 and
extends over the tines. The electrode 125 series capacitance is about twice
that of the  films are formed on the side faces of the conventional
vibrator.                     vibrator by putting the vibrator between the
The characteristics of a quartz crystal  two masks and depositing a metal
film on vibrator according to the present invention  the vibrator by a
vacuum evaporation tech- 65  will be compared to those of other vibrators
nique. It is desirable that the vibrator and 130    
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3 the masks are inclined to the evaporating  electrodes provided on each of
its front and  40 source or reversed.                        rear faces,
and an electrode provided on at The electrodes on the side faces of the
least one side face of each tine. vibrator need not be provided over the
whole    2. A vibrator as claimed in claim  1 in 5  of the side faces of
the tines but it is suffi-  which each of the front and rear faces of cient
to provide them  only on flexurally  each tine carries two electrodes.
45 distorting portions. It is desirable that each    3. A vibrator as
claimed in claim 2 in of the four side faces of the vibrator are  which the
electrode on each side face elec- provided with electrodes thereon although
trically connects one of the electrodes on the 



10  this again is not essential. The batch process-  adjacent front face to
one of the electrodes ing of the quartz crystal vibrators has the  on the
adjacent rear face.               50 advantage that there is relatively
little extra    4. A vibrator as claimed in any preceding cost involved in
providing the electrodes on  claim in which the vibrator is formed from the
side faces of the vibrator.            a plate obtained by rotating an
X-cut plate 15    As already mentioned above, the equiva-  about the X-axis
through 0 degree to 10 degree and then lent series capacitance of the
vibrator of  about an axis generated by the Y-axis as a  55 Figure 7 is
about 2 x 10-'[err], and as the  result of the first rotation through 70 to
90. curve 56 (Figure 6) shows as a varying range    5. A vibrator as
claimed in any preceding which is almost twice as large as that of the
claim including a supporting means for sup- 



20  conventional thin quartz crystal vibrator.  porting the vibrator and
for electrically con- Therefore, when the vibrator 14 is used, the  necting
the vibrator to external circuitry.    60 resonant frequency may be
adjusted during    6. A vibrator as claimed in claim  5 in manufacture over
a range which is almost  which the supporting means comprises a pair twice
that of the conventional vibrator shown  of metallic terminals. 25  in
Figure 2 and so manufacturing yield can    7. A quartz crystal vibrator
substantially be greatly increased.                      as herein
described with reference to Figures 65 In summary, therefore, the present
inven-  7 to 9, 1OD and 11 of the accompanying tion may advance
miniaturization of the  drawings. vibrators, improve performance and reduce
8. An oscillator circuit including a quartz 



30  cost so that vibrators according to the  crystal vibrator as claimed in
any preceding present invention are very suitable for use in  claim.
70 wristwatches.                                9. An electronic timepiece,
e.g. a wrist- watch, having an oscillator circuit as claimed WHAT WE CLAIM
IS:-                      in claim 8. 35    1. A quartz crystal vibrator of
the tuning         J. MILLER & CO., fork type which is planar, having a
thickness      Agents for the Applicants, of 0.2 mm or less and which is
made by a           Chartered Patent Agents, photo-etching  technique,
comprising  two   Lincoln House, 296-302 High Holborn, tines each of which
has at least a pair of           London, WC1V 7JH. 
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electrodes provided on each of its front and  40 source or reversed.
rear faces, and an electrode provided on at The electrodes on the side
faces of the  least one side face of each tine. 



vibrator need not be provided over the whole    2. A vibrator as claimed in
claim  1 in 5 of the side faces of the tines but it is suffi-  which each
of the front and rear faces of cient to provide them  only on flexurally
each tine carries two electrodes.         45 distorting portions. It is
desirable that each    3. A vibrator as claimed in claim 2 in of the four
side faces of the vibrator are  which the electrode on each side face elec-
provided with electrodes thereon although  trically connects one of the
electrodes on the 10  this again is not essential. The batch process-
adjacent front face to one of the electrodes ing of the quartz crystal
vibrators has the  on the adjacent rear face.              50 advantage
that there is relatively little extra    4. A vibrator as claimed in any
preceding cost involved in providing the electrodes on  claim in which the
vibrator is formed from 



the side faces of the vibrator.            a plate obtained by rotating an
X-cut plate 15   As already mentioned above, the cquiva-  about the X-axis
through 0 to 10 degree and then lent series capacitance of the vibrator of
about an axis generated by the Y-axis as a  55 Figure 7 is about 2 x
10-'[err], and as the  result of the first rotation through 70 to 90
degree. curve 56 (Figure 6) shows as a varying range    5. A vibrator as
claimed in any preceding which is almost twice as large as that of the
claim including a supporting means for sup- 20  conventional thin quartz
crystal vibrator.  porting the vibrator and for electrically con-
Therefore, when the vibrator 14 is used, the  necting the vibrator to
external circuitry.    60 resonant frequency may be adjusted during    6. A
vibrator as claimed in claim 5 in manufacture over a range which is almost
which the supporting means comprises a pair 



twice that of the conventional vibrator shown  of metallic terminals. 25 in
Figure 2 and so manufacturing yield can    7. A quartz crystal vibrator
substantially be greatly increased.                      as herein
described with reference to Figures 65 In summary, therefore, the present
inven-  7 to 9, lOD and 11 of the accompanying tion may advance
miniaturization of the  drawings. vibrators, improve performance and reduce
8. An oscillator circuit including a quartz 30  cost so that vibrators
according to the  crystal vibrator as claimed in any preceding present
invention are very suitable for use in  claim.
70 wristwatches.                               9. An electronic timepiece,
e.g. a wrist- watch, having an oscillator circuit as claimed 



WHAT WE CLAIM  IS:-                     in claim 8. 35    1. A quartz
crystal vibrator of the tuning         J. MILLER & CO., fork type which is
planar, having a thickness     Agents for the Applicants, of 0.2 mm or less
and which is made by a           Chartered Patent Agents, photo-etching
technique, comprising  two   Lincoln House, 296-302 High Holborn, tines
each of which has at least a pair of           London, WClV 7JH. Printed
for Her Majesty's Stationery Office by Burgess & Son (Abingdon), Ltd.-1979.
Published at The Patent Office, 25 Southampton Buildings, London, WC2A 1AY,
from which copies may be obtained.  




