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.... (54) QUARTZ CR~STAL. VIBRATOR / 

(71) We. KABUSHIKI .. "iU.1sHA . SuWA 
SEIKOSHA, a Japanese body -corporate. of 
3--4, 4-chome, Ginza, Chuo-kn. Tok.yo, 
Japan. do hereby declare the invention, for 

5 which we pray that a patent may be granted 
to us, and the method by which it is to be 
pedormed, to be particularly descri,bed in 
and by the following statement:-
. This invention . relates. to quartz -crystal 

10 vibrators e.g. .for timepieces such as wrist 

lS 

20 

watches. . 
In recent years. the technology -of elec­

tronic wrist watches bas developed con­
siderably and quartz crystal wrist watches 
are now being ~anufactured .. ··Such . quartz 
crystal wrist" watches have quartz. crystal 
vibrators as their time standard. Conven­
tional quartz · crystal- vj,brators utilise . the. 
flexural mode . of vibration and are. of the· 
free-free-bar · tY.,e or the tuning fQik . type. 
Conventional vibrators are formed ·from 
natural quarti crystal material using a dia­
mond wheel cutter or a supersonic or ultra­
sonic technique. . . · · 

2S In most cases •. the conventional vibrators 
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-
30 etching techniques, have been .. used in .the 

manufacture of conventional vibrators· such· 
as disclosed in ·Japanese Patent: Publieation 
No. 48-3575. . ·. . . . . : .. · · 

Another recent development is the sup- . 
3S porting of vibrators directly by way pf por­

tions thereof · which do not vibrate. with 
the remainder of the vibrators. · . · . . 

According to one . aspect of the present 
invention there is provided· a flexural ,quartz· 

40 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.yibra .. 
tion of the vibrator,· said plate . behlg .ob-

4S tained by firstly rotating a X-cut plate·about · 
the X-axis through an angle between .Qi> and· 
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 

SO through an ·angle between 70° . and 90°. the 
arrangement being such th.at.. an . altemating: 

current applied to· the electrodes will cause 
the vibrator to vibrate. · 

Preferably said plate is 0.5 millimetres 
or less in thickness. · SS 

Said vibrator . may be formed from said 
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 60 
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 recited. 6S 
above. . · · 

The invention is illustrated. merely by. 
way of example, in the accompanying draw-
ings •. in which:- · · . 

Figure l is a perspective view of a con- 70 
ventional ·quartz crystal vibrator of the tun-
ing foi;k 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 75 
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 S(a) and 80 
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; 85 

Figure 7 is a perspective view of the 
vibrator of Figure· 5 illustrating the mount-
ing thereof;· 
· Figure 8 shows . the VI°brator of Figure 5 

connected. to form a vibrator of the three 90 
terminal type; . 
··Figures 9-1, 9-2 and 9-3 illustrate one 

chemical techniqu~ for · manufacturing a 
quartz crystal vibrator according to the pre-
sent :invention; · · .. 95 
· Figure 10, consisting · of Figures lO(a) 

and lO(b), shows in perspective another em­
bodiment of a· quartz · crystal VI°brator ac­
cording to the present invention; and 

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

Figure ·.i. is a perspective view of a con- ·· 
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~ ventional quartz crystal vi rator of the tun- type· of conventional vibrator impose limits 
ing fork type generally esignated by the upon its miniaturi~tion. ~-· _ . 
reference numeral 1. Fi e 2 is a cross- · Furthermore, a vibrator of this type ·\,.),; · 
section of the vibrator 1 en on the line supported l>Y the supporting wires 4, ·- sr' 

S 2-2. The vibrator has · o electrodes 2, 3 which must be soldered in relatively. narrow 70 
which are provided on all the faces thereof portions on the electrodes 2, 3 and this fur. 
except the end faces. The electrical ther complicates manufacture. _ 
mechanical and optical es of the quartz Figure 3 is a perspective view of a NT­
crystal material of the vibr tor are indicated cut conventional quartz crystal vibrator of 

10 by the axes X, Y, Z res "vely. Jn Figure the tuning fork type formed by a conven- 75 
2 an angle a shown in gure 1 is 0° for tional chemical technique. Figure 4 is a 
the sake of simplicity. Th supporting wire cross-section of the. vibrator of Figure 3 
4 is electrically connected .to the electrode· ·taken on the line 4-4 of Figure 3. Jn 
2 and a supporting wire 5 is electrically Figure 4 the thickness of the vibrator has 

15 connected· to the electrode. 3, these connec- been exaggerated relative to its width and an 80 
tions being by soldering ·the like. angle a shown in Figure 3 is set at 0° for. 

The vibrator is formed om a plate ob- the sake of simplicity. 
tained by rotating a ~cu. : plate about the A pair of spaced apart electrodes 7, 8 
x~axis through an angle : a, the angle a are disposed. on one face of the vibrator 

20 being beµveen 0° and 10° . d usually about 6~ a single electrode 9 (Figure 4) being dis- 85 
5°. If a positive voltage applied to the prised on the opposite face of the vibrator. 
electrode 3 and a negative . oltage is applied The electrical, mechanical and optical axes· 
to the. electrode 2.. the el ic fields shown of the quartz crystal material of the vibra .. 
by the arrows in Figure 2 e produced. The tor are indieated by the axes X, . Y. Z · 

25 components of the electric elds in the direC- respectively. The vibrator 6 is formed from 90 
tioil of the X-axis cause e quartz crystal a plate· obtained by rotating an X-cut plate 
material of the ·vibrator· to ; · eco:oie strained. of ·quartz· crystal material through an angle 
Considering one of the tin ' : of the vibrator, a to the X-axis and then through an angle 
the component of the el · ic :fields in the f3 to the· Y 1-axis which is an imaginary Y-

30 direction of the X-axis to e left (as seen axis generated by the rotation thro"Qgh ~e 95 
in Figure 2) . of the axis f the tine· is in angle a. The angle a is usually betWeen 
the opposite direction to t e component of 0° ·and 10° and th~ angle .f3 is usually be-
the electric fields in the · ection of the tween 50° and 70° or between -50° and 
X-axis to the right (again · seen in Figure -70°( i.e. between 290° and 310°). As is 

35 2) of the axis of the tine. Thus one side· shown clearly in, Figures 3 and 4 a vibrator 100 
of the tine is in tension the other side of this t™ only has electrodes on opposite 
of the tine is in com.Pr ·on. Thµs sym- faces and so ·it can be· formed from a rela­
metrical flexural vibrations f the vibrator 1 tively thin plaie of quartz cr}rstal . material. 
will result when an al ting current is Accordingly; a vibrator of this type has the 

40 applied between the electro es 2. 3. advantage that it can be formed by a chemi- 105 
The advantage of a vibr tor of this type cal technique e.g. a photo-etching· technique 

is that it can be easily conn ted to an oscil- resulting in a relatively small sized vi"brator 
lating circuit (not sho ) because its and in particular a relatively thin vibrator 
dynamic impedance is low and that it can which can be mass-produced. 

45 contribute to high precisi time keeping The vibrator 6. however~ cannot be sup- 110 
when it is used in a· wrist tch because the ported in the ·same manner as the vibrator 
ftexion point temperature the· tempera- of Figures 1 and 2. The vibrator of Figures 
ture-resonance frequency acteristics is 3 ·and 4 is supported on a mounting struc-
near to room temperature. On the other ture 10, e.g. a ·mounting block, by way of 

SO hand. a vibrator of this typ has the follow- a base portion thereof which portion does 115 
ing disadvantage. As clc ly Shown in not vibrate with the remainder of the vibra­
Figure 1, the· electrodes m st be provided tor. To this end a base portion of the elec-
on all except the end faces and these elec- trode 9 ii! adhered to the mounting struc­
trodes are of a complex sha making manu- ture IQ directly with an alloy having a low 

55 facture difficult and · it impossible melting point · or a conductive adhesive 120 
to reduce the thickness of the vibrator in agent. Thus the whole size of the vibrator 
the direction of the Z.axis elow 0.5 milli· of Figures. 3 and 4. ean be reduced and its 
metres. As a result. when, a fiat plate· of manufacture made easier compared to the 
quartz crystal material is to· be formed into vibrator of Figures 1 aild 2. The electrodes 

60 the shape of a tuning for this must be 7, 8 are electrically connected to respective 125 
done using a diamond wh I cutter or a . terminals 13, 14 by lead wires 11 • .12 respec­
supersonic or ultrasonic t hnique and a tj.vely. This .connection may be effected by 

· photo-etching technique fo example· em- a wire bonding technique. The electrode 9 
ploying hydrofluoric acid, not be used. is electrically connected to external circuitry 

65 The techniques that can be ed to form this (not shown) via the mounting structure 10. 130 

-· 
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Thus the vibrator is of the three terminal 
tYPe . 

. l_jAs mentioned above, the vibrator ~f 
Figures 3 ·and 4 has the advantage that 1t 

5 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 

10 this type has the following disadvantages. 
H 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 

15 qllartz crystal material. A component 16 of 
the electric field 15 in the direction of the 
X-axis causes strain of the quartz crystal 
~aterial. An alternating current applied 
to the electrodes 8, 9 will cause the vibratc>r · 

20 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 the former is 

25 . related to the ·1atter · by the cosine of the 
angle fi. Consequently, the vibrator }las 
a· relatively high dyna:mie impedallce .. ·This 
dynamic impedance has been ., fouild 
theoretically and practically to be ·inversely 

· 30 proportional to cos2 p. When p is 70° 
the· dynamic impedance increases 8.5 times 
compared to the case where {3 equals 0°. 
When f3 equals 75° the dyD.amic impedance 
increases 15 times compared to the case 

35 where (3 equals 0° and when p 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 /3. 

40 the ftexion point temperature is relatively 
low because the angle (3 is generally · 70° 
since otherwise the dynamic impedance 
would become unacceptably high.. Thus a 
vibrator of this type is unsuitable. for time-

45 pieces because its dynamic impedance is too 
high and the ftexion 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. 

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

. perature is relatively high but' the ·• <!~sad-
55 vantaj!;e that it is difficult to miniaturise, 

especially to make thin, it cannot be made 
by a chemical technique and the use of 
supporting wires causes problems. On the 
<lther hand the conventional vibrator of 

60 Figures 3 and 4 has the adVan.tage that it . 
CR.11 be made relatively thin, that it can be 
made by a chemical .technique:· a:ild .that it· 
can be bonded directly to the mounti:iJ.g. 
structure, but the disadva:ilta~ th!lt · its . 

65 'dynamic impedance is relativelyhigh and'its. 

ftexion J?Oint temperature is relatively low. 
conventionally, the two types of vibrator. 
were considered to be different since the 
methods of applying the electric fields are 
dissimilar. But in view of the similarity of 70 
the angles a and p, the two types of vibrator 
may be regarded as one. That is to say, 
the. ·angle a for both types of vibrator is 
between 0° and 10° and for the conven­
tional vibrator of the type illustrated in 75 
Figures 1 and 2 the angle (3 is 90° whereas 
the angle fJ for a conventional vibrator of 
the type illustrated fu Figures · 3 and 4 is 
between 50° and 70° or between · -50° 
and -70°. 80 

The following embodiments of the pre­
sent inventj.on have the advantages of the 
conventional · vibrator as described above 
without their disadvantages. · 

Figtire 5, consisting of Figures 5(a) and 85 
5(b), is a perspective view of one embodi­
ment of a quartz crystal 'vibrator 17 ac­
cording to the present invention, Figure 5(a) 
befug a front view thereof . and Figure 5(b) 
being a rear. view thereof. In Figlire 6, an 90 
angle a shown in Figure 5(a). is set at 0° 
for the sake of simplicity. Eleetrodes 18, 19 
are provided on one faee of the vibrator and 
electrodes 20, 21 are provided on the oppo-
site face. Enlarged portions 22, 23 of ·the 95 
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 100 
electrodes 19, 21 respectively to form a 
vibrator of the two temiinal type. 

A thin metallic film 26 is provided on 
the end of each tine of the vibrator to en­
able the resonant frequency froni the vibra- 105 
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 resonance frequency is achieved. 
The films 26 ~re spaced from the electrodes 110 
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 115 
respectively. The vibrator is formed from 
a plate obtained by rotating an X-cut plate 
aliout the X:.;axis through an angle a and 
further rotating it through an angle "Y about . 
the Y1-axis which is ·an imaginary Y-axis 120 
generated by the Y-axiS through rotation of 
the angle a. Z1 is an imaginary Z-axis 
generated by rotation through the angle a. 
The angle .. a is between 0° and 10° and 
the angle "Y is between 70° and 90° or 125 
between ,....;.70° · and ·-90° (i.e. 290° to 
270°) in which range advantageous. tem­
peratlirO-:resonance frequency characteristics· 
are obtained. 

H · positive ·and negative voltages are 130 
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applied to the lead wires , 25 the electric 
field. shown by the CUIV arrows in Figure 
6 are produced in t quartz crystal 
material. Thus strains ar produced in each 

5 of the tines of the vibrat and if an alter­
nating current is applied etween the elec­
trodes. the vibrator will p orin symmetrical 
flexural vibrations. As t is the compo­
nents of the electric fiel in the direction · 

10 of the X-axis which con "bute to vibration 
of the vibrator and as th . components are 
greater than in the oon¥ tional vibrator of· 
Figures 4 arid 5, the . vi ator of Figure 6 
has a lower dynamic im . ance than the. 

15 vibrator of Figures 4 an 5. Furthermore, 
since electrodes. are not. provided on all 
opposed surfaces of the · es, the vibrator 
may have a thickness of , .5 millimetres or 
less in the direction of • e Z-axis. There-

20 fore, a chemical tecbn.iq' • e.g. a photo­
etching technique can be . · d in the manu­
facture of ~e vibrator .f Figure · 5 and 
consequently· the size an .. thickness of the 
vibrator can be reduced · d its mass pro-

25 duction. enhanced. · . . · 
Figures· 9'."l, 9-2 and -3 illustrate one 

chemical technique for manufacturing a 
quartz crystal vibrator a : rding to the pre­
sent invention. In Figure 9-1 a thin quartz. 

30 crystal plate 33 which is · ~5 millimetres or 
le8s in thickness and who faces have been 
ground to a mirror fiiJ.i is photo-etChed . 
to form a .plurality of · g forks 331 

simultaneously. Figures "'.2 and 9-3 illus-
35 tra.te ·a photo-etching . bnique ~ to· 

shape the electrodes and the tuning fork: 
Figures 9-2 an<f 9-3 be" sectional views 
on the line A-A1 of Fi e 9:..1. In Figure 
9-2, a photQ-resist 35 . in e shape of the· 

40 eleclrodes to be formed by the photo-etching 
technique is deposited on one surface of a 
thin metallic film 34 whic is deposited or 
ooated on each face of e plate 33. The 
parts 36 of· each film 34 ot covered with 

45 the photo-resist are remo ed by using an 
acid such as hydrochloric acid. . . 
· Thus, the ·electrodes ar first formed on 

the plate 33. Next, as sh . in Figure 9-3, 
a photo-resist 37 in the pe of a tuning 

50 fork of the vibrator ·to b formed l;ly the 
photo-etching. technique._is deposited on the 
plate 33. The parts 38. o the plate 33 not 
covered with the photo-r ist are then re­
moved using hydrogen ft orid~ or · hydro-

55 ftuoric acid or the like. 
By using such a techniq e an ultra-small­

sized vibrator can· be. pro ced and such a 
vibrator can be mount in the manner 
illustrated in Flgui-e 7 or igure 3~ · · 

60 Figure 7 illustrates. ihe~mounting of the 
vibrator 17 shown in Figu es ·5· and 6. The · 
mounting structure 27 is . -shaped in· cross­
section · and is made o ... non-conductive · 
material such as a ceraniic-L Conductors .28, 

65 : 29 are provided on the mi"unting · stJ:ucture 

which insulates the ~nductors from one an.; 
other. The vibrator 17 is securely adhered 
to ~he conductors 28, ~9 with a .low mel~ 
pomt alloy. a conductive adhesive agent or~· 
the like in such a way that the electrode 22 70 
of the vibrator is electrically connected to 
the conductor 28. and the electrode 23 and 
the conductor 29 are electrically connected. 
Therefore. the electrode 18 is connected to 
the conductor 28 via the connecting wire 24 75 
and . the· electrode 20, and similarly, the 
electrode 19 is connected to the conductor 
29 via the connecting wire 25 and the· elec­
trode 21. Thus a vibrator of ·the two tet-· 
minal type is ·formed. Lead wires 30. 31 80 
are pr9V1ded to connect .the·.conductor8 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 85 · 
agent or ~he like. In place of the connect-
ing wires 24, 25. connecting electrodes may 
be provided· on the side surfaces of the 
vibrf,ltor as shown by a. dotted line 32. ·. 
. Though the vibrator o( Figure 5 is shown 90 

as being of ··the two. terminal type, the eloo. 
trodes thereof may be connected so that 
the vibrator is of the three-terminal fype. 
To this end, the electrodes 19, 21 are· con­
nected as a common electrode, the elec- 95 
trode 20 is connected as a driving electrode 
and the electrode 18 is connected as a de­
tecting · electrode. This arrangement is· 
shown in Figure 8. 

Figure 10, consisting of Figures lO(a) and· 100 
lO(b) illlistrates · another embodiment of a 
quartz crystal vibrator 39 according to the 
present invention, Figure lO(a) being a front 
view.. thereof and Figure lO(b) being a rear 
view thereof. Figure 11 is a cross-section 1 OS. 
of the vibrator of Figure 10. 

The vibrator 39 is formed from a plate 
of quartz crystal material in a similar man­
ner to the vibrator of· Figure 5. Electrodes 
41, 42, 43, 44 are provided on one face llQ. 
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). 11$· 
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. · 120· 

. 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- 125. 
ally connecting the electrodes 45, 46 . as a 
pair of driving electrodes. · 

. Alternatively a one-input and a two~out-
put fil~r can. be constructed by electrically. 
connecting ·the electrodes 45, 46 as a pair 130 

.. 
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of driving electrodes, electrically connecting parallel to the plane of vibration · of the 

the electrodes 41. 42 as one pair of detect- vibrator. said plate being obtained by firstly r- electrodes and electrically connecting rotating a X-cut plate about the X-axis · 40 
the electrodes 43, 44 as the other pair of through an angle between 0° to 10° and by 

5 detecting electrodes. . secondly rotating the X-cut plate about an 
The present invention can be applied to imaginary axis, generated by the Y-axis as 

a free-free-bar flexural quartz crystal vibra- a result of the first rotation. through an 
tor or any other type of flexural quartz angle between 70° and 90° the arrange- 45 
crystal vibrator and is not limited to :ftexural ment being such that an alternating current 

10 quartz crystal vibrators of the tuning fork applied to the electrodes will cause the vibra-
type described above. tor to vibrate. · 

Quartz crystal vibrators similar to those 2. A quartz crystal vibrator as claimed 
described above are also described and in claim 1 in which said plate is 0.5 milli- SO 
claimed in the following co-pending Appli- metres or less in thickness . 

.15 cations filed with the present Application: 3. A quartz crystal vibrator as claimed 
Application No. 16169/74 (Serial No. in claim 1 or 2 in which said vibrator is 

1,460.636), formed from said plate by a photo-etching 
Application No. 16201 /74 (Serial No. technique. 55 

1,460,637), 4. A quartz crystal vibrator as claimed 
Application No. 16202/74 (Serial No. in any preceding claim secured directly to 

1,460,639) and a mounting structure via a portion thereof 
Application No. 29076/76 (Serial No. which does not vibrate with the remainder 

1,460,640). of the vibrator. 

20 

60 
The disclosures of these applications are 5. A quartz crystal vibrator as claimed 

25 incorporated herein by way of reference. in claim 1 and substantially as herein des-
Quartz crystal vibrators according to the cribed with reference to and as shown in 

present invention may. if desired be made Figures 5 to 11 of the accompanying draw-
from a plate of quartz crystal material in ings. 65 
a similar manner to that described in con- 6. A timepiece including a quartz crystal 

30 nection with the conventional vibrator of vibrator as claimed in any preceding claim. 
Figures 3 and 4. 

WHAT WE a..AIM IS:- . 
1. A :ftexural qUartz crystal v~brator 

35 made from a laminar plate of quartz crystal 
material and having at least two electrodes 
on each opposite face,. which faces are 
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of driving electrodes. electrically connecting parallel to the plane of vibration of the 
the electrodes 41, 42 as one pair of detect- vibrator. said plate being obtained by firstly 
LJ electrodes and electrically connecting rotating a X-cut plate about the X-axis 40 
tne electrodes 43, 44 as the other pair of through an angle between 0° to 10° and by 

5 detecting electrodes. secondly rotating the X-cut plate about ail 
The present invention can be applied to imaginary axis, generated by the Y-axis as 

a free-free-bar flexural quartz crystal vibra- a result of the first rotation, through an 
tor or any other type of flexural quartz angle between 70° and· 90° the arrange- 45 
crystal vibrator and is not limited to flexural ment being such that an alternating current 

10 quartz crystal vibrators of the tuning fo:i:-k applied to the electrodes will cause the vibra-
type described above. tor to . vibrate. · 

Quartz crystal vibrators similar to those 2. A quartz crystal vibrator as claimed 
described above are also described and in claim 1 in which said plate is 0.5 milli- 50 
claimed in the following co-pending Appli- metres or less in thickness. 

15 cations filed with the present Application: 3. A quartz crystal vibrator as claimed 
Application No. 16169/74 (Serial No. in claim 1 or 2 in which said vibrator is 

1,460,636). formed from said plate by a photo-etching 
Application No. 16201/74 (Serial No. technique. 55 

1,460,637), 4. A quartz crystal vibrator as claimed 
Application No. 16202/74 (Serial No. in any preceding claim secured directly to 

1,460,639) and a mounting structure via a portion thereof 
Application No. 29076/76 (Serial No. which does not vibrate with the remainder 

1,460,640). of the vibrator. 

20 

60 
The disclosures of these applications are 5. A quartz crystal vibrator as claimed 

25 incorporated herein by way of reference. in claim 1 and substantially as herein des-
Quartz crystal vibrators according to the cribed with reference to and as shown in 

present invention may, if desired be made Figures 5 to 11 of the accompanying draw-
from a plate of quartz crystal material in ings. 65 
a similar manner to that described in con- 6. A timepiece including a quartz crystal 

30 nection with the conventional vibrator of vibrator as claimed in any preceding claim. 
Figures 3 and 4. 

WHAT WE CLAIM IS:-
1. A flexural quartz crystal vibrator 

35 made from a laminar plate of quartz crystal 
material and having at least two electrodes 
on each opposite face. which faces are 

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

262 High Holbom, 
London WCI V 7EF. 

Printed for Her Majesty's Stationery Office by Burgess & Son (Abingdon), Ltd.-1977. 
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