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(S2) Index li.t acceptance 
HIE 1 

{S4) A FLEXURAL QUARTZ CRYSTAL VIB;ctATQR 

(71) We, KABuSHIKI KAISHA·· StiwA 
SEIKOSHA, a Japanese body corporate. · of 
3-4, 4-chome, Ginza. Chuo-ku, Tokyo, 
Japan, do -hereby declare the invention, for 

S 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 followirig statement:- : ' ·· ·· 

This invention relates to ftexural quartz. 
10 crystal vibrators e.g. for timepiece ·such· as 

wrist watches. · · · · 
In recent years, the technology of electro­

nic wrist watches has developed-eonsiderably 
and quartz crystal wrist watches· ·a.re now 

15 being manufactured. Such quli.rlz cry8tal 
wrist watches have quar1;z crystal vibi'ators: 
as their time standard. COliventionli.l quartz 
crystal vibrators utilise the- flexural iilOde of 
vibration and are of the free-free-bar fype of 

20 ·tuning-fork type. Conventional vibrat(>rs are 
cut from . natural quartz crystal material 
using a· diamond wheel cutter ·0r a ·super­
sonic or ultrasonic technique. Recently, che­
mical techniques, e.g. photo-etching tech-

25 · niques, 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 

30 · -crystal vibrator made· from a plate of quartz· 
crystal material which is O.S millimetres or 
IC§ in thickness and· which is· cut in a plaiie 
obtained by firstly rotating the plaile ·of a 
X-cut plate about the X-axis through: an 

3S · ~angle betWeen 0° and 10° and· by seCoiidly 
rotating the plaile of the x~cu.t plate: ab9ut 
an imaginary axis, generated by· the'Y~lixiS · 
as a . result of the first rotation.. thro.uP. an 
angle betWeen 70° and 90°~ · · · 

40 · · The quartz crystal vibrator may haye -~ICC: 
trodes on only one Surface thereof. · · 

.The quartz crystal vibrator may be. pro­
vided with a metallic film on a p~on there­
of. which portion, in operation of the ·vibra-

45 :tor, does not vibrate. the said filnf:bei:µ.g· 
provided to assist in securing the vibl:ator ·to 
a mounting structure. · ·· ·. · · ·'. · · ··. 

In the preferred embodiment the VI'brator · · 
is a tuning fork vibrator. · ··· · ' ·=···;'" • ·:.: - • 

SO . According to a further aspeet of ·the (>f&. · 
sent invention there is provided a timepiece 

including a ft~ural q~~'. ccystal · vibrau;~ 
as recited above. . . . · . · . · · 

The invention is illustrated,· merely by 
way of example, in the accompanying draw- SS 
ings, in which:_; 

Figure 1 is a perspective yiew of a con­
ventionli.l quartz crystal vibrator of the tun-
ing· fork type; · 

·Figure 2 is a cross-section taken on the 60 
line 2-2 of the vibrator of Figure 1; 

FtgUre 3 is. a perspective view of another 
type_ of conventional quartz crystal vibrator 
of the tuning fork type; .. 

Figure 4 is. a cross-section taken on the 6S 
line 4-4 9f the vibrator of Figure 3; · 

Figure s. is a perspective view of a flexu­
ral quartz (,7}'Stal vibrator according to the, 
pi'es~t invention of the tuning fork type; 
· Figure .6 is a cro11s-section taken on -the 70 
line~ of the vibrator of"Figure S; 

·Figure 7, consisting of Figures 7(a) and 
7(b). shows, in perspective, another embodi­
ment of·· a.· ftexui'li.l ·quartz crystal vibrafor 
acc<>rding to the piesenJ __ invention; and 7S 

: FJ.gilte -8 ·is a ·cross-section. ta.ken on the 
line H._ 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 desi~ted by 80 
the referenee n1lmeral 1. Figure 2 IS a cross­
section of the vibrator 1 ·taken on the line 
2-2. . 

.The vibrator has two electrodes 2. 3 'Wlllch 
are-' provided on all the faces thereof except SS 
·the end faces. The electrical. mechanical and· 
optical axes of the quartz crystal material of 
the ·VibratOr are indicated by axes X, Y,·Z 
respectiv~ly. In Figure 2 an angle .a shown 
iii Figure 1 is 0° for the sli.ke of simplicity. 90 

The vibrator is made from ·a Z-eut plate 
of qliartz crystal materi_al rotated through an. 
angle a about the X-axis the angle a being 
betWeen 0° and 10° and usually about 5°. 

If a positive voltage is. llPPlied to the elec- 9S 
trode 3 and a negative voltage is applied to 
the 'electrode 2, the electric fields shown by 
the arrQws in Figure 2 · are . produced. The 
camponents of the. electric fields in the direc-
tiori o( the ·x.:axis causes ·the quartz crystal·_ 100 
material to·· .. berome strained. Considerlng 
one of the tines of the vibrator. the com-
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. porient• of the electric fiel iii .the direetion on opposite fac~ and' so it can be formed 
of the X-axis to the left ( seen in Figure from a relatively thin plate of quartz crystal · 
2) of the axis of the tine s in the opwsite . ma~. Accordingly, a vibrator.of this type·· ·. 
direction to the coinpon · f. of the electric has die advantage: that it can be formed by~ 

5 fields in the direction Qi; ; .· X-a:icis to the a. cb,~cal technique. e;g. a photo-etching ·: 70 
right (again as seen in"Fi' '·e 2) of the axis technique, resulting in. a relatively small . 
·of the tine. Thus, one sid of the tine is in sized vibrator and, in partiCular a relatively · · 

.. · tension and the other side of the tine is in· thin ·vibrator which cati be mass-produced. 
CQnipression .. Thus symme ·cal flexural vib- On the other hand,. a vibrator of this . type 

10 ration .of the VI°brator 1 · result when an has the following dis~dvantage. If positive 75 
aiternating .:current is app 'ed between the and negative voltages are·applied to the elec-
electrodes 2, 3. trodes 5, 6 respectively, electric fields indic-

The advantage of a vib r of this type is ated by reference numerals 7, 8 in Figure 4 
that it can be easily conn cted .. to. an. oscil- are· produced withiil the. quartz crystal ma• 

15 lating circuit (Iiot shown) · cause its dyna- terial. Components 9, 10 of the electric fields 80 
mic impedan~ is low and .that it can con~ 7,. 8 .J .. ·espectively in the ,direction of the X­
tribute to high ·preciSfon·,. e keeping wh~ aJi;is. caUSe .strain of the.:quartz crystal ma., 
it is used in a wrist \'f'.atch. b . · use: the flexion terial. An alternating current applied to the 
point tei.nperat1ife ·of the -~ mperattire-r~on- ~ectrod~ 5, 6 will caus.e. the vibrator to per-

20 ance frequency character' tics is n.ear to form symmetrical flexural vibrations for the SS 
room temperature .. OJ:!. ... th· · other hand,· a same reasons as described. with reference to 
vadibvran~totarge.· ·o.f ~s typear· _e

1
·.yh.asf;o'· , ~· ro_ ·.m· __ n_ o_ Fwm. • 1:gurg ·edis

1
-.. f'.iguJ:'~ :l a,nd 2/The :components 9, 10, ·how~ 

LU clea m ever, are extremely -s~nall compared to the 
electrodes must be pro:vid d, on' "all except electric fields 7, 8 since the former -is related 

25' the" end faces and these er . odes are "of a tri_ tlieJaiier·by the·. cosine of the'"angle (3. 90 
gomplex sh~pe. ~g .. · ',ufacture difficult Consequently, · the vibrator has a relatively 
and making it hnposSibl. : .to redu~ the high. dynami~ iinpedance.: This-dynamic :ifu. 
tliickness ·of the v'ibr.atot" • · ·.the ·direction of. ped.ance has J'een found theoretically.· and 
the Z-axis below 0.5 1nilliuf tres. As a result, pµctica,lly .to· be. inversely proportio11al to 

30; when a flat plate of qu : .. _.ezystaJ. ·material c9s2 if3. W4~- (3 is. 70°. ·-the dynamic· im-' 9·5· 
is to be. foi1ned into -~e,.;_.,,_ ape_ Of a;.tuning pedance increases 8.5 tiJnes cOmpared-to .the 
fork, thtS must be don~ •.. smg !ii- diamon4 ~e where-{:1·equal 0°. When {3 equals 75"0

· 

wheel ciltter or a supena · '.c · or Ultrasonic tlie dyruunic impedance· increases 15 times 
tecbn~qu~ and· a photo¥ J:rlng · :t:echp.ique compared to _the. case where (3 equals:0° arid: . 

35 cannot be U$Cd. Thcftecbni ues·that Can. be when {:1 c:q~_-90°, the.dynamic impedance 100-
used to form thi,s type .otco ventional vibra- iS. infinity. As the tlexion point temperature 
fur im.pos~ limits upon its · : · turisation. of the .. temp~ature-resonance ·frequency 

Figure 3 is a perspectiv. ·view of a Nt~ chara~stics increases, with increase in the 
cut coilventlonal qwirti c · t,il vibrator 4 of angle fJ, the. O.exion point ~mpei:ature is r&. 

4tf the tuning fork .type from .. by a ·conven- latjvely low because the angle {:1 is generally· 105~ 
tional chemical technique .. Figure 4 is a 7Q0

• since otherwise the dynamic impedance 
cross-seetiori of the vibrat r of Figure 3 would becruµe ·unacceptably· high. Thus a 
taken on the line ~-o(F"' · e. ~. In Figure vibrator of.this type is unsuitable for time-
4 the. thickness of the vibra . r has been ex- pieces because i~ dynamic impedance is too · 

•1fr agerated relative to itS wi4 and ari angle ra high and the :ftexion. point temperature ·is ll(f 
shown in Figure 3 is set .a ·(_)0 .for the sake too low even though the vibrator is advant- · 
of simplicity. A pair of sp ced apart elec- a~ous from the point of view of size and 
trodes 5, 6 are disposed. on.. posite faces of the fact• that it may be mass-produced. 
the vibrator. The electrod~ · are electrically • As mentioned above in detail, the conven- ·. .· . 

50 conneeted as also. are the" ectrod~s 6. A_s tiopal vibrator of Figures 1 and 2 has the 115-
in Figures 1 ·and .2. the elec .. ·cal, 01echanical advantage that its dynamic impedance ·is · 
and . optical axes · of ·the q • crystal ma- relatively low and. its ftexioii point tempera-
terial of the vibrator are · · dicated by the ture is relatively high but the disa<lvantage 

. axes X, Y, Z respectively.:, e vibrato~ :4 is· that it is difficult· to :miniaturise especially · 
SS formed from a plate obta.m . by rotating a to make thin and it cannot . be made by ·a 120 · · 

X-cut plate of . quar~; . still ID.aterial chemical technique. On· the other hand, the 
thr~:mgh an . angle a to . . e X-axis and conventipnal vibrator ·of Figures 3 and 4 has 
through an angle i/l to . the ·1-axis wJ:iicb is : the adviµitage that it can be made relatively · 
an. imaginary Y-:axis ge:n~a by the rota- thin ~Y and that it can .. be made ·by a 

60 tion through the. angle-.~, e angle-_ a. Js chemical ,technique, but the disadvantage 125 · 
usually betWeen 0° and· .10.0 and the angle /3 that i~ 4ynamic impedance is relatively'high · 
is usually ·between 50° · lµi.d 70-0 ·or between . and its :ftexion point temperature is relatively 
-50° aild -70° (i.e .. ti~ , een 290° and lo~. Conv~tio~y .the two types of •vibra-

. . 310°). As is cleaily shown.· ·Figures 3 and. tor were considered to· be different sfuce the 
65 : 4, a. vibrator of this type'_·{ .. .has electrodes . meth_o~s'- of applying th~ . electric . fields . are 130 : 
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. . 
d~similar. But iii view of the similarity ·iii consequently its size can be reduced still 
angles a and {3, the two types of .. Vibrator further. . . .. 

-vmay be regarded as one. That is to say~ the ··Figure 7, consisili.lg of .Figures 7(a) and 
. : angle a: ·of both types of vibrator ~ between 7(b); is· ~ perspective ·view of another em-
5 0° and · 10°. and for· a conventional vibrator bodiment of a :flexural quartz crystal vibra- 70 

of the type illustrated in Figures 1and2·the tor 14 according to the present invention. 
angle .f3 is 90° whereas the angle {J for a ~ri- Figure 7(.JJ.) is a front view of .the vibrator 
ventional vibrator of the type illustrated in and Figure. 7(b) is a rear: view thereof. 
Figures 3 and 4 is betw~ S0° ah.d. :10°:· or Figlire 8 is. a cross-section Ween on· the line 

10 between -50° and -70°. 8-8 of Figure 7(a). The ·vibrator· 14 is 75 
·the following embodini.ents of the ptesent formed in the same manner- as the vibrator 

invention have the advantages 9f the: eon- of Figures. a phlr of electrodes' is. 16 -~eing 
ventional vibrants· as described· :above with- provided on its front face iu:id · electrodes 1-7 
out .their disadvantages. .· : . : . . . . . to 20 being" provided on its- rear m.ce. This 

15 Figure 5 is a perspective view of one' em:~ embodiment of _the present invention differs 80 
bodiment of a :flexural quartz qystal vibra- fioin that shown in Fignre S in that elec-
tor accordmg··t:o ~e present in'v~tion and trodes are proyide4.on oppositefaces:·of the 
Figure 6 is a cross-sectio~ thereof taken on vibrator;· tho8e ori the telµ' face forming two 
the line ~- of Figu.re .s. • Iri. Figure 6 an pairs. ·: · ' · · . · 

20 angle a shown _in.F.igure S is'set at 0° for . The _electrodes.JS,, 17 .~d 20 aie .. con- 85 
the sake of simplicity. Two' spaced-apart nected togethet to form a first set and ·the 
electrodes )2, q l!-fe disp.o.sed. op.. on~. and. , _elec~odes. Hi, 18, 19 ar_~:c;ann~ed together 
the same face o1 the yibrator.; No -electrodes . .to ·for-~ a $CC,c;>nd '. s~t. , When a voltage is 
are provided on· the· opposite~. ,faee. of. ·the ·. ap.pJieQ. ·across. the two sets, the electric fields 

25 vibrator although that face may have a de- sb;o~ by arrows in Figure 8 are produced 90 
posited metal film (not shown) ·thereon to within the quartz crystal material, and when· 
secure or assist in securing the vibrator to a an alternating current is applied between the 
mounting structure (not shown). The elec- sets of electrodes, the vibrator will perform 
trical mechanical and optical axes of the symmetrical :flexural vibrations. Further-

30 quartz crystal material of the vibrator are more, as the electric fields have a larger 95 
indicated by the axes X, Y. Z respectively. component in the direction of the X-axis 
The vibrator is formed from a plate ob- than the electric fields produced in the vib­
tained by rotating a X-cut plate of quartz rator of Figures S and 6, the vibrator 14 is 
crystal material to an angle a about the X- energised more effectively and it has a lower 

35 axis and then to an angle 'Y to the Y1-axis dynamic impedance than the vibrator of 100 
which is an imaginary Y-axis generated by Figures 5 and 6. In the above embodiment; 
the Y-axis on rotation through the angle a. the electrodes 15, 17, 20 and the electrodes 
Z1 is. an imaginary Z-axis generated by the 16, 18, 19 ~e co~ected together to form 
rotation through the angle a. The angle a is a two terminal vibrator. However. a filter 

40 between 0° and 10° and the angle 'Y is be- may be formed which filter consists of a 105 
tween 70° and 90° or between .,....70° and driving electrode and a pair of detecting 
-90° i.e. between 290° and 270° in which electrodes, the former being the electrodes 
range advantageous temperature characteris- 15, 16 and the latter being the electrodes 17. 
tics are obtained. 20 and the electrodes 18, 19 respectively. 

45 If positive and negative voltages are A two output filter may be formed con- 110 
applied to the electrodes 12, 13 respectivety, sisting of the electrodes 15, 16 as a pair of 
the electric fields indicated by the arro\vs in driving electrodes, the electrodes 17, 18 as 
Figure 6 are produced within the quartz one pair of detecting electrodes, and the 
crystal material. Thus, strains a:re produced electrodes 19, 20 as the other pair of detect-

SO at each tine of the vibrator and if an altem- ing electrodes. 115 
ating current. is appli~d between the el~ It will be appreciated that the present in­
trodes, the v1b~tor. will perform symmetri- vention can be applied to any quartz crystal 
ca.lly flex'!fal v1br~tions. T!te C?mponents of vibrator of the tuning fork type and also to 

55 
the electric fields m the direction of fhe X- quartz crystal vibrators of the free-free-bar 
axis are greater than in the convention vi- type 120 
brator of Figures 4 and 5 so that the vi'bra- · . . . • 
tor of Figure 6 has a lower dynatnic im- . Quar!Z crystal v1bra~rs SIIDilar to or 1den-
pedance than the vibrator of Figures 4 and tical .with those ~escnb.ed above, ~e also 
5. Furthermore, since electrodes are pro- descr!bed an4 c¥med m tht: followmg co-

60 vided on only one face of the vibrator, the pen~g. ap~hcations filed with the present 
vibrato:r may have a thickness of O.S milli- applica~on: 125 
metres or less in the direction of the Z.axis. Application No. 16170/74 (Serial No. 
Therefore. a chemical technique, e.g. a 1,460,6~8) .. 
photo-etching technique, can be used in the Application No. 16201/74 (Serial No. 

65 manufacture of the vibrator of Figure 6 and 1,460,637). 
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1,460,639). :;' o~ a portion thereof. which portio!l• in. oper-: ·, 
· The disclosures of th applications are ation of the· vibrator. does not vibrate. t~ 
incorporat~ herein by w of reference. said film :being provided· to assist in secur• 25 

5 ing the vi"brator to a mounting structure. · 
WHAT WE CLAIM.IS:- 4.- A.quartz crystal vibrator as claimed 

.. · L A. flexural quartz crystal vibrator in any preceding claim in which' the vibra­
made from a plate of quar crystal material tor is a tunip.g fork vibrator. 
which is O.S millimetres o less in thickness S. A fiemral quartz crystal vibrator sub- 30 

10 and which is cut ill ·a p e obtained by stan~y as herein described with reference 
firstly rotating the plane a. X-cut plate to and'· as: shown in Figures· S to 8 of the 
about the X-axis through .. ·angle between accompanying drawings. 
0° and 10° and by seco dly· rotating the . 6. A timepiece including·· a · :ftexural 
plane of the X-cut plate ab utan imaginary quartz crystal vibrator as-claimed in any pre- 35 

15 axis, generated by· .the Y- · . as· a result of ceding claim. · · 
the first rotation, through · angle between 
70° and 90°. 

2. A quartz crystal vibr 
claim 1 having electrodes 

20 face thereof. . , 
3. A quartz crystal vib 
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Application ·No. 162,02/74 (Serial No. 
1.460.639). . 

The disclosures of these applications are 
incorpora~ herein by way of reference. 

WHAT .WE CLAIM IS:-
. · 1. ··A flexural quartz crystal vibrator 
~de from ·a plate of quartz crystal material 
which is 0.5 millimetres or less in thickness 

10. 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· rotatin~ the 
plane of the X-cut plate about an intagmary 

15 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-

20 face thereof. · 
3. A quartz crystal vibrator as claimed 

in claim 1 or 2 provided with a metallic film 
on a portion thereof. which portion. in oper:E·· 
ation of the vibrator. does not ·vibrate. th~~ 
said film being provided to assist in secur- 25 
ing the vibtatot 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. · 

S. A ft.eXural quartz crystal vibrator sub- 30 
stantially as herein described with reference 
to and· as shown in Figures· S to 8 of the 
accompanying drawings. · · · 

6. A timepiece including ·=a · :flexural 
quartz crystal vi'brator as claimed in any pre- 35 
ceding claim. · · 
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