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Figur 1 is a perspective view of a con-  50 SEIKOSHA, a Japanese body
corporate  of  ventional tuning fork type quartz c 3-4  4-chome   Ginza,
Chuo-ku  Tokyo, vibrator; Japan,  do hereby declare the  invention for
Figure   is a view of a rear surface of a 5   which we pray that a patent
may be granted  vibrator of Figure 1; to us and the method  by which it is
to be    Figure 3 illustrates the relationship be   55 performed, to be
particulary  described in  tween the physical  area of the vibrator of and
by the following  statement:-      Figure 1 and the crystallographic axes
there- This invention relates to quartz crystal of; 10   vibrators and in
particular although   not so    Figure 4 illustrates the operation of the
restricted, to tuning fork type quartz  caystal  vibrator of Figure 1;
60 invention there is provided a quartz crystal  the present invention; 15
vibrator mounted within a casing by wayof    Figure 6 is a view of a rear
surface of the mounting means having a thermal  a  thermal expansion
vibratr of Figure 5; or thermal             i   oe       et  Figure 7
illustrates the  relationship be- which,relative to the thermal expansion
co-  tween the  physical axes of the vibrator of efficient or thermal
expension cofficients of  Figure 5 and the crystallographic axes there-s 20
the material of the casing a and relative to the of thermal expansion
coefficient or thermal ex-    Figure 8 illustrates the opera`ion of the  70
pansion coefficients of the quartz crystal   vibrator of Figure 5; material
of the  vibrator, are such that the        Figure 9, consisting of Figure
and 9-b thermal expansion of the casing, the mount-    illustrates    a
theoretical casing for a tuning 25  ing means and the vibrator causes no,
or sub-  fork type quartz crystal vibrator; stantially no stresses, to be
generated  in the     Figure 10, consisting of Figues 10-a, [err],  75
vibrator.                            [err] illustrate one embodiment of In
one embodiment said mounting means         a casing of a tuning fork type
quartz crystal comprises two spaced apart mounting mem-  vibrator according
to the present invention; 30  bers.                   .
Figure 1l, consisting of Figure 11-a, 11-b Said vibrator may be secured to
and may  and [err] illustrates another embodiment of   80 span the space
between the mounting em-  a casing of a tuning fork type quartz crytal
vibrator.   according to the present invention; In another embodiment, said
mounting    Figure 12, consisting of Figures [err] 35   means may comprise
a mounting member     and [err], illustrates a sill further embodi- spaced
apart from a portion of the casing said  ment of a casing of  a tuning fork
type quartz  85 vibraior  beiqng securd to and spanning the  crystal
vibrator according to the present in- vibrator being secured to and
spanning the said portion of the casing.    Figure 13 shows, schematically,
a pratical 40    Said casing may be made of ceramic  form of a tuning fork
type  quartz crysta material.                                vibrator ain
to the present invention.    90 Said mounting   means  may be made of
Figure 1 is a perspective view of a con- metal.
ventional tuning fork type quartz crystal According to a further aspect of
the present   vibrator produced, by a photochemical etch- 45  invention
there is provided a wristwarch hav- ing technique from an NT-cut quartz
crstl ing a quartz crystal vibrator as recited above-  plate several tens
of mircons in thickness. The invention is illustrated, merely by way
Electrodes 2, 3 are provided on a front sur- of example, in the
accompanying drawings, in  face of the vibrator and are connected to re-
which:- 



1,455,760 a mounting        zure wlt also act  as aterminal block fo
teelcroe monin                   tincue8ofPg- 1.. As show timel 10     -in
electrod .chaibaorlo  electr c tufl3,'jR d'l. kthe mon9 n    nut    8
n sp uzed  5 a ar el        coin dtie using.   example,  solder  or
conductive   1  tereon Th.2.70ahee pOte,
th91 Figreo    $lutrates  the  relatinsi   bey-   ape    odr    h
lcn~1              7ae       7 tween the           axes of the  vIibrtor I
axto am    75 tandtel   ytlorpi   xsc   h   qUart   Iminafin.P     22  by
a bodngwre2.   h crysta  material Of th   vibrator. An anlv lcrds   7
8aeeetically   co                                hee indicate a..first
roa1nada7age1      oed~dopn3 15  ecn   r   tation.Teangles
28n     r   a- Lgwr    1              80e tweseo      0  nd      1 0,
5 0-44 cj  70 aq e -        a  v  n in.t      n    or   y  e q  a t   r
spec~tively.     an elcrc    oeCW i    x   tp                 irt
aebe            ouseed i simp~j   of il  traon. Te vibAtod  Ima    the
Ivibato  andthe inegaebdrv ng                    d- Qemdewt am..
adel   smill.55   size  and.     2mi        1 ain    ai   f  lcrcuyislt
ofeetS          ils   1   2i         iection ofr?  Cd onventirnal cicir
myjas  uwii large, he dynmic imedance   ofthevibator is      were  tinbde
metals ovrarltivl  wietmeaiz rne   h                     unn   oktp  qa,
rsa  vi t r. Th vibrato   shown aea  eofrqec~en                     isrg2
smd   of eImi    aterial and peraure   oeficiet atr 4o  aemprtu    f    spr
ovidd ""a'  steedpro.3                  - n 35    the f~~i
y.*mpera~~.are ~~effident is to be    wh~ichtwa sa_     apartu  mealc  im
1      0 750adthese  causes the- dynamic '.im eaiW            mtli lMs
1aeeetialycnetdt of. the virtrtaenshg    ssvea  n
h      otscideon h    aigb          en    asn obra,, which is nor procricaL
-~M  thogSual  ftelatr   iura- 1w 40   ~~~Figur   5    . tis a  e aetn
eve&fa  uig          t      a vib ator 32  mounted  onte-           ain
formed for aW qurzlai s show -at                   coffcin   of . abu   7 x
06Can    h 45    nque  Anangl  y  s atimen 0-nd  .00    ep nsow, cofiito
but1xo.5 1 fae   inai th    irtf  rdetod              67               vib
aitor' wd.- oos rnnth   ehme are formed  on  a rear surface as shown  fri
hire wl~~ich it is-odre   ote.e~           CIV6 Fig~   6   Asshon  i
Fiure8,eletri    31  du   toa  rlaively  aile tensil  snus are  parallel
to.  the  X-a~~~~ds.  Accordingly,    the.  diffetenve  of6 81. ex a u o
co fI,-  . .  How-mu at 50 show         bin ]g~i  4onsaderil  smle  hn .
sfii.yhih   xaso                                oef c on net -
J the          =    ne w      .1     11~~~~~~               thi
Thu xo   ~isvo   zeo   ewenZO              h    asn    9i           cmeri
by theangle  . Thu  the vbrato   hadsod     1-cn    Odilsta~      ahi
3catn 60  consequent~vly ma ybe~  us9p e d  o a v n a e  vin   n     o  t e
p e e  t i v  n i i     s s  o  n  i     2 wristw atches   H o w ever,
it is  necessar   to  con-   Fig res   10-a,  t e   casing   33   hichout
n u d nect apair  f leas not  nly t  the  Iect 'dis ofceamc  maeral
ofsastpe. -port  cion 16   7   nte  rn  sra the          the  ibrator
34mog whichisore tw spcdaat betali~to  heelctrde  2,26onth  rer
etlli   flm    35 whchar   siretej                As 65    surface. Thus
the v~~~ibrtrcano  be mountedL meali  lae36                  subequntl
prvde   n       3 II~ ~ ~ ~~'oers
ta              %    . 4Q. . ~~~~~~~1,455,760.'i be: similar X   he
r-1:5of-Figure S.  pansior c          W       the ma=W  of the  40 ismountd
so as to--s'pan the plates: 45. hir  -asinig and rdahdive to fihe-thermal
cm       ......... is mounted~~~~~~th
cpao - this~embdmnt fhe- efetu d shocd -to'         coefficient; or
thernial  paio cefdtsf 



Ca , w        might                   th6 da   ie   the quamt  crysal
material of the vibrator, 5 iblraitb  are edeid.l or re~4bsr virtue
male         -of t tht:eipnn i beas- of&F i aesi  451e lte n the momunsi'
aid ffie vibratr  45 - 45   llan expansion. which is  causes no, or
substally no stresses, to be less 'tbai the expansion oinsof the
ertdi-h   bao. mfterialorm    The    4. A quartz crystal vibrator as
claimed in integmated  hof                     e tih.  clam 1 in which said
mointiog mens co- Rportions o4                    Corneci
piises-armountacg  meme spcdaa efs.  50 sho6      emati.  Y3.,:wn- a
prtaito of t. crystalsiga   vibrar   i circut 49arefce   ymtlie    eue
oadsann~tesa edbtwe it5in    1. A tngfktype  qua     rtz cryst  l     2
inouwn ich sai      d pvibmor is secu   to 6 acoo    :ei             A   w
and spans the s~pwce -betth cae mounsig 15.  46 has iseel:47;ou hd exn~es
;.-...: o* f    Figure 5,are ifos ned. Ile    4. A quart-crystalvinibrator
as claimed in   55 inthemaimerlusrated in any  any pre dhefilg clai 1    in
which sai dl mctasing mans co. 25ttione 48 F bydingu wires 10t50o12. Asesh
ca  ma o tig rc       spacd  apart from d 13,theiontlegrated circu~it 49and
6.hA  quartz the ial. n    vibrator   bidng 20   tegrad cit 49 are efetdb
<     secured toadsningdepcobetween -ortions 51. A2 are hs        d fork
dtyp    q assembl  the mpenting    m ain wd  said  onth   60 cibrato
ner i2 twhic h ig .          gemay  a  e m  e fi  m b         er nsof
Figure 5r: is meuntedn ion   -5. A quaez crystal vibrator sbsclaimea ll 30
casidcg ri  abve    r illustrateda in  at  as'  he  dr        with   said
casing is. 25   onde d  Figures 10 to 12. As shownc clearly    ow
Fesa1i to 1 om in Fig.ire 13, the A49 and    6. A  quartz crystel vibwraorR
as climed   65 -the- Wtkriator -52 ar   osdand- assebled nan   rcdi  li  i
hc  sold mount- in a caomeng mab   r in the  casmng 46.a-            Agens
for the  Applicans a thenbalieansiod  coefficients o thnrentrma
Cqaitzted Patoe   A    sn 30  las described abv  have -diei advaidage that
ash       esie   i6rfrneto -and as the vibratofs-hive sipred shic,
reliatani  e  shown in Figures 10 H to 13 dothe     70 widl10 so"may. be
used to advantaiw in: wrist  ing db tined. -watches.  .    8 A - -  :  8.
A-wristwatch.ba-viga :quartz crystl   . - :  x::    -   -   -    . :
~~~vibrator. as .rhiine in any preceding claim. ::WHT WVE CILAIM  IS:-!
-: 35.    1. A quartz crystalovibxatof mounteid vith-    .      J. MILIBR &
CO., -  ii a.! casing byway ofmountingmashv                  Agents for tie
-App~ns .ing a- thermal expasion. coefficient or thennal  . Chartered
PatentA , exjandot coeffi~ets which, relatite to the     .>     262-
figh:Holb , .therinal 'expansio~n. oefficient or Aiermat ex-     --Lodi
WC1V 7EF;. - ;Printed for :Her..Majsly-s Slationtyr Ofte, by the Courier
Press, Leaminton Spa, 1976 X   :  ~~Published by The. Patent Office,;
25Southampton Buildings, London, WCAJAY, from - .~ ~ ~~~~.c hcK coics may
be obtained.    a m.. 1.455, 76 anid in    a  wi5th Mach mettlli  film .35
CYco. though the above assumptio is imade6 (Figue 1-b),. Sthe plates 36-
b~gout of no apr6l stresswili occur in thevibrator Pfftpecd  ...USJMemertue
bane..                                   -60 conMat :-Wvih- -one aDoter and
iadlued;. AP  P~ra:hieeeare-ba* -.         - 6 .  - id  60a the-respective
films 35 using, for example,-a    ft   I be' appecated that by mansb of the
5  boazing: alloy. .As show  isFigurie 10-4 aarae: shown i Fre 10, the dei
t on vibrator 37, subch as that shown in Figmre 5j the vtmo of t h
bee   te *  -      ~~is adhered to the two plaes 36 so as s to pan  expanso
coefficiet of the maiterial -of thde. then In Figure l0-r  whc. :is- a
isecions!csn  and the exaso  coficet of the  65 view-of- Figre 10-e; the
distance 4l is th  -quatzrytal material oaf Xthe virato, ca 



min mdistancebetn pates 36S and-a  beni   if two. metallc places 36, for
distanc 4 is- th miiu  dstancetewe    exml of R~ovar (Tae  Mark). having a
the t films 35. As clearlysown6 each -smalerexpasionoefficientthanhe m rial
plar36 is fixed to the casing 33. ony at on   of thesasig and a.- smaller
expansion on-  70 tend  and the 1ot. end -4  md  plat i     a        th
quartz crys   ei  of fixedto the vibrator so that each platecan  thiE
vibatorarE usedto mountthe vibrator ekpando  otatid ependentyor substan
orp the casin.:The muir of~ thias arrne diyidpnetbly  f hestp  otion34
men  iS :as iff th  vbator wr  diety Twhus, :if- the dimension 4 S4
are:suit- mounte on a .caing havling the -sameP or 75 ably  hose. the
temerechanges  to  su nt by t ame ea pano  c 2 whichthe vibatorissued::do
o    e    -as h  m        of tihe vbtor.    - ate stress. t*ierdmto any
substantial degree.    In Figure 10 the plates 36 art xetalohc be
.nh ::.                  a      -m   ... .. :. -. Thus if with a temeraur
chng  ATth    h ; If direte   a   e.md   fdc minimum distance betwee
ithepatcs chagestralyinslatngmateqria  aigautbe8 *  25   ~~~~~~~~~~~~ S5
. 25    :<   :                      lt-(5~~~~~~~~igure<i  11 conusistin  of
11-a to 11-c ilius- :is Jm.! 'e-                             of.ties .anthe
tatdien- of a ca *                  :~~~. (Q-ql)I=(*--i)4           a tiing
fork  yp  quartzcrystal vibrator  85 :e.- d -, -d the. -~..accordig to  the
pre  inve                      The cas where, --        :    -. .       . -
.*       which is ma;de~        . of ezics materia  has :    iS thde linr
expvsionacoefficit of the  astep    potion 38 on which Ifomd two c eramics
material oaf the casig       meali fil s  39,. 40 which -are not- in the
--30    ts4 is te inear expasionceficin of the  suims plae A metalli plae
41 (Figure llrc)  90 quats yst  m      a of- the vor;  is: adhered to the
nta   film 39, thie d- and          :.fereroe between:heplane of: the mtlic
- ,, is 4the  inear   pansi   i     of  fms 39,40 beng the sam e or subaniy
the metalle plate 36                 the sa       th  thicks of; theIplaMte
41 :          :o  -               A tung foty  quart crstal itor 42,  95
For sitpeification, the    t of teine    which               of rty be:
similr to the:  vhao  of expansion cioefficients wit  tmprture has  Figure
-5, is. mounted so to stan  onth been ignoe. If, for eapk,~ -o --  -i
Sl-0  n tep41. As clearly -   ~~=7x10-'         --p:c-         shownoin
Figure Il-c, ialthughoni  one --c=.3xl/ 10:loc: plate 41 is used, the sam
ect is a                  c  lOO 40     a withxl0es/nC
-bytechieg 33ofFigureIOocbe 40  al=5Xlt6/C~~~~mned  assumnxig that the-
dimensin  and *             -        expnso  coefficients invo     a-re
suitably bthe                                      dioaeI, and i particl
-ssen  that the expa-ion coefficnt of the plate 41 is less 105 25112=1
4.ansion f   of the material of the casing: and thie expansion  Coeficen
The above calculation is of a theoretical  of the quartz crystal material
of the vibrator. intuit, and it is assumed that those parts    Figure 12,
consstn of Figrrl- 12-bI 45       of the plates 36 adhered to the- fibs 35
and 12c Illustrate anther etodm e  of and to the vibirator: 36 eixpaa  as
do the re-  a asng 43 of a tug fok type quar mnder of the pla-tes. However,
this asm -  crtal vibror acordg to the p nt i * ...  don is not strictly
correct and in practice   vention. As shown; i Figure 12te the casing the
phes 36 e       or coatract with a given,  43 has two spaced apart raised
port44 50  temperatue rse onre than they would do if  to each of which is
seclred a metc plate 115 thqey were not fixed. Ac ly, alhough in  45. The
plates 45 overang the respeie pratc, the mnumdistance between the  raise
portons 44 in the diecion of each plates 36 on a givenb temprture rise: is
other. Each raised porton, 44 has a msillc slightly moreytan iniated above
the  area  fim  44'ie  ton the respeive 55   of the contact between the
plates and the  plate 45 is secured bt  mean  of, f.. r ex- 120 films on
the one hand, and the vibrator on  ampe soldering or brazing. A tuning fork



dle ofher hand, is rlatively so small tat,  t~rpe quartz ayx  vibrator 43',
Iiic. a    .  V W                                         *   c
L~~~~~~~~~~~~~~ 111111111111111111 0111 4
1,455,760                                       4 be similar to the
vibrator 15 of Figure 5,  pansiodm  iflitens of the material of the  40 is
mounted so as to span the plates 45. In   asing and relative to the thermal
expansion this embodiment the effects of shock to the  coefficient or
thermal expansion coefficents of casing, which might b6terwise damage the
the quartz -.#ystal material of the vibrator, 5   vibrator, are reduced or
prevented, by virtue  are such th{t thermal expansion of the cas- of the
resiliency of the plates 45. The plates  ing, the mounting means and the
vibrator  45 . 45 have an expansion coefficient which is  causes no, or
substantially no stresses, to be less tha- the expansion coefficients of
the  generated in the vibrator. material of the casing and of the quartz
crys-    2. A quartz crystal vibrator as claimed in. 10  tal material of
the vibrator.                claim 1 in which said mounting means com-
Referring now  to Figure 13, there is  prises two spaced apart mounting m
ombers.  50 shown, schematically, a practical form of a    3. A quart
crystal vibrator as claimed in tuning  fork type quartz crystal vibrator,
claim 2 in which said vibrator is secured to according to the present
invention. A Casing  and spans the space between the 1o1rtistg 15   46 has
a stepped portion 47 on which the   members. metallic film  portions 48 are
formed. The    4. A quartz crystal vibrator as claimtd in  55 integrated
circuit 49 is connected to the film  claim 1 in which said mounting means
com- portions 48 by bonding wires 50. Connec-  prises a mounting member
spaced apart from tions between external circuitry and the in-  a portion
of the casing, said vibrator being 20  tegrated circuit 49 are effected by
metallized  secured to and spanning the space between portions 51. A tuning
fork type quartz crystal  the mounting member and said portion of the. 60
vibrator 52, which may be similar to the   csng. vibrator 15 of Figure 5,
is mounted in    5. A quarc crystal vibrator asclaimed in        -.
:theemanner Illustrated    any  any precing clams in which said casing is.
25   one of Figures 10to12.Asshown clearly   AdeofceramicmateriaL a   in
Figure 13, the integrated circuit 49 and    6. A  quartz crystal vibrator
as claimed   65 .....the vibrator 52 are housed and assembled  in any
preceding claim in which said mount- in a compact manner in the casing 46.
ing maus are made of metal. The embodiments of the present invention    7.
A quartz crystal vibrator substantially 30   as described above have the
advantage that  as herein described with reference to and as the vibrators
have improved shock resistance  shown in Figures 10 to 13 of the accompany-
70 and so may be used to advantage in wrist  ing drawings. watches.
B. A wristwatch having a quartz crystal vibrator as claimed in any
preceding claim. WHAT WE CLAIM IS:- 35     1. A quartz crystal vibrator
mounted with-.          J. MILLER & CO., in a casing by way of mounting
means hav-           Agents for the Applicants, ing a thermal expansion
coefcient or thermal         Chartered Patent Agents, expansion
coefficients which, relative to the.         262 High Holborn, thermal
expansion coefficient or thermal ex-           London, WCIV 7EF. Printed
for Her Majsty's Stationery Office, by the Courier Press, Leamington Spa,
1976 Published by The Patent Office, 25 Southampton Buildings, London, WC2A
IAY, from which copies may be obtained.    


