
GB2029092B        1 SPECIFICATION                                 edge of
the said one plate or container mem-. ber to contact the said first and
second oscilla- Method of forming a piezoelectric oscillator  tor
electrodes, respectively. The second plate or container member may 5 This
invention relates to a method of forming    70 also be provided on an
externally facing sur- a piezoelectric oscillator and, although the  face
thereof with two external electrodes invention is not so restricted, it
relates more  which each extend across an edge of the particularly to a
method of forming an ultra-  second plate or container member to contact
thin quartz crystal oscillator assembly for use  the first and second
oscillator electrodes, re- 10 in an electronic wrist watch.              75
spectively. Great efforts have been made to make an       Preferably, each
of the oscillator electrodes electronic wrist watch as thin as possible,
and  extends onto each of the tines of the tuning this has therefore
involved great efforts to'  fork portion of the oscillator member. provide
a quartz crystal oscsillator which is   According to a further aspect of
the present 15 thin, small and inexpensive to manufacture,     80 invention
there is provided a piezo-electric since the quartz crystal oscillator is
the heart  oscillator assembly when made by any of the of such a wrist
watch. Many attempts have     aforesaid methods. been made to make such
quartz crystal oscil-    The invention is illustrated, merely by way lators
thin and small.One proposition has, for  of example, with reference to the
accompany- 20 example, been to provide an oscillator assem-   85 ing
drawings, in which:- bly comprising a quartz crystal oscillator mem-
Figure 1 is an exploded perspective view of ber having a tuning fork
portion the base of  a known oscillator assembly, 



which is integral with a frame portion. which   Figure 2 is an exploded
perspective view of extends around the tuning fork portion, the     a first
embodiment of an oscillator assembly 25 oscillator member being provided
with oscilla-   90 formed by a method according to the present tor
electrodes and being sandwiched between   invention, two plates or
box-shaped containers. Such an    Figure 3 and Figures 4(a) and 4(b) are
oscillator assembly may be made of suitable   views illustrating the
manufacture of parts of size, but it has been expensive to produce   the
assembly of Fig. 2, Figs. 3 and 4(a) being 30 since the methods previously
used for con-  95 top plan views, and Fig. 4b being a bottom necting the
oscillator electrodes to the exterior  plan view, of the assembly have not
been satisfactory.     Figure 5 is an exploded perspective view of
According therefore to the present invention  a second embodiment of an
oscillator assem- there is provided a method of forming a piezo-  bly
formed by a method according to the 35 electric oscillator assembly
comprising an os-   100 present invention, and cillator having a tuning
fork portion, a frame  Figure 6 is an exploded perspective view of portion
which extends around the tuning fork  a third embodiment of an oscillator
assembly portion, and a base portion which connects    formed by a method
according to the present the frame portion to the tuning fork portion,
invention. 40 the said method comprising the steps: form-    105  Terms
such as "upper", "lower", "left" ing a plurality of oscillator members, the
base  and "right", as used in the description below, portion of each
member' being connected by    are to be understood to refer to directions
as two connecting portions on an edge thereof to  seen in the accompanying
drawings. a common frame, and there being a through-      In Fig. 1 there
is shown a known oscillator 45 hole between the said connecting portions in
1 10 assembly comprising a quartz crystal oscillator 



a space between the base portion of each      member 1 'having a tuning
fork portion 1 a the oscillator member and the common frame;       base 1 b
of which is integral with a frame forming first and second oscillator
electrodes  portion 2 which extends completely around by sputtering or
deposition on each of the    the tuning fork portion 1 a. The oscillator 50
oscillator members, part of the first oscillator   115 member 1 is
sandwiched between a box- electrode extending through the through-hole
shaped upper case 3 and a lower case 4. The and across the edge of the
oscillator member;  oscillator member 1, the upper case 3 and the and
separating the oscillator members from    lower case 4 are hermetically
sealed to each the common frame by' breaking or severing     other by being
jointed together by an eutectic 55 the said connecting portions.   120
material having a low melting point. Preferably, two plates or container
members   The lower case 4, which extends longitudi- are placed in contact
with  and sandwich the  nally outwardly of both the oscillator member frame
portion of each oscillator member, one  1 and the upper case 3, is provided
with plate or container member being provided      external electrodes 5,
6, which may be con- 60 with two external electrodes which contact the  125
nected (by means not shown) to circuit corn- said first and'second
oscillator electrodes,  ponents of the electronic wrist watch.
respectively. The two external electrodes may   The upper and lower faces
of the frame be provided on an externally facing surface of  portion 2 of
the oscillator member 1 are the said one plate or container member, the
provided with oscillator electrodes (not. 65 external electrodes each
extending across an    130 shown). The oscillator electrode which is pro-
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GB 2029 092B      2 vided on the. lower surface of the frame por-    the
frame 14, and the connecting portions tion 2 is directly connected to the
external     11, 12. Each of the opposite sides of each electrode 5 The
oscillator  electrode which is   oscillator member 10 is then provided
with. provided on. the upper surface of the frame      the oscillator
electrodes 1 Of, 1 Og by the sput- 5 portion 2, however, has to be
connected to     70 tering or deposition of a thin metal film, the - the
external electrode 6 by way of electrically  upper side. of the oscillator
member 10. being conductive paste 7 or the like. Such electri-    visible
in Fig. 4a and the lower side of the cally conductive paste 7 has to be
applied       oscillator member -10 being visible in Fig.  4b. after the
oscillator member 1 has been se-       The, sputtered electrode  material
15 in. the 10 cured to the lower case 4 and this complicates   75
through-hole 13 is integral with the sputtered manufacture and does not
necessarily provide     electrode material of the  portion 1 Oh and is an.
adequate electrical  connection. The use of  positioned to contact the
external electrode such paste is expensive since it cannot form      1 6b
when the parts 8, 9, 1 0 are assembled part of a batch treatment in which
each part is  together, The individual oscillator members 15 manufactured
by chemical etching.                  80 are then separated from the frame
14 and the In Fig. 2 there. is therefore shown a first  parts 8, 9, 10 of
each oscillator assembly are embodiment of an oscillator assembly formed
assembled 'soas to be hermetically sealed to by a method according to the
present inven-      each other by the use of a low melting point tion.
binder  Each  finished oscillator assembly, 20   In the Fig. 2 construction
an ultra-thin pla-  85 therefore has external electrodes 16a, 1 6b nar
quartz crystal oscillator member 10 has a    which are provided adjacent to
each other on tuning fork portion 1 Oa provided with two       the same
side of the assembly. 



tines 1 Ob, 1 Oc. The base 1 Od of the. tuning      In the Fig. 2.
construction the external elec- fork portion 10ais integral with  a frame
trodes 1 6 a,  16b are provided on the lower 25 portion 10 which extends
completely around    90 surface of the upper case 9. the tuning fork
portion 1 O. The oscillator       The oscillator assembly of Fig. 2 is thus
member .10is sandwiched between a lower         very suitable for batch
manuacture since it case 8 and an upper case 9 each of which is      does
not involve the use of the paste 7, and constituted by a plate or a
box-shaped  con-     at the same time provides a construction 30 tainer.
..95 which is electrically more reliable than that The oscillator member 10
is provided on its    shown in Fig. 1. upper and lower surfaces with
oscillator elec-     In Fig. 5, however, there is illustrated an trodes
1Of, 1 Og (Fig. 4b) respectively.which  oscillator assembly in which
external elec extend about the upper and lower. surfaces      trodes 25, 26
are provided on the left and 35 respectively of the frame portion .1 'e and
also   100 right hand end portions respectively of an extend onto each of
the tines l0b, 10c. Both    externally facing surface 24a of an upper case
the upper oscillator electrode 1Of and the       24. The external electrode
25, in addition to ' lower oscillator electrode 10g  are formed on   being
provided on the face 24a also extends the oscillator member 10 by
sputtering or by     over an. end surface 24b so as to pass onto an 40
deposition of a thin metal film.          .  105 internal surface of the
upper case 24  The The upper case 9, on its  right hand side,     portion
of th external electrode 25 which extends longitudinally outwardlyof both
the     extends onto  the surface is in electrical con- oscillator member
10 and the lowr case 8         tact with an electrode 25' which is provided
and is provided on its lower surface  with        on the uppersurface of a
frame portion of a 45 external electrodes 16a, 1 6b. The external  110
quartz crystal oscillator member,23 being 



electrode 1 6a is disposed adjacent to, and is. in  sandwiched  between the
upper case 24 and a direct electrical contact with the upper oscilla-
lower case 2  Th          5' isconsti-. tor electrode 1 Of. The lower
oscilliator  elec-  tuted by  a sputteredfilm of a metallic material trode
1   g, however, has a portion 10h which  such as Cr-Au. 50 is electrically
connected to the  external elec    115   The quartz crystal oscillator
member 23 is trode  1 6b by electrode material 15  which is provided with
a, through-hole 27 in its frame disposed in a through-hole 13 in the frame
portion, this thrpugh-hole containing sputtered portion 10e, the electrode
material 15 being      material 26a which is  electrically connected to
disposed adjacent to and in electrical contact   or forms part of the
material of a lower 55 with the external electrode 16b. The through-   120
oscillator electrode provided on the lower sur- hole 13 in the frame
portion 10e is disposed  face of the  oscilator member 23. The at the right
hand edge of the latter.            throughhole 27 is aligned with a
through- As illustrated in Fig. 3, the oscillater mem-     hole 28 in the
upper case 24, each of the ber 10 is formed by chemical etching: and is
through -holes 27, 28 being provided at an. 60 initially one of a number of
oscillator members .125 edge of the respective oscillator member or each
of which is connected by connecting         case. Thus in the construction
of Fig. 5, the portions 11 1 2 to a common frame 14 of        lower
oscillator electrode is electrically con- quartz crystal material. The
through-hole 13     nected, throuh the through -hole 27. in the of each
oscillator member 10 is defined by       frame portion' of the oscillator
member 23 and 65 the space between the oscillator member 10,   130 also
through the through hole,28 in the upper    
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2 029 092B    3 case 24, to the external electrode 26. The     the common
frame by breaking or severing through-holes 27, 28 are formed in the oscil-
the said connecting portions. lator member 23 and upper case 24 at the
2. A method as claimed in claim 1 in connecting portions of the latter with
the     which two plates or container members are 5 frame (not shown) which
corresponds to the  70 placed in contact with and sandwich the frame 14 of
Figs. 3 and 4. Thus these          frame portion of each oscillator member,
one through-holes are formed by chemical etching.  plate or container
member being provided In the oscillator assembly shown in Fig. 6.  with two
external electrodes which contact the a quartz crystal oscillator member 38
is sand-  said first and second oscillator electrodes, 10 wiched between an
upper case 36 and a       75 respectively. lower case 37. The oscillator
member 38 is       3. A method as claimed in claim 2 in provided on its
upper and lower surfaces with  which the two external electrodes are
provided oscillator electrodes, the former being indi-  on an externally
facing surface of the said one cated by the reference numeral 43'.
plate or container member, the external elec- 15   The upper case 36 is
provided on its out-  80 trodes each extending across an edge of the wardly
facing upper surface 36a with external  said one plate or container member
to contact electrodes 43, 44. The external electrodes 43,  the said first
and second oscillator electrodes, 44 extend over the left and right hand
ends    respectively. respectively of the oscillator assembly and      4. A
method as claimed in claim 3 in 20 have portions provided on the lower
surface of   85 which the second plate or container member the lower case
37.                             is provided on an externally facing surface
The upper case 36 is provided with a         thereof with two external
electrodes which 



through-hole 41 which is aligned with a        each extend across an edge
of the second through-hole 39 in the oscillator member 38.   plate or
container member to contact the first 25 Thus the external electrode 44 is
connected  90 and second oscillator electrodes, respectively. by way of
electrode material 44" in the          5  A method as claimed in any
preceding through-hole 39 to the lower oscillator elec-  claim in which
each of the oscillator elec- trode.
trodes extends onto each of the tines of the The oscillator member 38 is
also provided    tuning fork portion of the oscillator member. 30 with a
through-hole 40 in which there is    95   6. A method substantially as
herein de- disposed electrode material connected electri-  scribed with
reference to the accompanying cally to or forming part of the upper
oscillator  drawings. electrode 43'. The through-hole 40 is aligned    7. A
piezo-electric oscillator assembly with a through-hole 42 which is provided
in    when made by a method as claimed in any 35 the lower case 37, the
lower case 37 being  100 preceding claim. itself provided with an electrode
44"'.        Printerfor Majesty's_Statonery Office The construction is thus
such that the       by Burgess&  Son (Abingdon) Ltd -1983 necessary
connections between the oscillator   Published at The Patent Office. 25
Southampton Buildings. electrodes and the external electrodes can be
London. WC2A lAY, from which copies may be obtained. 40 made irrespective
of whether the member 38 is disposed as shown in Fig. 6 or whether it is
disposed so as to be upside down with re- spect to what is shown in Fig. 6.
45 CLAIMS 1. A method of forming a piezo-electric 



oscillator assembly comprising an oscillator member having a tuning fork
portion, a frame portion which extends around the tuning fork 50 portion,
and a base portion which connects the frame portion to the tuning fork
portion, the said method comprising the steps: form- ing a plurality of
oscillator members, the base portion of each member being connected by 55
two connecting portions on an edge thereof to a common frame, and there
being a through- hole between the said connecting portions in a space
between the base portion of each oscillator member and the common frame; 60
forming first and second oscillator electrodes by sputtering or deposition
on each of the oscillator members, part of the first oscillator electrode
extending through the through-hole and across the edge of the oscillator
member; 65 and separating the oscillator members from    3
GB 2 029 092B     3 



case 24, to the external electrode 26. The   the common frame by breaking
or severing *   through-holes 27, 28 are formed in the oscil-  the said
connecting portions. lator member 23 and upper case 24 at the        2. A
method as claimed in claim 1 in connecting portions of the latter with the
which two plates or container members are 5 frame (not shown) which
corresponds to the  70 placed in contact with and sandwich the frame 14 of
Figs. 3 and 4. Thus these         frame portion of each oscillator member,
one through-holes are formed by chemical etching.  plate or container
member being provided In the oscillator assembly shown in Fig. 6,  with two
external electrodes which contact the a quartz crystal oscillator member 38
is sand-  said first and second oscillator electrodes, 10 wiched between an
upper case 36 and a      75 respectively. lower case 37. The oscillator
member 38 is      3. A method as claimed in claim 2 in provided on its
upper and lower surfaces with  which the two external electrodes are
provided oscillator electrodes, the former being indi-  on an externally
facing surface of the said one cated by the reference numeral 43'.
plate or container member, the external elec- 15   The upper case 36 is
provided on its out-  80 trodes each extending across an edge of the wardly
facing upper surface 36a with external  said one plate or container member
to contact electrodes 43, 44. The external electrodes 43,  the said first
and second oscillator electrodes, 44 extend over the left and right hand
ends   respectively. respectively of the oscillator assembly and     4. A
method as claimed in claim 3 in 20 have portions provided on the lower
surface of   85 which the second plate or container member the lower case
37.                            is provided on an externally facing surface
The upper case 36 is provided with a        thereof with two external
electrodes which through-hole 41 which is aligned with a       each extend
across an edge of the second 



through-hole 39 in the oscillator member 38.  plate or container member to
contact the first 25 Thus the external electrode 44 is connected  90 and
second oscillator electrodes, respectively. by way of electrode material
44" in the         5. A method as claimed in any preceding through-hole 39
to the lower oscillator elec-  claim in which each of the oscillator elec-
trode.                                        trodes extends onto each of
the tines of the The oscillator member 38 is also provided   tuning fork
portion of the oscillator member. 30 with a through-hole 40 in which there
is   95  6. A method substantially as herein de- disposed electrode
material connected electri-  scribed with reference to the accompanying
cally to or forming part of the upper oscillator  drawings. electrode 43'.
The through-hole 40 is aligned   7. A-piezo-electric oscillator assembly
with a through-hole 42 which is provided in   when made by a method as
claimed in any 35 the lower case 37, the lower case 37 being  100 preceding
claim. itself provided with an electrode 44"'. The construction is thus
such that the      Printed for Her Majesty's Stationery Office by Burgess &
Son, (Abingdon) Ltd- 1983. necessary connections between the oscillator
Published at The Patent Office. 25 Southampton Buildings electrodes and the
external electrodes can be       London. WC2A 1AY, from which copies may be
obtained. 40 made irrespective of whether the member 38 is disposed as
shown in Fig. 6 or whether it is disposed so as to be upside down with re-
spect to what is shown in Fig. 6. 45 CLAIMS 1. A method of forming a
piezoelectric 



oscillator assembly comprising an oscillator member having a tuning fork
portion, a frame portion which extends around the tuning fork 50 portion,
and a base portion which connects the frame portion to the tuning fork
portion, the said method comprising the steps: form- ing a plurality of
oscillator members, the base portion of each member being connected by 55
two connecting portions on an edge thereof to a common frame, and there
being a through- hole between the said connecting portions in a space
between the base portion of each oscillator member and the common frame; 60
forming first and second oscillator electrodes by sputtering or deposition
on each of the oscillator members, part of the first oscillator electrode
extending through the through-hole and across the edge of the oscillator
member; 65 and separating the oscillator members from    


