
PATENT SPECIFICATION    (11) 1560 846 (21) Application No. 22515/77   (22)
Filed 27 May 1977 (31) Convention Application No. 51/063135 (32) Filed 31
May 1976 in (33) Japan (JP) (44) Complete Specification published 13 Feb
1980 (51) INT CL3  H03H 9/215 (52) Index at acceptance HIE  I (54) LAMINAR
QUARTZ CRYSTAL OSCILLATOR (71) We,  MATSUSHIMA   KOGYO   extends onto side
surfaces of the respective   50 KABUSHIKI  KAISHA,  a  Japanese  tine which
face towards and away fron the Company of 3-5, 3-chrome, Owa, Suwa-shi,
other tine. Nagano-ken, Japan, do hereby declare the    The oscillator may
be connected in an 5  invention for which we. pray that a patent
oscillating circuit which is provided with may be granted to us, and the
method by  variable capacitance means adjustment of  55 which  it is to  be
performed, to  be  which adjusts the oscillating frequency of particularly
described  in  and  by the  the oscillator. The variable capacitance
following statement:-                   means may for instance comprise a
[err] 10    This invention concerns a laminar quartz  'capacitor. crystal
oscillator which has been made by an    The oscillator may have been one of
a  60 etching process.                        batch of oscillators whose
side electrodes Extremely  small  (sub  miniaturised)  were formed
simultaneously by sputtering. quartz crystal oscillators are known which
have    The invention is illustrated, merely by 15  been made by an etching
process and whose  way of example, in the accompanying obverse and reverse
surfaces are respectively  drawings, in which:-              65 provided
with electrodes. The extent to    Figure I is an electrical diagram showing
which, however, it has been possible to   a known quartz crystal
oscillating circuit, adjust the oscillating frequency of the    Figures 2a
and 2b are plan views of the 



20  known  oscillators  has  been  unduly  obverse and reverse sides
respectively of a restricted and it is the object of the present  known
laminar - quartz crystal oscillator  70 invention to provide an oscillator
whose  produced by etching, frequency of oscillation can be adjusted to a
Figure 2c is a diagram illustrating the greater extent.
electrical connections to the oscillator of 25    According to the present
invention, to  Figures 2a and 2b and indicating the which however the
invention is in no way  directions of the electric fields therein in  75
restricted, there is provided a laminar  relation to the axes of the
crystal, quartz crystal oscillator which has been   Figures 3a and 3b are
plan views of the made by an etching process and which is  obverse and
reverse sides respectively of 30  provided with at least one electrode on
each   another known  laminar quartz crystal of its obverse and reverse
surfaces, the  oscillator produced by etching,       80 oscillator being
provided on at least one of    Figure 3c is a diagram illustrating the its
side surfaces with a side electrode which is  electrical connections to the
oscillator of electrically  connected  to  respective   Figures 3a and 3b
and indicating the 35  electrodes on the obverse and reverse  directions of
the elctric fields therein in surfaces.                            relation
to the axes of the crystal,     85 The or each side electrode has
preferably    Figures 4a and 4b are plan views of the been produced by
sputtering the obverse  obverse and reverse sides respectively of a and
reverse surfaces being masked during  laminar quartz crystal oscillator
according 40  said sputtering to prevent the formation .of  to the present
invention, short  circuits  between  the  various    Figure 4c is a diagram
illustrating the  90 electrodes.                              electrical
connections to the oscillator of The oscillator is preferably of tuning
fork   Figures 4a and 4b and indicating the shape and has two tines. Thus
there may be  directions of the electric fields therein in 45  a plurality
of obverse and reverse electrodes  relation to the axes of the crystal,
each of which extends onto each of the said    Figure 5 is a graph showing
the extents to  95 tines.                                   which the
frequencies of the oscillators of Moreover, each of the tines may be
Figures 2 to 4 can. be varied, 



provided with a side electrode which       Figure 6a is a diagrammatic
perspective    2                                   .  1,560,846
2 view illustrating the manner in which an  whereby to obtain a laminar
quartz crystal oscillator according to the present invention- oscillator,
and etching the conductive thin can be. masked during the formation of the
film except at the portion thereof covered  60 . side electrodes thereof,
and             by the photo-resist material to form  the Figure 6b is a
cross-sectional view of the  electrodes. tines of an oscillator whose
obverse and    Because the orientation. of the quartz   . reverse surfaces
are covered by masks prior  crystal causes corrosion to spread in the to
the formation  thereon  of the side  direction of the Z axis, it is
necessary to use  65 electrodes.                               a Z-plate
quartz crystal or an NT-cut quartz 10    In., Figure 1 there is shown a
known  crystal, and  it has therefore not been              4 oscillating
circuit  which   comprises  possible for the side surfaces of the laminar
capacitors [err] and [err] and a quartz crystal  oscillator to be provided
with electrodes. In oscillator S whose natural frequency is [err]. It
order therefore, in such an oscillator, to  70 is conventional to effect
fine adjustment of  apply  electric  fields effectively to  the 15  the
oscillating  frequency' fosc  of the  oscillator or to use applied electric
fields to oscillator S by varying the capacitance of  drive  the
oscillator,  many  different the variable capacitors [err] and [err]. The
value  electrode configurations have been devised. [err] by which the
oscillating frequency of the    Figures 2a and 2b respectively show the  75
oscillator S can be varied is equal to fosc [err]  obverse and reverse
sides of a known 20   and. is given by the formula              laminar
quartz crystal oscillator 1. which has been made by an 'etching process.
The oscillator I- is of tuning fork shape and has [err]
tines la, lb. The obverse side of the  80 oscillator I is provided with
electrodes 2, 3 



each of which extends onto each of the tines in which C, is approximately
equal to      la, lb, the electrode 3 being surrounded by the electrode 2.
The reverse side of the. oscillator I is provided  with  a single  85 [err]
electrode 4 which extends onto each of the tines la, lb. The electrical
connections to the tines la, [err] is the equivalent capacitance of the  Ib
are shown in Figure 2c and, in operation, 25   oscillator S, and [err] is
the electrostatic  there are therefore produced electric fields  90
capacitance of the oscillator S.          whose directions are' indicated
by the As will be readily understood from the  arrows shown in Figure 2c.
It will be noted said formula, the value [err]  by which the  that the
direction of these fields is at a oscillating frequency of the oscillator S
can  considerable angle to the X-axis of the quartz 30   be varied, that is
to say the extent to which  crystal and since, in a laminar oscillator of
95 the oscillating frequency of the oscillator S  this type, only the
X-axis component [err] of can be adjusted by the variable capacitors  the
electric field E is effective to produce [err] and CD, is proportional to
the equivalent  actuation of the oscillator, it follows that an capacitance
[err] of the oscillator S.       oscillator as shown in. Figure 2 has a
poor 35     Accordingly, the value of the equivalent drive efficiency, poor
impedance to motion, 100 capacitance C, which needs to be large. in  and a
small equivalent capacitance C,. order to permit fine adjustment of the
In  Figures. 3a  and  3b  there are capacitance of the variable capacitors
[err]respectively shown the obverse and the and CD, is important because it
defines the  reverse of another known laminar quartz 40  efficiency of the
quartz crystal. oscillator S.  crystal oscillator 5 which has been made .by
105 Etching  is an  effective  method  for  an  etching process. The quartz
crystal manufacturing a sub-miniaturised quartz  oscillator 5 is of tuning
fork shape and has crystal oscillator and makes it possible to  two tines
5a, 5b. The obverse side of the sub-miniaturise a quartz crystal oscillator
at oscillator 5 is provided with electrodes 6, 7, 45  low cost and to
simplify the electrodes of  each of which extends onto each of the tines
110 



the oscillator and the overall shape of the  5a, 5b. Similatly, the reverse
side of the oscillator. A  known etching method for  oscillator 5 is
provided with two electrodes manufacturing such an oscillator comprises  8,
9, which are respectively in phase with the forming on a thin quartz
crystal sheet a  electrodes 6, 7, and each of which extends 50   conductive
thin film shaped as an oscillator  onto each of the tines 5a, 5b.      115
the thin film being corrosion resistant in    The  electrical  connections
to  the respect of the quartz crystal etchant which  oscillator of Figures
3a and 3b are shown in is used on the quartz crystal sheet, forming  Figure
3c. As will be seen from Figure 3c, photo-resist material shaped as
electrodes  the directions of the electric fields which are 55   on the
conductive thin film, etching.. the  produced  in  the. oscillator  5:
during  120 quartz crystal sheet except at the portion  operation have
greater components in the X thereof covered by the conductive thin film,
direction than in the case of the Figure 2    3
1,560,846 '   construction and consequently an oscillator  oscillator
obtained by a mechanical process. as shown in Figures 3a and 3b has a lower
Thus, as will be seen clearly from Figure 4c, impedance  to  motion  and  a
higher  when the oscillator of Figures 4a and 4b is equivalent capacitance
C, than that shown' electrically connected as shown therein, 5   in  Figure
2. However, the 'equivalent  electric fields are generated, as indicated by
70 capacitance  C,  of. the  oscillator  the arrows, which are more or less
parallel shown  in  Figure  3 is very small by  to the X axis. As a result,
the equivalent comparison with a known relatively large  capacitance of the
oscillator of Figures 4a quartz  crystal  oscillator  which   is  and 4b is
very much better than that of the 10  manufactured by a mechanical, as
opposed   osillator of Figures 3a and 3b. This makes it  75 to a
photo-etching, process, and is thus  possible to increase the extent to
which the constituted by tuning fork type quartz  oscillating frequency of
the oscillator can be crystal oscillator having  electrodes on  varied. 



almost all its surfaces.                    In Figure 5 there is shown a
graph whose 15    As indicated above, a laminar quartz  ordinate represents
the frequency fosc in Hz  80 crystal oscillator which has been made by an
units, and whose abscissa represent the etching process gives a low
equivalent  capacitance C, in pf units. capacitance C[err] and, as a
result, the extent    The  curve  12 is  that of a typical to which there
can be a variation of its  characteristic of the oscillating frequency  of
20  oscillating frequency is very small. This  a tuning fork type quartz
crystal oscillator  85 disadvantage has prevented quartz crystal  made by a
mechanical process and provided oscillators formed from an etched quartz
with electrodes on almost all its surfaces crystal sheet from being widely
used.     The curve 13 is a typical characteristic of a In Figures 4a and
4b there is therefore  quartz crystal oscillator of the kind shown in 25
shown the obverse and reverse of a laminar  Figures 2a and 2b. The curve 14
shows a  90 quartz crystal 5 according to the present  characteristic of a
quartz crystal oscillator invention which has been made by an  of the kind
shown in 'Figures 3a and 3b, etching process. The oscillator 5 of Figures
while the curve 15 is that of the characteristic 4a and 4b is generally
similar to that of  of a quartz crystal oscillator as shown in 30   Figures
3a and 3b and for this reason will  Figures 4a and 4b.
95 not be described in detail, like reference    All the curves 12, 13, 14,
15 relate to numerals indicating like parts.           oscillators  having
the  same  natural In the case of the oscillator 5 of Figures' frequency f
. However, as indicated in 4a and' 4b, however, in addition to the  Figure
5, when each of these various 35  electrodes 6-9 which are provided on the
oscillators is connected in an oscillating  100 adverse  and  reverse
surfaces  of the  circuit as shown in Figure 1, there is a oscillator 5,
the oscillator is provided with  considerable variation of the extent to
side electrodes 10, 11 on side surfaces of the  which the capacitance C,
varies with the oscillator 5. The . side electrode  10 is  frequency fosc.
40  electrically connected to the electrodes 6, 9,    As will be seen by
comparing the curves 105 while the side electrode 11 is electrically  14,
15, an oscillator of the kind shown in connected to  the electrodes 7, 8.
As  Figure 4, by comparison with that of the 



described  more  fully  below, the  side  kind shown in Figure 3, has a
very much electrodes 10, II have been produced by  increased range
withinwhich the oscillating 45  sputtering, the obverse and reverse
surfaces  'frequency can be adjusted by the variable  110 of the oscillator
5 being masked during said  capacitors,'this improvement arising from a
sputtering to prevent the formation of short  considerable  improvement in
the equivalent circuits between the various electrodes. As  capacitance C,
will be seen, moreover, from Figures 4a and    The oscillator of Figure 4
thus has the 50  4b, the-side electrode 10 is provided on the  following
advantages over that of Figure  115 tine 5a and extends onto side surfaces
5c, 5d  3:- thereof which' respectively face outwardly.   1. The extent to
which the natural away from and towards the other tine 5b.  frequency of
the quartz crystal oscillator Similarly, the side electrode 11 is provided
can be adjusted can be widened, while at the 55  on the tine 5b and extends
onto side surfaces  same tine ensuring that the frequency is 120 5e, 5f
which respectively face towards and  limited to one which can be achieved
by away from the other tine  5a.             adjustment of a variable
capacitor. Each of the side electrodes 10, 11 is   2. After the natural
frequency of the constituted by an electrically conductive  oscillator has
been  adjusted, it is easier to 60  thin film whose thickness may vary from
compensate for the change in the natural 125 several hundred A to several
[err].         frequency which occurs either on ageing or As a result. of
the provision of the side  on the mounting of the oscillator in a
electrodes 10, 11, an oscillator is obtained  vacuum enclosure. whose
efficiency is substantially equal to    3. If it is desired to have a
quartz crystal 65  that of a relatively large quartz crystal  oscillating
circuit having high accuracy, in  130    4                                1
,560,846                                         4     , order  to  obtain
a  stable  oscillating  would not be practicable to  coat  the frequency
throughout a wide temperature  inwardly facing surfaces of the tines. 



range, a capacitor whose capacitance varies    3. The advantages which
arise from the with ' temperature, such  as a  BaTiO3  fact 'that the
quartz  crystal oscillator is  65 5  capacitor, can be used in combination
with  produced by an etching process are not a quartz crystal oscillator
according to the  affected by the process illustrated in Figure present
invention to compensate for the  6 because that process is itself part of
an variation of the natural frequency of the  etching process. quartz
crystal oscillator which is produced    The specific embodiment of the
invention  70 10  by variations in the ambient temperature. In  described
above involves the provision of contrast,  it  is  difficult  to  perform
side electrodes on an oscillator of the kind temperature compensation in
the case of a  shown in Figure 3. However, the present quartz crystal
oscillator of the form shown  invention is also applicable to an oscillator
in either Figure 2 or Figure 3. This  of the kind shown in Figure 2 but
employing  75 15  compensation is easier to effect in the case  side
electrodes. of the present invention because the extent    As described
above, moreover, the side to which the oscillating frequency changes
electrodes are formed by sputtering but this when there is a change of the
capacitance of  is not essential since they could be formed the capacitor
is relatively large.       by etching.                               80 20
Figures  6a  and  6b  illustrate diagrammatically a method of forming the
WHAT WE CLAIM IS:- side electrodes 10, 11.                     I. A
laminar quartz crystal oscillator After the formation of the obverse and
which has been made by an etching process reverse electrodes 6 to 9 on the
tines 5a and  and which is provided with at least one 25  5b, i.e. after
the production of an oscillator 5  electrode on each of its obverse and
85 of the kind shown in Figures 3a and 3b, the  reverse  surfaces, the
oscillator being obverse surfaces of the tines 5a, 5b are  provided on at
least one of its side surfaces largely covered by an upper mask 16, while
with a side electrode which is electrically the reverse surfaces of the
tines 5a, 5b are  connected to respective electrodes on' the 30  largely
covered by a lower mask  17. The  obverse and reverse surfaces.
90 masks 16, 17, however, do not extend to the    2. An oscillator as
claimed in claim I in 



sides of the tines so that, when the side  which the or each side electrode
has been electrodes 10, 11 are provided by sputtering, produced by
sputtering, the obverse and the sputtered material is deposited on those
reverse surfaces beingmasked during said 35  portions of the electrodes 6
to 9 which are  sputtering to prevent the formation of short  95 disposed
adjacent to the -said sides with the  circuits between the various
electrodes. result  that the side electrodes 10, 11 are appropriately
electrically connected to the    3. An oscillator as claimed in claim I or
2 obverse and reverse surfaces. On the other  in which the oscillator is of
tuning fork 40  hand, the provision of the masks 16, 17  shape and has two
tines. prevents such sputtering from giving rise to    4. An oscillator as
claimed in claim 3 in  100 short  circuits  between  the  various  which
there are a plurality of obverse and electrodes.
reverse electrodes each of which extends The mode of manufacture shown in
onto each of the said tines. 45  Figure 6 has the following advantages:-
5. An oscillator as claimed in claim 3 or 4 1. Laminar quartz crystal
oscillators can  in which each of the tines is provided with a 105 be
mass-produced because, just after they  side 'electrode which extends  onto
side have  been  etched, a batch  of such  surfaces of the respective tine
which face oscillators can have their side electrodes  towards and away
from the other tine. 50  formed simultaneously by sputtering.       6. An
oscillator as claimed  in any 2. The side electrodes 10, 11 can be.
preceding claim in which the oscillator is 110 formed both on the inwardly
and outwardly  connected in an oscillating circuit which is facing surfaces
of each 'of the tines and the  provided with variable capacitance means
in-phase electrodes can thus be connected  adjustment of which adjusts the
oscillating 55  together by one sputtering treatment, such  frequency of
the oscillator. sputtering treatment making it possible to    7. An
oscillator as claimed in claim 6 in  115 form an electrically conductive
thin film not which  the variable  capacitance means only on the obverse
surfaces but also on the  comprises a [err]  capacitor. side surfaces and
parts of the reverse    8. An oscillator as claimed in claim 2 or in 60
surface. This is in contrast to what would be  any claim appendant therto
in which the 



possible with a coating technique where it  oscillator was one of a batch
of oscillators  120    order  to  obtain  a  stable  oscillating  would not
be practicable to coat the frequency throughout a wide temperature
inwardly facing surfaces of the tines. range, a capacitor whose capacitance
varies    3. The advantages which arise from the with  temperature, such
as   a  [err]  fact that the quartz crystal oscillator is  65 5
capacitor, can be used in combination with  produced by an etching process
are not a quartz crystal oscillator according to the  affected by the
process illustrated in Figure present invention to compensate for the  6
because that process is itself part of an variation of the natural
frequency of the  etching process. quartz crystal oscillator which is
produced    The specific embodiment of the invention  70 10  by variations
in the ambient temperature. In  described above involves the provision of
contrast,  it  is  difficult  to  perform  side electrodes on an oscillator
of the kind temperature compensation in the case  of a  shown in Figure 3.
However, the present quartz crystal oscillator of the form shown  invention
is also applicable to an oscillator in either Figure  2 or Figure 3. This
of the kind shown in Figure 2 but employing  75 15  compensation is easier
to effect in the case  side electrodes. of the present invention because
the extent    As described above, moreover, the side to which the
oscillating frequency changes  electrodes are formed by sputtering but this
when there is a change of the capacitance of  is not essential since they
could be formed the capacitor is relatively large.        by etching.
80 20     Figures  6a  and   6b  illustrate diagrammatically a method of
forming the    WHAT WE CLAIM  IS:- side electrodes 10, 11.
1. A  laminar quartz crystal oscillator After the formation of the obverse
and  which has been made by an etching process reverse electrodes 6 to 9 on
the tines 5a and  and which is provided with at least one 25  5b, i.e.
after the production of an oscillator 5  electrode on each of its obverse
and   85 



of the kind shown in Figures 3a and 3b, the  reverse  surfaces, the
oscillator  being obverse surfaces of the tines 5a, 5b are  provided on at
least one of its side surfaces largely covered by an upper mask 16  while
with a side electrode which is electrically the reverse surfaces of the
tines 5a,5b are  connected to respective electrodes on the 30  largely
covered by a lower mask 17. The  obverse and reverse surfaces.
90 masks 16, 17, however, do not extend to the    2. An oscillator as
claimed in claim I in sides of the tines so that, when the side which the
or each side electrode has been electrodes 10, 11 are providedbysputterng,
produced by sputtering, the obverse and the sputtered material is deposited
on those  reverse surfaces being masked during said 35  portions of the
electrodes 6 to 9 which are  sputtering to prevent the formation of short
95 disposed adjacent to the said sides with the  circuits between the
various electrodes. result that the side electrodes 10, 11 are
appropriately electrically connected to the    3. An oscillator as claimed
in claim I or 2 obverse and reverse surfaces. On the other  in which the
oscillator is of tuning fork 40  hand, the provision of the masks 16, 17
shape and has two tines. prevents such sputtering from giving rise to    4.
An oscillator as claimed in claim 3 in  100 short  circuits  between  the
various  which there are a plurality of obverse and electrodes.
reverse electrodes each of which extends The mode of manufacture shown in
onto each of the said tines. 45  Figure 6 has the following advantages:-
5. An oscillator as claimed in claim 3 or 4 1. Laminar quartz crystal
oscillators can  in which each of the tines is provided with a 105 be
mass-produced because, just after they  side electrode. which extends onto
side have  been  etched, a  batch  of such  surfaces of the respective tine
which face oscillators can have their side electrodes  towards and away
from the other tine. 50  formed simultaneously by sputtering.        6. An
oscillator as claimed  in any 2. The side electrodes 10, 11 can be.
preceding claim in which the oscillator is 110 formed both on the inwardly
and outwardly  connected in an oscillating circuit which is facing surfaces
of each of the tines and the  provided with variable capacitance means
in-phase electrodes can thus be connected  adjustment of which adjusts the
oscillating 



55  together by one sputtering treatment, such  frequency of the
oscillator. sputtering treatment making it possible to    7. An oscillator
as claimed in claim 6 in  115 form an electrically conductive thin film not
which  the variable  capacitance  means only on the obverse surfaces but
also on the  comprises a [err] capacitor. side surfaces and parts of the
reverse    8. An oscillator as claimed in claim 2 or in 60  surface. This
is in contrast to what would be  any claim appendant therto in which the
possible with a coating technique where it  oscillator was one of a batch
of oscillators  120    5
1,560,846      Chartered                             5 whose   side
electrodes  were  formed                   J. MILLER  & CO.. simultaneously
by sputtering.                          Agents for the Applicants 9. A
laminar quartz crystal oscillator               Chartered Patent Agents,
substantially as hereinbefore described with                 Lincoln House,
5    reference to and as shown in Figure 4 of the             296-302 High
Holborn, accompanying drawings.                                    London,
WC1V 7JH. Printed for Her Majesty's Stationery Office. by the Courier
Press. Leamington Spa, 1980 Published by The Patent Office. 25 Southampton
Buildings. London, WC2A 1AY, from which copies may be obtained.    


