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QUARTZ CRYSTAL VI BRATOR (71) We, KABUSHI KI KAl SHA SUWA Figure 1
ilkustrates the cutting of a con- 50 o :
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SEI KOSHA, a Japanese Conpany, of 3-4, 4- ventional quartz-crystal vibrator,
choene, Kinza, Chuo-ku, Tokyo, Japan, do Figure 2 is a front view of an
errbodl ment her eby declare the i nvention, for which we of a conventional
quart z- crystal vibrator, 5 pray that a patent may be granted to us,

Figure 3 is a rear view of the vibrator of and the nethod by which |t is to

be.per- Figure 2, 55 fornmed, to be
paktjcul arly described in and Figure 4 is a sectional view of the
vibrator by the follow ng statenent: - of Figure 2, This

I nvention relates to quartz crystal Fi gure 5 illustrates.:.an oscillator
circuit 10 vibrators. : - enpl oyaQg a quartz

crystal vibrator, According t n spect—of the present ‘~igure 6 shows
variation of oscillating fye %é 1 Q
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i nvention there-is provided a quartz crystal
vibrator with vibrator of the tuning fork type which is variation of
havrng‘a thi'ckmess of 0.2 mm orTress Figure 7 is a

capaci t ance,
view of one enbodi nent Ofr

vi-brator according t ’
each of which : 4 .
a pair of electrodes: o 1 | R
facés, and an : i
provi ded on at

Fi gure 10,
rear faces
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of each tine carries two el ectrodes. crystal vibrators, one being
according to the The el ectrode on each side face electrically present

i nvention and the rest being conven- connects one of the el ectrodes on the
adja* tional, and 25 cent front face to one of the el ectrodes on Fi gure
11 illustrates a nethod producing the adjacent rear face. '
quartz-crystal vibrators_according to the 75 Preferably the vibrator is
foQHBd froma present invention. plate obtained by rotating an X-cut plate
Ternms such as "upper”, "lower"”, "front", about the X-axis through O degree
to 10 degree and then "rear", etc used herein refer .to directions as 30

about an axis generatedjby the Y-axis as a _seen in the draw.ngs. result of
the first rotation-through 70 83 r ge—to190 degree. Ref®rring first to
Figure | there is illus/ E?C: : - '
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The vibrator may include a supportlng trated one form of conventi onal
tuning_ fork means for supporting the vibrator and for type quartz crystal
vibrator 2 formed fromelectrically connecting the vibrator to ex- a thin
quartz crystal plate 1 having a thick- 35 ternal circuitry.

ness of 0.2 mmor Iess by neans of a photo- The supporting nmeans nay
conprise a chemcal etching technique. The quartz 85 pair of netallic

tegm nal s. crystal plate T is obtained by rotating an According
to a further aspect of the X-cut quartz crystal plate about the X-axis

pr esent

I nvention there is provided an oscil- through an angle a of between

O degree and 10.degree 40 lator circuit including a quartz-crystal and
thereafter rotating it about a [err]-axis, vibrator as recited above.
generated by the Y-axis by the first rotation, 90
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2 1,555,171

2 the electrodes 3, 5 are connected to one pole in relation to Figure 10.
Figure | OA shows of a power source and the electrodes 4, 6 a fixed
vibrator i.e. one having.a thickness are connected to the other pole. In
con- greatly in excess of 0.2 nm nade by a con- sequence, an electric
field which is substan- wentional nechanical process. An electric 5 tially
paigjlel to the X-axis is induced inside. field is generated between

el eCtrodes on the 70 the vibrator so that it oscillates in the flexural
front and rear faces of the vibrator and node.

el ectrodes on the side faces. The electrical. The vibrator 2 is electrically
connect ed characteristicsTof.LQis | lpr-at-ot aﬂg_ggngLLakj %8
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and supported by termnals or lead wires 11, to those of the vibrator
ilJustrated in Figure 10 12 (Figure 2) which are nade of electrically 2

and it is widely used at present. 75 conductive material such as all oy
solder. + Figure IOBillustrates a principle of the Electrically
conductive material 9, 10 is vibrator of Figure |OA applied to a thin .
Injected into respective-apertures 7, 8 so as vibrator, i.e. one having a

thickness of the to electrically to connect together the elec- order of

- 0.2Z’mmor less. Since the area of 15 trodes 3, 5 and the el ectrodes 4, 6.
the electrodes on the side faces is small, the 80 Vibrators.such as those

Illustrated in efficiency ,of the generated electric fieldis Figures 2 to

4 are nmade by a batch procdss, |low, _a so—such a vibrator has little prac-

that is to say, several tensﬁg vilbgatjors arje ticability. Ny
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made at the sanme tinme. This sinplifies manu- The. vibrator shown in
Fi-gure 10C has 20 facture and reduces cost conpared to known been
described previously inrelation to 85 nethods of . nmechanically
prodicing Figures 2 to 5 and has no el ectrodes on its individual
vibrators. The vibrators can be side faces. readily nade with a | ength of

5.mmor |ess Figure ICE illustrates a principle of the and a wi dth of
1., .nm or | ess so that they vibrator of Figure 10C applied to a thick 25
can be made extrenely small in size. vibrator. Efficiency is poor
because the elec- 90 Figure 5 illustrates an oscillator circuit tric field
cannot reach the int e[i_or of the including a quartb gystal vibrator 51 and
vi brator because of its () ckigesp- conprising an inv&*er 52 conposed of C
In Figure | OD, the rreriéﬂof el vibrafor N
— o a
—— 2. q
- — <y e ex}-
) | S - 3
s =| [z g I
3 — 2R =]
| ?& = | |3 = 5‘
— | 8t =8 | =)
b - =25 (" .
0 3§ = 8
Yo 8 - S
B | & 3 3
L~ =
E 35
L
<
¥ :
E g .""’l"
g 1
You
q
- o 5
N 'B g 2 )
L o [ 1]
s | 2 & g
o S E o9 a
E =R
a B g4
You - S%-—I:
i o z 25o8
!-0 S an’s
I§a ..é .
B L]
I 0 .'_'n.'
Q

Y



MOS transistors, a drain capacitor 53 and a of Figures. | OB and 10C are
adopted and a 30 gate capacitor 54. : quartz crystal
vi brat-or dccording. to the 95 Figure 6 shows the variation of oscillating
present i‘nvention is illustrated. The internal frequency (Af/f) of the
vibrator 51 with electric field is applied nuch nore efficiently. change
In the capacitance of the drain This effect cannot be found in a thick
capacitor 53 or the gate capacitor 54 Curve vibrator and it can be found
onf[y inathin 35 55 illustrates the case wherée the equival ent vibrator
made by a photo-chem cal etching 100 series capacitance is 1 x 10-[err] and
curve technique. .56 is. the case where the. equi val ent series As the
el ectrodes on the front and rear capacitance i's 2 x 10-[err]. The
above-nmen- faces are joined by the electrodes on the side
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tioned variable range of frequency is required faces on the tines, a
quartz crystal vibrator 40 to be wide. In the vibrator illustrated in
according to the present invention does not 105 Figure 2, the equivalent
ser.ies capacitance require apertures, such as the apertures 7, 8 is about
1 x 10[err] F and further inprove- of the conventional vibrator
Illustrated in nent can be expected. Fi gure 2.
Accgrdingly the vibrator can be Figures 7, 8 and 9 are respectively front,
attached directly to the electrical termnals 45 rear and sectional views
of a quartz crystal or lead wires 21, 22 which pass through a\110 vi brator
14 according to the present inJen- hernetic seal 23. tion. Theggvibrator 14

is formed in substan- Figure 11l il lugtr@les g nethod of for@ng tially
the same manner as the conventijop®is rtz crygtal vibrators 2& accordi ng
to the : | I
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quartz crystal vibrator as shown in Figure 2. present invention. In Figure
15",
are’ shown although it will be 115 side faces of the tines of the vibrator

11 only two 50 El ectrodes 15,

14. .appreciated that a plurality (several

16,

[err] are arranged on vibrators 24

tens) of The el ectrodes 15, [err]

are connected with vibrators are formed froma single quartz el ectrodes
17,- 20 on the front and rear faces
forwed on respectively and the el ectrodes 16, [err] are both the front and
rear faces but at the 55 -connected with el ectrodes 18, 19 on the stage

illustrated the vibrators are stil

in Figure 9 nected to a frane
hi gher than the efficiency of

the vibrator of Figure 2 becaus
[err] in the centre

crystal plate. The el ectrodes are

120 front and rear faces. As shown

Your reference
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field. conmponent in the direction of the X- is a little wder than the

adj acent openings 60 axis is induced efficiently. The equivalent 28 and
ext-ends over the tines. The el ectrode 125 series capacitance is about tw ce
that 'of the filns are formed on the side faces of the conventi onal

vi brator. - vibrator by putting the vibrator between the
The characteristics of a-quartz crystal two masks and depositing a netal
fi{mon vibrator according to the present invention the vibrator by a
vacuum evaporation tech- 65 wll be conpared to those of other vibrators
nique. It is desirable Lbahd hg vibrator and 130
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3 | o 1,555, 171
-3 the nasks are inclined to the evaporatlng electrodes provi ded on each of
‘its front and 40 source or reversed. rear faces,

‘and an el ectrode provided on at The el ectrodes on the side faces of the
'l east one side face of each tine. vibrator need not be provided over the

“whol e 2. Avibrator as clained in claim 1 in 5 of the side faces of
.thQJIines but it is suffi- which each of the front and rear faces of cient
to provide them only on erxuraIIy each tine carries tw el ectrodes.

45 distorting portions. s desirable that each 3. Avibrator as

claimed in claim2 in of th f our S|de faces of .the vibrator are which the

el ectrode on each side face eleég I déd wiit h el ectrodes SEgreon al t hough
trically connects one of th* on the Q
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10_'this again is not essentiaIJ;The bat ch process- adjacent front face to
one of the electrodes ing of the quartz crystal vibrators has the on the

adjacent rear face. 50 advantage that there is relatively
little extra 4. A vibrator as clained in any preceding cost involved in
providing the el ectrodes on claimin which the vibrator is formed fromthe
side faces of the vibrator. : a plate obtained by rotating an

X-odut- plate 15 As al ready ment i oned above, the equiva- about the X-axis
through O degree to 10 degree and then |l ent series capacitance of the
vi brator of about an axis generated by the Y-axis as a 55 Figure 7 is

about 2 x 10-'[err], and as th result of the first rotation through 70 to
'90. curve 56 (Figure 6) shows gngTang 5. Avibra as
clainmed in any preceding mhlch tiwi ce gs | arge as thapof the
clai mincluding a supporting nt Udee
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20" conventional thin quartz crystal vibrator. porting the vibrator and
for electrically con- Therefore, when the vibrator 14 is used, the necting
the vibrator to external circuitry. 60 resonant frequency nay be

adj ust ed duri ng 6. A vibrator as clainmed in claim 5 in manufacture over
a -range which is alnpbst which the supporting means conpri'ses a pair twce
that of the conventional -vibrator shown of nmetallic termnals. 25 in
Figure 2 and so manufacturing yield can - 7. A quartz crystal vibrator
subStantially be greatly increased. as herein
described with reference to Figures 65 In sunmary, .therefore; the present
inven- 7 to 9, 10D and 11 of the acconpanying tion may advance

m niaturization of the dratvi ngs. vibrators, inprove performance and reduce
8. An oscillator circuit in
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30 cost so that vibrators accordfng to the crystal vibrator as clained in
any preceding present invention are very suitable for use.in claim

70_wr i st.wat ches. 9. An electronic tinmepiece,
e.g. a wist- watch, having an oscillator circuit as claimed WHAT WVE CLAIM
| S: - in claim8. 35 1. A quartz crystal vibrator of
the tuning J. MELER & CO., fork type which is planar, having a
t hixckness Agents for the Applicants, of 0.2 mmor |ess and which is
made by a Chartered Patent Agents, photo-etching technique,
conprising two Li ncol n House, 296-302 Hi gh Hol born, tines.each of which
has at |east a pair of London, WC1V 7JH. .
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Printed for Her Majesty's Stationery Ofice by Burgess & Son (Abingdon),
Ltd.- 1979. Published at The Patent O fice, 25 Southanpton Buil dings,
London, WC2A 1AY, from which copies may be obtai ned. : 3

15 555,171 3 the nmasks are inclined.to the evaporatihg
el’ectrodes provided on each of its front and 40 source or reversed.
rear faces, and an el ectrode provided on at The el ectrodes on the side
fQEgs of the |east one side face of -each tine.
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vi brat or need not be provided over the whole 2. Avibrator as clained in
claim 1 in5 of the side faces of the tines but it is suffi- which each
of _the .front and rear faces of cient to provide them only on flexurally
each tine carries two el ectrodes. 45 distorting portions. It |is
desirabl e that each 3. Avibrator as clained in claim2 in of the four
side faces of the vibrator are which the el ectrode on each side face el ec-
pravi-ded with el ectrodes thereon although trically connects one of the

el ectrodes on the 10 this again is not essential. The batch process-

adj acent front face to one of the electrodes ing of the quartz crystal

vibrators has the on the adjacent rear-face. , 50 advant age
that there is relatively Ijttle extra . 4. A-wvibrator as clainmed in any
precedi ng cost involved in prad ¢4 l he electrodes on clagmin which the
vibrator is formed from é: : ,9)
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the side faces of the vibrator.

X-cut plate 15

10-'[err],

degr ee.

and as the

! result of the first
curve 56 (Figure 6) shows as a varying range
clqiped in any preceding which is alnost twice as |large as that of the

As al ready nentioned above,

t he cqui va-
through,0 to 10 degree and then lent series capacitance of the vibrator of
about an axis generated by the Y-axis as a 55 Figure 7 is about 2 x

rotation through 70 to 90

clarmincluding a supporting nmeans for sup- 20

crystal vibrator. porting the vibrator and for electrically con-
Therefore, when the vibrator 14 is used, the
external circuitry. 60 rlesonant freguen
vi brat.or as claimed in clai;mggi=dn nyf act ur
whi ch the supporting means |c i g pair
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necting the vibrator to
nmay be adj usteg during

5. A vibrator

conventi onal

a plate obtained by rotating an
about the X-axis

as

thin quartz

6. A

e over a range Bich is al nost




twice that of the conventional vibrator shown of netallic terminals. 25 in
Figure 2 and so manufacturing yield can 7. A quartz crystal vibrator

sqpstaptiarly be greatly increased.

as herein

described with reference to Figures 65 In sunmary, therefore, the present
inven- 7 to 9, 10D and 11-of the acconpanying tion nmay advance

mwi aturization of the drawi ngs. vibrators, inprove
8. \An oscillator circuit including a quartz 30 cost
according to the «crystal vibrator as clainmed in any
I nvention are very suitable for-use in claim

70 wristwat ches. ) .. 9. An
e.g. a wist- watch, havi.né.&m | fTatorjcircuit as

performance and reduce
so that vibrators
precedi ng present

el ectronic timepiece,
cl ailed
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WHAT WE CLAIM |S: - ' inclaim8. 35 1. A quartz

crystal vibrator of t‘he tuning J. MLLER & CO., fork type which is
pl anar - having a thickness Agents for the-Applicants, of 0.2 mmor |ess
and- which is nade by a - Chartered Patent Agents, photo-etching

t echni que, conprising two Li ncol n House, 296-302 Hi gh Hol born, tines
each of which has at |east a pair of London, WOV 7JH. Printed
for\Her Mjesty's Stationery Ofice by Burgess & Son (Abingdon), Ltd.-1979.
Publ i shed at The Patent O fice, 25 Southanpton Buil di ngs, London, WC2A 1AY,

from whi ch copi es may be obt ai ned.
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