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(57) ABSTRACT 
In a method for manufacturing a quartz crystal unit, a quartz 
crystal tuning fork resonator is formed by etching a quartz 
crystal wafer to form a quartz crystal tuning fork base, quartz 
crystal tuningforktines connected to the quartz crystal tuning 
fork base, and a groove having stepped portions in at least one 
of opposite main Surfaces of each of the quartz crystal tuning 
fork tines. A first electrode is disposed on at least one of the 
stepped portions of each of the grooves and a second elec 
trode is disposed on each of side Surfaces of each of the quartz 
crystal tuning fork tines. A frequency of oscillation of the 
quartz crystal tuning fork resonator is adjusted at least twice 
and in different steps. The quartz crystal tuning fork resonator 
is then mounted in a case and an open end of the case is 
covered with a lid. 

28 Claims, 26 Drawing Sheets 
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METHOD FOR MANUFACTURING A 
QUARTZ CRYSTAL UNIT 

Matter enclosed in heavy brackets appears in the s 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 
made by reissue; a claim printed with strikethrough indi 
cates that the claim was canceled, disclaimed, or held 
invalid by a prior post-patent action or proceeding. 10 

CROSSREFERENCE TO RELATED 
APPLICATIONS 

More than one reissue application has been filed for the 15 
reissue of U.S. Pat. No. 6,898,832. The other reissue appli 
cations are U.S. application Ser: No. 13/957,598, filed Aug. 2, 
2013, and U.S. application Ser: No. 1 1/805,861, filed May 24, 
2007. This application is a continuation reissue application 
of U.S. application Ser: No. 13/957,598, filed Aug. 2, 2013, 20 
now abandoned, which is a reissue divisional application of 
U.S. application Ser: No. 1 1/805,861, filed May 24, 2007, now 
U.S. Pat. No. Re. 44,423, which is a reissue application of U.S. 
application Ser: No. 10/278,203, filed Oct. 22, 2002, now U.S. 
Pat. No. 6,898,832. 25 

BACKGROUND OF THE INFORMATION 

The present invention relates to a quartz crystal unit com 
prising a flexural mode, tuning fork, quartz crystal resonator, 30 
a case and a lid, and its manufacturing method. 

BACKGROUND INFORMATION 

Quartz crystal units with a tuning fork, quartz crystal reso- 35 
nator which vibrates in flexural mode are widely used as a 
time standard in consumer products, wearable equipment and 
communication equipment (Such as wristwatches, cellular 
phones, and pagers). Recently, because of miniaturization 
and the lightweight nature of these products, a smaller quartz, 40 
crystal unit with a smaller flexural mode, tuning fork, quartz 
crystal resonator is required with a small series resistance and 
a high quality factor. 

FIG.28(a) and FIG.28(b) show a plan view and a side view 
of a quartz crystal unit 101 with the conventional flexural 45 
mode, tuning fork, quartz crystal resonator 100. The resona 
tor 100 comprises tuning fork tines 102, 103 and tuning fork 
base 104. The base 104 is fixed at a mounting portion 106 of 
a case 105 by adhesives 107, 108 or solder. Also, electrodes 
109 and 110 are disposed on the mounting portion 106 and 50 
two electrode terminals are constructed. In addition, the case 
105 and the lid 111 are connected via a metal 112. The 
conventional quartz crystal unit is constructed like this, and it 
is also needed to miniaturize a tuning fork, quartz crystal 
resonator to obtain a miniaturized quartz crystal unit with it. 55 

It is, however, impossible to obtain a miniaturized quartz 
crystal unit with a conventional miniaturized, flexural mode, 
tuning fork, quartz crystal resonator with a small series resis 
tance and a high quality factor. When miniaturized the con 
ventional flexural mode, tuning fork, quartz crystal, resonator 60 
shown in FIG. 29 (which has electrodes on the obverse faces 
203, 207, reverse faces 204, 208 and the four sides 205, 206, 
209, 210 of each tuning forktine, as also shown in FIG.30—a 
cross-sectional view of tuning fork tines of FIG. 29), has a 
Smaller electromechanical transformation efficiency, which 65 
provides a small electric field (i.e. EX becomes Small), a large 
series resistance, and a reduced quality factor. In FIG. 29, the 

2 
conventional tuning fork resonator 113 is shown with tuning 
fork tines 114, 115 and tuning fork base 116. 

In addition, it is impossible to obtain a flexural mode, 
tuning fork, quartz crystal resonator with a small frequency 
change over a wide temperature range of between -10°C. to 
+50° C. because the resonator has a temperature coefficient 
with a parabolic curve, and whose second order temperature 
coefficient is approximately -3.5x10/°C.'. This value is 
comparatively large as compared with AT cut quartz crystal 
resonators vibrating in thickness shear mode. 

Moreover, for example, Japanese Patent Nos. P56-65517 
and P2000-223992A and International Patent No. WO 
00/44092 teach grooves and electrodes constructed at tuning 
fork tines of a flexural mode, tuning fork, quartz crystal 
resonator. However, they teach nothing about a quartz crystal 
unit of the present invention having novel shape, novel elec 
trode construction and an improvement of frequency tem 
perature behaviour for a flexural mode, tuning fork, quartz 
crystal resonator, and also, teach nothing about a method of 
manufacturing a quartz crystal unit of the present invention. 

It is, therefore, an object of the present invention to provide 
a quartz crystal unit with a flexural mode, tuning fork, quartz 
crystal resonator which overcomes the above-described prob 
lems and its manufacturing method. 

SUMMARY OF THE INVENTION 

The present invention relate to the shape and electrode 
construction of a flexural mode, tuning fork, quartz crystal 
resonator which is housed in a case, and in particular, a novel 
shape and electrode construction for a flexural mode, tuning 
fork, quartz crystal resonator available for consumer products 
and communication equipment requiring miniaturized, high 
accuracy, shock proof and low priced quartz crystal units. 

It is an object of the present invention to provide a quartz 
crystal unit with a miniaturized flexural mode, tuning fork, 
quartz crystal resonator with a small series resistance R and 
a high quality factor Q. 

It is an another object of the present invention to provide a 
quartz crystal unit with a flexural mode, tuning fork, quartz 
crystal resonator with an excellent frequency temperature 
behaviour over a wide temperature range (of -10°C. to +50° 
C.). 

It is a further object of the present invention to provide a 
method of manufacturing a quartz crystal unit. 

According to one aspect of the present invention there is 
provided a quartz crystal unit with a tuning fork, quartz crys 
tal resonator capable of vibrating, in flexural mode compris 
ing; tuningforktines, a tuning fork base, said tuningforktines 
having step difference portions and medium Surface portions, 
with at least one first electrode on said step difference por 
tions, with at least one second electrode disposed on the side 
of said tuning fork tines, and said at least one first and at least 
one second electrodes being of opposite electrical polarity. 

According to a second aspect of the present invention there 
is provided a quartz crystal unit with a tuning fork, quartz 
crystal resonator capable of vibrating in flexural mode com 
prising: tuning forktines, and a tuning fork base, a plurality of 
step difference portions provided at said tuning fork tines 
along the direction of length thereof, at least two of the 
plurality of step difference portions being connected via at 
least one step portion, first electrodes on the step difference 
portions, second electrodes disposed opposite to the first elec 
trodes on the sides of said tuning fork tines, and said first and 
second electrodes being of opposite electrical polarity. 

According to a third aspect of the present invention, there is 
provided a quartz crystal unit with a tuning fork, quartz crys 
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tal resonator capable of vibrating in flexural mode compris 
ing; tuning fork tines, and a tuning fork base, at least one 
groove provided in the central line portion of each of said 
tuning fork tines, at least one first electrode provided inside 
each groove, at least one second electrode provided on the 
sides of said tuning fork tines, and for each tine said at least 
one second electrode having an opposite electrical polarity to 
said at least one first electrode. 

According to a fourth aspect of the present invention there 
is provided a quartz crystal unit with a quartz crystal, tuning 
fork, resonator capable of vibrating inflexural mode compris 
ing; tuning fork tines, tuning fork base, a plurality of grooves 
provided only on the tuning fork base where said base is 
coupled to the tuning fork tines, and electrodes provided in 
said grooves. 

According to a fifth aspect of the present invention there is 
provided a quartz crystal unit with a resonator comprising; a 
plurality of individual flexural mode, tuningfork, quartz crys 
tal resonators being connected and formed integrally at each 
tuning fork base via connecting portion wherein said indi 
vidual quartz crystal resonators are coupled to each other at 
the respective tuning fork bases via the connecting portion 
and having an angle of separation of 0° to 30°. 

According to a sixth aspect of the present invention there is 
provided a method for manufacturing a quartz crystal unit 
comprising: a flexural mode, tuning fork, quartz crystal reso 
nator, a case of Surface mounting type and a lid. 

Embodiments of the present invention may provide a high 
electromechanical transformation efficiency. 

Embodiments of the present invention use step differences 
or grooves and an electrode construction arranged on the 
tuning fork tines and/or tuning fork base of a flexural mode, 
tuning fork, quartz crystal resonator. 

Preferably, the resonator has a step difference constructed 
at tuning fork tines and/or tuning fork base and electrodes 
disposed on the step difference portions. 

Preferably, the resonator has grooves including the central 
line of the central portions for each tuning fork tine and the 
electrodes disposed inside the grooves and disposed on the 
sides of each tuning forktine. Alternatively or additionally the 
grooves may be arranged on the tuning fork base and the 
electrodes disposed inside the grooves. 

Preferably, at least two individual flexural mode, tuning 
fork, quartz crystal resonators connected and formed inte 
grally at their respective tuning fork base via connecting 
portion may improve the frequency temperature behaviour. 
The quartz crystal resonators whose peak temperature points 
are different, may be connected electrically in parallel. As a 
result, the integrally formed quartz crystal resonator may 
have excellent frequency temperature behaviour over a wide 
temperature range of -10°C. to +50° C. 

For a better understanding of the present invention, and as 
to how the same may be carried into effect, reference will now 
be made by way of example to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1(a) and FIG. 1(b) show a plan view omitting a lid and 
a side view of a quartz crystal unit of the first embodiment of 
the present invention; 

FIG. 2 is a general view of a flexural mode quartz crystal 
resonator of tuning fork type with grooves at each tuning fork 
tine constructing the quartz crystal unit of the present inven 
tion shown in FIG. 1(a) and FIG. 1(b) and its coordinate 
system; 

FIG. 3 is a A-A and B-B' cross-sectional views of the 
tuning forktines of FIG. 2 illustrating electrode construction; 
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4 
FIG. 4 is a plan view of the tuning fork, quartz crystal 

resonator of FIG. 2; 
FIG. 5 is a general view of a flexural mode, tuning fork, 

quartz crystal resonator constructing a quartz crystal unit of 
the second embodiment of the present invention, and having 
plural grooves at the tuning fork base; 

FIG. 6 is a D-D' cross-sectional view of the tuning fork base 
of FIG. 5 and illustrating electrode construction; 

FIG. 7 is a plan view of the flexural mode quartz crystal 
resonator of FIG. 5; 

FIG. 8 is a plan view of a flexural mode, tuning fork, quartz 
crystal resonator constructing a quartz crystal unit of the third 
embodiment of the present invention; 

FIG.9 is a plan view of a flexural mode, tuning fork, quartz 
crystal resonator constructing a quartz crystal unit of the 
fourth embodiment of the present invention; 

FIG. 10 is a F-F" cross-sectional view of the tuning fork 
base of FIG. 9 and illustrating electrode construction; 

FIG. 11 is a general view of a flexural mode, tuning fork, 
quartz crystal resonator constructing a quartz crystal unit of 
the fifth embodiment of the present invention and its coordi 
nate system; 

FIG. 12 is a plan view of the flexural mode quartz crystal 
resonator of FIG. 11; 

FIG.13 is a I-I" cross-sectional view of the tuning forktines 
of FIG. 12 and illustrating electrode construction; 

FIG. 14 is a general view of a flexural mode, tuning fork, 
quartz crystal resonator constructing a quartz crystal unit of 
the sixth embodiment of the present invention and its coordi 
nate system; 

FIG. 15 is a plan view of the flexural mode quartz crystal 
resonator of FIG. 14; 

FIG.16 is a J-J'cross-sectional view of the tuningforktines 
of FIG. 15 and illustrating electrode construction; 

FIG. 17 is a plan view of a flexural mode quartz crystal 
resonator constructing a quartz crystal unit of the seventh 
embodiment of the present invention; 

FIG. 18 is a plan view of a flexural mode quartz crystal 
resonator constructing a quartz crystal unit of the eighth 
embodiment of the present invention; 

FIG. 19 is a plan view of a flexural mode quartz crystal 
resonator constructing a quartz crystal unit of the ninth 
embodiment of the present invention; 

FIG. 20 is a M-M' cross-sectional view of the tuning fork 
tines of FIG. 19 and illustrating electrode construction; 

FIG. 21 is a plan view of a flexural mode quartz crystal 
resonator constructing a quartz crystal unit of the tenth 
embodiment of the present invention; 

FIG. 22 is a N-N' cross-sectional view of the tuning fork 
base of FIG. 21 and illustrating electrode construction; 

FIG. 23 shows a plan view of a quartz crystal unit of the 
eleventh embodiment of the present invention and omitting a 
lid, which has two flexural mode, tuning fork, quartz crystal 
resonators with grooves connected and formed integrally at 
each tuning base via connecting portion and have an angle (p 
of separation; 

FIG.24 shows a diagram of an electrical connection for the 
flexural mode quartz crystal resonators of FIG. 23; 

FIG. 25 shows an example of frequency temperature 
behaviour of the quartz crystal unit of said eleventh embodi 
ment; 

FIG. 26 shows a plan view of a quartz crystal unit of the 
twelfth embodiment of the present invention and omitting a 
lid, which has two flexural mode, tuning fork, quartz crystal 
resonators connected at each tuning bases via connecting 
portion and a dividing portion is constructed between the 
resonators; 
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FIG. 27 shows a step diagram of a method for manufactur 
ing a quartz crystal unit of the present invention; 

FIG. 28(a) and FIG. 28(b) are a plan view and a side view 
of the conventional quartz crystal unit; 

FIG. 29 is a general view of the conventional flexural 
mode, tuning fork, quartz crystal resonator constructing the 
quartz crystal unit of the prior art; 

FIG. 30 is a cross-sectional view of the tuning forktines of 
FIG. 29 and illustrating electrode construction. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to the drawings, the embodiments of the 
present invention will be described in full detail. 

FIG. 1(a) and FIG. 1(b) show a plan view omitting a lid and 
a side view of a quartz crystal unit of the first embodiment of 
the present invention. The quartz crystal unit 1 comprises a 
case 2, a flexural mode, tuning fork, quartz crystal resonator 
3 and a lid 19. Also, the resonator 3 comprises tuning fork 
tines 4, 5 and tuning fork base 6, and the base 6 is fixed on a 
mounting portion 7 constructed at the case 2 by conductive 
adhesives 8, 9 or solder. Additionally, grooves 10, 11 are 
constructed at the tines 4, 5 and the grooves extends into the 
base 6 in this embodiment. A flexural mode, tuning fork, 
quartz crystal resonator which is housed in a case of a quartz 
crystal unit of the present invention will be described in FIG. 
2-FIG. 23 in detail. 

Also, electrodes 12, 13 are disposed on the mounting por 
tion 7 and connected to the respective electrodes with oppo 
site electrical polarity disposed on the base 6, as a result of 
which two electrode terminals are constructed. In full detail, 
the electrode 12 extends into the reverse face of the case 2 and 
are connected to an electrode 14 constructed at one end por 
tion thereof, while the electrode 13 also extends into the 
reverse face of the case 2 and connected to an electrode 15 
constructed at other end portion thereof. The case 2 and lid 19 
are connected via connecting member 16. 

In this embodiment, though the electrodes 14 and 15 are 
constructed at both ends of the reverse face of the case 2, they 
may be constructed at an arbitrary location thereof. This 
electrode construction is also applied to embodiments which 
are described as follows. 

In addition, the case 2 in this embodiment has a hole 17 to 
close it in vacuum and the hole 17 is closed by closing mem 
ber 18. Also, ceramics or glass as a material of the case, glass 
or metal as a material of the lid, glass with the low melting 
point or metal including Solder as a connecting member to 
connect the case and the lid and similarly, the glass with the 
low melting point or the metal as a closing member to close 
the hole are used respectively. 

In this embodiment, though the case 2 has the hole 17 to 
close it in vacuum, the case 2 with no hole and the lid may be 
directly closed in vacuum via the connecting member. The 
construction of the case and the lid in this embodiment is also 
applied to that in another embodiments which are described 
as follows. 

FIG. 2 shows a general view of a flexural mode, tuning 
fork, quartz crystal resonator housed in the case 2 of FIG. 1(a) 
and FIG. 1(b) embodying the present invention and its coor 
dinate system. The coordinate system consists of an origin O, 
an electrical axis X, a mechanical axisy and an optical axis Z 
of quartz, namely, O-XyZ. A flexural mode, tuningfork, quartz 
crystal resonator 21 embodying the present invention com 
prises a first tuning fork tine 22, a second tuning fork tine 23 
and a tuning fork base 24, the first tuning fork tine 22 and the 
second tuning fork tine 23 are connected at the tuning fork 
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6 
base 24. In addition, grooves 25 and 31 each of which has a 
plurality of step difference portions, i.e., stepped portions 
including a first stepped portion, a second stepped portion 
and a third stepped portion connecting the first stepped por 
tion to the second stepped portion as is shown in FIG. 3 and 
FIG. 4, are constructed within the obverse face faces of 
tuning fork tines 22 and 23 which include a portion of the 
central line, respectively, as shown in FIG. 3. FIG. 4, the 
same grooves are constructed within the reverse facefaces 
of the tines 22 and 23. A cutangle 0, which has a typical value 
of 0° to 10°, is rotated from a Z-plate perpendicular to Z axis 
about the X axis. Additionally, a groove is constructed at least 
with two step difference portions along the direction of length 
of tuning fork tines. In this embodiment, the groove is con 
structed with four step difference portions and has a rectan 
gular shape in the plan view of FIG. 1. 

FIG. 3 shows the A-A and B-B' cross-sectional views of 
the tuning fork tines of FIG. 2 and electrode construction 
within the grooves. The A-A cross-sectional view of the 
tuning fork tine 22 is shown on the right side and the B-B' 
cross-sectional view of the tuning forktine 23 is shown on the 
left side. The tuning fork tine 22 has a first side surface and a 
second side surface opposite the first side surface and 
grooves 25 and 26 each of which has a first stepped portion 
opposite the first side surface and a second stepped portion 
opposite the second side surface or a first surface opposite the 
first side surface and a second surface opposite the second 
side surface, cut into it, which include a portion of central line 
of the tine 22. The grooves 25 and 26 have a first set of 
electrodes 27 and 28 of the same electrical polarity, while the 
sides first and second side surfaces of the tine 22 have a 
second set of electrodes 29 and 30 having an opposite elec 
trical polarity to the first set of electrodes 27 and 28. The 
tuning fork tine 23 has a first side surface and a second side 
surface opposite the first side surface and grooves 31 and 32 
each of which has a first stepped portion opposite the first side 
surface and a second stepped portion opposite the second 
side surface or a first surface opposite the first side surface 
and a second surface opposite the second side surface, con 
structed in a similar manner as tuning fork tine 22. The 
grooves 31 and 32 have a third set of electrodes 33 and 34 of 
the same electrical polarity, and the sides first and second 
side surfaces of the tine 23 have a fourth set of electrodes 35 
and 36 with the opposite electrical polarity to the third elec 
trodes 33 and 34. The electrodes disposed on the tuning fork 
tines 22 and 23 are connected as shown in FIG.3, namely, two 
electrode terminals of different polarity C-C are obtained. 

In detail, the first set of electrodes 27 and 28 disposed on 
surfaces of the grooves 25 and 26 of the tuning fork tine 22 
have the same electrical polarity as the fourth set of electrodes 
35 and 36 disposed on both sides the first and second side 
surfaces of the tuning fork tine 23, while the second set of 
electrodes 29 and 30 disposed on both sides the first and 
second side surfaces of the tuning fork tine 22 have the same 
electrical polarity as the third set of electrodes 33 and 34 
disposed on the grooves 31 and 32 of the tine 23. Now, when 
a direct voltage is applied between the electrode terminals 
C-C", an electric field Ex occurs along the arrow direction 
inside the tuning fork tines 22 and 23. As the electric field Ex 
occurs perpendicular to the electrodes disposed on the tuning 
fork tines, as shown in the arrow signs, the electric field Ex 
has a very large value and a large distortion occurs at the 
tuning fork tines. As a result, a tuning fork, quartz crystal 
resonator is obtained with a small series resistance R and a 
high quality factor Q because even when miniaturized there is 
a large electromechanical transformation efficiency for the 
resonator. Thus, each of the tuning fork times 22, 23 has a first 
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main surface and a second main surface opposite the first 
main surface, and a first side surface and a second side 
surface opposite the first side surface, and the grooves 25, 26 
are formed in the first and second main surfaces of the tuning 
fork tine 22 and the grooves 31, 32 are formed in the first and 
second main surfaces of the tuning fork tine 23. In addition, a 
first electrode is disposed on a surface of each of the grooves 
25, 26, 31 and 32 formed in the first and second main surfaces 
of each of the tuning fork times 22, 23 and a second electrode 
is disposed on each of the first and second side surfaces of 
each of the tuning fork times 22, 23 so that the first electrodes 
27, 28 disposed on the surfaces of the grooves 25, 26 formed 
in the first and second main surfaces of the tuning fork tine 22 
are connected to the second electrodes 35, 36 disposed on the 
first and second side surfaces of the tuning fork time 23, and 
the first electrodes 33, 34 disposed on the surfaces of the 
grooves 31, 32 formed in the first and second main surfaces of 
the tuning fork time 23 are connected to the second electrodes 
29, 30 disposed on the first and second side surfaces of the 
tuning fork tine 22. 

FIG. 4 shows a plan view of a the tuning fork, quartz 
crystal resonator 21 of FIG. 2. In FIG. 4, the construction and 
the dimension of grooves 25 and 31 are described in detail. 
The groove 25 is constructed to include a portion of the 
central line 37 of the tuning fork tine 22, the groove 31 is 
similarly constructed to include a portion of the central line 38 
of the tuning forktine 23. The width W of the grooves 25 and 
31 which include a portion of the central lines 37 and 38, 
respectively, is preferable because the tuning forktines 22 and 
23 can vibrate in a flexural mode easily. 

In other words, a the flexural mode, tuning fork, quartz 
crystal resonator can be obtained with a small series resis 
tance R and a high quality factor Q. The total width W of the 
tuning forktines 22 and 23 has a relationship of W=W+W,+ 
W, and in general at least one of the four grooves 25, 26, 31 
and 32 is constructed so that WaW. Namely, each of the 
four grooves 25, 26, 31 and 32 has the first stepped portion 
opposite the first side surface of the tuning fork time and the 
second stepped portion opposite the second side surface of 
the tuning fork tine as described in FIG. 3, and when a 
distance in the width direction of the groove measured from a 
first Outer edge of the first stepped portion of the groove to a 
first Outer edge of the corresponding One of the quartz crystal 
tuning fork times 22, 23 is defined by W, and a distance in the 
width direction of the groove measured from a second outer 
edge of the second stepped portion of the groove to a second 
outer edge of the corresponding one of the quartz crystal 
tuning fork times 22, 23 is defined by W., the groove is formed 
in at least one of the first and second main surfaces of each of 
the tuning fork times 22, 23 so that W, is greater than W. In 
addition, the width W of the grooves is constructed so that 
WaW. W. Also, a ratio (W/W) of the groove width W. 
and the total width W is in a range of 0.35 to 0.85 because a 
moment of inertia of each of the tuning fork tines becomes 
very large by the ratio. That is to say, a the flexural mode, 
tuning fork, quartz crystal resonator can be provided with a 
Small series resistance R, a quality factor Q and a small 
capacitance ratio because electromechanical transformation 
efficiency becomes large markedly. 

Likewise, the length 1 of the grooves 25 and 31 of tuning 
fork tines 22 and 23 extends into the tuning fork base 24 
(which has a dimension of the length 1 and the length 1 of the 
grooves). Furthermore, the total length 1 is determined by the 
frequency requirement and the size of the housing case. At the 
same time, to get a flexural mode, tuning fork, quartz crystal 
resonator capable of vibrating easily in fundamental mode 
with Suppression of the second and third overtone modes 
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8 
which are unwanted vibration modes, there is a close rela 
tionship between groove length 1 and the total length 1. 
Namely, a ratio (1/1) of the groove length 1 and the total 
length 1 is in a range of 0.2 to 0.78 because the quantity of 
charges which generate within the grooves and on the sides of 
the tuning fork tines and/or the tuning fork base can be con 
trolled by the ratio and the second and third overtone modes 
which are unwanted vibration modes can be suppressed Sub 
stantially. In order to achieve the above mentioned object, it 
may be satisfied with at least one groove with the ratio con 
structed at the tines. As a result of which the flexural mode, 
tuning fork, quartz crystal resonator capable of vibrating eas 
ily in fundamental mode can be realized. 

In more detail, series resistance R of the quartz crystal 
resonator capable of vibrating in fundamental mode becomes 
Smaller than series resistances R and R of the second and 
third overtone modes. Namely, R<R, R, therefore, an 
oscillator comprising an amplifier (CMOS inverter), capaci 
tors, resistors (resistance elements) and a quartz crystal unit 
with the tuning fork quartz crystal resonator of this embodi 
ment can be obtained, which is capable of vibrating in fun 
damental mode very easily. In addition, in this embodiment 
the grooves 25 and 31 of tuning fork tines 22 and 23 extend 
into the tuning fork base 24 in series, but embodiment of the 
present invention includes a plurality of grooves divided in 
the length direction of the tuning fork tines. 

In summary the embodiments shown within FIG. 1 to FIG. 
4, the tuning fork tines have four grooves within the obverse 
and the reverse faces thereof and electrodes provided inside 
the grooves as well as electrodes disposed on both sides of the 
tuning fork tines. The embodiments of the present invention, 
however, may have at least one groove within at least at one 
Surface of the tuning fork tines and an electrode inside the at 
least one groove as well as electrodes disposed on both sides 
of the tuning fork tine. Also, it is provided that the first 
electrode inside the groove and the second electrodes on said 
side of the tine next to said electrode are of opposite electrical 
polarity. 

In addition, though the electrodes are disposed within the 
grooves and on the side faces of the tuning fork base in this 
embodiment, the present invention is not limited to this, but 
includes at least one electrode which is of opposite electrical 
polarity to the electrodes of adjoining grooves between the 
grooves of the tuning fork base, disposed on each of the 
obverse and reverse faces thereof. For example, two elec 
trodes 25a and 31a illustrated by virtual lines in FIG.4, or four 
electrodes (corresponding to a fourth electrode, a fifth elec 
trode, a sixth electrode and a seventh electrode) where the 
electrodes disposed opposite each other in the thickness 
direction are of the same electrical polarity. 

FIG. 5 shows a general view of a flexural mode, tuning 
fork, quartz crystal resonator 69 which constructs a quartz 
crystal unit of the second embodiment of the present inven 
tion and its coordinate systemO-XyZ. A cutangle 0, which has 
a typical value of 0° to 10°, is rotated from a Z-plate perpen 
dicular to the Z axix about the X axis. The flexural mode, 
tuning fork, quartz crystal resonator 69 comprises two tuning 
fork tines 70 and 76 and tuning fork base 90. The tuning fork 
tines 70 and 76 have grooves 71 and 77 respectively, with the 
grooves 71 and 77 extending into the tuning fork base 90. In 
addition, the tuning fork base 90 has the additional grooves 82 
and 86. 

FIG. 6 shows a D-D' cross-sectional view of the tuning fork 
base 90 for the flexural mode, tuning fork, quartz crystal 
resonator 69 of FIG. 5. In FIG. 6, the shape of the electrode 
construction within the tuning fork base 90 for the quartz 
crystal resonator of FIG. 5 is described in detail. The section 
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of the tuning fork base 90 which couples to the tuning fork 
tine 70 has the grooves 71 and 72 cut into the obverse and the 
reverse faces of the base 90. Also, the section of the tuning 
fork base 90 which couples to the tuning fork tine 76 has the 
grooves 77 and 78 cut into the obverse and the reverse faces of 
the base 90. In addition to these grooves, the tuning fork base 
90 has the grooves 82 and 86 cut between the grooves 71 and 
77, and also, the base 90 has the grooves 83 and 87 cut 
between the grooves 72 and 78. 

Furthermore, the grooves 71 and 72 have the first elec 
trodes 73 and 74 both of the same electrical polarity, the 
grooves 82 and 83 have the second electrodes 84 and 85 both 
of the same electrical polarity, the grooves 86 and 87 have the 
third electrodes 88 and 89 both of the same electrical polarity, 
the grooves 77 and 78 have the fourth electrodes 79 and 80 
both of same electrical polarity and the sides of the base 90 
have the fifth and sixth electrodes 75 and 81, each of opposite 
electrical polarity. In more detail, the fifth, fourth, and second 
electrodes 75, 79, 80, 84 and 85 have the same electrical 
polarity, while the first, sixth and third electrodes 73,74, 81, 
88 and 89 have the opposite electrical polarity to the others. 
Two electrode terminals E-E' are constructed. That is, the 
electrodes disposed inside the grooves constructed opposite 
each other in the thickness (Z axis) direction have the same 
electrical polarity. Also, the electrodes disposed opposite 
each other across adjoining grooves have opposite electrical 
polarity. 
Now, when a direct voltage is applied between the elec 

trode terminals E-E (E terminal: plus, E' terminal: minus), an 
electric field Ex occurs in the arrow direction as shown in 
FIG. 6. As the electric field Ex occurs perpendicular to the 
electrodes disposed on the tuning fork base, the electric field 
EX has a very large value and a large distortion occurs at the 
tuning fork base, so that a flexural mode, tuning fork, quartz 
crystal resonator is obtained with a small series resistance R 
and a high quality factor Q, even if it is miniaturized. 

FIG. 7 shows a plan view of the tuning fork, quartz crystal 
resonator 69 of FIG. 5. In FIG. 7, the disposition of the 
grooves 71 and 77 is particularly described in detail. The 
tuning fork tine 70 has the groove 71 cut including a portion 
of the central line 91 of the tine, as well, the tuning fork tine 
76 has also the groove 77 cut including a portion of the central 
line 92 of the tine. In addition, a flexural mode, tuning fork, 
quartz crystal resonator embodying the present invention has 
grooves 82and86 between the grooves 71 and 77 constructed 
at the tuning fork base 90 and the tuning fork tines 70 and 76. 

Thus, a flexural mode, tuning fork, quartz crystal resonator 
with the shape and the electrode construction embodying the 
present invention has excellent electrical characteristics, even 
if it is miniaturized. Namely, the quartz crystal resonator has 
a small series resistance R and a high quality factor Q. The 
width dimension W=W+W,+W, and length dimensions 1, 
1 and 1 are as already described in relation to FIG. 4. 

FIG. 8 shows a plan view of a flexural mode, tuning fork, 
quartz crystal resonator 145 which constructs a quartz crystal 
unit of the third embodiment of the present invention. The 
flexural mode, tuning fork, quartz crystal resonator 145 com 
prises tuning fork tines 146,147 and tuning fork base 148. At 
least one end of the tuning fork tines 146 and 147 connected 
to the tuning fork base 148. In this embodiment, a plurality of 
grooves 149,150, 151 and 152 are constructed only within the 
tuning fork base 148. Additionally, a plurality of grooves is 
similarly constructed within the reverse face of tuning fork 
base 148. 

In addition, the grooves 149 and 150 are constructed within 
the tuning fork base 148 where at least one end of the tuning 
fork tines 146 and 147 is connected to the tuning fork base 
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148. Furthermore, the grooves 151 and 152 are constructed 
between the grooves 149 and 150. The electrode disposition 
and the construction is not shown, but is similar to that already 
explained in detail in FIG. 6. Thus, by constructing the 
grooves and the electrodes, a flexural mode, tuning fork, 
quartz crystal resonator is obtained with a small series resis 
tance R1 and a high quality factor Q because a large distortion 
occurs at the tuning fork base. 

FIG. 9 shows a plan view of a flexural mode, tuning fork, 
quartz crystal resonator 153 which constructs a quartz crystal 
unit of the fourth embodiment of the present invention. The 
quartz crystal resonator of tuning fork type 153 comprises the 
tuning fork tines 154, 155 and the tuning fork base 156. The 
tuning fork tines 154 and 155 have grooves 157 and 158 
which extend to the tuning fork base 156. In addition, a 
groove 159 constructed between the grooves 157 and 158 and 
constructed within the tuning fork base 156. 

FIG. 10 shows F-F" cross-sectional view of the tuning fork 
base 156 for the flexural mode quartz crystal resonator 153 of 
FIG. 9. Here, the shape and the electrode construction of the 
cross-sectional view of the tuning fork base 156 for the quartz 
crystal resonator 153 in FIG. 9 are described in detail. As 
shown in FIG. 10, the quartz crystal resonator 153 has 
grooves 157 and 160 within the obverse and the reverse faces 
of the tuning fork base 156 where it connects to the tuning 
fork tine 154. The groove 157 is constructed opposite the 
groove 160. Similarly, the resonator 153 has grooves 158 and 
161 within the obverse and the reverse faces of the tuning fork 
base 156 where it connects to the tuning fork tine 155. The 
groove 158 is constructed opposite groove 161. In addition, 
the groove 159 is constructed between the groove 157 and the 
groove 158, and the groove 162 constructed opposite groove 
159 is constructed between the groove 160 and groove 161. 

Furthermore, the grooves 157,160 have the electrodes 163, 
164 of the same electrical polarity, the grooves 159,162 have 
the electrodes 165, 166 and the electrodes 167, 168, the 
grooves 158, 161 have the electrodes 169, 170 of the same 
electrical polarity, and both sides of the tuning fork base 156 
have the electrodes 171, 172 of opposite electrical polarities. 
The electrodes are connected in such a way that electrodes 
disposed opposite the sides of the grooves 157, 158, 159, 160, 
161, 162 have different electrical polarities. Thus, the elec 
trodes 165, 167, 169, 170, 171 are all the same electrical 
polarity while the electrodes 163, 164, 166, 168, 172 are the 
opposite electrical polarity. As a result, the embodiment of the 
present resonator has two electrode terminals G-G'. 

Therefore, the groove 159 has the electrode 165 and the 
electrode 166 each of opposite electrical polarity, similarly, 
the groove 162 has the electrode 167 and the electrode 168 
each of opposite electrical polarity. The electrodes disposed 
opposite the electrodes disposed on the sides of the adjoining 
grooves in the X-axis direction are of opposite electrical polar 
ity. That is, in this embodiment, the electrode 173 disposed on 
the side of the grooves 157 opposite to the electrode 165 
disposed on the side of the groove 159 are of opposite elec 
trical polarities, similarly, the electrodes 175 and 167 are of 
opposite electrical polarities, the electrodes 166 and 174 are 
also of opposite electrical polarities, and the electrodes 168 
and 176 are of opposite electrical polarities. In addition, the 
electrode 163 and the electrode 164 disposed inside the 
grooves 157 and 160 constructed opposite in the thickness 
(Z-axis) direction are the same electrical polarity. Likewise, 
the electrode 169 and the electrode 170 disposed inside the 
grooves 158 and 161 constructed opposite in the thickness 
(Z-axis) direction are also the same electrical polarity. The 
electrodes 163, 164, 169, 170 disposed inside the grooves 
157, 160, 158, 161 and the electrodes 171, 172 disposed on 
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the sides of the tuning fork base 156 extend from the tuning 
fork base 156 to the tuning fork tines 154, 155. 
Now, when an alternating Voltage is applied between two 

electrode terminals G-G', an electric field E. occurs alter 
nately along the arrow directions shown by the solid and 
broken lines. As a result, a flexural mode is generated in the 
inverse phase. In addition, as the is electric field E. occurs 
perpendicular to the electrodes between the electrodes dis 
posed on the sides of the grooves, the electric field E. 
becomes large, and as the tuning fork base 156 also has 
grooves 159, 162 and electrodes 165, 166, 167, 168, a mark 
edly large distortion occurs at the tuning fork base, so that a 
flexural mode, tuning fork, quartz crystal resonator is 
obtained with a small series resistance R and a high quality 
factor Q when it is miniaturized. In the above-mentioned 
embodiments the grooves are constructed on the tuning fork 
tines and/or the tuning fork base, but embodiment of the 
present invention includes holes instead of the grooves or a 
combination of the grooves and the holes. In addition, two 
electrode terminals implies two electrodes which are of oppo 
site electrical polarity and also includes electrodes divided 
into more than three two of which are of opposite electrical 
polarity. 

FIG. 11 shows a general view of a flexural mode, tuning 
fork, quartz crystal resonator 300 which constructs a quartz 
crystal unit of the fifth embodiment of the present invention 
and its coordinate system. FIG. 12 is a plan view of the 
resonator 300 shown in FIG. 11, and FIG. 13 shows a I-I' 
cross-sectional view of tuning forktines shown in FIG. 12. As 
shown in FIG. 11, the resonator 300 is formed from a quartz 
crystal wafer rotated about X-axis and with a cut angle 0. In 
general, a cutangle 0 has a value of 0° to 10°. Here, y' and z' 
axes are the new y and Z axes obtained after the rotation about 
the X-axis. This flexural mode, tuning fork, quartz crystal 
resonator 300 comprises tuning forktines 301,302 and tuning 
fork base 303, and has thickness t. In addition, the tuning fork 
tine 301 has step difference portions, and the step difference 
portion 304 (the inner side of upper surface portion 301a) is 
formed between upper surface portion 301a and medium 
surface portion 301b. The medium surface portion 301b and 
the step difference portion 304 extend to the tuning fork base 
3O3. 

Also, similar to the tuning fork tine 301, the medium sur 
face portion 302b and the step difference portion 305 are 
formed on the obverse face of the tuning fork tine 302, as 
shown in FIG. 12 and FIG. 13, furthermore, the upper surface 
portion 303a, the medium surface portion 303b and the step 
difference portion306 are formed on the tuning fork base 303. 
Namely, as shown in FIG. 12, the tuning fork tine 301 of this 
resonator 300 has the step difference portion 304, while the 
tuning forktine 302 has the step difference portion 305, these 
step difference portions extend to the tuning fork base 303, 
and the step difference portions 304 and 305 are connected at 
the step difference portion 306 of the tuning fork base 303. In 
this embodiment the step difference portions of tuning fork 
tines are constructed in series, but embodiment of the present 
invention includes a plurality of step difference portions 
divided in the length direction of the tuning fork tines. 

In addition, as shown in FIG. 13, a structure similar to the 
obverse face of the tuning forktine 301, is also constructed on 
the reverse face. The step difference portion 307 is formed 
between the lower surface portion 301c and the medium 
surface portion 301d and the step difference portion 307 
extend to the tuning fork base 303. Here, the step difference 
portion 304 of the obverse face turns toward the inside of the 
tuning forktine 301 and the step difference portion 307 of the 
reverse face turns toward the outside of the tuning fork tine 
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301. The electrode 308 is disposed on the step difference 
portion 304 and the electrode 309, which is connected to the 
electrode 308, is disposed on the medium surface portion 
301b.The electrode 310 is disposed on the step difference 
portion 307 and the electrode 311, which is connected to the 
electrode 310, is disposed on the medium surface portion 
301d. In addition, the electrode 312 is disposed on the side of 
the tine 301 opposite the electrode 308 disposed on the step 
difference portion 304 and the electrode 313 is disposed on 
the side of the tine 301 opposite the electrode 310 disposed on 
the step difference portion 307. Thus, by this arrangement of 
electrodes, an electric field Ex occurs perpendicularly 
between the electrodes 308 and 312 and the electrodes 310 
and 313. Similarly, the tuning fork tine 302 also has the step 
difference and the electrodes of left and right symmetry to the 
tuning fork tine 301. Namely, the step difference portions 
305,314, the upper surface portion 302a, the medium surface 
portion 302b and the medium surface portion 302d are con 
structed on the obverse and the reverse faces of the tuning fork 
tine 302. The electrode 315 is disposed on the step difference 
portion 305 and the electrode 316, which is connected to the 
electrode 315, is disposed on the medium surface portion 
302b, and also the electrode 317 is disposed on the step 
difference portion 314 and electrode 318, which is connected 
to the electrode 317, is disposed on the medium surface 
portion 302d. In addition, the electrode 319 is disposed on the 
side of the tine 302 opposite the electrode 315 and the elec 
trode 320 is disposed on the side of the tine 302 opposite the 
electrode 317. In more detail, the first set of electrodes 308, 
309, 310, 311, 319 and 320 are the same electrical polarity 
and the second set of electrodes 312,313, 315, 316, 317 and 
318 are the opposite electrical polarity to the first set of 
electrodes. As a result, two electrode terminals K-K" are con 
structed. 
Now, when an alternating Voltage is applied between the 

electrode terminals K-K', an electric field Ex occurs perpen 
dicularly and alternately between the electrodes, as shown by 
the solid and broken arrow signs in FIG. 13 and a flexural 
mode vibration can be easily excited, so that a flexural mode, 
tuning fork, quartz crystal resonator is obtained with a small 
series resistance RI and a high quality factor Q because the 
electromechanical transformation efficiency for the resonator 
becomes large. 

FIG. 14 shows a general view of a flexural mode, tuning 
fork, quartz crystal resonator 321 which constructs a quartz 
crystal unit of the sixth embodiment of the present invention 
and its coordinate system. FIG. 15 is a plan view of the 
resonator 321 of FIG. 14, and FIG. 16 shows a J-J' cross 
sectional view of tuning fork tines of FIG. 15. Here, the 
coordinate system in this embodiment is the same as that 
shown in FIG. 11. A flexural mode, tuning fork, quartz crystal 
resonator 321 comprises the tuning fork tines 322, 323 and 
the tuning fork base324, and has a thickness t. In addition, the 
tuning fork tine 322 has the step difference, as shown in FIG. 
14 and FIG. 16. The upper surface portion 322a, the medium 
surface portions 322b, 322d, the step difference portions 325, 
328 and the lower surface portion 322c are formed on the 
tuning fork tine 322. The medium surface portions 322b. 
322d, and the step difference portions 325, 328 extend to the 
tuning fork base 324 whose obverse face is shaped to the 
upper surface portion 324a, the medium surface portion 324b 
and the step difference portion 327 and whose reverse face 
has the same shape as the obverse face (though the shape is 
not shown in the FIGS. 14 and 15). 

In the same way, the upper surface portion 323a, the 
medium surface portions 323b, 323d, the step difference por 
tions 326,329 and the lower surface portion 323c are formed 
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on the tuning fork tine 323. The medium surface portions 
323b, 323d and the step difference portions 326,329 extend 
to the tuning fork base 324 in a manner similar to said tuning 
forktine 322. In other words, as shown in FIGS. 15 and 16, the 
tuning fork tines 322 and 323 have the step difference por 
tions 325 and 326 which extend to the tuning fork base 324 
and connect at the step difference portion 327. In addition, the 
step difference portions 325 and 328 are constructed at the 
obverse and the reverse faces of the tuning fork tine 322 and 
also the step difference portions 326 and 329 are constructed 
on the obverse and the reverse faces of the tuning fork tine 
323. In this embodiment, the step difference portions 325, 
328 and 326,329 turn to the inside of the tuning forktines 322 
and 323, the same effect is obtained when said step difference 
portions 325, 328 and 326,329 turn to outside of said tines 
322 and 323, as shown in FIGS. 17, 18, 19 and 21. 

Furthermore, the electrode 330 is disposed on the step 
difference portion 325 and electrode 331, which is connected 
to the electrode 330, is disposed on the medium surface 
portion 322b, electrode 332 is also disposed on the step dif 
ference portion 328 and electrode 333, which is connected to 
the electrode 332, is disposed on the medium surface portion 
322d, and electrodes 334, 335 are disposed on both sides of 
the tuning fork tine 322. Namely, electrode 335 is disposed 
opposite electrodes 330 and 332 which are of opposite elec 
trical polarity from said electrode 335. Similar to said tuning 
fork tine 322, the tuning fork tine 323 also has the step 
difference and electrodes of left and right symmetry to said 
tuning fork tine 322. 

That is to say, the tuning fork tine 323 has the step differ 
ence portions 326, 329, the upper surface portion 323a, the 
medium surface portions 323b, 323d and the lower surface 
portion 323c, and the step difference portion 326 has elec 
trode 336, which is connected to electrode 337, disposed on 
the medium surface portion 323b, while the step difference 
portion 329 has electrode 338, which is connected to elec 
trode 339, disposed on the medium surface portion 323d, and 
electrodes 340,341 are disposed on both sides of the tuning 
forktine323. Namely, electrode 341 is disposed in opposition 
to electrodes 336 and 338 which are of opposite electrical 
polarity from said electrode 341. In full detail, as shown in 
FIG.16, the first set of electrodes 330,331,332,333,340 and 
341 have the same electrical polarity, while the second set of 
electrodes 334, 335, 336, 337,338 and 339 are of opposite 
electrical polarity to the first set of electrodes. Two electrode 
terminals L-L are able to be constructed. 
When an alternating voltage is applied between the two 

electrode terminals L-L', an electric field Ex occurs perpen 
dicular to and alternately between the electrodes, as shown by 
the solid and broken arrow signs in FIG. 16 and a flexural 
mode vibration may be easily excited, so that a flexural mode, 
tuning fork, quartz crystal resonator is obtained with a small 
series resistance R and a high quality factor Q because the 
electromechanical transformation efficiency for the resonator 
becomes large. In this embodiment, the tuning fork tines 322 
and 323 have the medium surface portions 322b, 322d, 323b 
and 323d on the inside of the said tines, but, the same effect as 
that of said shape can be obtained when the medium surface 
portions are constructed on the outside of the tuning forktines 
322 and 323, as shown in FIGS. 17, 18, 19 and 20. 

FIG. 17 shows a plan view of a flexural mode quartz crystal 
resonator 351 which constructs a quartz crystal unit of the 
seventh embodiment of the present invention. The resonator 
351 comprises tuning forktines 352,353 and tuning fork base 
354. The tines 352 and 353 have step difference portions 355, 
356 and medium surface portions 355b,356b respectively. In 
this embodiment, the step difference portions 355, 356 and 
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the medium surface portions 355b, 356b extend into the tun 
ing fork base 354. Thus, the step difference portions turn to 
outside of said tines, and the medium surface portions are 
constructed on the outside of said tines. In addition, electrode 
construction of the tuning fork tines is not shown in FIG. 17. 
but it is performed similar to that of FIG. 16. This resonator 
also has the same effect as that of FIG. 14. 

FIG. 18 shows a plan view of a flexural mode quartz crystal 
resonator 351a which constructs a quartz crystal unit of the 
eighth embodiment of the present invention. The resonator 
351a comprises tuning fork tines 352a, 353a and tuning fork 
base 354a. The tines 352a and 353a have step difference 
portions 355a, 356a along the direction of length thereof and 
medium surface portions 355b, 356b respectively. In addi 
tion, the step difference portions 355a and 356a have the 
respective step portions 355e and 356e versus the direction of 
length of the tines 352a and 353a. Namely, In this embodi 
ment, two step difference portions are constructed at each tine 
and the two step difference portions are connected via a step 
portion. In more detail, two step difference portions which are 
connected via a step portion may be constructed on at least 
one face of obverse and reverse faces of tuning fork tines. In 
this embodiment, the step difference portions 355a, 356a and 
the medium surface portions 355b, 356b extend into the tun 
ing fork base 354a. Electrodes for this resonator are not 
disposed in FIG. 18, but they are disposed on the step differ 
ence portions, the medium surface portions and side faces of 
the tuning fork tines similar to that of FIG. 16. Thus, by 
constructing the electrodes and the step difference portions 
connected via the step portion, a tuning fork, quartz crystal 
resonator capable of vibrating in fundamental mode very 
easily can be obtained with a small series resistance R and a 
high quality factor Q because the quantity of charges which 
generate on the step difference portions and the side faces of 
the tuning fork tines can be controlled and the second and 
third overtone modes for the resonator which are unwanted 
vibration modes can be substantially Suppressed in vibration. 

In this embodiment, each tuning fork tine has two step 
difference portions on the obverse face along the direction of 
length thereof which are connected via a step portion, but this 
invention is not limited to this. That is to say, the present 
invention also includes a flexural mode, tuning fork, quartz 
crystal resonator comprising tuning fork tines and a tuning 
fork base that are formed integrally, a plurality of step differ 
ence portions constructed at said tuning fork tines along the 
direction of length thereof, and at least two of the plurality of 
step difference portions being connected via at least one step 
portion, in other words, the at least two step difference por 
tions are connected via at least one step portion. In more 
detail, a plurality of step difference portions which are con 
nected via at least one step portion may be constructed on at 
least one face of obverse and reverse faces of tuning fork 
tines. 

It is needless to say that this concept can be also applied to 
the flexural mode, tuning fork, quartz crystal resonators 
shown in FIGS. 1(a), 1(b), 5, 7 and 9, and also applied to 
tuning fork quartz crystal resonators which will be shown in 
FIGS. 19 and 21. For example, the present invention also 
includes a flexural mode, tuning fork, quartz crystal resonator 
comprising tuning fork tines each having a first (inner or 
outer) side surface and a second (outer or inner) side surface 
opposite the first side surface and a tuning fork base that are 
formed integrally, and a groove constructed, respectively, 
on formed in each of obverse and reverse faces (first and 
second main surfaces) of each tuning fork tine. Namely, as an 
example of the respective grooves, the groove constructed 
onformed in the obverse face of each of the tuning fork times 
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has at least two step difference portions portions, i.e., at 
least two stepped portions including a first stepped portion 
and a second stepped portion connected to the first stepped 
portion along the length direction of each of the tuning fork 
Itine and times, as shown in FIG. 18, and the first stepped 
portion is connected to the second stepped portion through a 
third stepped portion so that each of the first and second 
stepped portions of the groove formed in the obverse face of 
each of the tuning fork times is formed directly opposite the 
first side surface of the corresponding one of the tuning fork 
times and is directly connected to the third stepped portion 
formed in a direction different from that of each of the first and 
second stepped portions, i.e., not opposite the first side sur 
face, in addition, as shown in FIG. 18, the groove formed in 
the obverse face of each of the tuning fork times has a first 
width and a second width greater than the first width so that 
the first width is greater than a first distance in the width 
direction of the groove measured from an outer edge of the 
first stepped portion of the groove to an outer edge of the first 
side surface of the corresponding one of the tuning fork times 
and the second width is greater than a second distance in the 
width direction of the groove measured from an Outer edge of 
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of the third surface, and so that an end portion of the fourth 
surface is directly connected to the second endportion of the 
first surface and an endportion of the fifth surface is directly 
connected to the second endportion of the second surface. In 
addition, as shown in FIG. 18, the groove formed in at least 
One of the obverse and reverse faces of each of the tuning fork 
times comprises a first groove portion having a first width and 
the first surface directly opposite the first side surface, and a 
second groove portion having a second width different foom 
i.e., greater than the first width and the second surface 
directly opposite the first side surface, and a third groove 
portion including the third surface formed in a direction 
different from each of the first and second surfaces, i.e., not 
opposite the first side surface so that each of the first and 
second surfaces is formed along the length of the correspond 
ing one of the tuning fork times, and a first distance in the 
width direction of the first groove portion measured from a 
first Outer edge of the first surface of the first groove portion to 
a first Outer edge of the first side surface of the corresponding 
One of the tuning fork times is greater than a second distance 
in the width direction of the second groove portion measured 

the second stepped portion of the groove to an outer edge of from a second Outer edge of the second surface of the second 
the first side surface of the corresponding one of the tuning groove portion to a second outer edge of the first side surface 
fork times, and so that the second distance is less than the first 25 of the corresponding one of the tuning fork times, and so that 
distance, namely, each of the first and second widths is 
greater than each of the first and second distances, while the 
groove constructed onformed in the reverse face of each of 
the tuning fork times has at least three step difference por 
tionsportions, i.e., at least three stepped portions including 
first, second and third stepped portions along the length direc 
tion of each of the tuning forktine times, and at least two of 
the at least three step difference stepped portions are con 
nected via at least one step stepped portion. Namely, an 
example of this relation shows that the first stepped portion is 
connected to the second stepped portion through a stepped 
portion so that each of the first and second stepped portions of 
the groove formed in the reverse face of each of the tuning fork 
times is formed opposite the first side surface of the corre 
sponding one of the tuning fork times and is directly connected 
to the stepped portion. In addition, the groove formed in the 
obverse face of each of the tuning fork times has a fourth 
stepped portion directly opposite a fifth stepped portion in the 
length direction, the fourth stepped portion is directly con 
nected to the first stepped portion and the fifth stepped portion 
is directly connected to the second stepped portion, as shown 
in FIG. 18. Similar to this, the groove formed in the reverse 
face of each of the tuning fork times has a fourth stepped 
portion directly opposite a fifth stepped portion in the length 
direction, the fourth stepped portion is directly connected to 
the first stepped portion and the fifth stepped portion is 
directly connected to the second stepped portion. In other 
words, the groove formed in each of the obverse and the 
reverse faces of each of the tuning fork times has a first surface 
and a second surface connected to the first surface through a 
third surface, and a fourth surface directly opposite a fifth 
surface in the length direction, each of the first, second and 
third surfaces has a first end portion and a second end por 
tion, and also, the groove is formed in each of the obverse and 
the reverse faces of each of the tuning fork times so that each 
of the first and second surfaces of the groove formed in each 
of the obverse and the reverse faces of each of the tuning fork 
times is formed directly opposite the first side surface of the 
corresponding one of the tuning fork times, and the first end 
portion of the first surface is directly connected to the first end 
portion of the third surface and the first end portion of the 
second surface is directly connected to the second endportion 
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the first width of the first groove portion is greater than the 
first distance in the width direction of the first groove portion 
and the second width of the second groove portion is greater 
than the second distance in the width direction of the second 
groove portion. Namely, each of the first and second widths is 
greater than each of the first and second distances. For two 
tuning fork tines, each tine has at least two and at least three 
step differencestepped portions at obverse and reverse faces 
and the at least three step differencestepped portions at least 
two of which are connected via at least one step stepped 
portion, are constructed formed at a different tuning fork 
tine. Similarly, for more than three tines, at least three step 
difference stepped portions are constructed formed at a 
different each tuning fork tine. This resonator also has the 
same effect as that of FIG. 18. 

FIG. 19 shows a plan view of a flexural mode quartz crystal 
resonator 357 which constructs a quartz crystal unit of the 
ninth embodiment of the present invention. The resonator 357 
comprises tuning fork tines 358, 359 and tuning fork base 
360. The tines 358 and 359 have step difference portions 361, 
362 along the direction of length thereof and medium surface 
portions 361b, 362b respectively, with the step difference 
portions 361 and 362 extending into the base 360. In addition, 
the base 360 has the grooves 363 and 364 between the step 
difference portions 361 and 362. 

FIG. 20 shows a M-M' cross-sectional view of the tuning 
fork base 360 for the flexural mode, tuning fork, quartz crystal 
resonator 357 of FIG. 19. In FIG. 20, the shape of the elec 
trode construction within the tuning fork base 360 for the 
quartz crystal resonator of FIG. 19 is described in detail. The 
section of the tuning fork base 360 which couples to the 
tuning fork tine 358 has the step difference portions 361,365 
and the medium surface portions 361b, 365d cut into the 
obverse and the reverse faces of the base 360. Also, the 
section of the tuning fork base 360 which couples to the 
tuning fork tine 359 has the step difference portions 362,366 
and the medium surface portions 362b, 366d cut into the 
obverse and the reverse faces of the base 360. In addition to 
these step difference portions, the tuningfork base 360 has the 
grooves 363 and 364 cut between the step difference portions 
361 and 362, and also, the base 360 has the grooves 367 and 
368 cut between the step difference portions 365 and 366. 
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Furthermore, the step difference portions 361 and 365 have 
the first electrodes 373 and 375 which are connected to elec 
trodes disposed on the medium surface portions 361b and 
365d, both of which have the same electrical polarity, the 
grooves 363 and 367 have the second electrodes 369 and 371 
both of the same electrical polarity, the grooves 364 and 368 
have the third electrodes 370 and 372 both of the same elec 
trical polarity, the step difference portions 362 and 366 have 
the fourth electrodes 374 and 376 which are connected to 
electrodes disposed on the medium surface portions 362b and 
366d, both of which have same electrical polarity and the 
sides of the base 360 have the fifth and sixth electrodes 377 
and 378 which extend into the sides of the tines 358 and 359 
respectively, each of which has opposite electrical polarity. In 
more detail, the first, third, and sixth electrodes 373,375,370, 
372 and 378 have the same electrical polarity, while the 
second, fourth and fifth electrodes 369,371,374,376 and 377 
have the opposite electrical polarity to the others. Two elec 
trode terminals P-P are constructed. That is, the electrodes 
disposed inside the grooves constructed opposite each other 
in the thickness (Z' axis) direction have the same electrical 
polarity. Also, the electrodes disposed opposite each other 
across adjoining grooves or adjoining step difference portion 
and groove have opposite electrical polarity. 
Now, when a direct voltage is applied between the elec 

trode terminals P-P (Pterminal: plus, P' terminal: minus), an 
electric field Ex occurs in the arrow direction as shown in 
FIG. 20. As the electric field Ex occurs perpendicular to the 
electrodes disposed on the tuning fork base, the electric field 
EX has a very large value and a large distortion occurs at the 
tuning fork base, so that a flexural mode, tuning fork, quartz 
crystal resonator is obtained with a small series resistance R 
and a high quality factor Q, even if it is miniaturized. 

FIG. 21 shows a plan view of a flexural mode quartz crystal 
resonator 379 which constructs a quartz crystal unit of the 
tenth embodiment of the present invention. The resonator 379 
comprises tuning fork tines 380, 381 and tuning fork base 
382. The tines 380 and 381 have step difference portions 383, 
384 along the direction of length thereof and medium surface 
portions 383b, 384b respectively, with the step difference 
portions 383 and 384 extending into the base 382. In addition, 
the base 382 has the groove 385 between the step difference 
portions 383 and 384. 

FIG. 22 shows a N-N' cross-sectional view of the tuning 
fork base 382 for the flexural mode, tuningfork, quartz crystal 
resonator 379 of FIG. 21. In FIG. 22, the shape of the elec 
trode construction within the tuning fork base 382 for the 
quartz crystal resonator of FIG. 21 is described in detail. The 
section of the tuning fork base 382 which couples to the 
tuning fork tine 380 has the step difference portions 383,386 
and the medium surface portions 383b, 386d cut into the 
obverse and the reverse faces of the base 382. Also, the 
section of the tuning fork base 382 which couples to the 
tuning fork tine 381 has the step difference portions 384,387 
and the medium surface portions 384b, 387d cut into the 
obverse and the reverse faces of the base 382. In addition to 
these step difference portions, the tuningfork base 382 has the 
groove 385 cut between the step difference portions 383 and 
384, and also, the base 382 has the groove 388 cut between the 
step difference portions 386 and 387. 

Furthermore, the step difference portions 383 and 386 have 
the first electrodes 393 and 395 which are connected to elec 
trodes disposed on the medium surface portions 383b and 
386d, both of which have the same electrical polarity, the 
grooves 385 and 388 have the second electrodes 389 and 391 
both of the same electrical polarity and the third electrodes 
390, 392 both of the same electrical polarity, the step differ 
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ence portions 384 and 387 have the fourth electrodes 394 and 
396 which are connected to electrodes disposed on the 
medium surface portions 384b and 387d, both of which have 
same electrical polarity and the sides of the base 382 have the 
fifth and sixth electrodes 397 and 398 which extend into the 
sides of the tines 380 and 381 respectively, each of which has 
opposite electrical polarity. In more detail, the first, third, and 
sixth electrodes 393, 395, 390, 392 and 398 have the same 
electrical polarity, while the second, fourth and fifth elec 
trodes 389,391,394,396 and 397 have the opposite electrical 
polarity to the others. Two electrode terminals U-U" are con 
structed. That is, the electrodes disposed inside the grooves 
constructed opposite each other in the thickness (Z' axis) 
direction have the same electrical polarity. Also, the elec 
trodes disposed opposite each other across adjoining step 
difference portion and groove have opposite electrical polar 
ity. In addition, the medium Surface portions extend to a side 
of the tuning fork tines as described in the above embodi 
mentS. 

Now, when an alternating current (AC) Voltage is applied 
between two electrode terminals U-U, an electric field Ex 
occurs alternately along the arrow directions shown by the 
Solid and broken lines. As a result, a flexural mode is gener 
ated in the inverse phase. In addition, as the electric field E. 
occurs perpendicular to the electrodes between the electrodes 
disposed on the sides of the grooves and the step difference 
portions, the electric field E becomes large, namely, a mark 
edly large distortion occurs at the tuning fork base, so that a 
flexural mode, tuning fork, quartz crystal resonator is 
obtained with a small series resistance R and a high quality 
factor Q when it is miniaturized. In the this embodiments, 
though the electrodes 397 and 398 which are of opposite 
electrical polarity at both sides of the tuning fork base 382, are 
disposed, the present invention is not limited to this, for 
example, the present invention includes the construction of 
the electrodes 397 and 398 being not disposed on the both 
sides or the construction of the electrodes 397 and 398 being 
connected to electrodes disposed on the respective adjoining 
medium Surface portions. This electrode construction is also 
applied to that of both outside faces of the tuning fork tines. 

FIG.23 shows a plan view of a quartz crystal unit 400 of the 
eleventh embodiment of the present invention and omitting a 
lid. The quartz crystal unit 400 comprises a case 401, two 
flexural mode, tuning fork, quartz crystal resonators 402,403 
and a lid not shown in FIG. 23. The one tuning fork, quartz 
crystal resonator 402 comprises tuning fork tines 404, 405 
and tuning fork base 406 and similarly, the other tuning fork, 
quartz crystal resonator 403 comprises tuning fork tines 407, 
408 and tuning fork base 409. The tuning fork bases 406 and 
409 for the resonators 402 and 403 are formed integrally via 
a connecting portion 410. In addition, the two quartz crystal 
resonators are formed with an angle (p of separation of 0° to 
30°. An object of embodiments of the present invention may 
be achieved even if the same-designed resonators have the 
angle (p=0° because flexural mode quartz crystal resonators of 
tuning fork type, which are manufactured in mass production, 
have a distribution of frequency temperature behaviours due 
to manufacturing tolerances. In other words there will be 
small differences between the two resonators. Moreover, the 
quartz crystal resonators 402 and 403 in this embodiment 
have the same grooves and electrodes as those of the tuning 
fork, quartz crystal resonator 21 described in FIG. 2, respec 
tively. Also, it is possible to change a peak temperature point 
by changing a ratio of a thickness of groove and a thickness of 
tuning fork tines 

Here, formed integrally implies that a plurality of indi 
vidual flexural mode, tuning fork, quartz crystal resonators 
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are connected and formed between each tuning fork base via 
a connecting portion, when said quartz crystal resonators 
were removed from a quartz crystal wafer and also, includes 
the quartz crystal resonators cut and removed at the connect 
ing portion after they were fixed on a mounting portion of a 
case by adhesives or solder. 

Also, the tuning fork bases 406 and 409 are fixed at plural 
locations of a mounting portion 411 constructed at the case 
401 by conductive adhesives 412,413, 414 and 415 or solder. 
In this embodiment the bases are fixed at four locations of the 
mounting portion, but they may be fixed at location more than 
at least two. In addition, the tuning fork tines 404 and 405 
have the grooves 416 and 417, and the tuning fork tines 407 
and 408 have the grooves 418 and 419, in this embodiment the 
grooves constructed at the tuning fork tines extend into the 
tuning fork bases 406 and 409, but the grooves may be con 
structed at the tuning fork tines at least. 

Furthermore, four electrodes 420, 421, 422 and 423 are 
disposed on the mounting portion 411 and connected to the 
respective electrodes disposed on the tuning fork bases 406 
and 409, the electrodes of which have opposite electrical 
polarity. Namely, the tuning fork, quartz crystal resonator 402 
and 403 in this embodiment have two electrode terminals, 
respectively. Additionally, as an another example of the elec 
trode construction in this embodiment, at least two elec 
trodes, for example, the electrodes 421 and 422 may be con 
structed Such as common electrode (one electrode). 

In addition, it is not visible in FIG. 23, but the four elec 
trodes 420, 421, 422 and 423 disposed on the mounting por 
tion 411 extend into the reverse face of the case 401 or at least 
two of said electrodes are of the common electrode and three 
electrodes or two electrodes are disposed on the reverse face 
of the case 401. 

In more detail, the electrodes disposed on the reverse face 
of the case are constructed so that the flexural mode, tuning 
fork, quartz crystal resonators 402 and 403 are connected 
electrically in parallel. Namely, when two resonators 402 and 
403 are excited by an electrical signal, both resonators vibrate 
in flexural mode in parallel electrically. 

Thus, by constructing two flexural mode quartz crystal 
resonators of tuning fork type which are connected at each 
tuning fork base via a connecting portion and formed inte 
grally with an angle (p of separation no more than 30° between 
each resonator, each flexural mode, tuning fork, quartz crystal 
resonator has a different frequency temperature behaviour 
dependent on the angle (p. Namely, flexural mode, tuning fork, 
quartz crystal resonators can be obtained with different peak 
temperature points. In addition, an improvement of the fre 
quency temperature behaviour for the tuning fork, quartz 
crystal resonator can be performed by electrically connecting 
the two quartz crystal resonators of tuning fork type in par 
allel. In order to get excellent frequency temperature behav 
iour, frequency difference for the both resonators 402 and 403 
may be preferably less than 30 ppm. An electrical connection 
diagram for both flexural mode, tuning fork, quartz crystal 
resonators 402, 403 is shown in FIG. 24. The resonators are 
connected in parallel electrically. 

FIG. 25 shows an example of frequency temperature 
behaviour of the quartz crystal unit of said eleventh embodi 
ment with the above-described flexural mode, tuning fork, 
quartz crystal resonators 402,403. The quartz crystal resona 
tor 402 shown in FIG. 23 has frequency temperature behav 
iour 430 whose peak temperature point is approximately 30° 
C., while the resonator 403 shown in FIG. 23 has frequency 
temperature behaviour 431 whose peak temperature point is 
approximately 10°C. The compensated frequency tempera 
ture behaviour for both quartz crystal resonators connected in 
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parallel electrically is shown by the curve 432. Thus, the 
quartz crystal unit with the integrally formed flexural mode, 
tuning fork, quartz crystal resonator embodying the present 
invention may be miniaturized and obtained with excellent 
frequency temperature behaviour. 

FIG. 26 shows a plan view of a quartz crystal unit 450 of the 
twelfth embodiment of the present invention and omitting a 
lid. The quartz crystal unit 450 comprises a case 451, two 
flexural mode, tuning fork, quartz crystal resonators 452,453 
and a lid not shown in FIG. 26. The two resonators 452 and 
453 each of which comprises tuning forktines and tuning fork 
base, are connected at each tuning fork base via connecting 
portion 455 and formed integrally by an etching method, in 
more detail, by a chemical or physical or mechanical method. 
In this embodiment, a dividing portion 454 between both 
quartz crystal resonators 452 and 453 is constructed at the 
case 451 to prevent interference in vibration for the both 
resonators 452 and 453. Also, a height of the dividing portion 
454 may be the same one as the case 451 or may be lower than 
that of the case 451. Moreover, the quartz crystal resonators 
452 and 453 have the same grooves and electrodes as those of 
the tuning fork, quartz crystal resonator 21 described in FIG. 
2, respectively. 

In this embodiment, also, though the dividing portion 454 
is constructed at the case 451 to prevent the interference in 
vibration for two flexural mode, tuning fork, quartz crystal 
resonators 452 and 453, the interference in vibration for both 
resonators 452 and 453 can be prevented by constructing a 
dividing portion between the both resonators 452 and 453, 
formed integrally with them. In addition, the construction of 
grooves and electrodes in this embodiment is not shown in 
FIG. 26, but it is same as that of FIG. 23. 

In FIGS. 23 and 26, two flexural mode, tuning fork, quartz 
crystal resonators formed integrally are housed in a case of a 
quartz crystal unit, each of which has the same grooves and 
electrodes as those of the flexural mode, tuning fork, quartz 
crystal resonator housed in the case 2 of the quartz crystal unit 
shown in FIG. 1, but, instead of said resonators the flexural 
mode, tuning fork, quartz crystal resonators shown in FIGS. 
5-22 may be housed in the case of the quartz crystal unit. In 
more detail, the same-designed resonators may be housed in 
the case or the different-designed resonators may be housed 
in the case. In addition, the same effect as that described in 
FIG. 25 can be also obtained by using at least one of two 
resonators, which is the flexural mode, tuning fork, quartz 
crystal resonator of the present invention shown in FIGS. 
2-22. 

Namely, by electrically connecting two flexural mode, tun 
ing fork, quartz crystal resonators in parallel, a quartz crystal 
unit can be obtained with a small frequency change versus 
temperature because an improvement of frequency tempera 
ture behaviour can be performed, and simultaneously, when 
two pieces of quartz crystal resonators with the same series 
resistance R are used, a compound quartz crystal resonator 
formed from embodiments of the present invention has about 
half the series resistance R. Thus, a quartz crystal unit with 
flexural mode, tuning fork, quartz crystal resonators can be 
realized with a small series resistance. 

Next, a method of manufacturing a quartz crystal unit of the 
present invention is described in detail, according to the 
manufacturing steps. 
FIG.27 shows an embodiment of a method of manufactur 

ing a quartz crystal unit of the present invention and a step 
diagram embodying the present invention. The signs of S-1 to 
S-12 are the step numbers. First, S-1 shows a cross-sectional 
view of a quartz crystal wafer 40. Next, in S-2 a (first) metal 
film 41 comprising chromium and gold, namely, chromium 
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and gold on the chromium are, respectively, disposed on 
upper and lower faces of the quartz crystal wafer 40 by an 
evaporation method or a spattering method. In addition, a 
(first) resist 42 is spread on said the metal film 41 in S-3, and 
after the metal film 41 and the resist 42 were are removed 
except those of a tuning fork shape by a photo-lithographic 
process and an etching process, the tuning fork shape with 
tuning forktines 43.44 and a tuning fork base 45, as be shown 
in S-4, is integrally formed by a chemical etching process. 
process, namely, in a first etching process. In FIG. 27 the 
formation of a piece of tuning fork shape is shown, but, a 
number of tuningfork shapes are actually formed in a piece of 
quartz crystal wafer. 

Similar to the steps of S-2 and S-3, thea (second) metal 
film and a (second) resist are spread again on the tuning fork 
shape of S-4 and grooves 46, 47, 48 and 49 each of which has 
two step difference portions i.e., two stepped portions includ 
ing a first stepped portion and a second stepped portion 
opposite the first stepped portion in the width direction along 
the length direction of the tuning fork tines, are formed at in 
two of main surfaces (e.g., in first and second opposite main 
surfaces) of each of the tuning fork tines 43, 44 by the a 
photo-lithographic process and the an etching process, and 
the shape of S-5 is obtained after all of the resistand the metal 
film were are removed. Thus, at least one of the grooves 46, 
47, 48 and 49 is formed after the tuning fork times 143, 144 are 
formed. Namely, at least one of the grooves 46, 47 of the 
tuning fork tine 43 is formed after the tuning fork tine 43 is 
formed, and at least one of the grooves 48, 49 of the tuning 
fork time 44 is formed after the tuning fork time 44 is formed. 
In other words, the step of forming the tuning fork times 43, 44 
is performed before the step of forming the groove formed in 
each of two of the main surfaces (e.g., in each of the first and 
second opposite main surfaces) of each of the tuning fork 
times 43, 44. In addition, a (third or second) metal film and a 
(third or second) resist are spread again on the shape of S-5 
S-5, namely, the metal film is disposed on each of the first and 
second opposite main surfaces and first and second opposite 
side surfaces of each of the tuning fork times 43, 44, and a 
surface of the groove formed in each of the first and second 
opposite main surfaces of each of the tuning fork times 43, 44 
and the resist is disposed on the metal film, and electrodes 
which are of opposite electrical polarity, are disposed on 
sides the first and second opposite side surfaces of the 
tuning fork tines 43, 44 and inside the grooves thereof, as be 
shown in S-6. As the result, a quartz crystal tuning fork 
resonator capable of vibrating in a flexural mode is obtained. 
In addition, the resist disposed on the metal film is removed 
before the step of mounting the quartz crystal tuning fork 
resonator on a mounting portion in an interior space of a 
case, as be shown in S-6. 

Namely, electrodes 50, 53 disposed on the sides first and 
second opposite side surfaces of the tuning fork tine 43 and 
electrodes 55, 56 disposed inside the grooves 48, 49, i.e., on 
surfaces or on the first and second stepped portions of the 
grooves 48, 49 of the tuning fork tine 44 have the same 
electrical polarity. Similarly, electrodes 51, 52 disposed 
inside the grooves 46, 47, i.e., on surfaces or the first and 
second stepped portions of the grooves 46, 47 of the tuning 
fork tine 43 and electrodes 54.57 disposed on thesides first 
and second side surfaces of the tuning fork tine 44 have the 
same electrical polarity. In addition, each of the electrodes 51, 
52, 55 and 56 extends on a surface in the width direction 
adjoining the groove, namely, an electrode is disposed on the 
surface which is one of the first and second opposite main 
surfaces. In other words, the electrodes 50, 53 disposed on the 
first and second opposite side surfaces of the tuning fork time 
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43 are connected to the electrodes 55, 56 disposed on the first 
and second stepped portions of the grooves formed in the first 
and second opposite main surfaces of the tuning fork time 44 
and the electrode disposed on each of the first and second 
opposite main surfaces of the tuning fork time 44 to form a first 
electrode terminal, and the electrodes 54, 57 disposed on the 
first and second opposite side surfaces of the tuning fork tine 
44 are connected to the electrodes 51, 52 disposed on the first 
and second stepped portions of the grooves formed in the first 
and second opposite main surfaces of the tuning fork tine 43 
and the electrode disposed on each of the first and second 
opposite main surfaces of the tuning fork time 43 to form a 
second electrode terminal. Two electrode terminals are, 
therefore, constructed. In more detail, when an alternating 
current (AC) voltage is applied between the two electrode 
terminals, the tuning fork tines are capable of vibrating in a 
flexural modein of an inverse phase because said electrodes 
disposed on step difference the stepped portions of the 
grooves and the electrodes disposed opposite to the said elec 
trodes have opposite electrical polarity. In the step of S-6, a 
piece of tuning fork quartz crystal tuning fork resonator 
which is capable of vibrating in a flexural mode is shown in 
a the quartz crystal wafer, but a number of tuning fork 
quartz crystal tuning fork resonators are actually formed in 
the quartz crystal wafer. In addition, a resonance frequency 
for said of each of the quartz crystal tuning fork resonators 

is adjusted at least twice and at least once of the at least twice 
adjustment of the resonance frequency for said of each of 
the quartz crystal tuning fork resonators is performed in the 
quartz crystal wafer by a laser method or an evaporation 
method or a plasma etching method, such method so that the 
resonance frequency for said of each of the quartz crystal 
tuning fork resonators is within a range of -9000 ppm to 
+5000 ppm (parts per million) to a nominal frequency that is 
within a range of 10 kHz to 200 kHz. The adjustment of 
frequency by the laser method or the plasma etching method 
is performed by trimming a mass disposed on the tuning fork 
tines and the adjustment of frequency by anthe evaporation 
method is performed by adding a mass on the tuning fork 
tines. Namely, by those methods can change the resonance 
frequency of said resonators each of the quartz crystaltun 
ing fork resonators can be changed. 

In this embodiment, the tuning fork shape is formed from 
the step of S-3 and after that, the grooves are formed at the 
tuning fork tines, namely, the tuning fork times 43, 44 are 
formed before the grooves 46, 47, 48 and 49 of the tuning fork 
times 43, 44 are formed. In other words, the step of forming the 
tuning fork times 43, 44 is performed before the step of form 
ing the groove formed in each of two of the main surfaces 
(e.g., in each of the first and second opposite main surfaces) 
of each of the tuning fork times 43, 44, but this invention is not 
limited to said embodiment, for example, the such embodi 
ment. For example, the grooves 46, 47, 48 and 49 are first 
formed from the step of S-3 and after that, the tuning fork 
shape having the tuning fork times 43, 44 and the tuning fork 
base 45 may beformed, namely, the grooves 46, 47, 48 and 49 
are formed before the tuning fork times 43, 44 are formed. In 
more detail, a plurality of grooves 46, 47, 48 and 49 are 
formed in first and second opposite surfaces of the quartz 
crystal wafer and after that, the tuning fork times 43, 43 are 
formed so that a groove is located in each of the first and 
second opposite main surfaces of each of the tuning fork times 
43, 44. In other words, the step of forming the grooves 46, 47. 
48 and 49 in the first and second opposite surfaces of the 
quartz crystal wafer is performed before the step of forming 
the tuning fork times 43, 44 so that the groove is located in 
each of the first and second opposite main surfaces of each of 



US RE45,829 E 
23 

the tuning fork times 43, 44 or the tuning fork shape having the 
tuning fork times 43, 44 and the tuning fork base 45 and the 
grooves 46, 47, 48 and 49 may be formed at the same time. 
time, namely, the tuning fork times 43, 44 are formed simul 
taneously with the grooves 46, 47, 48 and 49 formed in the 
first and second opposite main surfaces of each of the tuning 
fork times 43, 44. In addition, the grooves each of which has 
two step difference stepped portions along the direction of 
length of the tuning fork tines. tines are formed in this 
embodiment, but, instead of the grooves, step difference 
stepped portions and medium surface portions may be 
formed. 

There are two methods of A and B in the following step, as 
be shown by arrow signs. For the step of A the tuning fork 
base 45 of the formed flexural mode, tuning fork, quartz 
crystal resonator 60 is first fixed on a mounting portion 59 in 
an interior space of a case 58 by conductive adhesives 61 or 
solder, as be shown in S-7. Second, the second adjustment of 
the resonance frequency for the resonator 60 is performed by 
a laser method 62 or an evaporation method or a plasma 
etching method in S-8, such S-8 so that the resonance fre 
quency is within a range of -100 ppm to +100 ppm to the 
nominal frequency. Finally, the case 58 and lid 63 are con 
nected via a glass 64 with the low melting point or a metal in 
S-9. In this case, the connection of the case and the lid is 
performed in a vacuum to obtain good electrical characteris 
tics because the case 58 has no hole to close it in a vacuum. 
Additionally, though it is not visible in FIG. 27, the third 
adjustment of the resonance frequency may be performed by 
using a laser after the step of the connection of S-9 to get a 
Small frequency deviation to the nominal frequency. As a 
result of which it is possible to get the resonance frequency 
within a range of -30 ppm to +30 ppm to the nominal fre 
quency. In general, the nominal frequency is less than 200 
kHz, and especially, 32.768 kHz is widely used in communi 
cation equipment as a time standard. 

For the step of B the tuning fork base 45 of the formed 
flexural mode, tuning fork, quartz crystal resonator 60 is first 
fixed on a mounting portion 59 in an interior space of a case 
65 by conductive adhesives 61 or solder in S-10, Second, in 
S-11 the case 65 and lid 63 are connected by the same way as 
that of S-9 and the second adjustment of the resonance fre 
quency is performed in a vacuum or in a nitrogen gas, such 
gas so that the resonance frequency is within a range of -50 
ppm to +50 ppm to the nominal frequency. Finally, a through 
hole 67 constructed at the case 65 is closed in a vacuum using 
Such a metal 66 as solder or a glass with the low melting point 
in S-12. Also, similar to the step of A, the third adjustment of 
the resonance frequency may be performed by using a laser 
after the step of S-12 to get a small frequency deviation to the 
nominal frequency. As a result of which it is possible to get the 
resonance frequency withina range of-30 ppm to +30 ppm to 
the nominal frequency. In this embodiment, the second 
adjustment of the resonance frequency is performed before 
the hole is closed in vacuum, but may be performed after the 
hole was is closed in vacuum. Also, the hole is constructed 
at the case, but may be constructed at the lid. 

In this embodiment, a method of manufacturing a quartz 
crystal unit with a piece of flexural mode, toning fork, quartz 
crystal resonator is described in detail, but a quartz crystal 
unit with a plurality of individual flexural mode, tuning fork, 
quartz crystal resonators is also manufactured similar to the 
above-described steps. 

Namely, a plurality of individual tuning fork shapes with 
tuning fork tines and tuning fork base which are connected at 
each tuning fork base via a connecting portion, are formed 
from the step of S-3 (S-4), in addition, grooves are formed at 
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each tuning fork tine or at each tuning fork tine and each 
tuning fork base in S-5 and electrodes disposed on a plurality 
of individual flexural mode, tuning fork, quartz crystal reso 
nators each of which is capable of vibrating in inverse phase, 
are constructed so that the tuning fork, quartz crystal resona 
tors are electrically connected in parallel in S-6, and after that, 
the quartz crystal unit of the present invention is accom 
plished by the steps of A (S-7 to S-9) or B (S-10 to S-12). In 
order to get a small frequency difference of between at least 
two tuning fork, quartz crystal resonators, further frequency 
adjustment for the resonators may be performed by laser after 
the step of S-9 or S-12. 

Therefore, the quartz crystal units of the present invention 
manufactured by the above-described method are miniatur 
ized and realized with a small series resistance R1, a high 
quality factor Q and low price. 

In addition, each of the flexural mode, tuning fork, quartz 
crystal resonators shown in FIGS. 1, 5, 7, 8, 9. 19 and 21 
embodying the present invention have has two piecessets 
of step difference portion stepped portions each of which 
confronts each other as a groove (comprising generally, four 
step difference portions), each of which faces each other 
comprising four stepped portions. In more detail, the rect 
angular grooves each of which has a rectangular shape in 
plan view are shown in the plan views. shown, but this 
invention is not limited to this, for example, this invention 
also includes a shape with at least two step difference 
stepped portions. 

Likewise, in the present embodiments a flexural mode 
quartz crystal resonator of tuning fork type has two tuning 
fork tines, but embodiments of the present invention include 
a plurality of tuning fork tines. Embodiments of the present 
invention also include flexural mode, tuning fork, quartz crys 
tal resonators which are connected and formed integrally at 
the tuning fork bases consisting of more than three compo 
nent pieces of tuning fork, quartz crystal resonator. Also, 
embodiments of the present invention include the teaching 
that each resonator consisting of a plurality of flexural mode, 
tuning fork, quartz crystal resonators which are connected 
and formed integrally at each tuning fork base, which may 
have different resonator shapes and different electrode depo 
sitions. 

Moreover, in the embodiments of the quartz crystal units of 
the present invention shown in FIGS. 23 and 26, an angle p is 
constructed between two flexural mode, tuning fork, quartz 
crystal resonators to get the two resonators with different 
frequency temperature behaviour. Instead of the angle (p, it is 
also possible to obtain two tuning fork, quartz crystal reso 
nators with different frequency temperature behaviour by 
designing the two resonators with different dimensions. As a 
result of which the respective resonators can be obtained with 
different peak temperature point. 

In addition, though integrally formed two flexural mode, 
tuning fork, quartz crystal resonators are housed in the case of 
the quartz crystal units in the embodiments of FIGS. 23 and 
26, this invention is not limited to this, but also includes 
integrally formed tuning fork, quartz crystal resonators more 
than three. 

Also, each flexural mode quartz crystal resonator is con 
nected and formed integrally side by side via a connecting 
portion in the present embodiments as shown in FIGS. 23 and 
26. However, the present invention is not limited to flexural 
mode, tuning fork, quartz crystal resonator connected and 
formed integrally side by side via a connecting portion, but 
includes the connection and integrated formation of any 
shapes at the tuning fork bases. In other words, the present 
invention includes integrally formed tuning fork, quartz crys 
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tal resonators with any shapes connected and formed inte 
grally via connecting portion at each tuning fork base for a 
plurality of tuning fork, quartz crystal resonators. 

Furthermore, though the quartz crystal units of FIGS. 23 
and 26 embodying the present invention have integrally 5 
formed two flexural mode, tuning fork, quartz crystal reso 
nators, respectively, the quartz crystal units of the present 
invention are not limited to these, but, may have at least one 
flexural mode, tuning fork, quartz crystal resonator. That is to 
say, at least one BAW (Bulk Acoustic Wave) resonator with 10 
vibration mode different from flexural mode or at least one 
SAW (Surface Acoustic Wave) resonator or at least one filter 
or at least one oscillator may be housed with said at least one 
tuning fork, quartz crystal resonator in a case of the present 
invention. For example, flexural mode, tuning fork, quartz, 15 
crystal resonator and thickness shear mode quartz crystal 
resonator or width-extensional mode quartz crystal resonator 
or Lame mode quartz crystal resonator or torsional mode 
quartz crystal resonator or MCF filter or SAW filter or TCXO 
(Temperature Compensated Crystal Oscillator) or VCXO 20 
(Voltage Controlled Crystal Oscillator) or XO (Crystal Oscil 
lator). The above-described resonators and filters are gener 
ally formed from Such a piezoelectric material as quartz crys 
tal, and also formed by a chemical or mechanical or physical 
etching method. 25 

Furthermore, two flexural mode, tuningfork, quartz crystal 
resonators are connected and formed integrally with an angle 
of p at each tuning fork base as shown in the embodiment of 
FIG. 23, and also embodiments of the present invention 
include the following flexural mode, tuning fork, quartz crys- 30 
tal resonator which has the same effect as said resonators with 
an angle of p, namely, the tuning fork bases of the plurality of 
the flexural mode, tuning fork, quartz crystal resonators are 
formed in parallel and one of the plurality of component 
resonators is at least designed and formed so that two tuning 35 
fork tines turn to the inside with an angle of cp or turn to the 
outside with an angle of (p. It is needless to say that these 
resonators are connected and formed integrally at the tuning 
fork bases via connecting portion. 
As mentioned above, by providing a quartz crystal unit 40 

with at least one flexural mode, tuning fork, quartz crystal 
resonator with the resonatorshape and the electrode construc 
tion in embodiments of the present invention and its manu 
facturing method, the outstanding effects may be obtained as 
follow: 45 

(1) As the grooves consisting of at least four step difference 
portions are constructed including a portion of the central 
line of the tuning fork tines, an electric field occurs per 
pendicular to the electrodes, so that a flexural mode, tuning 
fork, quartz crystal resonator with a small series resistance 50 
R and a high quality factor Q is obtained because the 
electromechanical transformation efficiency becomes 
large. A quartz crystal unit is, therefore, obtained with good 
characteristics of the resonator. 

(2) A flexural mode, tuning fork, quartz crystal resonator is 55 
obtained with a small series resistance R, even if it is 
miniaturized. Therefore, a miniaturized quartz crystal unit 
can be obtained because the miniaturized tuning fork, 
quartz crystal resonator is housed in a case. 

(3) As two flexural mode, tuning fork, quartz crystal resona- 60 
tors are formed integrally by an etching process and are 
connected in parallel electrically, a quartz crystal unit with 
an integrally formed and miniaturized quartz crystal reso 
nator can be realized with excellent frequency temperature 
behaviour. 65 

(4) A low price quartz crystal resonator can be realized 
because a quartz crystal resonator is formed integrally by 
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an etching process which makes it possible to form many 
resonators on a piece of quartz wafer. As a result of which 
a low priced quartz crystal unit can be also realized because 
the resonator is housed in a case. 

(5) As the prior art quartz crystal resonators are based on the 
tuning fork type, it is easy to fix the flexural mode, tuning 
fork, quartz crystal resonators on a mounting portion of a 
quartz crystal unit. As a result, energy losses at fixing 
caused by the vibration of tuning fork tines decrease and 
quartz crystal units with the resonators obtained are shock 
resistant. 

(6) As there is a plurality of grooves on the tuning fork base 
and electrodes of opposite polarities are disposed opposite 
the sides of adjoining grooves, the distortion at the tuning 
fork base is markedly large, so that a quartz crystal unit 
with a miniaturized flexural mode quartz crystal resonator 
oftuningfork type is obtained with a small series resistance 
R and a high quality factor Q. 

(7) AS grooves are constructed including the central line of 
tuning fork tine, and electrodes are disposed on said 
grooves and said grooves extend to tuning fork base, the 
quantity of distortion at the tuning fork base becomes 
remarkably large. Therefore, a quartz crystal unit with a 
miniaturized flexural mode, tuning fork, quartz crystal 
resonator is obtained with a small series resistance R and 
a high quality factor Q because the electromechanical 
transformation efficiency gets large. 

(8) As electrodes are disposed on step difference portions 
constructed at the obverse and the reverse faces of tuning 
forktines along the length direction thereofand the sides of 
the tuning fork tines opposite said electrodes have elec 
trodes of opposite polarity to said electrodes, the electro 
mechanical transformation efficiency becomes very large. 
As a result, a flexural mode, tuning fork, quartz crystal 
resonator can be realized with a small series resistance R 
and a high quality factor Q and also, a quartz crystal unit 
with said resonator is obtained with a high quality. 

(9) A markedly narrow width tuning fork tines can be 
obtained maintaining Sufficiently large electromechanical 
transformation efficiency because the step difference is 
constructed on the tuning fork tines. As a result of which, a 
quartz crystal unit with a miniaturized quartz crystal reso 
nator can be obtained. 

(10) As a plurality of flexural mode, tuning fork, quartz crys 
tal resonators are formed integrally and connected in par 
allel electrically, the compound series resistance R for the 
compound resonator becomes Small. For example, when 
two pieces of resonator with the same series resistance R 
are used, a compound resonator formed from embodiments 
of the present invention have about half the series resis 
tance R. Therefore, a compound series resistance R can 
be decreased still more by increasing the number of reso 
nators which are formed integrally. Namely, a quartz crys 
tal unit with small series resistance R can be realized by 
housing a plurality of resonators in a case. 

(11) As a quartz crystal unit has a plurality of flexural mode, 
tuning fork, quartz crystal resonators which are formed 
integrally, and connected in parallel electrically, the func 
tion can be maintained as a quartz crystal unit, even if one 
of the plurality of resonators is broken by some cause, for 
example, by shock. 

(12) AS grooves are constructed including the central line of 
tuning fork tine, and electrodes are disposed on said 
grooves and said grooves extend to tuning fork base, in 
addition, as further grooves are constructed between the 
extending grooves, the quantity of distortion at the tuning 
fork base becomes remarkably large. Therefore, a quartz 
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crystal unit with a miniaturized flexural mode, tuning fork, 
quartz crystal resonator is obtained with a small series 
resistance R and a high quality factor Q because the elec 
tromechanical transformation efficiency gets large. 

(13) As electrodes are disposed on step difference portions 
constructed at the obverse and the reverse faces of tuning 
forktines along the length direction thereofand the sides of 
the tuning fork tines opposite said electrodes have elec 
trodes of opposite polarity to said electrodes, in addition, as 
said step difference portions extend to tuning fork base and 
further grooves are constructed between the extending step 
difference portions, the electromechanical transformation 
efficiency becomes very large because the quantity of dis 
tortion at the tuning fork base becomes remarkably large. 
As a result, a flexural mode, tuning fork, quartz crystal 
resonator can be realized with a small series resistance R 
and a high quality factor Q and also, a quartz crystal unit 
with said resonator is obtained with a high quality. 

(14) As a miniaturized flexural mode, tuning fork, quartz 
crystal resonator is housed in a case of a quartz crystal unit, 
a light quartz crystal unit can be obtained. 

(15) A low price quartz crystal unit can be realized because a 
method for manufacturing a quartz crystal unit is very 
simple and the manufacturing steps decrease. 

(16) A quartz crystal unit with high reliability can be obtained 
because ceramics or glass is used as a material of case and 
metal or glass is used as a material of lid. 

(17) As a plurality of flexural mode, tuning fork, quartz crys 
tal resonators are not housed in a case of an individual 
quartz crystal unit, but, housed in a case of the same unit, a 
low price quartz crystal unit can be realized and simulta 
neously, a quartz crystal unit with excellent frequency tem 
perature behaviour is obtained by electrically connecting 
these resonators in parallel. 

(18) A quartz crystal unit is obtained with a small frequency 
deviation because resonance frequency for a flexural 
mode, tuning fork, quartz crystal resonator is adjusted by 
laser after the resonator housed in a case was closed in 
WaCUU. 

(19) By showing a relationship of a groove and a dimension 
for a flexural mode, tuning fork, quartz crystal resonator, a 
miniaturized flexural mode, tuning fork, quartz crystal 
resonator which vibrates very easily in a fundamental 
mode with suppression of the second and the third overtone 
modes which are unwanted vibration modes, can be 
obtained with a Small series resistance R and a high qual 
ity factor Q. As a result of which a miniturized quartz 
crystal unit can be also obtained with a high quality. 

(20) By constructing the electrodes and the step portions to 
connect step difference portions constructed along the 
direction of length of the tuning fork tines, a quartz crystal 
unit with a tuning fork, quartz crystal resonator capable of 
vibrating in fundamental mode very easily can be obtained 
with a small series resistance R and a high quality factor Q 
because the quantity of charges which generate on the step 
difference portions and the side faces of the tuning fork 
tines can be controlled and the second and third overtone 
modes for the resonator which are unwanted vibration 
modes can be substantially suppressed in vibration. 
As described above, it will be easily understood that the 

quartz crystal units with at least one flexural mode, tuning 
fork, quartz crystal resonator with novel shapes and the novel 
electrode construction according to the present invention may 
have the same outstanding effects. In addition to this, while 
the present invention has been shown and described with 
reference to preferred embodiments thereof, it will be under 
stood by those skilled in the art that the changes in shape and 
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electrode construction can be made therein without departing 
from the spirit and scope of the present invention. 
What is claimed is: 
1. A method for manufacturing a quartz crystal unit, com 

prising the steps of: 
forming at least one a quartz crystaltuning fork resonator 

by etching a quartz crystal wafer to form a quartz crystal 
tuning fork base, a plurality of quartz crystal tuning fork 
times connected to the quartz crystal tuning fork base, 
and providing a quartz crystal wafer having a first 
surface and a second surface opposite the first surface, 
disposing at least one metal film on at least one of the 
first and second surfaces of the quartz crystal wafer, 
disposing a resist on the at least One metal film, etching 
the quartz crystal wafer to remove the at least one metal 
film and the resist disposed thereon and to form a quartz 
crystal tuning fork base and a plurality of quartz crystal 
tuning fork times connected to the quartz crystal tuning 
fork base, each of the quartz crystal tuning fork times 
having opposite main surfaces, forming at least one 
groove having a plurality of stepped portions in at least 
one of the opposite main Surfaces of each of the quartz 
crystal tuning fork tines, and so that a width of the at 
least One groove formed in the at least one of the oppo 
site main surfaces of each of the quartz crystal tuning 
fork times is greater than a distance in the width direction 
of the at least One groove measured from an outer edge 
of the at least one groove to an outer edge of the corre 
sponding one of the quartz crystal tuning fork times, 
disposing a first electrode on at least one of the stepped 
portions of at least one of the grooves formed in the 
opposite main surfaces of the quartz crystal tuning fork 
times, and disposing a second electrode on at least one 
side Surface of each of the quartz crystaltuningforktines 
so that the first electrode disposed on the at least one of 
the stepped portions of the at least one of the grooves 
formed in the opposite main surfaces of the quartz crys 
tal tuning fork times has an electrical polarity opposite to 
an electrical polarity of the second electrode disposed 
On the at least One side surface of the corresponding one 
of the quartz crystal tuning fork times; 

adjusting at least twice and in different steps a frequency of 
oscillation of the quartz crystal tuning fork resonator; 

providing a case having an interior space and an open end 
communicating with the interior space; 

providing a lid for covering the open end of the case; 
mounting the quartz crystal tuning fork resonator in the 

interior space of the case; and 
connecting the lid to the case to cover the open end thereof. 
2. A method according to claim 1; wherein the step of 

forming the groove comprises the step of forming a through 
hole in each of the quartz crystal tuning fork tines extending 
through the opposite main surfaces thereof 

3. A method according to claim 1; wherein the step of 
forming a plurality of quartz crystal tuning fork tines com 
prises the step of forming a first quartz crystal tuning forktine 
and a second quartz crystal tuning fork tine; wherein the step 
of forming the first and second electrodes comprises the steps 
of forming the first electrode on each of two of the stepped 
portions of the groove in at least one of the opposite main 
Surfaces of each of the first and second quartz crystal tuning 
fork tines and forming the second electrode on each of two of 
the side Surfaces of each of the first and second quartz crystal 
tuning fork tines; and wherein the first electrode disposed on 
each of two of the stepped portions of the groove of the first 
quartz crystal tuning fork tine is connected to the second 
electrode disposed on each of two of the side surfaces of the 
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second quartz crystal tuning fork tine to form a first electrode 
terminal, and the second electrode disposed on each of two of 
the side Surfaces of the first quartz crystal tuning fork tine is 
connected to the first electrode disposed on each of two of the 
stepped portions of the groove of the second quartz crystal 
tuning forktine to form a second electrode terminal so that the 
quartz crystal tuning fork resonator vibrates in a flexural 
mode of an inverse phase when an alternating current Voltage 
is applied between the first electrode terminal and the second 
electrode terminal. 

4. A method according to claim3; wherein the at least one 
groove is formed in each of the first main Surface and the 
second main Surface of each of the quartz crystal tuning fork 
tines so that a ratioW/W is in the range of 0.35 to 0.85, where 
W represents a width of the groove and W represents a width 
of each of the quartz crystal tuning fork tines. 

5. A method according to claim 3; wherein the adjusting 
step comprises the step of adjusting the frequency of oscilla 
tion of the quartz crystal tuning fork resonator by at least one 
ofalaser method and evaporation and etching methods so that 
the frequency of oscillation of the quartz crystal tuning fork 
resonator is about 32.768 Hz with a frequency deviation 
within the range of -9000 PPM to +5000 PPM. 

6. A method according to claim 3; wherein the side sur 
faces of the first and second quartz crystal tuning fork tines 
comprise a first side Surface and a second side Surface, the first 
side Surface of the first quartz crystal tuning fork tine con 
fronting the first side Surface of the second quartz crystal 
tuning fork tine; and wherein the stepped portions of the 
groove comprises a first stepped portion, a second stepped 
portion, and a third stepped portion connecting the first 
stepped portion to the second stepped portion, each of the first 
and second stepped portions being formed opposite to the first 
side Surface of each of the first and second quartz crystal 
tuning fork tines. 

7. A method according to claim 3; wherein the step of 
forming at least one quartz crystal tuning fork resonator com 
prises the steps of forming two of the quartz crystal tuning 
fork resonators and integrally connecting together the two 
quartz crystal tuning fork resonators at their respective quartz 
crystal tuning fork bases at an angle of 30° or less. 

8. A method according to claim 3; wherein the adjusting 
step comprises the step of adjusting the frequency of oscilla 
tion of the quartz crystal tuning fork resonator by at least one 
of a laser method and evaporation and etching methods after 
the quartz crystal tuning fork resonator is mounted in the 
interior space of the case so that the frequency of oscillation 
of the resonator is about 32.768 kHz with a frequency devia 
tion within the range of -100 PPM to +100 PPM. 

9. A method according to claim 8: wherein the step of 
forming at least one quartz crystal tuning fork resonator com 
prises the step of forming one quartz crystal tuning fork 
resonator capable of vibrating in a flexural mode of an inverse 
phase; and further comprising the step of forming one quartz 
crystal resonator capable of vibrating in a mode different 
from the flexural mode of an inverse phase. 

10. A method according to claim 8: wherein the connect 
ing step comprises the step of connecting the lid to the case 
using at least one of a metal and a glass with a low melting 
point. 

11. A method according to claim 10; wherein the adjusting 
step comprises the step of adjusting the frequency of oscilla 
tion of the quartz crystal tuning fork resonator by a laser 
method after the connecting step so that the frequency of 
oscillation of the quartz crystal tuning fork resonator is about 
32.768 kHz with a frequency deviation within the range of 
-30 ppm to +30 ppm. 
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12. A method according to claim 10; wherein the adjusting 

step comprises the step of adjusting the frequency of oscilla 
tion of the quartz crystal tuning fork resonator by a laser 
method after the connecting step so that the frequency of 
oscillation of the resonator is about 32.768 kHz with a fre 
quency deviation within the range of -50 ppm to +50 ppm. 

13. A method according to claim 12; wherein one of the 
case and the lid has a through-hole; and further comprising 
the step of disposing at least one of a metal and a glass into the 
through hole to maintain the interior space of the case in a 
vacuum. 

14. A method according to claim 13; wherein the adjusting 
step comprises the step of adjusting the frequency of oscilla 
tion of the quartz crystal tuning fork resonator by a laser 
method after the disposing step so that the frequency of oscil 
lation of the resonator is about 32.768 kHz with a frequency 
deviation within the range of -30 ppm to +30 ppm. 

15. A method according to claim 3; wherein the forming 
step comprises the steps of forming the quartz crystal tuning 
fork tines in a first etching process and forming the corre 
sponding grooves in a second etching process different from 
the first etching process; and wherein the step of forming the 
quartz crystal tuning forktines is performed before the step of 
forming the corresponding grooves. 

16. A method according to claim 3; wherein the forming 
step comprises the steps of forming the quartz crystal tuning 
fork tines in a first etching process and forming the corre 
sponding grooves in a second etching process different from 
the first etching process; and wherein the step of forming the 
corresponding grooves is performed before the step of form 
ing the quartz crystal tuning fork tines. 

17. A method according to claim 1; wherein the adjusting 
step comprises the step of adjusting a frequency of oscillation 
of the quartz crystal tuning fork resonator to a preselected 
frequency with a frequency deviation within the range of 
-100 ppm to +100 ppm. 

18. A method according to claim 17; wherein the prese 
lected frequency is about 32.768 kHz. 

19. A method according to claim 17; wherein a width of 
the groove formed in at least one of the opposite main Surfaces 
of each of the quartz crystal tuning fork tines is greater than a 
distance in the width direction of the groove measured from 
an outer edge of the groove to an outer edge of the quartz 
crystal tuning fork tine. 

20. A method according to claim 19; wherein the forming 
step comprises the steps of forming the quartz crystal tuning 
fork tines in a first etching process and forming the corre 
sponding grooves in a second etching process different from 
the first etching process; and wherein the step of forming the 
quartz crystal tuning forktines is performed before the step of 
forming the corresponding grooves. 

21. A method according to claim 19; wherein the forming 
step comprises the steps of forming the quartz crystal tuning 
fork tines in a first etching process and forming the corre 
sponding grooves in a second etching process different from 
the first etching process; and wherein the step of forming the 
corresponding grooves is performed before the step of form 
ing the quartz crystal tuning fork tines. 

22. A method according to claim 19; wherein the groove 
formed in at least one of the main surfaces of each of the 
quartz crystal tuning fork tines comprises a through hole. 

23. A method according to claim 19; wherein the forming 
step comprises the steps of forming the quartz crystal tuning 
fork tines into a first quartz crystal tuning fork tine and a 
second quartz crystal tuning fork tine; forming a groove in 
each of opposite main Surfaces of each of the first and second 
quartz crystal tuning fork tines; forming a first electrode on 
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each of at least two of the stepped portions of the groove in 
each of the opposite main Surfaces of the first and second 
quartz crystal tuning fork tines; forming a second electrode 
on each of two of side surfaces of each of the first and second 
quartz crystaltuningforktines; connecting the first electrodes 
disposed on at least two of the stepped portions of the groove 
of the first quartz crystal tuning fork tine to the second elec 
trodes disposed on two of the side surfaces of the second 
quartz crystal tuning fork tine to form a first electrode termi 
nal; and connecting the second electrodes disposed on two of 
the side Surfaces of the first quartz crystal tuning fork tine to 
the first electrodes disposed on at least two of the stepped 
portions of the groove of the second quartz crystal tuning fork 
tine to form a second electrode terminal; and further compris 
ing the step of applying an alternating current Voltage 
between the first electrode terminal and the second electrode 
terminal to vibrate the quartz crystal tuning fork resonator in 
a flexural mode of an inverse phase. 

24. A method according to claim 23; wherein the forming 
step comprises the step of forming the first and second quartz 
crystal tuning fork tines simultaneously with the correspond 
ing grooves. 

25. A method according to claim 23; whereina ratio W/W 
is in the range of 0.35 to 0.85, where W represents a width of 
the groove and W represents a width of each of the first and 
second quartz crystal tuning fork tines. 

26. A method according to claim 25; wherein the connect 
ing step comprises the step of connecting the lid to the case 
using at least one of a metal and a glass with a low melting 
point. 

27. A method according to claim 25; wherein the quartz 
crystal tuning fork resonator has a fundamental mode of 
vibration and a second overtone mode of vibration; and 
wherein a series resistance R of the fundamental mode of 
vibration is less than a series resistance R of the second 
overtone mode of vibration. 

28. A method according to claim 27: wherein one of the 
case and the lid has a through-hole; and further comprising 
the step of disposing at least one of a metal and a glass into the 
through-hole to maintain the interior space of the case in a 
vacuum. 

29. A method according to claim 27; further comprising 
the step of providing a CMOS inverter, a plurality of capaci 
tors, and a plurality of resistors to form an oscillator having 
the quartz crystal tuning fork resonator 

30. A method according to claim 1; wherein the adjusting 
step comprises the steps of adjusting a frequency of oscilla 
tion of the quartz crystal tuning fork resonator to a first pre 
selected frequency of oscillation, and adjusting the frequency 
of oscillation of the quartz crystal tuning fork resonator to a 
second preselected frequency of oscillation different from the 
first preselected frequency of oscillation. 

31. A method according to claim 30; wherein the first 
preselected frequency of oscillation is about 32.768 kHz with 
a frequency deviation within the range of -9000 ppm to 
+5000 ppm; and wherein the second preselected frequency of 
oscillation is about 32.768 kHz with a frequency deviation 
within the range of -100 ppm to +100 ppm. 

32. A method according to claim 30: wherein the at least 
one groove is formed in each of the opposite main Surfaces of 
each of the quartz crystal tuning fork tines so that a ratioW 
/W is in the range of 0.35 to 0.85, where W represents a width 
of the groove and W represents a width of each of the first and 
second quartz crystal tuning fork tines. 

33. A method according to claim 30, further comprising 
the step of etching the quartz crystal wafer to simultaneously 
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form the quartz crystal tuning fork tines and the correspond 
ing grooves by a single etching process. 

34. A method according to claim 30, wherein the quartz 
crystal tuning fork resonator has a fundamental mode of 
vibration and a second overtone mode of vibration; and 
wherein a series resistance R of the fundamental mode of 
vibration is less than a series resistance R of the second 
overtone mode of vibration. 

35. A method according to claim 34; wherein the at least 
one groove is formed in each of the opposite main Surfaces of 
each of the quartz crystal tuning fork tines so that a width of 
at least one of the grooves in each of the opposite main 
Surfaces of each of the quartz crystal tuning fork tines is 
greater than a distance in the width direction of the groove 
measured from an outer edge of the groove to an outer edge of 
the quartz crystal tuning fork tine; and wherein the forming 
step comprises the steps of forming the quartz crystal tuning 
fork tines into a first quartz crystal tuning fork tine and a 
second quartz crystal tuning fork tine; forming at least one 
groove in each of opposite main Surfaces of each of the first 
and second quartz crystal tuning fork tines; forming a plural 
ity of first electrodes on at least two of the stepped portions of 
the grooves in the opposite main Surfaces of the first and 
second quartz crystal tuning fork tines; forming a plurality of 
second electrodes on side surfaces of each of the first and 
second quartz crystal tuning fork tines; connecting the first 
electrodes disposed on at least two of the stepped portions of 
the grooves of the first quartz crystal tuning fork tine to the 
second electrodes disposed on the side Surfaces of the second 
quartz crystal tuning fork tine to form a first electrode termi 
nal; and connecting the second electrodes disposed on the 
side surfaces of the first quartz crystal tuning fork tine to the 
first electrodes disposed on at least two of the stepped por 
tions of the grooves of the second quartz crystal tuning fork 
tine to form a second electrode terminal; and further compris 
ing the step of applying an alternating current Voltage 
between the first electrode terminal and the second electrode 
terminal to vibrate the quartz crystal tuning fork resonator in 
a flexural mode of an inverse phase. 

36. A method according to claim35; wherein the forming 
step comprises the steps of forming the quartz crystal tuning 
fork tines in a first etching process and forming the corre 
sponding grooves in a second etching process different from 
the first etching process; and wherein the step of forming the 
quartz crystal tuning forktines is performed before the step of 
forming the corresponding grooves. 

37. A method according to claim I, wherein the plurality of 
quartz crystal tuning fork times comprise first and second 
quartz crystal tuning fork times, each of the first and second 
quartz crystal tuning fork times having the first main surface 
and the second main surface opposite the first main surface, 
and having a first side surface corresponding to the at least 
One side surface and a second side surface opposite the first 
side surface, wherein the forming step of the at least one 
groove comprises forming a groove having a first width and a 
second width greater than the first width and forming a plu 
rality of surfaces including first, second and third surfaces in 
at least One of the first and second main surfaces of the first 
quartz crystal tuning fork time so that each of the first and 
secondsurfaces is directly opposite the first side surface of the 
first quartz crystal tuning fork time and is directly connected 
to the third surface not parallel to the first side surface of the 
first quartz crystal tuning fork time, and so that a first distance 
in the width direction of the groove measured from a first 
outer edge of the first surface of the groove to a first outer edge 
of the first side surface of the first quartz crystal tuning fork 
time is greater than a second distance in the width direction of 
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the groove measured from a second outer edge of the second 
surface of the groove to a second outer edge of the first side 
surface of the first quartz crystal tuning fork time, wherein the 
first width of the groove formed in the at least one of the first 
and second main surfaces of the first quartz crystal tuning 
fork tine is greater than the first distance in the width direc 
tion of the groove, and wherein the second width of the groove 
formed in the at least one of the first and second main surfaces 
of the first quartz crystal tuning fork time is greater than the 
second distance in the width direction of the groove. 

38. A method according to claim 37, wherein the forming 
step of the at least one groove comprises forming a groove 
having a first width and a second width greater than the first 
width and a plurality of surfaces including first, second and 
third surfaces in at least one of the first and second main 
surfaces of the second quartz crystal tuning fork time so that 
each of the first and second surfaces is directly opposite the 
first side surface of the second quartz crystal tuning fork time 
and is directly connected to the third surface not parallel to 
the first side surface of the second quartz crystal tuning fork 
time, and so that a first distance in the width direction of the 
groove measured from a first outer edge of the first surface of 
the groove to a first Outer edge of the first side surface of the 
second quartz crystal tuning fork time is greater than a second 
distance in the width direction of the groove measured from a 
second outer edge of the second surface of the groove to a 
second outer edge of the first side surface of the second quartz 
crystal tuning fork time, wherein the first width of the groove 
formed in the at least one of the first and second main surfaces 
of the second quartz crystal tuning fork time is greater than the 
first distance in the width direction of the groove, and wherein 
the second width of the groove formed in the at least one of the 
first and second main surfaces of the second quartz crystal 
tuning fork time is greater than the second distance in the 
width direction of the groove. 

39. A method according to claim 38, wherein the case has 
a through-hole communicating with the interior space and a 
mounting portion in the interior space, wherein the mounting 
step comprises mounting the quartz crystal tuning fork reso 
nator on the mounting portion in the interior space of the 
case, and further comprising the sequential steps of forming 
the quartz crystal tuning fork base and the first and second 
quartz crystal tuning fork times, forming the groove having 
the first and second widths and the first, second and third 
surfaces in at least one of the first and second main surfaces 
of each of the first and second quartz crystal tuning fork times, 
disposing a first electrode on each of the first and second 
surfaces of the groove formed in the at least one of the first and 
second main surfaces of each of the first and second quartz 
crystal tuning fork times and a second electrode on each of the 
first and second side surfaces of each of the first and second 
quartz crystal tuning fork times so that the first electrode 
disposed on each of the first and second surfaces of the groove 
formed in the at least one of the first and second main surfaces 
of the first quartz crystal tuning fork time is connected to the 
second electrode disposed on each of the first and second side 
surfaces of the second quartz crystal tuning fork time, and the 
first electrode disposed on each of the first and second sur 
faces of the groove formed in the at least one of the first and 
second main surfaces of the second quartz crystal tuning fork 
time is connected to the second electrode disposed on each of 
the first and second side surfaces of the first quartz crystal 
tuning fork time, and so that the first electrode disposed on 
each of the first and second surfaces of the groove formed in 
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Oscillation of the quartz crystal tuning fork resonator so that 
the frequency of oscillation thereof is about 32.768 kHz with 
a frequency deviation within a range of -9000 ppm to +5000 
ppm, mounting the quartz crystal tuning fork resonator on the 
mounting portion in the interior space of the case, and dis 
posing a metal or a glass into the through-hole of the case to 
close the through-hole thereof in a vacuum. 

40. A method according to claim 38 filrther comprising the 
steps of disposing a first electrode on each of the first and 
second surfaces of the groove formed in the at least one of the 
first and second main surfaces of each of the first and second 
quartz crystal tuning fork times, disposing a second electrode 
On each of the first and second side surfaces of each of the first 
and second quartz crystal tuning fork times, and forming on 
the quartz crystal tuning fork base a third electrode and a 
fourth electrode opposite the third electrode in the thickness 
direction, and a fifth electrode and a sixth electrode opposite 
the fifth electrode in the thickness direction, the third elec 
trode having the same electrical polarity as the fourth elec 
trode and the fifth electrode having the same electrical polar 
ity as the sixth electrode, the third and fourth electrodes 
having an electrical polarity opposite to an electrical polarity 
of the fifth and sixth electrodes, wherein the first electrode 
disposed on each of the first and second surfaces of the groove 
formed in the at least one of the first and second main surfaces 
of the first quartz crystal tuning fork time is connected to the 
second electrode disposed on the first side surface of the 
second quartz crystal tuning fork tine through at least one of 
the third and fourth electrodes, wherein the second electrode 
disposed on the first side surface of the first quartz crystal 
tuning fork time is connected to at least one of the fourth and 
fifth electrodes, and wherein the first electrode disposed on 
each of the first and second surfaces of the groove formed in 
the at least one of the first and second main surfaces of the 
second quartz crystal tuning fork time is connected to the at 
least one of the fourth and fifth electrodes. 

41. A method according to claim 37, wherein the case has 
a mounting portion in the interior space, wherein the mount 
ing step comprises mounting the quartz crystal tuning fork 
resonator on the mounting portion in the interior space of the 
case, wherein the disposing step of the first and second elec 
trodes comprises disposing a third electrode on each of the 
first and second surfaces of the groove formed in the at least 
One of the first and second main surfaces of the first quartz 
crystal tuning fork time and a fourth electrode on the first side 
surface of the first quartz crystal tuning fork time so that the 
third electrode has an electrical polarity opposite to an elec 
trical polarity of the fourth electrode, and wherein the adjust 
ing comprises adjusting the frequency of Oscillation of the 
quartz crystal tuning fork resonator to a first preselected 
frequency of oscillation, and adjusting the frequency of oscil 
lation of the quartz crystal tuning fork resonator to a second 
preselected frequency of oscillation. 

42. A method according to claim 41, wherein the first 
preselected frequency of oscillation is about 32.768 kHz with 
a frequency deviation within a range of -9000 ppm to +5000 
ppm, and wherein the second preselected frequency of oscil 
lation is about 32.768 kHz with a frequency deviation within 
a range of- 100 ppm to +100 ppm. 

43. A method according to claim I, wherein the plurality of 
quartz crystal tuning fork times comprise first and second 
quartz crystal tuning fork times connected to the quartz crys 
tal tuning fork base, each of the first and second quartz crystal 
tuning fork times having a length, having the first main surface 

the at least one of the first and second main surfaces of each 65 and the second main surface opposite the first main surface, 
of the first and second quartz crystal tuning fork times extends 
On a surface adjoining the groove, adjusting the frequency of 

and having a first side surface corresponding to the at least 
One side surface and a second side surface opposite the first 



US RE45,829 E 
35 

side surface, the first side surface of the first quartz crystal 
tuning fork time confronting the first side surface of the second 
quartz crystal tuning fork time, wherein the forming step of the 
at least one groove comprises forming a groove in at least one 
of the first and second main surfaces of at least One of the first 
and second quartz crystal tuning fork times so that the groove 
comprises a first groove portion having a first width and a first 
surface, a second groove portion having a second width 
greater than the first width and a second surface, and a third 
groove portion having a third surface and each of the first and 
second surfaces is formed along the length of the at least one 
of the first and second quartz crystal tuning fork times, the 
third surface being formed in a direction different from that of 
each of the first and second surfaces and the first surface 
being connected to the second surface through the third sur 
face, and so that each of the first and second surfaces is 
directly opposite the first side surface of the at least one of the 
first and second quartz crystal tuning fork times and is directly 
connected to the third surface, wherein a first distance in the 
width direction of the first groove portion of the groove mea 
sured from a first Outer edge of the first surface of the first 
groove portion of the groove to a first Outer edge of the first 
side surface of the at least One of the first and second quartz 
crystal tuning fork times is greater than a second distance in 
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outer edge of the first side surface of the first quartz crystal 
tuning fork time is greater than a second distance in the width 
direction of the groove measured from a second outer edge of 
the second stepped portion of the groove to a second outer 
edge of the first side surface of the first quartz crystal tuning 
fork time, wherein the first width of the groove formed in the at 
least one of the first and second main surfaces of the first 
quartz crystal tuning fork time is greater than the first distance 
in the width direction of the groove, and wherein the second 
width of the groove formed in the at least one of the first and 
second main surfaces of the first quartz crystal tuning fork 
time is greater than the second distance in the width direction 
of the groove. 

45. A method according to claim 44, wherein the stepped 
portions of the groove formed in the at least one of the first and 
second main surfaces of the first quartz crystal tuning fork 
time comprise a fourth stepped portion and a fifth stepped 
portion opposite the fourth stepped portion in the length 
direction, the fourth stepped portion being directly connected 
to the first stepped portion and the fifth stepped portion being 
directly connected to the second stepped portion, wherein the 
forming step of the at least one groove comprises forming a 
groove having a plurality of stepped portions in at least one of 
the first and second main surfaces of the second quartz crystal 

the width direction of the second groove portion of the groove 25 tuning fork time so that the groove has a first width and a 
measured from a second outer edge of the second surface of 
the second groove portion of the groove to a second outer 
edge of the first side surface of the at least one of the first and 
second quartz crystal tuning fork times, wherein the first width 
of the first groove portion of the groove formed in the at least 
One of the first and second main surfaces of the at least one of 
the first and second quartz crystal tuning fork times is greater 
than the first distance in the width direction of the first groove 
portion of the groove, and wherein the second width of the 
second groove portion of the groove formed in the at least one 
of the first and second main surfaces of the at least one of the 
first and second quartz crystal tuning fork times is greater 
than the second distance in the width direction of the second 
groove portion of the groove. 

44. A method according to claim I, wherein the quartz 
crystal tuning fork times comprise a plurality of first and 
second quartz crystal tuning fork times, each of the first and 
second quartz crystal tuning fork times having a length, hav 
ing the first main surface and the second main surface oppo 
site the first main surface, and having a first side surface 
corresponding to the at least one side surface and a second 
side surface opposite the first side surface, the first side sur 
face of the first quartz crystal tuning fork time confronting the 
first side surface of the second quartz crystal tuning fork time, 
wherein the forming step of the at least one groove comprises 
forming a groove having a plurality of stepped portions in at 
least one of the first and second main surfaces of the first 
quartz crystal tuning fork time so that the groove has a first 
width and a second width greater than the first width, wherein 
the stepped portions of the groove formed in the at least one 
of the first and second main surfaces of the first quartz crystal 
tuning fork time comprise a first stepped portion, a second 
stepped portion and a third stepped portion, each of the first 
and second stepped portions being formed along the length of 
the first quartz crystal tuning fork time and being formed 
directly opposite the first side surface of the first quartz crys 
tal tuning fork time so that the first stepped portion is not 
opposite the second stepped portion in the width direction, 
the third stepped portion being directly connected to each of 
the first and second stepped portions, wherein a first distance 
in the width direction of the groove measured from a first 
outer edge of the first stepped portion of the groove to a first 
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second width greater than the first width, wherein the stepped 
portions of the groove formed in the at least one of the first and 
second main surfaces of the second quartz crystal tuning fork 
time comprise a first stepped portion, a second stepped por 
tion and a third stepped portion, each of the first and second 
stepped portions being formed along the length of the second 
quartz crystal tuning fork tine and being formed directly 
opposite the first side surface of the second quartz crystal 
tuning fork time so that the first stepped portion is not opposite 
the second stepped portion in the width direction, the third 
stepped portion being directly connected to each of the first 
and second stepped portions, wherein a first distance in the 
width direction of the groove measured from a first outer edge 
of the first stepped portion of the groove to a first Outer edge 
of the first side surface of the second quartz crystal tuning fork 
time is greater than a second distance in the width direction of 
the groove measured from a second outer edge of the second 
stepped portion of the groove to a second outer edge of the 
first side surface of the second quartz crystal tuning fork time, 
wherein the first width of the groove formed in the at least one 
of the first and second main surfaces of the second quartz 
crystal tuning fork time is greater than the first distance in the 
width direction of the groove, wherein the second width of the 
groove formed in the at least one of the first and second main 
surfaces of the second quartz crystal tuning fork time is 
greater than the second distance in the width direction of the 
groove, wherein the quartz crystal tuning fork resonator has 
an overall length and the groove formed in the at least one of 
the first and second main surfaces of each of the first and 
second quartz crystal tuning fork times has a length, and 
fiurther comprising the step of determining the overall length 
of the quartz crystal tuning fork resonator and the length of 
the groove formed in the at least one of the first and second 
main surfaces of each of the first and second quartz crystal 
tuning fork times so that a series resistance R, of a findamen 
tal mode of vibration of the quartz crystal tuning fork reso 
nator is less than a series resistance R of a second overtone 
mode of vibration thereof. 

46. A method according to claim I, wherein the case has a 
through-hole communicating with the interior space and a 
mounting portion in the interior space, and further compris 
ing the step of disposing a metal or a glass into the through 
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hole of the case, wherein the mounting step comprises mount- and second quartz crystal tuning fork times is greater than 
ing the quartz crystal tuning fork resonator on the mounting each of the first distance and the second distance. 
portion in the interior space of the case, wherein the adjust- 49. A method according to claim 48; wherein each of the 
ing step comprises adjusting the frequency of oscillation of first and second quartz crystal tuning fork times has a first side 
the quartz crystal tuning fork resonator after the forming step 5 surface and a second side surface opposite the first side, the 
of the at least one groove and before the mounting step of the first side surface of the first quartz crystal tuning fork tine 
quartz crystal tuning fork resonator so that the frequency of confronting the first side surface of the second quartz crystal 
Oscillation thereof comprises a first preselected frequency of tuning fork time, wherein the groove formed in the first main 
Oscillation, and adjusting the frequency of oscillation of the surface of the first quartz crystal tuning fork time comprises a 
quartz crystal tuning fork resonator after the mounting step of 10 third stepped portion, and a first width and a second width 
the quartz crystal tuning fork resonator so that the frequency greater than the first width, wherein each of the first and 
of Oscillation thereof comprises a second preselected fre- second stepped portions of the groove formed in the first main 
quency of oscillation. surface of the first quartz crystal tuning fork time is directly 

47. A method according to claim 46; wherein the first opposite the first side surface of the first quartz crystal tuning 
preselected frequency of oscillation is about 32.768 kHz with 15 fork tine and is directly connected to the third stepped por 
a frequency deviation within a range of-9000 ppm to +5000 tion, wherein a first distance in the width direction of the 
ppm, and wherein the second preselected frequency of oscil- groove measured from a first Outer edge of the first stepped 
lation is about 32.768 kHz with a frequency deviation within portion of the groove to a first Outer edge of the first side 
a range of-50 ppm to +50 ppm. surface of the first quartz crystal tuning fork time is greater 

48. A method according to claim I, wherein the plurality of 20 than a second distance in the width direction of the groove 
quartz crystal tuning fork times comprise first and second measured from a second outer edge of the second stepped 
quartz crystal tuning fork times connected to the quartz crys- portion of the groove to a second outer edge of the first side 
tal tuning fork base, each of the first and second quartz crystal surface of the first quartz crystal tuning fork time, wherein the 
tuning fork times having a length and having the first main first width of the groove formed in the first main surface of the 
surface and the second main surface opposite the first main 25 first quartz crystal tuning fork time is greater than the first 
surface, wherein the forming step of the at least one groove distance in the width direction of the groove, and wherein the 
comprises forming a groove having at least two stepped por- second width of the groove formed in the first main surface of 
tions including first and second stepped portions in the first the first quartz crystal tuning fork time is greater than the 
main surface of each of the first and second quartz crystal second distance in the width direction of the groove. 
tuning fork times so that each of the first and second stepped 30 50. A method according to claim 48 filrther comprising the 
portions is formed along the length of the corresponding one step of forming the groove in each of the first and second main 
of the first and second quartz crystal tuning fork times, and a surfaces of each of the first and second quartz crystal tuning 
groove having at least three stepped portions including first, fork times after the forming step of the first and second quartz 
second and third stepped portions in the second main surface crystal tuning fork times. 
of each of the first and second quartz crystal tuning fork times 35 51. A method according to claim I, wherein the adjusting 
so that each of the first, second and third stepped portions is step comprises adjusting the frequency of oscillation of the 
formed along the length of the corresponding one of the first quartz crystal tuning fork resonator after the forming step of 
and second quartz crystal tuning fork times and the first the at least one groove and before the mounting step of the 
stepped portion is connected to the second stepped portion quartz crystal tuning fork resonator so that the frequency of 
through a fourth stepped portion, and so that each of the first 40 Oscillation thereof is about 32.768 kHz with a frequency 
and second stepped portions is directly connected to the deviation within a range of -9000 ppm to +5000 ppm, and 
fourth stepped portion, wherein the groove having the at least adjusting the frequency of Oscillation of the quartz crystal 
three stepped portions formed in the second main surface of tuning fork resonator after the mounting step of the quartz 
each of the first and second quartz crystal tuning fork times crystal tuning fork resonator and before connecting the lid to 
has a fifth stepped portion and a sixth stepped portion oppo- 45 the case so that the frequency of oscillation thereof is about 
site the fifth stepped portion in the length direction, the fifth 32.768 kHz with a frequency deviation within a range of- 100 
stepped portion being directly connected to the first stepped ppm to +100 ppm, wherein the plurality of quartz crystal 
portion and the sixth stepped portion being directly con- tuning fork times comprise first and second quartz crystal 
nected to the second stepped portion, wherein the first tuning fork times connected to the quartz crystal tuning fork 
stepped portion of the groove formed in the second main 50 base, each of the first and second quartz crystal tuning fork 
surface of each of the first and second quartz crystal tuning times having the first main surface and the second main sur 
fork times has a first Outer edge, wherein the second stepped face opposite the first main surface, wherein the forming step 
portion of the groove formed in the second main surface of of the at least One groove comprises forming a groove having 
each of the first and second quartz crystal tuning fork times a length in each of the first and second main surfaces of each 
has a second outer edge, wherein each of the first and second 55 of the first and second quartz crystal tuning fork times, the 
quartz crystal tuning fork times has a side surface including a groove being formed simultaneously with the first and second 
first outer edge and a second outer edge, wherein a first quartz crystal tuning fork times, wherein the quartz crystal 
distance in the width direction of the groove measured from tuning fork resonator has an overall length, and further com 
the first Outer edge of the first stepped portion of the groove to prising the step of determining the overall length of the quartz 
the first Outer edge of the side surface of the corresponding 60 crystal tuning fork resonator and the length of the groove 
One of the first and second quartz crystal tuning fork times is formed in each of the first and second main surfaces of each 
different from a second distance in the width direction of the of the first and second quartz crystal tuning fork times so that 
groove measured from the second outer edge of the second a series resistance R, of a fundamental mode of vibration of 
stepped portion of the groove to the second outer edge of the the quartz crystal tuning fork resonator is less than a series 
side surface of the corresponding one of the first and second 65 resistance R of a third overtone mode of vibration thereof 
quartz crystal tuning fork times, and wherein a width of the 52. A method according to claim I, wherein the plurality of 
groove formed in the second main surface of each of the first quartz crystal tuning fork times comprise first and second 
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quartz crystal tuning fork times connected to the quartz crys 
tal tuning fork base, each of the first and second quartz crystal 
tuning fork times having the first main surface and the second 
main surface opposite the first main surface, and having a 
first side surface corresponding to the at least One side sur 
face and a second side surface opposite the first side surface, 
the first side surface of the first quartz crystal tuning fork time 
confronting the first side surface of the second quartz crystal 
tuning fork time, wherein the forming step of the at least one 
groove comprises forming a groove having a first width and a 
second width greater than the first width, and first, second, 
third fourth and fifth surfaces in at least one of the first and 
second main surfaces of the first quartz crystal tuning fork 
time so that each of the first and second surfaces is directly 
opposite the first side surface of the first quartz crystal tuning 
fork tine and is directly connected to the third surface, the 
fourth surface being opposite the fifth surface in the length 
direction, and so that the fourth surface is directly connected 
to the first surface and the fifth surface is directly connected to 
the second surface, a distance in the width direction of the 
groove measured from a first outer edge of the first surface of 
the groove to a first Outer edge of the first side surface of the 
first quartz crystal tuning fork time being defined by a first 
distance and a distance in the width direction of the groove 
measured from a second outer edge of the second surface of 
the groove to a second outer edge of the first side surface of 
the first quartz crystal tuning fork time being defined by a 
second distance that is less than the first distance, wherein the 
first width of the groove formed in the at least one of the first 
and second main surfaces of the first quartz crystal tuning 
fork tine is greater than the first distance in the width direc 
tion of the groove, and wherein the second width of the groove 
formed in the at least one of the first and second main surfaces 
of the first quartz crystal tuning fork time is greater than the 
second distance in the width direction of the groove. 

53. A method according to claim 52, wherein each of the 
first and second quartz crystal tuning fork times has a length, 
wherein the forming step of the at least one groove comprises 
forming a groove having a first width and a second width 
greater than the first width, and first, second, third fourth and 
fifth surfaces in at least one of the first and second main 
surfaces of the second quartz crystal tuning fork time so that 
each of the first and second surfaces is formed along the 
length of the second quartz crystal tuning fork time and is 
directly connected to the third surface in a direction different 
from that of each of the first and second surfaces, the first 
surface being not opposite the second surface in the width 
direction and the fourth surface being opposite the fifth sur 
face in the length direction, and so that the fourth surface is 
directly connected to the first surface and the fifth surface is 
directly connected to the second surface, a distance in the 
width direction of the groove measured from a first outer edge 
of the first surface of the groove to a first Outer edge of the first 
side surface of the second quartz crystal tuning fork time being 
defined by a first distance and a distance in the width direction 
of the groove measured from a second Outer edge of the 
second surface of the groove to a second outer edge of the first 
side surface of the second quartz crystal tuning fork time being 
defined by a second distance that is less than the first dis 
tance, wherein the first width of the groove formed in the at 
least one of the first and second main surfaces of the second 
quartz crystal tuning fork time is greater than the first distance 
in the width direction of the groove, and wherein the second 
width of the groove formed in the at least one of the first and 
second main surfaces of the second quartz crystal tuning fork 
time is greater than the second distance in the width direction 
of the groove. 

40 
54. A method according to claim I, wherein the plurality of 

quartz crystal tuning fork times comprise first and second 
quartz crystal tuning fork times connected to the quartz crys 
tal tuning fork base, each of the first and second quartz crystal 

5 tuning fork times having the first main surface and the second 
main surface opposite the first main surface, and having an 
inner side surface and an outer side surface opposite the 
inner side surface, the inner side surface of the first quartz 
crystal tuning fork tine confronting the inner side surface of 
the second quartz crystal tuning fork time, wherein the form 
ing step of the at least one groove comprises forming a groove 
having a length in at least one of the first and second main 
surfaces of each of the first and second quartz crystal tuning 
fork times so that a first distance in the width direction of the 

15 groove measured from a first Outer edge of the groove to a first 
outer edge of the corresponding one of the first and second 
quartz crystal tuning fork times is less than a second distance 
in the width direction of the groove measured from a second 
outer edge opposite the first outer edge of the groove to a 
second Outer edge opposite the first Outer edge of the corre 
sponding one of the first and second quartz crystal tuning fork 
times and a width of the groove formed in the at least one of the 
first and second main surfaces of each of the first and second 
quartz crystal tuning fork times is greater than the first dis 
tance in the width direction of the corresponding groove, 
wherein the case has a mounting portion in the interior space, 
wherein the mounting step comprises mounting the quartz 
crystal tuning fork resonator on the mounting portion in the 
interior space of the case, and wherein the adjusting steps of 
the at least twice comprise adjusting the frequency of oscil 
lation of the quartz crystal tuning fork resonator to a first 
preselected frequency of Oscillation, and adjusting the fre 
quency of oscillation of the quartz crystal tuning fork reso 
nator to a second preselected frequency of oscillation. 

55. A method according to claim 54, wherein the first 
preselected frequency of oscillation is about 32.768 kHz with 
a frequency deviation within a range of -9000 ppm to +5000 
ppm, wherein the second preselected frequency of oscillation 
is about 32.768 kHz with a frequency deviation within a range 
of -100 ppm to +100 ppm, and filrther comprising the 
sequential steps of forming simultaneously the quartz crystal 
tuning fork base, and the first and second quartz crystal 
tuning fork times and the groove having the length l, in the at 
least One of the first and second main surfaces of each of the 

45 first and second quartz crystal tuning fork times so that the 
first distance in the width direction of the groove is less than 
the second distance in the width direction of the groove and 
the width of the groove formed in the at least one of the first 
and second main surfaces of each of the first and second 
quartz crystal tuning fork times is greater than the first dis 
tance in the width direction of the corresponding groove, and 
so that the ratio (l/l) is within a range of 0.2 to 0.78, where l 
represents an overall length of the quartz crystal tuning fork 
resonator, disposing a first electrode on a surface of the 

55 groove formed in the at least one of the first and second main 
surfaces of each of the first and second quartz crystal tuning 
fork times and a second electrode on each of the inner and 
outer side surfaces of each of the first and second quartz 
crystal tuning fork times so that the first electrode disposed on 

60 the surface of the groove formed in the at least One of the first 
and second main surfaces of the first quartz crystal tuning 
fork time is connected to the second electrode disposed on 
each of the inner and Outer side surfaces of the second quartz 
crystal tuning fork time, and the first electrode disposed on the 
surface of the groove formed in the at least one of the first and 
second main surfaces of the second quartz crystal tuning fork 
time is connected to the second electrode disposed on each of 
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the inner and Outer side surfaces of the first quartz crystal 
tuning fork time, adjusting the frequency of oscillation of the 
quartz crystal tuning fork resonator to about 32.768 kHz with 
a frequency deviation within a range of-9000 ppm to +5000 
ppm, mounting the quartz crystal tuning fork resonator on the 
mounting portion in the interior space of the case, and adjust 
ing the frequency of oscillation of the quartz crystal tuning 
fork resonator to about 32.768 kHz with a frequency devia 
tion within a range of -100 ppm to +100 ppm. 

56. A method according to claim 54 wherein the first 
preselected frequency of oscillation is about 32.768 kHz with 
a frequency deviation within a range of-9000 ppm to +5000 
ppm, wherein the second preselected frequency of oscillation 
is about 32.768 kHz with a frequency deviation within a range 
of-100 ppm to +100 ppm, wherein the quartz crystal tuning 
fork resonator has an overall length, and further comprising 
the step of determining the overall length of the quartz crystal 
tuning fork resonator and the length of the groove formed in 
the at least one of the first and second main surfaces of each 
of the first and second quartz crystal tuning fork times so that 
a series resistance R, of a fundamental mode of vibration of 
the quartz crystal tuning fork resonator is less than a series 
resistance R of a second overtone mode of vibration thereof 

57. A method according to claim I, wherein the plurality of 
quartz crystal tuning fork times comprise first and second 
quartz crystal tuning fork times connected to the quartz crys 
tal tuning fork base, each of the first and second quartz crystal 
tuning fork times having the first main surface and the second 
main surface opposite the first main surface, and having an 
inner side surface and an outer side surface opposite the 
inner side surface, the inner side surface of the first quartz 
crystal tuning fork time confronting the inner side surface of 
the second quartz crystal tuning fork time, wherein the form 
ing step of the at least one groove comprises forming a groove 
having a length in at least one of the first and second main 
surfaces of each of the first and second quartz crystal tuning 
fork times so that a width W, of the groove formed in the at 
least One of the first and second main surfaces of each of the 
first and second quartz crystal tuning fork times is greater 
than each of a plurality of distances in the width direction of 
the groove measured from a first Outer edge of the groove to a 
first Outer edge of the inner side surface of the corresponding 
One of the first and second quartz crystal tuning fork times and 
measured from a second Outer edge of the groove to a second 
outer edge of the inner side surface of the corresponding one 
of the first and second quartz crystal tuning fork times, and the 
ratio (W/W) is within a range of 0.35 to 0.85, where W 
represents a width of each of the first and second quartz 
crystal tuning fork times, wherein each of the first and second 
quartz crystal tuning fork times has a length, wherein the 
groove formed in the at least one of the first and second main 
surfaces of the first quartz crystal tuning fork time has a first 
groove portion including a first surface, a second groove 
portion including a second surface and a third groove portion 
including a third surface, each of the first and second surfaces 
being formed along the length of the first quartz crystal tuning 
fork tine and the third surface being formed in a direction 
different from that of each of the first and second surfaces, 
each of the first and second surfaces being directly opposite 
the inner side surface of the first quartz crystal tuning fork 
tine and being directly connected to the third surface, 
wherein a first distance in the width direction of the first 
groove portion of the groove measured from a first Outer edge 
of the first surface of the first groove portion of the groove to 
a first Outer edge of the inner side surface of the first quartz 
crystal tuning fork time is greater than a second distance in the 
width direction of the second groove portion of the groove 
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42 
measured from a second Outer edge of the second surface of 
the second groove portion of the groove to a second outer 
edge of the inner side surface of the first quartz crystal tuning 
fork time, and wherein the distances in the width direction of 
the groove formed in the at least one of the first and second 
main surfaces of the first quartz crystal tuning fork time com 
prises the first distance in the width direction of the first 
groove portion of the groove and the second distance in the 
width direction of the second groove portion of the groove. 

58. A method according to claim 57 wherein the groove 
formed in the at least one of the first and second main surfaces 
of the second quartz crystal tuning fork tine has a first groove 
portion including a first surface, a second groove portion 
including a second surface and a third groove portion includ 
ing a third surface, each of the first and second surfaces being 
formed along the length of the second quartz crystal tuning 
fork tine and the third surface being formed in a direction 
different from that of each of the first and second surfaces, 
each of the first and second surfaces being directly connected 
to the third surface so that the first surface is not opposite the 
second surface in the width direction, wherein a third dis 
tance in the width direction of the first groove portion of the 
groove measured from a first outer edge of the first surface of 
the first groove portion of the groove to a first Outer edge of the 
inner side surface of the second quartz crystal tuning fork tine 
is greater than a fourth distance in the width direction of the 
second groove portion of the groove measured from a second 
outer edge of the second surface of the second groove portion 
of the groove to a second outer edge of the inner side surface 
of the second quartz crystal tuning fork time, and wherein the 
distances in the width direction of the groove formed in the at 
least one of the first and second main surfaces of the second 
quartz crystal tuning fork time comprises the third distance in 
the width direction of the first groove portion of the groove 
and the fourth distance in the width direction of the second 
groove portion of the groove. 

59. A method according to claim 58, wherein the groove 
formed in the at least one of the first and second main surfaces 
of each of the first and second quartz crystal tuning fork times 
has a first width and a second width greater than the first 
width, wherein the first width of the groove formed in the at 
least one of the first and second main surfaces of the first 
quartz crystal tuning fork time is greater than the first distance 
in the width direction of the first groove portion of the groove, 
wherein the second width of the groove formed in the at least 
One of the first and second main surfaces of the first quartz 
crystal tuning fork time is greater than the second distance in 
the width direction of the second groove portion of the 
groove, wherein each of the first and second widths of the 
groove formed in the at least one of the first and second main 
surfaces of the first quartz crystal tuning fork tine is greater 
than each of the first and second distances, wherein the first 
width of the groove formed in the at least one of the first and 
second main surfaces of the second quartz crystal tuning fork 
tine is greater than the third distance in the width direction of 
the first groove portion of the groove, wherein the second 
width of the groove formed in the at least one of the first and 
second main surfaces of the second quartz crystal tuning fork 
tine is greater than the fourth distance in the width direction 
of the second groove portion of the groove, and wherein each 
of the first and second widths of the groove formed in the at 
least one of the first and second main surfaces of the second 
quartz crystal tuning fork time is greater than each of the third 
and fourth distances. 

60. A method according to claim 57 wherein the quartz 
crystal tuning fork resonator has an overall length, and fur 
ther comprising the step of determining the overall length of 
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the quartz crystal tuning fork resonator and the length of the 
groove formed in the at least one of the first and second main 
surfaces of each of the first and second quartz crystal tuning 
forktines so that a series resistance R, of a fundamental mode 

44 
least one of the first and second main surfaces of the first 
quartz crystal tuning fork tine is greater than the second 
distance in the width direction of the groove, disposing a first 
electrode on each of the first and second surfaces of the 

of vibration of the quartz crystal tuning fork resonator is less 5 groove formed in the at least one of the first and second main 
than a series resistance R of a second overtone mode of 
vibration thereof. 

61. A method according to claim I, wherein the case has a 
through-hole communicating with the interior space and a 
mounting portion in the interior space, wherein the plurality 
of quartz crystal tuning fork times comprise first and second 
quartz crystal tuning fork times, each of the first and second 
quartz crystal tuning fork tines having the first main surface 
and the second main surface opposite the first main surface, 
and having a first side surface corresponding to the at least 
one side surface and a second side surface opposite the first 
side surface, the first side surface of the first quartz crystal 
tuning forktine confronting the first side surface of the second 
quartz crystal tuning fork tine, wherein the forming step of the 
at least one groove comprises forming a groove having first 
and second widths and first, second and third surfaces in at 
least one of the first and second main surfaces of each of the 
first and second quartz crystal tuning fork times so that the 
second width is greater than the first width, and further Com 
prising the sequential steps of forming the quartz crystal 
tuning fork base and the first and second quartz crystal tuning 
fork tines, forming the groove having the first and second 
widths and the first, second and third surfaces in the at least 
one of the first and second main surfaces of the first quartz 
crystal tuning fork tine so that each of the first and second 
surfaces is directly opposite the first side surface of the first 
quartz crystal tuning fork tine and is directly connected to the 
third surface not parallel to the first side surface of the first 
quartz crystal tuning fork tine, and a first distance in the width 
direction of the groove measured from a first Outer edge of the 
first surface of the groove to a first outer edge of the first side 
surface of the first quartz crystal tuning fork tine is greater 
than a second distance in the width direction of the groove 
measured from a second outer edge of the second surface of 
the groove to a second outer edge of the first side surface of 
the first quartz crystal tuning fork time, and so that the first 
width of the groove formed in the at least one of the first and 
second main surfaces of the first quartz crystal tuning fork 
time is greater than the first distance in the width direction of 
the groove and the second width of the groove formed in the at 
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surfaces of the first quartz crystal tuning fork tine and a 
second electrode on each of the first and second side surfaces 
of the first quartz crystal tuning fork tine so that the first 
electrode disposed on each of the first and second surfaces of 
the groove formed in the at least one of the first and second 
main surfaces of the first quartz crystal tuning fork tine has an 
electrical polarity opposite to an electrical polarity of the 
second electrode disposed on each of the first and second side 
surfaces of the first quartz crystal tuning fork tine, and so that 
the second electrode disposed on the first side surface of the 
first quartz crystal tuning fork tine extends on a surface of the 
quartz crystal tuning fork base, adjusting the frequency of 
oscillation of the quartz crystal tuning fork resonator to a first 
preselected frequency of Oscillation, mounting the quartz 
crystal tuning fork resonator on the mounting portion in the 
interior space of the case, and disposing a metal or a glass 
into the through-hole of the case to close the through-hole 
thereof in a vacuum. 

62. A method according to claim 61, wherein the first 
preselected frequency of oscillation is about 32.768 kHz with 
a frequency deviation within a range of -9000 ppm to +5000 
ppm, and filrther comprising the step of adjusting the fire 
quency of oscillation of the quartz crystal tuning fork reso 
nator to a second preselected frequency of oscillation after 
the mounting step and before the connecting step of the lid 
and the case, wherein the second preselected frequency of 
oscillation is about 32.768 kHz with a frequency deviation 
within a range of -50 ppm to +50 ppm. 

63. A method according to claim 61, wherein the first 
preselected frequency of oscillation is about 32.768 kHz with 
a frequency deviation within a range of -9000 ppm to +5000 
ppm, and filrther comprising the step of adjusting the fire 
quency of oscillation of the quartz crystal tuning fork reso 
nator to a second preselected frequency of oscillation after 
the disposing step of the metal or the glass, wherein the 
second preselected frequency of oscillation is about 32.768 
KHz with a frequency deviation within a range of-30 ppm to 
+30 ppm. 
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