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QUARTZ CRYSTAL TUNING FORK 
RESONATOR 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a quartz crystal tuning 
fork resonator, capable of operating in a ?exural mode. 

2. Background Information 
Quartz crystal tuning fork resonators, which are capable 

of vibrating in a ?exural mode, are widely used as a time 
standard in consumer products, wearable time-keeping 
equipment and communication equipment (such as 
Wristwatches, cellular phones, and pagers). Recently, 
because of miniaturization and the light weight nature of 
these products, the need for a smaller quartz crystal tuning 
fork resonator capable of operating in a ?exural mode and 
having a small series resistance and a high quality factor has 
arisen. 

Heretofore, however, it has been impossible to obtain a 
conventional miniaturized, quartz crystal tuning fork 
resonator, capable of operating in a ?exural mode, and hav 
ing a small series resistance and a high quality factor. When 
miniaturized, the conventional quartz crystal tuning fork 
resonator capable of operating in a ?exural mode, as shown 
in FIG. 22 (which has electrodes on the obverse faces 203, 
207, reverse faces 204, 208 and the four sides 205, 206, 209, 
210 of each tuning fork tine, and as also shown in FIG. 23, 
which is a cross-sectional view of the tuning fork tines of 
FIG. 22), has a smaller electromechanical transformation 
ef?ciency, which provides a small electric ?eld (i.e. Ex 
becomes small), a large series resistance, and a reduced 
quality factor. In FIG. 22, a conventional tuning fork resona 
tor 200 is shown with tuning fork tines 201, 202 and tuning 
fork base 211. 

In addition, it has heretofore been impossible to obtain a 
quartz crystal tuning fork resonator, capable of operating in a 
?exural mode, and having a small frequency change over a 
wide temperature range of between —10° C. to +500 C., 
because the resonator typically has a temperature coef?cient 
with a parabolic curve, and a second order temperature coef 
?cient of approximately —3.5><10_8/° C.2. This value is com 
paratively large as compared with AT cut quartz crystal reso 
nators vibrating in thickness shear mode. 

Accordingly, it is, therefore, a general object of the 
present invention to provide embodiments of a quartz crystal 
tuning fork resonator, capable of operating in a ?exural 
mode, which overcome or at least mitigate one or more of 
the above problems. 

SUMMARY OF THE INVENTION 

Embodiments of the present invention relate to the shape 
and electrode construction of a quartz crystal tuning fork 
resonator, capable of operating in a ?exural mode, and in 
particular, to a novel shape and electrode construction for 
quartz crystal tuning fork resonator capable of operating in a 
?exural mode, for consumer products and communication 
equipment requiring miniaturized, high accuracy, shock 
proof and low priced quartz crystal resonators. 

It is a speci?c object of the present invention to provide 
embodiments of a quartz crystal tuning fork resonator 
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2 
capable of operating in a ?exural mode that are miniaturized 
and have a small series resistance RI and a high quality 
factor Q. 

It is yet another speci?c object of the present invention to 
provide embodiments of a quartz crystal resonator tuning 
fork resonator capable of operating in a ?exural mode, and 
having an excellent frequency temperature behaviour over a 
wide temperature range, of from about —10° C. to about +50o 
C.). 

According to one aspect of the present invention, there is 
provided a quartz crystal tuning fork resonator capable of 
vibrating in a ?exural mode, which comprises; a pair of tun 
ing fork tines, attached to a tuning fork base, with at least 
one groove being provided in a central linear portion of each 
tuning fork tine, at least one ?rst electrode being provided 
inside each groove, and at least one second electrode being 
provided on sides of the tuning fork tines, such that for each 
tuning fork tine the at least one second electrode has an 
opposite polarity to the at least one ?rst electrode. 

According to a second aspect of the present invention 
there is provided a quartz crystal tuning fork resonator 
capable of vibrating in a ?exural mode, which comprises a 
pair of tuning fork tines, attached to a tuning fork base, with 
a plurality of grooves being provided on the tuning fork base 
where the tuning fork tines are attached thereto, and with a 
plurality of electrodes being provided in the grooves. 

According to a third aspect of the present invention there 
is provided a quartz crystal tuning fork resonator capable of 
vibrating in a ?exural mode, which comprises a pair of tun 
ing fork tines, attached to a tuning fork base, with the tuning 
fork tines having step difference portions, and with there 
being at least one ?rst electrode on the step difference 
portions, and at least one second electrode on the sides of the 
tuning fork tines, such that the at least one ?rst and at least 
one second electrodes are of opposite polarity. 

According to a fourth aspect of the present invention there 
is provided a quartz crystal tuning fork resonator capable of 
vibrating in a ?exural mode, which comprises a plurality of 
any of the foregoing individual quartz crystal tuning fork 
resonators capable of vibrating in a ?exural mode, with each 
individual resonator having a pair of tuning fork tines 
attached to a tuning fork base, and with each individual reso 
nator being connected and formed integrally at each tuning 
fork base wherein the individual quartz crystal resonators 
are coupled to each other at the respective tuning fork bases 
and have an angle of separation of from 0° to about 30°, and 
such that the resulting coupled resonator has an even num 
bered plurality of tuning fork tines. 

Embodiments of the quartz crystal tuning fork resonators 
capable of vibrating in a ?exural mode, according to the 
present invention, provide a high electromechanical trans 
formation ef?ciency. 
Embodiments of the quartz crystal tuning fork resonators 

capable of vibrating in a ?exural mode, according to the 
present invention, use grooves or step differences and an 
electrode construction arranged on the tuning fork tines and/ 
or tuning fork base. 

According to one preferred embodiment, a resonator 
according to the present invention has grooves provided in a 
central linear portion of each tuning fork tine and electrodes 
disposed inside the grooves and on the sides of each tuning 
fork tine. According to other embodiments, alternatively or 
additionally, the grooves may be arranged on the tuning fork 
base with the electrodes also being disposed inside the 
grooves. 

According to another preferred embodiment, the resona 
tor has a step difference constructed at the tuning fork tines 
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and/or the tuning fork base, and has electrodes disposed on 
the step difference portions. 

According to yet another preferred embodiment, at least 
tWo individual quartz crystal tuning fork resonators are con 
nected and formed integrally at their respective tuning fork 
base in order to improve the frequency-temperature behav 
iour of the device. The quartz crystal resonators, Whose peak 
temperature points are different, may be electrically con 
nected in parallel. As a result, the integrally formed quartz 
crystal resonator has excellent frequency-temperature 
behaviour over a Wide temperature range, extending from 
about —l0° C. to about +50o C. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention and the manner in Which it is imple 
mented may be more fully understood With reference to the 
folloWing detailed description, examples, and accompanying 
draWings, in Which: 

FIG. 1 is a general vieW of a quartz crystal tuning fork 
resonator of the present invention, capable of vibrating in a 
?exural mode, and having grooves at each tuning fork tine; 

FIG. 2 is a cross-sectional vieW through AiA' and BiB' of 
the tuning fork tines of FIG. 1, shoWing the electrode con 
struction; 

FIG. 3 is a plan vieW of the quartz crystal tuning fork 
resonator of FIG. 1; 

FIG. 4 is a bottom vieW of FIG. 3; 
FIG. 5 is a general vieW of a quartz crystal tuning fork 

resonator, capable of vibrating in a ?exural mode, according 
to the present invention, and having a plurality of grooves at 
a base of the tuning fork; 

FIG. 6 is a cross-sectional vieW through DAD‘ of the tun 
ing fork base of FIG. 5, shoWing the electrode construction; 

FIG. 7 is a plan vieW of the quartz crystal tuning fork 
resonator of FIG. 5; 

FIG. 8 is a plan vieW of tWo quartz crystal tuning fork 
resonators, capable of vibrating in a ?exural mode, accord 
ing to the present invention, connected at their tuning fork 
bases at an angle 4); 

FIG. 9 is an electrical connection diagram for the quartz 
crystal tuning fork resonator of FIG. 8; 

FIG. 10 is a diagram shoWing the frequency-temperature 
behaviour of embodiments of a resonator according to the 
present invention; 

FIG. 11 is a plan vieW of an embodiment of a resonator 
according to the present invention, Which has tWo quartz 
crystal resonators, capable of vibrating in a ?exural mode, 
connected at the base of each tuning fork, With the tuning 
fork of each resonator having different-tuning fork tine 
dimensional ratios; 

FIG. 12 is a plan vieW of one embodiment of a quartz 
crystal tuning fork resonator, capable of vibrating in a ?ex 
ural mode, according to the present invention; 

FIG. 13 is a plan vieW of another embodiment of a quartz 
crystal tuning fork resonator, capable of vibrating in a ?ex 
ural mode, according to the present invention; 

FIG. 14 is a cross-sectional vieW through FiF' of the 
tuning fork base of FIG. 13, shoWing the electrode construc 
tion; 

FIG. 15 is a general vieW of an embodiment of a quartz 
crystal tuning fork resonator, capable of vibrating in a ?ex 
ural mode, according to the present invention, shoWing a 
reference coordinate system for the resonator; 

FIG. 16 is a plan vieW of the quartz crystal tuning fork 
resonator, capable of vibrating in a ?exural mode, of FIG. 
15; 
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4 
FIG. 17 is a cross-sectional vieW through I*I' of the tuning 

fork tines of the resonator of FIG. 16, shoWing the electrode 
construction; 

FIG. 18 is a general vieW of an embodiment of a quartz 
crystal tuning fork resonator, capable of vibrating in a ?ex 
ural mode, according to the present invention, shoWing a 
reference coordinate system for the resonator; 

FIG. 19 is a plan vieW of the quartz crystal tuning fork 
resonator of FIG. 18; 

FIG. 20 is a cross-sectional vieW through JiJ' of the 
tuning fork tines of the resonator of FIG. 19, shoWing the 
electrode construction; 

FIG. 21 is a plan vieW of an embodiment of a quartz 
crystal tuning fork resonator, capable of operating in a ?ex 
ural mode, according to the present invention, having three 
resonators; 

FIG. 22 is a general vieW of the conventional ?exural 
mode, tuning fork, quartz crystal resonator; and 

FIG. 23 is a cross-sectional vieW of the tuning fork tines 
of FIG. 22 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. 
Embodiment 1 

FIG. 1 shoWs a general vieW of one embodiment of a 
quartz crystal tuning fork resonator, capable of vibrating in a 
?exural mode, according to the present invention, together 
With a reference coordinate system. The reference coordi 
nate system consists of an origin O, an electrical axis x, a 
mechanical axis y, and an optical axis 2 of quartz, namely, 
O-xyz. A quartz crystal tuning fork resonator 1, capable of 
vibrating in a ?exural mode, according to the present inven 
tion generally comprises a ?rst tuning fork tine 2, a second 
tuning fork tine 3, a tuning fork base 4, to Which the ?rst 
tuning fork tine 2 and the second tuning fork tine 3 are 
attached. Additionally, grooves 5 and 11 are formed on an 
obverse face of tuning fork tines 2 and 3, in a portion of a 
central liner portion of each tine, respectively, as shoWn in 
FIG. 2. Corresponding identical grooves are formed on a 
reverse face of the tines 2 and 3. A cut angle 6, Which has a 
typical value of from 0° to about 10°, is formed by rotating 
the resonator about the x-axis through a plane perpendicular 
to the z-axis. 

FIG. 2 shoWs cross-sectional vieWs through AiA' and 
BiB' of the tuning fork tines of the resonator of FIG. 1, and 
details of the electrode construction Within the grooves. The 
AiA' cross-sectional vieW of tuning fork tine 2 is shoWn on 
the right side and the BiB' cross-sectional vieW of tuning 
fork tine 3 is shoWn on the left side. Tuning fork tine 2 has 
grooves 5 and 6 cut into it, in an area covering a portion of 
central liner region of the tine 2. The grooves 5 and 6 have a 
?rst set of electrodes 7 and 8 of the same electrical polarity, 
While sides of the tine 2 have a second set of electrodes 9 and 
10 having an opposite electrical polarity to the ?rst set of 
electrodes 7 and 8. The tuning fork tine 3 has grooves 11 and 
12 constructed in a similar manner as tuning fork tine 2. The 
grooves 11 and 12 have a third set of electrodes 13 and 14 of 
the same electrical polarity, and the sides of the tine 3 have a 
fourth set of electrodes 15 and 16, With an opposite electrical 
polarity to the third electrodes 13 and 14. The electrodes 
disposed on the tuning fork tines 2 and 3 are electrically 
connected as shoWn in FIG. 2, forming tWo electrode termi 
nals C-C', of opposite electrical polarity. 

In detail, the ?rst set of electrodes 7 and 8 disposed on the 
grooves 5 and 6 of tuning fork tine 2 have the same electrical 
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polarity as the fourth set of electrodes 15 and 16 disposed on 
both sides of tuning fork tine 3, While the second set of 
electrodes 9 and 10 disposed on both sides of tuning fork 
tine 2 have the same electrical polarity as the third set of 
electrodes 13 and 14 disposed on the grooves 11 and 12 of 
tine 3. When a direct voltage is applied betWeen the elec 
trode terminals C-C', an electric ?eld Ex occurs along the 
arroW direction inside the tuning fork tines 2 and 3. As the 
electric ?eld Ex occurs perpendicular to the electrodes dis 
posed on the tuning fork tines, as shoWn by the arroW sym 
bols. The electric ?eld Ex has a very large value and a large 
distortion occurs at the tuning fork tines. As a result, a quartz 
crystal tuning fork resonator vibrating in a ?exural mode, 
and having a small series resistance R1 and a high quality 
factor Q is obtained, With there being a large electro 
mechanical transformation e?iciency for the resonator, even 
though miniaturized. 

FIG. 3 shoWs a plan vieW of the quartz crystal tuning fork 
resonator 1 of FIG. 1. In FIG. 3, the construction and the 
dimension of grooves 5 and 11 are shoWn in detail. Groove 5 
is formed to include a portion of the central linear region 17 
of tuning fork tine 2; groove 11 is similarly formed to 
include a portion of the central linear region 18 of tuning 
fork tine 3. Grooves 5 and 11 have a Width W2, Which 
includes a portion of the central linear regions 17 and 18 
respectively, is preferable because the tuning fork tines 2 and 
3 can vibrate in ?exural mode very easily. A quartz crystal 
tuning fork resonator, capable of vibrating in a ?exural mode 
With a small series resistance R1 and a high quality factor Q 
is possible according to the present invention. The total 
Width W of the tuning fork tines 2 and 3 has a relationship of 
W=Wl+W2+W3, and in general the grooves are constructed 
so that Wl=W3. In addition, the Width W2 of the grooves is 
constructed so that WZZWI, W3. The length 11 of the 
grooves 5 and 11 of tuning fork tines 2 and 3 extends into the 
tuning fork base 4 (Which has a length dimension 12) 
Furthermore, the total length l is determined by the fre 
quency requirement and the size of the housing case. In this 
embodiment the grooves 5 and 11 of tuning fork tines 2 and 
3 extend into the tuning fork base 4 in series, hoWever, in 
other embodiments of the present invention a plurality of 
grooves divided in the length direction of the tuning fork 
tines are provided. 

FIG. 4 shoWs a bottom vieW of the quartz crystal tuning 
fork resonator 1 of FIG. 3, Which has a thickness dimension 
t. In the embodiments shoWn in FIG. 1 to FIG. 3, the tuning 
fork tines have a total of four grooves Within the obverse and 
the reverse faces thereof, With one groove in each of the tWo 
faces of each of the tWo tines, and electrodes provided inside 
the grooves, as Well as electrodes disposed on tWo sides of 
the tuning fork tines. Other embodiments of the present 
invention, hoWever, may have only one groove Within a 
single surface of the tuning fork tines and an electrode inside 
each of those grooves, as Well as electrodes disposed on both 
sides of each of the tuning fork tines. Furthermore, each of 
the ?rst electrodes inside the grooves and each of the second 
electrodes on the sides of the tines, adjacent to the ?rst 
electrodes, are of opposite electrical polarity. 
Embodiment 2 

FIG. 5 shoWs a general vieW of another embodiment of a 
quartz crystal tuning fork resonator 19 of the present 
invention, capable of vibrating in a ?exural mode, and its 
coordinate system O-xyz. A cut angle 6, Which has a typical 
value of from 0° to about 10°, is formed by rotating the 
resonator about the x-axis through a plane perpendicular to 
the z-axis. 

The quartz crystal tuning fork resonator 19, capable of 
vibrating in a ?exural mode, comprises tWo tuning fork tines 
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6 
20 and 26, attached to tuning fork base 40. The tuning fork 
tines 20 and 26 have grooves 21 and 27, respectively, With 
the grooves 21 and 27 extending into the tuning fork base 40. 
In addition, the tuning fork base 40 has additional grooves 
32 and 36. 

FIG. 6 shoWs a cross-sectional vieW through D-D' of the 
tuning fork base 40 for the quartz crystal tuning fork resona 
tor 19, capable of vibrating in a ?exural mode, of FIG. 5. In 
FIG. 6, the shape of the electrode construction Within the 
tuning fork base 40 for the quartz crystal tuning fork resona 
tor of FIG. 5 is shoWn in detail. The section of the tuning 
fork base 40, to Which the tuning fork tine 20 is attached, has 
grooves 21 and 22 cut into the obverse and the reverse faces, 
respectively, of the base 40. The section of the tuning fork 
base 40, to Which tuning fork tine 26 is attached has grooves 
27 and 28 cut into the obverse and reverse faces, 
respectively, of the base 40. In addition to these grooves, the 
tuning fork base 40 has grooves 32 and 36 cut betWeen 
grooves 21 and 27, and the base 40 further has grooves 33 
and 37 cut betWeen grooves 22 and 28. 

Additionally, grooves 21 and 22 have ?rst electrodes 23 
and 24, both of the same electrical polarity; grooves 32 and 
33 have second electrodes 34 and 35, both of the same elec 
trical polarity; grooves 36 and 37 have third electrodes 38 
and 39, both of the same electrical polarity, and grooves 27 
and 28 have fourth electrodes 29 and 30, also both of the 
same electrical polarity. The sides of the base 40 have ?fth 
and sixth electrodes 25 and 31, respectively, each of opposite 
electrical polarity. The ?fth, fourth, and second electrodes 
25, 29, 30, 34 and 35 have the same electrical polarity, While 
the ?rst, sixth and third electrodes 23, 24, 31, 38 and 39 also 
have the same electrical polarity, Which is opposite to the 
electrical polarity of the other electrodes, mentioned above. 
The individual electrodes are electrically connected and tWo 
electrode terminals EiE' are constructed. The electrodes dis 
posed inside the grooves opposite each to each other in the 
thickness (z-axis) direction of the tuning fork tines have the 
same electrical polarity. Also, the electrodes disposed oppo 
site to each other across adjoining grooves have an opposite 
electrical polarity to one another. 
When a direct voltage is applied betWeen the electrode 

terminals EiE' (e.g., With the E terminal being the positive 
(+) terminal, having a positive electrical polarity; and the E' 
terminal being the negative (—) terminal, having a negative 
electrical polarity), an electric ?eld Ex occurs, having an 
orientation as shoWn by the arroWs in FIG. 6. Because the 
electric ?eld Ex occurs perpendicular to the electrodes dis 
posed on the tuning fork base, the electric ?eld Ex has a very 
large value and a large distortion occurs at the tuning fork 
base, so that the quartz crystal tuning fork resonator operates 
in a ?exural mode, and has a small series resistance R1 and a 
high quality factor Q, even though the resonator is miniatur 
ized. 

FIG. 7 shoWs a plan vieW of the quartz crystal tuning fork 
resonator 19 of FIG. 5. In FIG. 7, the disposition of the 
grooves 21 and 27 is shoWn in detail. The tuning fork tine 20 
has groove 21 cut thereinto, such that the groove includes a 
portion of the central liner region 41 of the tuning fork tine, 
and the tuning fork tine 26 also has groove 27 cut thereinto, 
such that the groove includes a portion of the central linear 
region 42 of the tuning fork tine. A quartz crystal tuning fork 
resonator according to this embodiment of the present inven 
tion additionally has grooves 32 and 36 formed betWeen the 
grooves 21 and 27 at the tuning fork base 40 Where the 
tuning fork tines 20 and 26 are attached to the tuning fork 
base. 

Thus, a quartz crystal tuning fork resonator capable of 
vibrating in a ?exural mode, and having a shape and an 






















