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hx | hz | S1 | S2 | S2 / 1 | C1 | 2f No . | | [ mm ] | [ mm ] | [ mm j | [ mm | [ % ] | [ fF ] | [ ppm ] 
0 . 843 | 0 . 668 | 0 . 564 | | 0 . 470 83 . 3 9 . 06 | 1 , 615 

2 | 0 . 861 | 0 . 682 | 0 . 587 | 0 . 470 | 8? . ? \ _ 9 . 18 | 1 , 560 | | 

3 | 0 . 878 | 0 . 696 | 0 . 611 | 0 . 470 | 76 . 9 9 . 48 1 , 396 
0 . 895 | 0 . 709 | 0 . 634 | 0 . 470 | 74 . 1 , 9 . 35 9 . 35 1 , 451 1 , 451 
0 . 911 | 0 . 722 | 0 . 658 0 . 470 71 . 4 9 . 49 | 1 , 322 

| 0 . 927 | 0 . 735 | 0 . 681 | 0 . 470 68 , 8 9 . 75 | 1 , 280 
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RESONATOR ELEMENT , RESONATOR , provided on the second main surface , and overlaps the first 
ELECTRONIC DEVICE , ELECTRONIC excitation electrode in a plan view , in which a region of the 
APPARATUS , AND MOVING OBJECT substrate which is interposed between the first excitation 

electrode and the second excitation electrode includes a side 
BACKGROUND 5 or a circumference being in contact with a virtual quadrangle 

having four corners which are all the same size in a plan 
1 . Technical Field view , in which the region includes an outer edge that does 

not overlap at least three corners of the quadrangle , in a plan 
The present invention relates to a resonator element which view , and in which when an area of the quadrangle is set to 

excites thickness shear vibration , and a resonator , an elec - 10 Si , and an area of the first excitation electrode is set to S2 , 
tronic device , an electronic apparatus , and a moving object a relationship of 69 . 2 % s ( S2 / S1 ) s80 . 1 % is satisfied . 
using the same . According to this application example , there is an effect 

of obtaining a resonator element which is stable and vibrates 2 . Related Art 15 by the main vibration , by forming the region which is 
interposed between the first excitation electrode and the Since an AT cut quartz crystal resonator that excites 

thickness shear vibration which is main vibration is suitable second excitation electrode into a shape in which three 
corners of the quadrangle are cut out . for miniaturization and increasing a frequency and exhibits 

a cubic curve which has an excellent frequency - temperature In other words , since the vibration region of the main 
characteristic , it has been used in various fields such as 20 vibration is concentrated in the central portion of the exci 
oscillators and electronic apparatuses . Particularly , in recent tation electrode , even if an electrode is shaped in such a 
years , as the processing speed of transmission communica manner that three corners of the excitation electrode are cut 
tion equipment or OA equipment is increased or the volume out , the influence to the frequency change is small , and the 
of communication data and the processing capacity are frequency of the main vibration hardly changes . However , 
increased , there has been a strong request for increasing a 25 since the vibration region of the spurious vibration due to the 
frequency for the AT cut quartz crystal resonator which is a variation or the like in the plane parallelism degree of the 
reference frequency signal source used therein . For increas thickness of the vibrating portion is concentrated in four 
ing the frequency of the AT cut quartz crystal resonator that corners or the peripheral portion of the excitation electrode , 
excites the thickness shear vibration , it is common to when the region interposed between the first excitation 
increase the frequency by reducing a thickness of the 30 electrode and the second excitation electrode is shaped into 
vibrating portion . an electrode shape in which three corners of the quadrangle 
However , if the thickness of the vibrating portion is are cut out , the area of the excitation electrode on the 

reduced along with increasing the frequency , the adjustment vibration region of the spurious vibration is reduced as if the 
sensitivity of the frequency is increased , and thus there is a film thickness of the excitation electrode is reduced , and thus 
problem of a final frequency accuracy being poor and the 35 the frequency of the spurious vibration is increased . There 
production yield of a resonator being lowered . In contrast , fore , there is an effect of obtaining a resonator element that 
JP - A - 2002 - 111435 discloses a resonator element of a tem - is stable and vibrates by the main vibration . 
perature compensated oscillator in which four corners of an Further , since at least three out of four corners of the 
excitation electrode having a rectangular shape are cut out to excitation electrode not actually contributing to the vibration 
be substantially equal and the ratio of an area after cutting 40 of the main vibration are cut out , it is possible to efficiently 
to an area before cutting is set to be 95 % to 98 % , which trap the vibration energy of the main vibration and increase 
allows the capacitance ratio y of the resonator ( = CO / C1 , the equivalent series capacitance C1 , and reduce the equiva 
here , CO is an equivalent parallel capacitance , and C1 is an lent parallel capacitance CO determined by an area of the 
equivalent serial capacitance ) to be reduced , and the fre - excitation electrode , such that there is an effect capable of 
quency variable sensitivity is increased , which allows a 45 obtaining the resonator element with a small capacitance 
margin for fitting the oscillation frequency to be increased . ratio y . 

However , since there is a high possibility of the main 
vibration being coupled with spurious vibration due to a Application Example 2 
variation in a plane parallelism degree of the thickness of the 
vibrating portion and a frequency jump phenomenon occurs , 50 This application example is directed to the resonator 
there is a problem of oscillation being unstable . element according to the application example described 

above , wherein the region includes an outer edge that does 
SUMMARY not overlap four corners of the quadrangle , in a plan view . 

According to this application example , a shape in which 
An advantage of some aspects of the invention is to solve 55 four corners of the excitation electrode not contributing to 

at least a part of the problems described above , and the actual vibration of the main vibration are cut out is used , 
invention can be implemented as the following forms or while the frequency of the main vibration is hardly changed , 
application examples . it is possible to reduce the electrode area of the region in 

which the vibration region of the spurious vibration is 
Application Example 1 60 concentrated , thereby increasing the frequency of the spu 

rious vibration . Therefore , there is an effect capable of 
This application example is directed to a resonator ele - obtaining a resonator element in which the frequency jump 

ment including a substrate that vibrates in a thickness shear phenomenon due to the coupling with the spurious vibration 
vibration and includes a first main surface and a second main is reduced . 
surface which are in a front and back relationship to each 65 Further , since the excitation electrode can be made small , 
other ; a first excitation electrode that is provided on the first there is an effect capable of obtaining a resonator element 
main surface ; and a second excitation electrode that is with a small capacitance ratio y . 
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Application Example 3 excellent frequency - temperature characteristic , by using the 
AT cut quartz crystal substrate having a cutting angle which 

This application example is directed to the resonator has the excellent temperature characteristic as the substrate . 
element according to the application example described 
above , wherein the first excitation electrode fits inside the 5 Application Example 7 
outer edge of the second excitation electrode , in a plan view . This application example is directed to the resonator 

According to this application example , when the first element according to the application example described 
excitation electrode and the second excitation electrode are above , wherein when the length along the thickness shear 
formed by a metal mask method , even if there is some vibration direction of the first excitation electrode is set to hx 
positional shift of the mask , it is difficult to change the area and the length along the direction orthogonal to the thick 
in which the first excitation electrode and the second exci ness shear vibration direction is set to hz , a relationship of 
tation electrode overlap in a plan view , such that there is an 1 . 25shx / hzs1 . 31 is satisfied . 
effect of obtaining the resonator element in which the According to this application example , when using a 
variation of the equivalent series capacitance C1 and the substrate in which the displacement distribution of the 
equivalent parallel capacitance CO is unlikely to occur and 15 displacement direction defined by the quartz crystal anisot 
the variation of the capacitance ratio y is small . ropy and the displacement distribution of the direction 

Since the thickness shear vibration vibrates only in a orthogonal thereto are different , it is possible to increase the 
region in which the first excitation electrode and the second efficiency of energy trapping of the main vibration , such that 
excitation electrode overlap in a plan view . when the first the equivalent series capacitance C1 is increased and to 
excitation electrode fits into the inside of the outer edge of 20 side of the outer edge of 20 further reduce the capacitance ratio y of the resonator 
the second excitation electrode , efficiently trapping the element . 
vibration energy of the main vibration can be determined by Application Example 8 
the area and the thickness of the first excitation electrode . 

Therefore , since it is possible to increase the thickness of This application example is directed to a resonator includ the electrode compared to a case where the areas of the first 25 i ing the resonator element according to the application 
excitation electrode and the second excitation electrode are example described above , and a package accommodating 
the same , there is an effect capable of reducing the ohmic the resonator element . 
loss of the electrode film , and reducing the deterioration of According to this application example , since the resonator 
the CI value of the main vibration . element is accommodated in the package , a resonator with 

30 highly reliable quality is obtained . 
Application Example 4 For example , since it is possible to prevent an influence of 

disturbance such as a temperature change or a humidity 
This application example is directed to the resonator change and an influence of contamination , there is an effect 

element according to the application example described of obtaining a resonator which has an excellent frequency 
above , which includes a lead electrode extending from an 35 reproducibility , a frequency - temperature characteristic , a 
outer edge out of a region that does not overlap the corners Cl - temperature characteristic , and a frequency aging char 
of the quadrangle , among outer edges of the first excitation acteristic . 
electrode . 

According to this application example , since the lead Application Example 9 
electrode extends from the outer edge of the first excitation 40 
electrode , except for a region in which a lead electrode is cut This application example is directed to an electronic 
out , it is possible to reliably reduce the area of the first device including the resonator element according to the 
excitation electrode of the vibration region of the spurious application example described above , and an oscillation 
vibration which is concentrated in the peripheral portion of circuit that drives the resonator element . 
the first excitation electrode , and there is an effect of 45 According to this application example , there is an effect 
obtaining a resonator element capable of reducing the cou - of obtaining an electronic device in which main vibration of 
pling with the main vibration by increasing the frequency of the resonator element has a stable characteristic . 
the spurious vibration . For example , there is an effect of obtaining a voltage 

controlled electronic device which has a stable oscillation 
Application Example 5 50 characteristic in which the frequency jump phenomenon due 

to coupling with the spurious vibration is reduced because 
This application example is directed to the resonator the frequency difference between the main vibration and the 

element according to the application example described spurious vibration of the resonator element is wide , and has 
above , wherein the substrate is a quartz crystal substrate . a wide frequency variable width because the capacitance 

According to this application example , the quartz crystal 55 ratio y of the resonator element is small . 
substrate has a high Q value and an excellent temperature Further , it is possible to configure an oscillator and a 
characteristic , such that there is an effect of obtaining a temperature compensated oscillator as an electronic device , 
resonator element having a stable vibration characteristic . and thus there is an effect capable of configuring an oscil 

lator which has an excellent frequency reproducibility , an 
Application Example 6 60 aging characteristic , and a frequency - temperature character 

istic . 
This application example is directed to the resonator 

element according to the application example described Application Example 10 
above , wherein the quartz crystal substrate is an AT cut 
quartz crystal substrate . 65 This application example is directed to an electronic 

According to this application example , there is an effect apparatus including the resonator element according to the 
capable of realizing the resonator element which has the application example described above . 
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According to this application example , there is an effect DESCRIPTION OF EXEMPLARY 
capable of configuring a high - performance electronic appa EMBODIMENTS 
ratus , by using the resonator element in which main vibra 
tion has a stable characteristic in an electronic apparatus . Hereinafter , a resonator element , a resonator , an electronic 

5 device , an electronic apparatus , and a moving object accord 
Application Example 11 ing to the invention will be described based on preferred 

embodiments illustrated in the drawings . 
This application example is directed to a moving object Resonator Element 

including the resonator element according to the application First , a resonator element according to the invention will 
example described above . 10 be described . 

According to this application example , since the moving FIGS . 1A to 1C are schematic diagrams illustrating a 
object includes a resonator element in which main vibration configuration of a resonator element according to an 
has a stable characteristic , it is possible to obtain a moving embodiment of the invention , FIG . 1A is a plan view of the 
object of higher performance . resonator element , FIG . 1B is a sectional view taken along 

15 line P - P of FIG . 1A , and FIG . 1C is a sectional view taken 
BRIEF DESCRIPTION OF THE DRAWINGS along line Q - Q of FIG . 1A . 

The resonator element 1 includes a substrate 10 having a 
The invention will be described with reference to the vibrating portion 12 and a thick portion 13 which is provided 

accompanying drawings , wherein like numbers reference continuously to the vibrating portion 12 and is thicker than 
like elements . 20 the thickness of the vibrating portion 12 , a first excitation 
FIGS . 1A to 1C are schematic diagrams illustrating a electrode 25a and a second excitation electrode 25b which 

configuration of a resonator element according to an are formed on both main surfaces ( front and back surfaces 
embodiment of the invention , FIG . 1A is a plan view of the in + Y directions ) of the vibrating portion 12 so as to be 
resonator element , FIG . 1B is a sectional view taken along opposed to each other , and lead electrodes 27a and 27b 
line P - P , and FIG . 1C is a sectional view taken along line 25 which respectively extend from the first excitation electrode 
Q - Q . 25a and the second excitation electrode 25b toward the pad 
FIG . 2 is a diagram describing a relationship between an electrodes 29a and 29b provided in the thick portion . 

AT cut quartz crystal substrate and crystal axes . The substrate 10 forms a rectangular shape and includes 
FIGS . 3A and 3B are explanatory views illustrating a a vibrating portion 12 which is thin and has a flat plate shape 

vibration displacement distribution of the resonator element 30 of a constant thickness orthogonal to a Y ' axis , a thick 
having a provided excitation electrode , FIG . 3A is a plan portion 13 formed of a first thick portion 14 , a second thick 
view , and FIG . 3B is a longitudinal sectional diagram of portion 15 , and a third thick portion 16 ( also referred to as 
FIG . 3A . first , second , and third thick portions 14 , 15 , and 16 ) which 

FIG . 4 is a diagram representing an experimental produc - are respectively integrated into three sides of the vibrating 
tion condition and a measurement result of the AT cut quartz 35 portion 12 except for one side thereof , and a slit for 
crystal resonator element . preventing mounting stress caused at the time of supporting 

FIG . 5 is a diagram representing C1 values and the and fixing from propagating to the vibrating portion 12 . 
frequency difference Af values of the resonator element with In addition , a first thick main body 14a , a second thick 
respect to the area ratio of the excitation electrode . main body 15a , and a third thick main body 16a ( also 

FIGS . 6A to 6C are schematic diagrams illustrating a 40 referred to as first , second , and third thick main bodies 14a , 
structure of a resonator element according to the modifica - 15a , and 16a ) refer to regions that are parallel to the Y ' axis 
tion example of the invention , FIG . 6A is a plan view of a and have a constant thickness . 
first modification example , FIG . 6B is a plan view of a Further , a first inclined portion 14b , a second inclined 
second modification example , and FIG . 6C is a plan view of portion 15b , and a third inclined portion 16b ( also referred 
a third modification example . 45 to as first , second , and third inclined portions 14b , 15b , and 

FIGS . 7A and 7B are schematic diagrams illustrating a 16b ) refer to inclined surfaces that are formed between the 
structure of a resonator , FIG . 7A is a plan view , and FIG . 7B first , second and third thick main bodies 14a , 15a , and 16a 
is a longitudinal sectional view . and the vibrating portion 12 . 
FIGS . 8A and 8B are schematic diagrams illustrating a One main surface of the vibrating portion 12 and one 

structure of an electronic device according to an embodi - 50 surface of the respective first , second and third thick portions 
ment of the invention , FIG . 8A is a plan view , and FIG . 8B 14 , 15 , and 16 are located on the same plane , that is , on the 
is a longitudinal sectional view . X - Z ' plane of coordinate axes illustrated in FIGS . 1A to 1C , 

FIG . 9 is a perspective view illustrating a configuration of this surface ( a lower surface located in a - Y ' direction of 
a mobile type ( notebook type ) personal computer to which FIG . 1B ) is referred to as a flat surface , and a surface ( an 
the electronic apparatus including the resonator element 55 upper surface located in a + Y ' direction of FIG . 1B ) on the 
according to the embodiment of the invention is applied opposite side having a concave portion 11 is referred to as 

FIG . 10 is a perspective view illustrating a configuration a concave surface . 
of a mobile phone ( including a PHS ) to which the electronic In the embodiment illustrated in FIGS . 1A to 1C , the first 
apparatus including the resonator element according to the excitation electrode 25a is formed into a quadrangle shape , 
embodiment of the invention is applied . 60 preferably , a shape in which four corners of the rectangle are 

FIG . 11 is a perspective view illustrating a configuration cut , that is , a shape in which sides are inscribed to a virtual 
of a digital still camera to which the electronic apparatus quadrangle 25f made with a length hx along the X axis 
including the resonator element according to the embodi - direction and a length hz along the Z ' axis direction and four 
ment of the invention is applied corners of the virtual quadrangle 25f are cut . Further , simi 

FIG . 12 is a perspective view schematically illustrating a 65 larly to the first excitation electrode 25a , the second exci 
vehicle which is an example of a moving object according tation electrode 25b is formed into a quadrangle shape , 
to the invention . preferably , a shape in which four corners of the rectangle are 
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cut . The first excitation electrode 25a and the second exci - instead of nickel ( Ni ) as the lower layer and silver ( Ag ) and 
tation electrode 25b are respectively formed on both main platinum ( Pt ) may be used instead of gold ( Au ) as the upper 
surfaces ( front surface and back surface ) in an approxi layer . 
mately center portion of the vibrating portion 12 so as to Next , the substrate 10 of the resonator element 1 accord 
overlap in a plan view . In addition , the shape of the second 5 ing to the present embodiment will be described . 
excitation electrode 25b may be quadrangle , rectangular , FIG . 2 is a diagram describing a relationship between an 
circular , and elliptical . AT cut quartz crystal substrate and crystal axes . 

The first excitation electrode 25a and the second excita A piezoelectric material such as quartz crystal belongs to 

tion electrode 25b are different in size , and the second a trigonal system , and has crystal axes X , Y , and Z which are 

excitation electrode 25b is larger than the first excitation 10 orthogonal to each other as illustrated in FIG . 2 . The X axis , 
the Y axis , and the Z axis are respectively referred to as an electrode 25a . A region which is actually excited in the electric axis , a mechanical axis , and an optical axis . Then , vibrating portion 12 is a region interposed between the first " rotation Y cut quartz crystal substrate ” obtained by cutting 

excitation electrode 25a and the second excitation electrode quartz crystal along a plane obtained by rotating an XZ plane 
25b . In other words , in the second excitation electrode 25b , ctrode 230 , 15 about the X axis by a predetermined angle O is used as the a region actually contributing to excitation of the vibrating substrate 10 . For example , in the case of the AT cut quartz 
portion 12 is a portion overlapping the first excitation crystal substrate , an angle O is about 35° 15 ' . In addition , the 
electrode 25a in a plan view . In other words , the second axes obtained by rotating the Y axis and the Z axis about the 
excitation electrode 25b is configured with an electrode X axis by 0 are respectively referred to as a Y ' axis and a 2 
contributing to the excitation and an electrode not contrib - 20 axis . Accordingly , the AT cut quartz crystal substrate has 
uting to the excitation which is integrated into the outer edge crystal axes X , Y ' , and Z ' which are orthogonal to each other . 
of the electrode contributing to the excitation . The thickness direction of the AT cut quartz crystal substrate 

In addition , for explanation of the first excitation elec - is the Y ' axis , and a XZ ' plane ( plane including the X axis 
trode 25a and the second excitation electrode 25b , the and the Z axis ) orthogonal to the Y ' axis is a main surface , 
shapes and areas of the portions in contact with the lead 25 and the AT cut quartz crystal substrate is excited by using the 
electrodes 27a and 27b will be described , with an extending thickness shear vibration as main vibration . 
line ( a virtual line ) along the outer edge ( outer side ) of the In other words , the substrate 10 is the “ rotation Y cut 
excitation electrode as a boundary . quartz crystal substrate ” in which the X axis of an orthogo 

It is assumed that the cut - out portions in the first excita nal coordinate system formed of the X axis ( electric axis ) , 
tion electrode 25a are symmetrical to the center point of the 30 the Y axis ( mechanical axis ) , and the Z axis ( optical axis ) as 
first excitation electrode 25a . Otherwise , it is preferable that illustrated in FIG . 2 is set to a rotation axis , an axis obtained 
the cut - out areas of the four corners be the same with respect by inclining the Z axis such that + Z side rotates in the - Y 
to the virtual quadrangle 25f . In addition , in the first exci direction of the Y axis is set to a Z ' axis , an axis obtained by 
tation electrode 25a , although it is desirable that four areas inclining the Y axis such that + Y side rotates in the + Z 
obtained by cutting the four corners of the virtual quadrangle 35 direction of the Z axis is set to a Y ' axis , a plane including 
25f be respectively the same ( approximately equal ) , in view the X axis and the Z axis is set to a main surface , and a 
of production variation , even if the difference of about 10 % direction along the Y ' axis is a thickness direction . 
occurs , it is confirmed that the difference does not affect an In addition , the substrate 10 according to the present 
actual vibration , and thus there is no problem of affecting the embodiment is not limited to the AT cut in which the angle 
effect achieved in the example of the present embodiment . 40 O is approximately 35° 15 ' , but can be widely applied to the 

The lead electrode 27a extends from the first excitation substrate of BT cut or the like that is excited by the thickness 
electrode 25a formed on the concave surface and is con - shear vibration . 
ductively connected to the pad electrode 29 a formed on the Further , a description has been made by using an example 
concave surface of the second thick main body 15a through in which the thick portion is provided along the outer edge 
the third inclined portion 16b and the third thick main body 45 of the vibrating portion 12 , but is not limited thereto , and the 
16a from the top of the vibrating portion 12 . Further , the lead present embodiment can be widely applied to a substrate in 
electrode 27b extends from the second excitation electrode which a thick portion is provided along the outer edge of the 
25b formed on the flat surface and is conductively connected entire circumference of the vibrating portion 12 , or a sub 
to the pad electrode 29b formed on the flat surface of the strate of a flat plate shape in which the thick portion is not 
second thick main body 15a through the edge portion of the 50 provided . 
flat surface of the substrate 10 . Here , according to the resonator element 1 according to 

The embodiment illustrated in FIG . 1A is an example of the present embodiment , there is an effect of obtaining a 
a structure for drawing out the lead electrodes 27a and 27b , resonator element that has a high value and has an 
and the lead electrode 27a may pass through another thick excellent temperature characteristic , by using the AT cut 
portion . However , it is desirable that the lengths of the lead 55 quartz crystal substrate having a cutting angle with an 
electrodes 27a and 27b be the shortest . It is desirable to excellent temperature characteristic as the substrate 10 . 
suppress an increase in electrostatic capacitance by consid - Further , since it is possible to take advantage of performance 
ering the lead electrodes 27a and 27b so as not to intersect and experience relating to a photolithography technology 
across the substrate 10 . and an etching technology , the mass production of the 

Further , the first excitation electrode 25a , the second 60 resonator element is possible which has the excellent tem 
excitation electrode 25b , the lead electrodes 27a and 27b , perature characteristic , and has a small variation in charac 
and the pad electrodes 29a and 29b are formed using a teristics such as frequency reproducibility , a frequency 
deposition apparatus , or a sputtering apparatus in such a temperature characteristic , a CI - temperature characteristic , 
manner that for example , a film of nickel ( Ni ) is formed as and a frequency aging characteristic . 
a lower layer and a film of gold ( Au ) is formed as an upper 65 Next , a voltage controlled oscillator on which the reso 
layer so as to be laminated , and is subjected to patterning by n ator element 1 according to the present embodiment is 
photolithography . In addition , chromium ( Cr ) may be used mounted will be described . 
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Generally , the voltage controlled oscillator is configured Next , the spurious vibration affecting the main vibration 
with the resonator element 1 and a control voltage terminal will be described . 
including an oscillation circuit unit and a variable capacity Generally , the spurious vibration affecting the thickness 
diode . An important specification is a frequency variable shear vibration which is the main vibration is referred to as 
range within which the oscillation frequency of the resonator 5 an inharmonic overtone mode of the thickness shear vibra 
element 1 is changed by a control voltage . Since the fre tion , and is a ( 1 , 2 , 1 ) mode as a second - order mode or a ( 1 , 
quency variable range is the sum of an absolute frequency 3 , 1 ) mode as a third - order mode of the vibration displace 
variable range ( APR ) required in transmission communica ment distribution in the long side direction of the substrate 
tion equipment or the like and a frequency tolerance ( room 10 in FIG . 3A . 
temperature frequency deviation , a frequency - temperature 10 In the ( 1 , 2 , 1 ) mode as the second - order mode , there are 

two vibration displacement distributions along the long side characteristic , frequency variation due to a power supply direction of the substrate 10 , with the center portion of the voltage , frequency variation due to a load , frequency varia excitation electrode 23 as a boundary . Since the polarities of tion due to reflow , and frequency fluctuation due to changes charges generated in the two vibration displacement distri 
over time ) , the voltage controlled oscillator itself supple - 15 butions are contradictory , the charges are cancelled so as not 
ments the frequency variation amount due to an environ to commonly vibrate as the spurious vibration . However , mental change outside of the oscillator and an oscillation when there is a variation in the plane parallelism degree of circuit condition change . Therefore , since it is possible to the thickness of the vibrating portion , the amounts of mitigate the frequency tolerance due to manufacturing and charges having different polarities generated in the two design by widening a frequency variable range , the widen - , - 20 vibration displacement distributions are different , and the ing is significantly important in order to improve the manu charges are not cancelled so as to vibrate as the spurious facturing yield of the resonator element 1 . vibration . Further , the frequency is higher than the frequency Here , the frequency variable sensitivity S of the voltage of the main vibration , and is closest to the frequency of the controlled oscillator is expressed by the following equation main vibration . ( 1 ) . 25 The ( 1 , 3 , 1 ) mode as the third - order mode has three 

vibration displacement distributions in the long side direc S = - ACL / ( 2xyxC0x ( 1 + CL / C0 ) 2 ) tion of the substrate 10 . Since the polarities of charges 
Here , ACL is a load capacitance change , y is a capacitance generated in one vibration displacement distribution on the 

ratio ( CO / C1 ) , CO is an equivalent parallel capacitance , and center portion of the excitation electrode 23 and two vibra 
CL is a load capacitance . 30 tion displacement distributions on the edge portion sides of 

By equation ( 1 ) , if the load capacitance CL configured in the excitation electrode 23 are contradictory and the 
the oscillation circuit is constant , the frequency variable amounts of charges having different polarities are different , 
sensitivity S is determined by the equivalent parallel capaci - the charges commonly vibrate as spurious vibration . Further , 
tance CO and the capacitance ratio y of the resonator element the frequency is higher than the frequency of the main 
1 , and particularly , is greatly affected by the capacitance 35 vibration , and is closest to the frequency of the main 
ratio y . Accordingly , if the capacitance ratio y is small , it is vibration when the ( 1 , 2 , 1 ) mode does not vibrate . 
possible to increase the frequency variable sensitivity S of If the excitation electrode is formed into a shape in which 
the voltage controlled oscillator , thereby improving the the peripheral portions are cut , the area of the excitation 
manufacturing yield of the resonator element 1 . electrode on the vibration displacement distribution of the 

Next , the vibration displacement of the resonator element 40 spurious vibration is reduced as if the film thickness of the 
la will be described . excitation electrode is reduced , the frequency of the spurious 

FIGS . 3A and 3B are explanatory views illustrating a vibration of inharmonic overtone mode of the thickness 
vibration displacement distribution of the resonator element shear vibration described above is increased . Further , even if 
having a provided excitation electrode , FIG . 3A is a plan the excitation electrode is formed into a shape in which the 
view , and FIG . 3B is a longitudinal sectional diagram of 45 peripheral portions are cut , the cut - out portions do not 
FIG . 3A . contribute to an actual vibration , and thus the frequency of 

FIGS . 3A and 3B illustrate a result obtained by calculating the main vibration hardly changes . Therefore , it is possible 
the vibration displacement distribution in the thickness shear to achieve the resonator element 1 in which the frequency 
vibration mode of a fundamental wave of the resonator difference between the main vibration and the spurious 
element la in which the excitation electrode 23 having a 50 vibration is increased by forming the excitation electrode 
rectangular shape is formed on the substrate 10 by a finite into a shape in which the peripheral portions are cut , and 
element method . From FIGS . 3A and 3B , it is ascertained thus the frequency jump phenomenon due to the coupling 
that four corners of the excitation electrode 23 have a with the spurious vibration is reduced . 
significantly small vibration displacement , and do not con - FIG . 4 represents an experimental production condition 
tribute to an actual vibration . Here , since the equivalent 55 and the measurement result of an AT cut quartz crystal 
parallel capacitance CO of the resonator element la is an resonator element having a resonant frequency of a 114 
electrostatic capacitance between the front and back exci - MHz band which is experimentally produced in the embodi 
tation electrodes , it depends on an opposite area . However , ment of FIGS . 1A to 1? . Further , FIG . 5 is a diagram in 
since the equivalent series capacitance C1 is a capacitance which C1 values and the frequency difference Af values 
component in an actual vibration region , if the area of the 60 between the main vibration and the spurious vibration with 
excitation electrode 23 is sufficiently large , it does not respect to the area ratio ( S2 / S1 ) of the excitation electrode 
depend on the opposite area . Therefore , it is possible to of the AT cut quartz crystal resonator element illustrated in 
reduce only the equivalent parallel capacitance CO so as to FIG . 4 are plotted on graphs . 
obtain the resonator element la with a small capacitance The experimental production condition of the experimen 
ratio y , without affecting the equivalent series capacitance 65 tally produced AT cut quartz crystal resonator element 
C1 , by removing a portion of the excitation electrode 23 not ( resonator element 1 ) having a resonant frequency of a 114 
contributing to actual vibration . MHz band is that the area S1 of the virtual quadrangle 25f 
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made of the length hx along the X axis direction and the Further , even when the first excitation electrode 25a and 
length hz along the Z ' axis direction , illustrated in FIGS . 1A the second excitation electrode 25b are formed by a metal 
to 1C , is changed in a range of 0 . 564 mm² to 0 . 705 mm ? , and mask method , even if there is some positional shift at the 
the area S2 of the first excitation electrode 25a of which time of forming an electrode , it is difficult to change the 
sides are inscribed to the virtual quadrangle 25f is constant 5 opposing area of the first excitation electrode 25a and the 
at 0 . 470 mm2 . Further , the measurement result represents the second excitation electrode 25b across the vibrating portion 
equivalent series capacitance C1 of the AT cut quartz crystal 12 , such that it is possible to obtain the resonator element 1 
resonator element ( resonator element 1 ) in the experimental in which the variation in the equivalent series capacitance 
production condition and a frequency difference Af between C1 and the equivalent parallel capacitance CO is unlikely to 
the main vibration and the spurious vibration which is 10 occur and the variation of the capacitance ratio y is small . 
closest to the frequency of the main vibration . Further , the Further , when the length along the thickness shear vibra 
frequency difference Af is represented by normalization at tion direction of the first excitation electrode 25a is set to hx 
the frequency of the main vibration , and the equivalent and the length along the direction orthogonal to the thick 
parallel capacitance CO is 2 . 76 pF because the area S2 of the ness shear vibration direction is set to hz , in a case of the AT 
first excitation electrode 25a is constant at 0 . 470 mm . 15 cut quartz crystal substrate , the dimension ratio hx / hz of the 

FIG . 5 shows a tendency in which the equivalent series excitation electrode is set to 1 . 28 , thereby allowing the 
capacitance C1 is reduced and a tendency in which the vibration energy of the main vibration to be efficiently 
frequency difference Af is increased , as the area ratio ( S2 / trapped in the region of the excitation electrode . Therefore , 
S1 ) is increased . Here , if the voltage controlled oscillator since it is possible to efficiently trap the vibration energy of 
sets the specification of the capacitance ratio y required for 20 the main vibration by making the dimension ratio hx / hz of 
the resonator element 1 to 300 or less ( since the equivalent the excitation electrode have a relationship of 1 . 25 shx / 
parallel capacitance Co is 2 . 76 pF , the equivalent series hzs1 . 31 , in view of the production variation , thereby 
capacitance C1 is 9 . 2 ff or more ) , and sets the specification increasing the equivalent series capacitance C1 and obtain 
of the frequency difference Af between the main vibration ing the resonator element 1 in which the capacitance ratio y 
and the spurious vibration to 1 , 300 ppm or more , the area 25 is smaller . 
ratio ( S2 / S1 ) satisfying the condition is in a range of Hitherto , although a description has been made based on 
69 . 2 % s ( S2 / S1 ) s80 . 1 % from the graph of FIG . 5 . Therefore , the embodiment illustrated in FIGS . 1A to 1C , the invention 
since the first excitation electrode 25a is formed into a shape is not limited thereto , and it is ascertained that it is possible 
in which the peripheral portion is cut out and the area ratio to widen the distance between the main vibration frequency 
( S2 / S1 ) satisfies the relationship of 69 . 2 % s ( S2 / S1 ) s80 . 1 % , 30 and the spurious vibration frequency , and to increase the C1 
it is possible to obtain an AT cut quartz crystal resonator value ( decrease the capacitance ratio y ) , even in respective 
element ( resonator element 1 ) in which the capacitance ratio modification examples illustrated in FIGS . 6A to 6C . 
y is 300 or less and the frequency difference Af between the Next , a modification example of the resonator element 1 
main vibration and the spurious vibration is 1 , 300 ppm or according to an embodiment of the invention will be 
more . 35 described . 

Further , in view of the production variation , if the speci - FIGS . 6A to 6C are schematic diagrams illustrating struc 
fication of the capacitance ratio y is set to 297 or less ( C1 is tures of the resonator elements according to the modification 
9 . 3 ff or more ) , the specification of the frequency difference examples of the invention , FIG . 6A is a plan view of a first 
Af is set to 1 , 350 ppm or more , it is preferable that the area modification example , FIG . 6B is a plan view of a second 
ratio ( S2 / S1 ) be in a range of 71 . 5 % s ( S2 / S1 ) 77 . 8 % . Fur - 40 modification example , and FIG . 6C is a plan view of a third 
ther , if the specification of the capacitance ratio y is set to modification example . 
294 or less ( C1 is 9 . 4 FF or more ) , and the specification of In the first modification example illustrated in FIG . 6A , 
the frequency difference Af is set to 1 , 400 ppm or more , it the first excitation electrode 25c is formed into a shape 
is preferable that the area ratio ( S2 / S1 ) be in a range of having cutout portions 26a in the three corners of the virtual 
73 . 8 % s ( S2 / S1 ) 375 . 4 % . 45 quadrangle 25f , and one remaining corner is connected to the 
Next , returning to FIGS . 1A to 1C , in the embodiment lead electrode 27a and thus the cutout portion 26a is not 

illustrated in FIG . 1A , the size of the area of the first formed therein . 
excitation electrode 25a on the concave surface side ( front In the second modification example illustrated in FIG . 6B , 
surface side in FIG . 1B ) is set to such a size as to fit into the the first excitation electrode 25d is formed into a shape in 
inside of the outer edge of the outer shape of the excitation 50 which the four corners of the virtual quadrangle 25f have 
electrode 25b on the flat surface side ( back surface side in cutout portions 26b having a curve , for example , an arc 
FIG . 1B ) . In other words , the first excitation electrode 25a shape . Further , the lead electrode 27a is formed while 
is formed into a shape smaller than the second excitation extending from the outer edge of the first excitation elec 
electrode 25b . trode 25d except for the cutout portions 26b . Therefore , it is 

Since the thickness shear vibration is performed only in a 55 possible to reliably reduce the area of the first excitation 
region in which the first excitation electrode 25a and the electrode 25d of the vibration region of the spurious vibra 
second excitation electrode 25b overlap in a plan view , if the tion which is concentrated in the peripheral portion of the 
first excitation electrode 25a fits into the inside of the outer first excitation electrode 25d and increase the frequency of 
edge of the second excitation electrode 25b , efficient trap - the spurious vibration , thereby reducing the coupling with 
ping of the vibration energy of the main vibration can be 60 the main vibration . 
determined from the area and the thickness of the first In the third modification example illustrated in FIG . 6C , 
excitation electrode 25a . Therefore , since it is possible to the first excitation electrode 25e is formed into an elliptical 
increase the thickness of the electrode as compared to a case shape in which a circumference is inscribed to the virtual 
where the areas of the first excitation electrode 25a and the quadrangle 25f . It is possible to achieve an effect capable of 
second excitation electrode 25b are the same , it is possible 65 efficiently trapping the vibration energy of the main vibra 
to reduce the ohmic loss of the electrode film , and reduce the tion and reducing the capacitance ratio y , by forming the first 
deterioration of the CI value of the main vibration . excitation electrode 25e into an elliptical shape . 
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In the modification examples , if the area ratio ( S2 / S1 ) through melting the cover member 49 to glass with a 

satisfies a relationship of 69 . 25 ( S2 / S1 ) s80 . 1 % , it is possible low - melting point which has been applied on the upper 
to widen the distance between the main vibration frequency surface of the third substrate 43 of the package body 40 . Also 
and the spurious vibration frequency , and increase the C1 in this case , the resonator 2 is completed by making an inside 
value ( reduce the capacitance ratio y ) , thereby reducing the 5 of the cavity of the package be a reduced pressure atmo 
frequency jump phenomenon due to coupling with the sphere or filling the cavity with inert gas such as nitrogen 
spurious vibration and obtaining the resonator element 1 gas . having a small capacitance ratio y . The resonator element 1 in which the pad electrodes 29a Resonator and 29b are separated by a distance in the Z axis direction Next , a resonator 2 to which the resonator element 1 10 may be configured . Even in this case , it is possible to described above is applied ( resonator according to the configure the resonator similarly to the resonator 2 described invention ) will be described . in FIG . 9 . Further , the resonator element 1 in which the pad FIGS . 7A and 7B are diagrams illustrating a configuration electrodes 29a and 29b are formed while being separated by of a resonator according to an embodiment of the invention , 
FIG . 7A is a plan view in which a cover member is omitted , 15 a di cover member is omitted 15 a distance on the same surface may be configured . In this 
and FIG . 7B is a longitudinal sectional view of FIG . 7A . The case , the resonator element 1 has a configuration in which a 
resonator 2 is configured to include the resonator element 1 , conductive adhesive 30 has been applied on two places ( two 
a package body 40 formed into a rectangular box shape for points ) for achieving conduction , supporting and fixing . 
accommodating the resonator element 1 , and a cover mem Although the structure is suitable for reducing a height , there 
ber 49 made from metal , ceramic , glass or the like . 20 is a concern that the mount stress caused by the conductive 
As illustrated in FIGS . 7A and 7B , the package body 40 adhesive 30 is slightly increased . 

is formed by laminating a first substrate 41 , a second Although an example of using laminated plates in the 
substrate 42 , a third substrate 43 , a seal ring 44 , and a package body 40 has been described in the embodiment of 
mounting terminal 45 . A plurality of mounting terminals 45 the above resonator 2 , the resonator may be configured by 
are formed on an outer bottom surface of the first substrate 25 using a single - layer ceramic plate as the package body 40 
41 . The third substrate 43 is formed into an annular shape in and a cap that has been subjected to a squeezing process as 
which the center portion is removed , and for example , a seal the cover . 
ring 44 such as Kovar is formed on the upper peripheral edge As illustrated in FIGS . 7A and 7B , the portion of sup 
of the third substrate 43 . porting the resonator element 1 is location at one point , and 

A recess ( cavity ) accommodating the resonator element 1 30 a slit 17 is provided between the thick portion 13 and the 
is formed of the third substrate 43 and the second substrate vibrating portion 12 , this allows stress caused by the con 
42 . A plurality of element mounting pads 47 which are ductive adhesive 30 to be reduced , and thus there is an effect 
electrically conducted to the mounting terminals 45 by the of achieving the resonator 2 with excellent frequency repro 
conductors 46 are provided in a predetermined position on ducibility , a frequency - temperature characteristic , a Cl - tem 
the upper surface of the second substrate 42 . The element 35 perature characteristic , and a frequency aging characteristic . 
mounting pad 47 is arranged so as to correspond to the pad Electronic Device 
electrode 29 a formed on the second thick main body 15a Next , an oscillator to which the resonator element 1 
when the resonator element 1 is placed . described above ( an electronic device according to the 

When fixing the resonator element 1 , first , the resonator invention ) is applied will be described . 
element 1 is inverted ( upside down ) and the pad electrode 40 FIGS . 8A and 8B are diagrams illustrating a configuration 
29a is placed on the element mounting pad 47 to which a of an electronic device according to an embodiment of the 
conductive adhesive 30 has been applied so as to apply a invention , FIG . 8A is a plan view in which a cover member 
load . A polyimide - based adhesive with low outgassing is is omitted , FIG . 8B is a longitudinal sectional view of FIG . 
used as the conductive adhesive 30 , in view of a change over 8A . The electronic device 3 includes a package body 50 , a 
time . 45 cover member 49 , the resonator element 1 , an IC component 
Next , the resonator element 1 is put in a high - temperature 51 equipped with an oscillation circuit that excites the 

furnace at a predetermined temperature for a predetermined resonator element 1 , and at least one of electronic compo 
period of time in order to cure the thermosetting conductive nents 52 such as a variable capacitor in which capacitance is 
adhesive 30 of the resonator element 1 mounted on the changed by a voltage , a thermistor in which a resistance is 
package body 40 . After curing the conductive adhesive 30 , 50 changed by a temperature , or an inductor . 
the pad electrode 29b which is the upper surface of the The package body 50 , as illustrated in FIGS . 8A and 8B , 
inverted resonator element 1 and the electrode terminal 48 of is formed by laminating a first substrate 61 , a second 
the package body 40 are conductively connected by the substrate 62 , and a third substrate 63 . A plurality of mount 
bonding wire BW . As illustrated in FIG . 7B , since a portion ing terminals 45 are provided on an outer bottom surface of 
of supporting and fixing the resonator element 1 to the 55 the first substrate 61 . The second substrate 62 and the third 
package body 40 is located at one place ( one point ) , it is substrate 63 are formed into an annular shape in which the 
possible to reduce the size of the stress caused by the center portion is removed . 
supporting and fixing . A recess ( cavity ) accommodating the resonator element 1 , 

After an annealing process is performed , the frequency the IC component 51 , the electronic component 52 , and the 
adjustment is performed by adding the mass to the second 60 like is formed by the first substrate 61 , the second substrate 
excitation electrode 25b , or reducing the mass of the second 62 , and the third substrate 63 . A plurality of element mount 
excitation electrode 25b . Thereafter , the resonator 2 is ing pads 47 which are electrically conducted to the mounting 
completed by placing the cover member 49 on the seal ring terminals 45 by the conductors 46 are provided in a prede 
44 formed on the upper surface of the package body 40 , and termined position on the upper surface of the second sub 
sealing the cover member 49 through seam welding at a 65 strate 62 . The element mounting pad 47 is arranged so as to 
reduced pressure atmosphere or an atmosphere of nitrogen correspond to the pad electrode 29a formed on the second 
gas . Otherwise , there is a method of placing and adhering thick main body 15a when the resonator element 1 is placed . 
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The conduction between the pad electrode 29a and the 1204 . The resonator element 1 functioning as a filter and a 

element mounting pad 47 is achieved by placing the pad resonator is built into the mobile phone 1200 . 
electrode 29a of the inverted resonator element 1 on the FIG . 11 is a perspective view illustrating a configuration 
element mounting pad 47 of the package body 50 which has of a digital still camera which is an electronic apparatus 
been applied with a conductive adhesive ( polyimide - based ) 5 including the resonator element according to the embodi 
30 . The conduction to one electrode terminal 55 of the IC ment of the invention . In addition , in FIG . 11 , the connection 
component 51 through a conductor not shown ) formed to external devices is briefly illustrated . Whereas a common 
between the substrates of the package body 50 is achieved camera exposes a silver halide photographic film with an 
by connecting the pad electrode 29b which is an upper optical image of an object , a digital still camera 1300 
surface of the inverted resonator element 1 and the electrode 10 generates an imaging signal image signal ) by photo - elec 
terminal 48 of the package body 50 through a bonding wire trically converting an optical image of an object by using an 
BW . The IC component 51 is fixed in a predetermined imaging device such as a Charge Coupled Device ( CCD ) . 
position of the package body 50 , and the terminal of the IC The display 100 is provided on a rear surface of a case 
component 51 and the electrode terminal 55 of the package ( body ) 1302 of the digital still camera 1300 and is config 
body 50 are connected by the bonding wire BW . Further , the 15 ured to perform display based on the imaging signal by the 
electronic component 52 is placed in a predetermined posi - CCD . The display 100 functions as a viewfinder that dis 
tion of the package body 50 , and is connected to the plays the object as an electronic image . Further , a light 
conductor 46 by using a metal bump . The electronic device receiving unit 1304 including optical lenses ( an imaging 
3 is completed by filling the package body 50 with inert gas optical system ) and a CCD is provided on the front surface 
such as nitrogen or making the package body 50 be a 20 side ( the back surface side in FIG . 11 ) of the case 1302 . 
reduced - pressure atmosphere , and sealing the package body If a photographer checks an object image displayed on the 
50 with the cover member 49 . display 100 and presses a shutter button 1306 , the imaging 

In a method of connecting the pad electrode 29b and the signal of the CCD at this time is transmitted to and stored in 
electrode terminal 48 of the package body 50 through the a memory 1308 . Further , in the digital still camera 1300 , a 
bonding wire BW , a portion supporting the resonator ele - 25 video signal output terminal 1312 and an input - output 
ment 1 is located at one place ( one point ) , and the mounting terminal 1314 for data communication are provided on the 
stress due to the conductive adhesive 30 is reduced . Further , side surface of the case 1302 . Then , as illustrated , a televi 
in accommodating the resonator element 1 in the package sion monitor 1330 is to be connected to the video signal 
body 50 , the greater second excitation electrode 25b is the output terminal 1312 and a personal computer 1340 is to be 
upper surface by inverting the resonator element 1 , and thus 30 connected to the input - output terminal 1314 for data com 
the frequency adjustment of the electronic device 3 is munication respectively , as necessary . Further , the imaging 
facilitated . signal stored in the memory 1308 is output to the television 

There is an effect of achieving a voltage - controlled reso - monitor 1330 or the personal computer 1340 by a predeter 
nator in which the capacitance ratio is reduced , the fre mined operation . The resonator element 1 functioning as a 
quency variable width is wide , and which has a good S / N 35 filter and a resonator is built into the digital still camera 
ratio , by using the resonator element 1 of a high frequency 1300 . 
that is excited by a fundamental wave , by configuring the In addition to the personal computer 1100 ( mobile type 
electronic device 3 as illustrated in FIGS . 8A and 8B . personal computer ) of FIG . 9 , the mobile phone 1200 of 

Further , it is possible to configure an oscillator and a FIG . 10 , and the digital still camera 1300 of FIG . 11 , the 
temperature compensated oscillator as the electronic device 40 resonator element 1 according to an embodiment of the 
3 , and there is an effect of being capable of configuring an invention can be applied to , for example , an inkjet ejection 
oscillator with excellent frequency reproducibility , an aging device ( for example , an ink jet printer ) , a laptop type 
characteristic , and a frequency - temperature characteristic . personal computer , a television , a video camera , a video tape 
Electronic Apparatus recorder , a car navigation device , a pager , an electronic 

Subsequently , an electronic apparatus to which the reso - 45 organizer ( including a communication function ) , an elec 
nator element 1 according to the embodiment of the inven - tronic dictionary , a calculator , an electronic game machine , 
tion ( the electronic apparatus according to the invention ) is a word processor , a workstation , a video phone , a security 
applied will be described in detail based on FIG . 9 to FIG . television monitor , electronic binoculars , a POS terminal , 
11 . medical equipment ( for example , an electronic thermometer , 

FIG . 9 is a perspective view illustrating a configuration of 50 a blood pressure meter , a blood glucose meter , an electro 
a mobile type ( notebook type ) personal computer which is cardiogram measuring device , an ultrasonic diagnostic appa 
an electronic apparatus including the resonator element ratus , an electronic endoscope ) , a fish group finder , various 
according to the embodiment of the invention . In FIG . 9 , the measurement equipment , a gauge ( for example , gauges of a 
personal computer 1100 is configured to include a main vehicle , an aircraft , and a ship ) , a flight simulator , and the 
body unit 1104 having a keyboard 1102 and a display unit 55 like . 
1106 having a display 100 , and the display unit 1106 is Moving Object 
rotatably supported to the main body unit 1104 through a Next , a moving object to which the resonator 2 with the 
hinge structure . The resonator element 1 functioning as a resonator element 1 according to an embodiment of the 
filter , a resonator , and a reference clock is built into the invention is applied ( a moving object according to the 
personal computer 1100 . 60 invention ) will be described based on FIG . 12 . 

FIG . 10 is a perspective view illustrating a configuration FIG . 12 is a perspective view schematically illustrating a 
of a mobile phone ( including a PHS ) which is an electronic vehicle 1400 which is a moving object including a resonator 
apparatus including the resonator element according to the 2 . A gyro sensor which is configured to include the resonator 
embodiment of the invention . In FIG . 10 , the mobile phone 2 according to an embodiment of the invention is mounted 
1200 includes a plurality of operation buttons 1202 , an 65 on the vehicle 1400 . For example , as illustrated in FIG . 12 , 
earpiece 1204 , and a mouthpiece 1206 , and a display 100 is an electronic control unit 1402 equipped with a gyro sensor 
disposed between the operation button 1202 and the earpiece that controls a tire 1401 is mounted in the vehicle 1400 
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which is the moving object . Further , as another example , the 
resonator 2 can be widely applied to an electronic control 
unit ( ECU ) such as a keyless entry , an immobilizer , a car 
navigation system , a car air conditioner , an anti - lock brake 
system ( ABS ) , an airbag , a tire pressure monitoring system 5 
( TPMS ) , an engine controller , a battery monitor of a hybrid 
vehicle or an electric vehicle , and a body attitude control 
system . 

As described above , the moving object includes the 
resonator 2 with the resonator element 1 in which the 
influence of spurious vibration is suppressed and which has 
good vibration characteristics , such that it is possible to 
provide the moving object of a higher performance . 

Hitherto , the resonator element 1 , the resonator 2 , the 
electronic device 3 , the electronic apparatus and the moving 
object according to the invention have been described based 15 
on the illustrated embodiments , but the invention is not 
limited thereto , and the configuration of each unit may be 
replaced with any configuration having a similar function . 
Further , other arbitrary components may be added to the 

20 invention . Further , the respective embodiments described 20 
above may be appropriately combined . 

The entire disclosure of Japanese Patent Application No . 
2013 - 206162 , filed Oct . 1 , 2013 is expressly incorporated by 
reference herein . 
What is claimed is : 
1 . A resonator element comprising : 
a substrate that vibrates in a thickness shear vibration and 

includes a first main surface and a second main surface 
which are in a front and back relationship to each other ; 

a first excitation electrode that is provided on the first 30 
main surface ; and 

a second excitation electrode that is provided on the 
second main surface , and overlaps the first excitation 
electrode in a plan view , 

wherein the first excitation electrode is a polygon in a plan 35 
view , the polygon corresponding to a quadrangle hav 
ing at least three truncated corners , 

Si is an area of the quadrangle , 
S2 is an area of the first excitation electrode , and 
69 . 2 % s ( S2 / S1 ) 380 . 1 % . 

2 . The resonator element according to claim 1 , 
wherein the first excitation electrode is an octagon in the 

plan view , the octagon corresponding to the quadrangle 
having four truncated corners . 

3 . The resonator element according to claim 1 , 
wherein the first excitation electrode is inside an outer 

edge of the second excitation electrode , in the plan 
view . 

4 . The resonator element according to claim 1 , further 
comprising : 

a lead electrode extending from a region of the first 
excitation electrode other than the three truncated cor 
ners of the polygon . 

5 . The resonator element according to claim 1 , 
wherein the substrate is a quartz crystal substrate . 
6 . The resonator element according to claim 5 , 
wherein the quartz crystal substrate is an AT cut quartz 

crystal substrate . 
7 . The resonator element according to claim 6 , 
wherein the first excitation electrode extends by a length 
hx in a thickness shear vibration direction , 

the first excitation electrode extends by a length hz in a 
direction orthogonal to the thickness shear vibration 
direction , and 

1 . 25shx / hzs1 . 31 . 
8 . A resonator comprising : 
the resonator element according to claim 1 ; and 
a package that accommodates the resonator element . 
9 . A resonator comprising : 
the resonator element according to claim 2 ; and 
a package that accommodates the resonator element . 
10 . An electronic device comprising : 
the resonator element according to claim 1 ; and 
an oscillation circuit that drives the resonator element . 
11 . An electronic apparatus comprising : 
the resonator element according to claim 1 . 
12 . A moving object comprising : 
the resonator element according to claim 1 . 

25 
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