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DESCRIPTION 

MEMS DEVICE AND METHOD FOR PRODUCING SAME 

 

TECHNICAL FIELD 

[0001] 

 The present invention relates to a MEMS device, an d a 

method for producing the MEMS device. 

 

BACKGROUND ART 

[0002] 

 In recent years, devices produced using a Micro El ectro 

Mechanical Systems (MEMS) technique in which a mech anical 

element component, a sensor, an actuator, and an el ectronic 

circuit are integrated on one silicon substrate, gl ass 

substrate, organic material, or the like have come into wide 

use.  In the MEMS device technique, an upper substr ate is 

bonded to a lower substrate provided with a semicon ductor 

element having a multilayer structure. 

[0003] 

 For example, Patent Document 1 discloses a method for 

bonding upper and lower substrates by binary eutect ic 

bonding with germanium and aluminum.  In the method  

described in Patent Document 1, an aluminum-contain ing layer 

and a germanium layer are interposed in a polymeriz ed state 

between the bonding surfaces of a first semiconduct or 



- 2 - 

substrate and a second semiconductor substrate, and  the 

bonding surfaces are subjected to a heating/pressur ization 

treatment to eutectic-bond the first semiconductor substrate 

and the second semiconductor substrate to each othe r.  In 

the method described in Patent Document 1, here the  outer 

end of the germanium layer is formed on the inner s ide with 

respect to the outer end of the aluminum-containing  layer to 

prevent protrusion of the eutectic alloy from the b onding 

surface. 

 

PRIOR ART DOCUMENT 

PATENT DOCUMENT 

[0004] 

 Patent Document 1: Japanese Patent No. 5021098 

 

SUMMARY OF THE INVENTION 

Problem to be solved by the invention 

[0005] 

 When the eutectic alloy protrudes from the bonding  

surface, the eutectic alloy is electrically connect ed to 

wiring on a semiconductor element placed on the low er 

substrate.  Aluminum etc. to be used in a conventio nal 

bonding method as described in Patent Document 1 is  easily 

migrated by pressurization or heating.  Therefore, in the 

bonding method described in Patent Document 1, alum inum etc. 
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may be migrated in pressurization of the bonding su rface.  

Here, aluminum etc. protrudes from the bonding surf ace, and 

is electrically connected to the wiring on the semi conductor 

element. 

[0006] 

 The present invention has been made in view of suc h 

circumstances, and an object of the present inventi on is to 

prevent protrusion of a metal from a bonding surfac e in 

eutectic bonding. 

 

Means for solving the problem 

[0007] 

 A MEMS device according to one aspect of the prese nt 

invention includes: a lower substrate having an ele ment 

having wiring on a surface thereof; an upper substr ate 

provided so as to be opposed to the element; and a bonding 

section that bonds the lower substrate and the uppe r 

substrate to each other on the periphery of the ele ment.  

The bonding section has a first region, a second re gion, and 

a third region which are sequentially provided in t his order 

from a side closer to the element to a side farther  from the 

element.  At least one of the first region and the third 

region contains a hyper-eutectic alloy of one of a first 

component and a second component, which has a highe r melting 

point, and the second region contains a eutectic al loy of 
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the first component and the second component. 

[0008] 

 According to the MEMS device, it is possible to pr event 

protrusion of a metal from a bonding surface in eut ectic 

bonding. 

[0009] 

 In addition, it is preferable that the first regio n and 

the third region have a hyper-eutectic alloy.  In t his 

preferred aspect, it is possible to prevent protrus ion of a 

metal from a bonding surface in eutectic bonding. 

[0010] 

 In addition, it is also preferable that the first 

component and the second component have a eutectic point at 

400 °C or higher and 600 °C or lower, and one of the components 

has a melting point of higher than 600 °C.  In this preferred 

aspect, a heating temperature for causing a eutecti c 

reaction can be reduced, so that damage to elements  such as 

wiring to be used in a MEMS device can be reduced. 

[0011] 

 The first component is preferably aluminum.  An al loy 

containing aluminum as a component is a metal that is often 

used for, for example, wiring in a MEMS device or t he like.  

Thus, in this preferred aspect, contamination of a silicon 

substrate of a MEMS device 1 in the production proc ess can 

be reduced by using aluminum for the bonding sectio n.  In 
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particular, the second component is preferably one of 

germanium and silicon. 

[0012] 

 In addition, it is also preferable that the MEMS d evice 

further includes a height adjustment section betwee n the 

bonding section and the lower substrate or the uppe r 

substrate.  In this preferred aspect, it is possibl e to 

adjust the spacing between the lower substrate and the upper 

substrate. 

[0013] 

 A method for producing a MEMS device according to one 

aspect of the present invention includes the steps of: 

providing a lower substrate having an element with wiring 

provided on a surface thereof, and an upper substra te; 

forming a first layer including a first component o n the 

periphery of element on the lower substrate, and fo rming a 

second layer including a second component at a posi tion 

opposite to the first layer on the upper substrate when the 

lower substrate and the upper substrate are opposed  to each 

other; opposing the lower substrate and the upper s ubstrate 

to each other, and bringing the first layer and the  second 

layer into contact with each other; pressing the up per 

substrate and the lower substrate; and heating the first 

layer and the second layer at a temperature which i s equal 

to or higher than the eutectic point of the first c omponent 



- 6 - 

and the second component and which is lower than th e melting 

point of one of the first component and the second component, 

which has a higher melting point.  In the step of f orming 

the first layer and the second layer, one of the fi rst layer 

and the second layer, which is formed of a material  of one 

of the first component and the second component, wh ich has a 

higher melting point, is formed in such a manner th at at 

least one of a region provided at a position close to the 

element and a region provided at a position far fro m the 

element in the one layer are not in contact with th e other 

layer when the first layer and the second layer are  brought 

into contact with each other in the step of bringin g the 

first layer and the second layer into contact with each 

other. 

[0014] 

 According to the method for producing a MEMS devic e, it 

is possible to prevent protrusion of a metal from a  bonding 

surface in eutectic bonding. 

[0015] 

 It is preferable that in the step of forming the f irst 

layer and the second layer, one of the layers is fo rmed in 

such a manner that a region provided at a position close to 

the element and a region provided at a position far  from the 

element in the one layer are not in contact with th e other 

layer.  In this preferred aspect, it is possible to  prevent 
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protrusion of a metal from a bonding surface in eut ectic 

bonding. 

[0016] 

 In addition, it is also preferable that the step o f 

forming the first layer and the second layer includ es the 

step of forming a third layer, which includes a com ponent 

that does not undergo a eutectic reaction with one of the 

first component and the second component, at one of  a 

position where the first layer is formed in the upp er 

substrate and a position where the second layer is formed in 

the lower substrate, and stacking one of the first layer and 

the second layer on the third layer.  In this prefe rred 

aspect, it is possible to adjust the spacing betwee n the 

lower substrate and the upper substrate. 

[0017] 

 In addition, it is also preferable that the first 

component and the second component have a eutectic point at 

400 °C or higher and 600 °C or lower, and one of the components 

has a melting point of higher than 600 °C.  In this preferred 

aspect, a heating temperature for causing a eutecti c 

reaction can be reduced, so that damage to elements  such as 

wiring to be used in a MEMS device can be reduced. 

[0018] 

 The first component is preferably aluminum.  An al loy 

containing aluminum as a component is a metal that is often 
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used for, for example, wiring in a MEMS device or t he like.  

Thus, in this preferred aspect, contamination of a silicon 

substrate of a MEMS device 1 in the production proc ess can 

be reduced by using aluminum for the bonding sectio n.  In 

particular, the second component is preferably one of 

germanium and silicon. 

 

Advantageous effect of the invention 

[0019] 

 According to the present invention, it is possible  to 

prevent protrusion of a metal from a bonding surfac e in 

eutectic bonding. 

 

BRIEF EXPLANATION OF DRAWINGS 

[0020] 

 FIG. 1 is a perspective view schematically showing  a 

structure of a MEMS device according to a first emb odiment 

of the present invention. 

 FIG. 2 is an exploded perspective view schematical ly 

showing the structure of the MEMS device according to the 

first embodiment of the present invention. 

 FIGS. 3(A) to 3(C) are plan views each schematical ly 

showing one example of a shape of a bonding section  in a 

MEMS device according to the present invention. 

 FIG. 4 is a sectional view taken along line A-A' i n FIG. 
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1. 

 FIG. 5 is a view showing a eutectic state of germa nium 

and aluminum according to the first embodiment of t he 

present invention. 

 FIGS. 6(a) to 6(c) are views showing a process flo w of 

a MEMS device according to the first embodiment of the 

present invention. 

 FIG. 7 is a sectional view corresponding to FIG. 4  and 

showing a MEMS device according to a second embodim ent of 

the present invention. 

 FIGS. 8(a) to 8(c) show a process flow correspondi ng to 

FIGS. 6(a) to 6(c) and showing the MEMS device acco rding to 

the second embodiment of the present invention. 

 

MODE FOR CARRYING OUT THE INVENTION 

[0021] 

 [First Embodiment] 

 Hereinafter, a first embodiment of the present 

invention will be described with reference to the 

accompanying drawings.  FIG. 1 is a perspective vie w 

schematically showing an external appearance of a M EMS 

device 1 according to a first embodiment of the pre sent 

invention.  In addition, FIG. 2 is an exploded pers pective 

view schematically showing a structure of the MEMS device 1 

according to the first embodiment of the present in vention. 
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[0022] 

 The MEMS device 1 includes a lower lid 20, an uppe r lid 

30 provided so as to be opposed to the lower lid 20 , and a 

bonding section C sandwiched between the lower lid 20 and 

the upper lid 30.  That is, the MEMS device 1 is fo rmed by 

stacking the lower lid 20, the bonding section C, a nd the 

upper lid 30 in this order. 

[0023] 

 The lower lid 20 and the upper lid 30 are each for med 

using a Si substrate.  The lower lid 20 and the upp er lid 30 

are bonded to each other by bonding the Si substrat es to 

each other with the bonding section C.  The lower l id 20 may 

be formed using a SOI substrate. 

[0024] 

 In this embodiment, the MEMS device 1 is a MEMS 

resonance device having a resonator 120.  Hereinaft er, the 

components of the MEMS device 1 will be described i n detail. 

[0025] 

 (1. Upper Lid 30) 

 The upper lid 30 extends in a flat plate shape alo ng 

the XY plane, and in this embodiment, for example, a flat 

rectangular solid-shaped recess portion 31 is forme d on the 

back surface of the upper lid 30.  The recess porti on 31 is 

surrounded by a lateral wall 33, and forms a part o f a 

vibration space that is a space in which the later- described 
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resonator 120 vibrates. 

[0026] 

 Terminals T1 to T4 are formed on the four corners,  

respectively, of a surface of the upper lid 30.  Vi as V1 to 

V4 are formed below the terminals T1 to T4, and fil led with 

a conductive material, so that the terminals T1 to T4 

function as terminals for connecting electrodes T11  to T14 

as described later to an external power supply thro ugh 

connection sections N1 to N4. 

[0027] 

 (2. Lower Lid 20) 

 The lower lid 20 has a rectangular flat plate-shap ed 

bottom plate 22 (see FIG. 4) provided along the XY plane, 

and a lateral wall 23 extending in the Z axis direc tion 

(i.e., a stacking direction of the lower lid 20 and  the 

upper lid 30) from the peripheral edge portion of t he bottom 

plate 22.  For example, in the lower lid 20, a rece ss 

portion 21 formed by the surface of the bottom plat e 22 and 

the inner surface of the lateral wall 23 is provide d on the 

surface opposed to the upper lid 30.  The recess po rtion 21 

forms a part of a vibration space of the later-desc ribed 

resonator 120. 

[0028] 

 In addition, an element region 10 is provided at t he 

center of the lower lid 20.  In the element region 10, for 
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example, a MEMS resonator, gyro sensor, temperature  sensor, 

or the like produced using a MEMS technique is form ed.  In 

this embodiment, the resonator 120 is formed on the  surface 

of the element region 10.  The resonator 120 is a r esonator 

that vibrates in a vibration space. 

[0029] 

 In the element region 10, four electrodes T11 to T 14 

are further formed at positions opposed to the term inals T1 

to T4, respectively.  For example, the resonator 12 0 has 

wiring connected to the electrodes T11 to T14. 

[0030] 

 (3. Bonding Section C) 

 In this embodiment, the bonding section C is forme d in 

a rectangular frame shape along the XY plane betwee n the 

lower lid 20 and the upper lid 30 on the periphery of the 

element region 10.  The bonding section C bonds the  lower 

lid 20 and the upper lid 30 to each other by formin g a 

eutectic alloy.  In this embodiment, the lower lid 20 and 

the upper lid 30 are bonded by the bonding section C to form, 

for example, a vibration space of the resonator 120 .  This 

vibration space is airtightly sealed, so that a vac uum state 

is maintained.  The vibration space may be filled w ith a gas 

such as, for example, an inert gas. 

[0031] 

 In this embodiment, the bonding section C is forme d of 
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aluminum and germanium. 

[0032] 

 FIGS. 3(A) to 3(C) are plan views schematically sh owing 

one example of the shape and arrangement of the bon ding 

section C formed in the MEMS device 1.  FIGS. 3(A) to 3(C) 

illustrate the bonding section C and the element re gion 10 

of the MEMS device 1.  Specifically, FIG. 3(A) is a  plan 

view schematically showing the bonding section C an d the 

element region 10 according to this embodiment. 

 FIGS. 3(B) and 3(C) are views schematically showin g 

other shapes of the bonding section C. 

[0033] 

 FIGS. 3(A) to 3(C) illustrate, as an example, the 

element region 10 which is formed in a substantiall y 

rectangular shape and which has a long side in the Y-axis 

direction and a short side in the X-axis direction.  

[0034] 

 As shown in FIG. 3(A), the bonding section C in th is 

embodiment surrounds the element region 10 without a break.  

In addition, the bonding section C has a first regi on C21, a 

second region C22, and a third region C23, which ar e 

sequentially provided in this order from a side clo ser to 

the element region 10 to a side farther from the el ement 

region 10. 

[0035] 
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 In the example in FIG. 3(A), the second region C22  is 

formed in the vicinity of the central part of the b onding 

section C along the outer periphery of the element region 10.  

In addition, the first region C21 is formed along t he second 

region C22 at a position closer to the element regi on 10 

than the second region C22.  On the other hand, the  third 

region C23 is formed along the second region C22 at  a 

position farther from the element region 10 than th e second 

region C22. 

[0036] 

 In FIGS. 3(B) and 3(C), the bonding section C is 

provided on the periphery of the element region 10,  and 

formed so as to surround a part of the element regi on 10.  

In the example in FIG. 3(B), the bonding section C is formed 

so as to surround three sides of the periphery of t he 

element region 10. 

[0037] 

 In an example of the bonding section C as shown in  FIG. 

3(B), the second region C22 is provided in the vici nity of 

the center portion of the bonding section C along t he outer 

periphery of the element region 10.  In addition, t he first 

region 21 is formed along the second region C22 at a part 

closer to the element region 10 than the second reg ion C22 

in the bonding section C.  In addition, the third r egion C23 

is formed along the second region C22 at a part far ther from 
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the element region 10 than the second region C22 in  the 

bonding section C. 

[0038] 

 In FIG. 3(C), the bonding section C includes four 

bonding sections C11 to C14 interspersed on the per iphery of 

the element region 10.  The bonding sections C11 to  C14 are 

not mutually connected, but each surround a part of  each of 

the four sides of the element region 10.  Therefore , the 

bonding section C is not formed on the periphery of  the 

corner of the element region 10. 

[0039] 

 In the example in FIG. 3(C), the second region C22  is 

provided in the vicinity of the central part of the  bonding 

section C along a side opposed to the second region  C22 in 

the element region 10.  In addition, the first regi on C21 is 

formed along the second region C22 at a part closer  to the 

element region 10 than the second region C22 in the  bonding 

section C.  In addition, the third region C23 is fo rmed 

along the second region C22 at a part farther from the 

element region 10 than the second region C22 in the  bonding 

section C. 

[0040] 

 (4. Laminated Structure) 

 The laminated structure of the MEMS device 1 will be 

described with reference to FIG. 4.  FIG. 4 is a se ctional 
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view taken along line A-A' in FIG. 1. 

[0041] 

 As shown in FIG. 4, the lateral wall 33 of the upp er 

lid 30 is bonded onto the lateral wall 23 of the lo wer lid 

20 in the MEMS device 1 according to this embodimen t.  In 

this embodiment, the recess portion 21 of the lower  lid 20 

and the recess portion 31 of the upper lid 30 form a 

vibration space in which the resonator 120 vibrates . 

[0042] 

 The bottom plate 22 and the lateral wall 23 of the  

lower lid 20 are integrally formed by a Si (silicon ) 

substrate S1, and a silicon oxide (e.g., SiO 2) film S1’ is 

formed on the upper surface of the lateral wall 23.   The 

thickness of the lower lid 20 defined in the Z-axis  

direction is, for example, 150 µm, and the depth of the 

recess portion 21 is, for example, 50 µm. 

[0043] 

 On the silicon oxide film S1’, a silicon layer S2 is 

formed.  A Si layer S2 is formed of, for example, a  

degenerate n-type Si semiconductor having a thickne ss of 

about 10 µm, and may contain P (phosphorus), As (arsenic), 

Sb (antimony) or the like as an n-type dopant.  The  

resistance value of the degenerate Si to be used in  the Si 

layer S2 is preferably 0.5 m Ω�cm or more and 0.9 m Ω�cm or 

less.  In this embodiment, a silicon oxide layer S2 ’ is 
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formed on the lower surface of the Si layer S2.  Ac cordingly, 

it is possible to improve the temperature character istic of 

the resonator 120. 

[0044] 

 On the Si layer S2, a piezoelectric thin film F3 i s 

formed so as to cover the Si layer S2, and further a metal 

layer E1 is stacked on the piezoelectric thin film F3.  On 

the metal layer E1, the piezoelectric thin film F3 is 

stacked so as to cover the metal layer E1, further a metal 

layer E2 is stacked on the piezoelectric thin film F3, and 

again, the piezoelectric thin film F3 is stacked on  the 

metal layer E2.  The metal layers E1 and E2 are for med using, 

for example, Mo (molybdenum) or aluminum (Al) in a thickness 

of about 0.1 µm.  When the Si layer S2 is formed from 

degenerated Si, the Si film S2 can also serve as th e metal 

layer E1. 

[0045] 

 The metal layers E1 and E2 are formed into a desir ed 

shape by etching or the like.  The metal layer E1 i s formed 

so as to function as a lower electrode in the reson ator 120. 

 On the other hand, the metal layer E2 is formed so  as 

to function as an upper electrode in the resonator 120.  In 

addition, the metal layers E1 and E2 are formed so as to 

function as wiring for connecting the lower electro de and 

the upper electrode to the electrodes T11 to T14 in  a region 
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other than the resonator 120. 

[0046] 

 The piezoelectric thin film F3 is a thin film of a  

piezoelectric body that converts an applied voltage  into a 

vibration, and may be mainly composed of, for examp le, a 

nitride such as AlN (aluminum nitride), or an oxide .  

Specifically, the piezoelectric thin film 128 can b e formed 

of ScAlN (scandium aluminum nitride).  ScALN is obt ained by 

replacing a part of aluminum in aluminum nitride wi th 

scandium. 

 In addition, the piezoelectric thin film F3 has a 

thickness of, for example, 1 µm. 

[0047] 

 The piezoelectric thin film F3 expands and contrac ts, 

for example, in the out-of-plane direction of the X Y plane, 

i.e., the Z-axis direction according to an electric  field 

applied to the piezoelectric thin film F3 by the me tal 

layers E2 and E1.  Due to the expansion and contrac tion of 

the piezoelectric thin film F3, the resonator 120 v ibrates, 

for example, toward the inner surfaces (recess port ions 21 

and 31) of the lower lid 20 and the upper lid 30 in  an out-

of-plane bending vibration mode. 

[0048] 

 Further, in a part of the piezoelectric thin film F3, a 

via is formed by etching or the like to expose the metal 
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layers E1 and E2 as shown in FIG. 4.  The via (i.e. , a 

portion where the piezoelectric thin film F3 is rem oved) is 

filled with a conductive material such as, for exam ple, 

molybdenum or aluminum to form the electrodes T11 t o T14.  

The electrodes T11 to T14 are connected to the term inals T1 

to T4 through connection sections N1 to N4 as descr ibed 

later.  In this embodiment, the electrodes T11 to T 14 are 

formed of aluminum. 

[0049] 

 The upper lid 30 is formed by a Si substrate S3 ha ving 

a predetermined thickness.  As shown in FIG. 4, the  upper 

lid 30 is bonded to the lateral wall 23 of the lowe r lid 20 

at a peripheral portion of the upper lid 30 (latera l wall 

33).  Between the peripheral edge portion of the up per lid 

30 and the lower lid 20, the bonding section C is f ormed in 

order to bond the upper lid 30 and the lower lid 20  to each 

other.  A surface of the Si substrate S3 is covered  with an 

insulating film S3'.  The insulating film S3' is fo rmed on a 

surface of the Si substrate S3 by, for example, oxi dation of 

the surface of the Si substrate S3 or chemical vapo r 

deposition (CVD). 

[0050] 

 Vias V1 to V4 are formed on the upper lid 30 at 

positions where the terminals T1 to T4 are formed, 

respectively.  The insulating film S3' is formed in  the vias 
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V1 to V4, and the inside of the insulating film S3'  is 

filled with a conductive material V’.  For example,  a metal 

such as gold (Au) or aluminum (Al) is formed on the  Si 

substrate S3 to bond the terminals T1 to T4 to the vias V1 

to V4. 

[0051] 

 The bonding section C has a eutectic section CK fo rmed 

in the central part in the X-axis direction or the Y-axis 

direction (second region C22 in FIG. 3(A)), and a h yper-

eutectic section CK’ (first region C21 and third re gion C23 

in FIG. 3(A)) sequentially provided in the X-axis d irection 

or the Y-axis direction from the eutectic section C K.  That 

is, the bonding section C has a hyper-eutectic sect ion CK' 

at the end part in the X-axis direction or the Y-ax is 

direction in the sectional view of FIG. 4.  The bon ding 

section C may have a configuration in which at leas t one of 

the first region C21 and the third region C23 has a  hyper-

eutectic section CK’, and the other region and the first 

region C21 have a eutectic section CK. 

[0052] 

 Preferably, the bonding section C has a eutectic p oint 

in a range of 400 °C or higher and 600 °C or lower, and is 

formed of a combination of metals which shows a bin ary 

eutectic reaction in which a part of the liquidus 

temperature of one component exceeds 600 °C (i.e., the 
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melting point exceeds 600 °C).  Accordingly, a heating 

temperature for causing a eutectic reaction can be reduced, 

so that damage to elements such as wiring to be use d in a 

MEMS device 1 can be reduced. 

[0053] 

 For example, the other component is preferably an alloy 

mainly composed of aluminum (Al), such as an AlCu ( the 

weight ratio of Cu is about 0.5%) alloy (aluminum-c opper 

alloy), or an AlSiCu alloy (aluminum-silicon-copper  alloy).  

Since aluminum is a metal that is often used for, f or 

example, wiring in a MEMS device or the like, conta mination 

of the silicon substrate of the MEMS device 1 in a 

production process can be reduced by using aluminum  for the 

bonding section C.  Here, one component of the bond ing 

section C is preferably silicon (Si) or germanium ( Ge). 

[0054] 

 In this embodiment, the bonding section C is forme d of 

a combination of aluminum and germanium.  In the eu tectic 

section CK, aluminum and germanium are formed by a eutectic 

reaction.  The eutectic section CK is, for example,  a region 

in which aluminum and germanium form a eutectic, an d the 

eutectic state thereof is substantially constant. 

[0055] 

 In addition, the hyper-eutectic section CK' is a r egion 

having a higher weight ratio of germanium as compar ed to the 
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eutectic section CK in the bonding section C.  The hyper-

eutectic section CK' is a portion where a structure  derived 

from a solid solution of germanium is precipitated on a 

eutectic structure of aluminum and germanium in obs ervation 

of a cross-section of the bonding section C with a SEM 

(scanning electron microscope) or the like. 

[0056] 

 The thickness of the hyper-eutectic section CK' is  not 

necessarily constant as going from the upper lid 30  to the 

lower lid 20, and the hyper-eutectic section CK' ma y be 

formed in such a manner that the thickness thereof is 

reduced as going from the upper lid 30 to the lower  lid 20 

as shown in FIG. 4.  The weight ratio of germanium and 

aluminum in the hyper-eutectic section CK' is not 

necessarily constant.  For example, the hyper-eutec tic 

section CK' may have a region in which germanium re mains 

alone, or a region in which the weight ratio of ger manium 

sequentially or gradually changes.  In addition, th e bonding 

section C may have a configuration in which only a surface 

of the eutectic section CK on the element region 10  side has 

the hyper-eutectic section CK'. 

[0057] 

 FIG. 4 schematically illustrates the bonding secti on C 

having a configuration in which the eutectic sectio n CK and 

the hyper-eutectic section CK’ are sequentially for med, but 
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the configuration of the bonding section C is not l imited 

thereto.  For example, the bonding section C may ha ve a 

configuration in which between the eutectic section  CK and 

the hyper-eutectic section CK', a region is present  where 

the weight ratio of germanium sequentially or gradu ally 

changes. 

[0058] 

 When the second region C22 in FIG. 3 is exposed to  a 

surface of the bonding section C (e.g., FIGS. 3(B) and 3(C)), 

the hyper-eutectic section CK' may be formed on the  exposed 

surface in the second region C22.  Specifically, wh en the 

bonding section C has a configuration as shown in F IG. 3(B), 

the end part of the bonding section C in the Y-axis  

direction is covered with the hyper-eutectic sectio n CK'.  

In addition, when the bonding section C has a confi guration 

as shown in FIG. 3(C), the end part of each of the bonding 

sections C11 to C14 in the longitudinal direction i s covered 

with the hyper-eutectic section CK'. 

[0059] 

 Connection sections N1 and N4 are formed between t he 

conductive material V' of the upper lid 30 and the 

electrodes T11 and T14, respectively, of the lower lid 20.  

A eutectic section NK of, for example, aluminum (Al ) and 

germanium (Ge) is formed at the central part of the  

connecting section N in the Y-axis direction.  A su rface of 
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the eutectic section NK is covered with a hyper-eut ectic 

section NK'.  The configurations of the eutectic se ction NK 

and the hyper-eutectic section NK' are the same as those of 

the eutectic section CK and the hyper-eutectic sect ion CK'. 

[0060] 

 FIG. 5 is an equilibrium state view showing a eute ctic 

state of aluminum and germanium.  In FIG. 5, the or dinate 

represents a temperature at which the eutectic star ts, and 

among the upper and lower abscissas, the upper absc issa 

represents a weight ratio of aluminum and germanium , and the 

lower abscissa represents a composition ratio of al uminum to 

germanium. 

 As shown in FIG. 5, a eutectic point at which the 

liquidus temperature is the lowest is obtained when  the 

weight ratio of aluminum to germanium is 52 : 48 as  shown in 

FIG. 5.  For example, the eutectic sections CK and NK 

described above are formed such that the weight rat io of 

aluminum to germanium is 52 : 48 for ensuring the l iquidus 

temperature is coincident with the eutectic point. 

[0061] 

 As shown in FIG. 5, the liquidus temperature incre ases 

from the eutectic point as the weight ratio of alum inum to 

germanium changes from 52:48.  Here, as compared to  aluminum, 

germanium has a higher ratio of increase in liquidu s 

temperature with an increase in weight ratio.  In a ddition, 
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the melting point of germanium alone (e.g., about 9 38°C at 1 

atm) is much higher than the eutectic point tempera ture 

(e.g., about 424 °C at 1 atm). 

[0062] 

 Therefore, by forming the bonding section C in suc h a 

manner that the weight ratio of germanium is larger  than 

52 : 48 in the hyper-eutectic section CK', protrusi on of a 

eutectic alloy by means of a difference in ratio of  increase 

in liquidus temperature between aluminum and german ium 

(described later for details). 

[0063] 

 (5. Process Flow) 

 FIGS. 6(a) to 6(c) are views showing a process flo w in 

production of the MEMS device 1 according to this e mbodiment.  

For the sake of convenience, FIGS. 6(a) to 6(c) ill ustrate 

one MEMS device 1 among a plurality of MEMS devices  1 formed 

on a wafer, but the MEMS device 1 is obtained by fo rming a 

plurality of MEMS devices on one wafer, and then di viding 

the wafer, similarly in the general MEMS process . 

[0064] 

 In this process flow, first the lower lid 20 provi ded 

with the resonator 120 etc. and the upper lid 30 pr ovided 

with the terminals T1 to T4 etc. are provided. 

[0065] 

 In the process in FIG. 6(a), aluminum (also referr ed to 
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as a "first component") is stacked on the piezoelec tric thin 

film F3 in the provided lower lid 20.  Next, the st acked 

aluminum is formed into a desired shape by etching or the 

like, so that an aluminum layer CA (also referred t o as a 

"first layer") is formed outside the element region  10 in 

the lower lid 20, and aluminum layers NA1 and NA4 a re formed 

on the electrodes T11 and T14, respectively. 

[0066] 

 On the other hand, germanium (also referred to as a 

"second component") is stacked on a surface of the 

insulating film S3' on the back surface of the uppe r lid 30.  

Next, the stacked germanium is formed into a desire d shape 

by etching or the like, so that germanium layers CG  (also 

referred to as a "second layer"), NG1 and NG4 (here inafter, 

collectively referred to as a “germanium layer GE”)  are 

formed at predetermined positions in the upper lid 30. 

For example, when the lower lid 20 and the upper li d 30 are 

opposed to each other so that both ends of each of the lids 

are provided at the same position in the Y-axis dir ection as 

the predetermined position, the germanium layer GE is formed 

in the upper lid 30 in such a manner that the cente r line CY 

of the germanium layer GE is substantially opposed to the 

center of the aluminum layers CA, NA1 and NA4 (also  

collectively referred to as an "aluminum layer AL") . 

[0067] 
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 Further, in the process in FIG. 6(a), the germaniu m 

layer CG is formed in such a manner that a part pro vided at 

a position close to the element region 10 (a part 

corresponding to the first region C21 of the bondin g section 

C as shown in FIG. 3(A)) or a part provided at a po sition 

far from the element region 10 (a part correspondin g to the 

third region C23 of the bonding section C shown in FIG. 3 

(A)) in the germanium layer CG is not in contact wi th the 

aluminum layer CA.  For example, the aluminum layer  CA and 

the germanium layer CG are each formed in such a ma nner that 

a part situated on the element region 10 side in th e 

germanium layer CG formed on the upper lid 30 is si tuated 

closer to the element region 10 than a part situate d on the 

element region 10 side in the aluminum layer CA for med on 

the lower lid 20. 

[0068] 

 The germanium layer GE may be formed on the lower lid 

20, and the aluminum layer AL may be formed on the upper lid 

30.  In any case, the aluminum layer CA and the ger manium 

layer CG are formed in such a manner that when the lower lid 

20 and the upper lid 30 are opposed so as to situat e both 

ends of each of the lids at the same position in th e Y-axis 

direction, a part close to the element region 10 is  provided 

at a position closer to the element region 10 in th e 

germanium layer CG than in the aluminum layer CA. 
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[0069] 

 Further, in the process in FIG. 6(a), the aluminum  

layer AL and the germanium layer GE are formed in t he lower 

lid 20 and the upper lid 30, respectively, in such a manner 

that the germanium layer GE has a width larger by a bout 10 

to 15 µm than that of the aluminum layer AL in terms of a 

width along the Y-axis direction.  In addition, the  aluminum 

layer AL and the germanium layer GE are formed in s uch a 

manner that the aluminum layer AL has a thickness o f about 

0.7 µm, and the germanium layer GE has a thickness of ab out 

0.38 µm in terms of a thickness along the Z-axis directio n. 

[0070] 

 Preferably, the germanium layer GE is formed so as  to 

have a uniform thickness from the end part to the c entral 

part in the Y-axis direction.  Accordingly, the liq uid 

phases of aluminum and germanium melted by a heatin g 

treatment as described later can be prevented from moving 

from the end part of the germanium layer GE to the back 

surface of the upper lid 30.  As a result, it is po ssible to 

prevent performance defects caused by formation of an 

unnecessary material in the upper lid 30. 

[0071] 

 Next, in FIG. 6(b), the lower lid 20 and the upper  lid 

30 are aligned so that the center line CY of the al uminum 

layer CA in the Y-axis direction coincides with the  center 
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of the germanium layer CG in the Y-axis direction.  Examples 

of the method for aligning the lower lid 20 and the  upper 

lid 30 include a method in which a wafer to be prov ided with 

the lower lid 20 and a wafer to be provided with th e upper 

lid 30 are marked, and the positions of the wafers are 

directly aligned, and a method in which the positio ns of the 

wafers indirectly aligned on the basis of the posit ions of 

components such as the lower lid 20 provided in the  wafer. 

[0072] 

 After alignment, the upper lid 30 and the lower li d 20 

are sandwiched by a heater or the like, and a heat treatment 

is performed.  Here, the upper lid 30 is moved towa rd the 

lower lid 20, and as a result, the upper lid 30 is in 

contact with the lower lid 20 in such a manner that  the 

center line CY of each of the aluminum layers AL in  the Y-

axis direction coincides with the center of the ger manium 

layer GE in the Y-axis direction. 

[0073] 

 The heating temperature in the heating treatment i s 

preferably equal to or higher than the eutectic poi nt 

temperature shown in FIG. 5 and lower than the melt ing point 

of aluminum alone, i.e., about 424 °C or higher and lower 

than 620 °C.  The heating time is preferably about 10 minutes  

or more and 20 minutes or less.  In this embodiment , the 

heating treatment is performed at a temperature of 450 °C or 
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higher and 500 °C or lower for about 15 minutes. 

 During heating, the MEMS device 1 is pressed from the 

upper lid 30 to the lower lid 20 with a pressure of , for 

example, about 15 MPa.  The pressure at which the M EMS 

device 1 is pressed is preferably about 5 MPa or mo re and 25 

MPa or less. 

[0074] 

 Since the heating temperature in this embodiment i s 

equal to or higher than the eutectic point temperat ure 

(424 °C) shown in FIG. 5, a liquid phase in which the 

aluminum layer AL and the germanium layer GE are me lted is 

formed at the contact portion between these layers.   Here, a 

pressure is applied to the contact portion between the 

aluminum layer AL and the germanium layer GE by a 

pressurization treatment.  Thus, aluminum and germa nium 

melted to form a liquid phase outflow from the cont act 

portion toward a portion at which the germanium lay er GE and 

the aluminum layer AL are not in contact with each other 

(end part of the germanium layer GE in FIG. 6; here inafter, 

also referred to as an “end part of the germanium l ayer GE”. 

[0075] 

 Since the heating temperature is lower than the me lting 

point of germanium, a solid of germanium remains at  the end 

part of the germanium layer GE.  Aluminum and germa nium 

melted to form a liquid phase outflows here, so tha t a solid 
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solution in which germanium is solid-dissolved with  the 

liquid phase of aluminum and germanium is formed at  a 

contact portion between the outflowing aluminum and  

germanium as a liquid phase and the solid of german ium.  As 

outflowing of the liquid phase of aluminum and germ anium 

proceeds, the weight ratio of germanium contained i n the 

liquid phase increases, leading to an increase in l iquidus 

temperature at the above-mentioned contact portion.   As a 

result, the liquidus temperature of the solid solut ion at 

the end part of the germanium layer GE is higher th an the 

heating temperature, and therefore melting of the s olid of 

germanium into the liquid phase of aluminum and ger manium is 

stopped.  Further, since a solid solution in which a solid 

of germanium is melted into a liquid phase of alumi num and 

germanium has a viscosity higher than the liquid ph ase, 

outflow of the liquid phase can be suppressed. 

[0076] 

 As a result, in the bonding section C, the hyper-

eutectic section CK’ having a high germanium weight  ratio 

covers the eutectic section CK, so that it is possi ble to 

prevent protrusion of the eutectic alloy into reces s 

portions 21 and 31. 

[0077] 

 Further, as compared to aluminum, germanium has a 

higher ratio of increase in liquidus temperature wi th an 
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increase in weight ratio in a eutectic alloy, and t herefore 

even when an increase in width of the germanium lay er GE 

with respect to the aluminum layer AL is small, pro trusion 

of the eutectic alloy from the bonding section C ca n be 

prevented.  As a result, it is possible to reduce t he size 

of the MEMS device 1. 

[0078] 

 After the heat treatment, a cooling treatment is 

performed by, for example, natural cooling.  The co oling 

treatment is not limited to natural cooling as long  as 

eutectic sections CK and NK can be formed at the bo nding 

section, and hyper-eutectic sections CK’ and NK’ ca n be 

formed on the surfaces of the eutectic sections CK and NK, 

and the cooling temperature and the cooling rate ca n be 

variously selected. 

[0079] 

 As a result, as shown in FIG. 6(c), the outsides o f the 

eutectic sections CK and NK are covered with the hy per-

eutectic sections CK' and NK'. 

[0080] 

 Thus, with the MEMS production method according to  this 

embodiment, the surface of the eutectic section CK can be 

covered with the hyper-eutectic section CK'.  Accor dingly, 

protrusion of the eutectic alloy to the electrodes T11 to 

T14 can be prevented. 
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[0081] 

 [Second Embodiment] 

 In second and subsequent embodiments, descriptions  of 

the same matters as in the first embodiment are omi tted, and 

only different points will be described.  Particula rly, the 

same effects with the same configurations will not be 

mentioned one by one in each of the embodiments. 

[0082] 

 FIG. 7 is a sectional view (see FIG. 1) taken alon g 

line A-A' of the MEMS device 1 according to this em bodiment.  

Hereinafter, the detailed configurations of the MEM S device 

1 according to this embodiment will be described ma inly for 

matters different from those in the first embodimen t.  In 

this embodiment, terminals T1 to T4 are formed outs ide 

electrodes T11 to T14. 

[0083] 

 Connection wires H1 to H4 are formed on the back 

surface of an upper lid 30 so as to extend from a p osition 

opposed to the terminals T1 to T4 to a position opp osed to 

the electrodes T11 to T14, respectively. 

 A height adjustment section HC as one example of a  

third layer is formed at a position opposed to the bonding 

section C on the back surface of the upper lid 30. 

[0084] 

 The connection wires H1 to H4 and the height adjus tment 
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section HC are formed of, for example, aluminum, an d have, 

on the surfaces thereof, a layer composed of a mate rial 

which does not undergo a eutectic reaction with alu minum or 

germanium, such as tantalum (Ta), tantalum nitride (TaN), or 

titanium nitride (TiN).  Here, the materials which do not 

undergo a eutectic reaction include materials which  less 

easily undergo a eutectic reaction with components that form 

eutectic sections CK and NK than components that fo rm 

eutectic sections CK and NK (i.e., aluminum and ger manium) 

undergo a eutectic reaction.  Preferably, the surfa ces of 

the connection wires H1 to H4 and the height adjust ment 

section HC are covered with the material.  In this 

embodiment, the surfaces of the connection wires H1  to H4 

and the height adjustment section HC have titanium (Ti).  

Since the surfaces of the connection wires H1 to H4  and the 

height adjustment section HC are covered with a tit anium 

film F4, aluminum in the connection wires H1 to H4 and the 

height adjustment section HC and germanium in the e utectic 

sections CK and NK can be prevented from undergoing  a 

eutectic reaction with each other. 

 Other cross-sectional configurations are the same as in 

the first embodiment. 

[0085] 

 Next, the process flow for the MEMS device 1 accor ding 

to this embodiment will be described. 
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 FIGS. 8(a) to 8(c) are views showing one example o f a 

process flow for producing the MEMS device 1 accord ing to 

this embodiment. 

[0086] 

 In this embodiment, the upper lid 30 prepared in t his 

process is one with a germanium layer GE stacked on  

connection wires H1 and H4 (corresponding to termin als T1 

and T4) and the height adjustment section HC with t he 

titanium film F4 interposed therebetween as shown i n FIG. 

8(a).  The production process of the upper lid 30 p rovided 

in this embodiment is, for example, as follows.  Fi rst, 

aluminum is stacked on a surface of an insulating f ilm S3' 

on the back surface of the upper lid 30, and the co nnection 

wires H1 to H4 and the height adjustment section HC  are 

formed by etching or the like.  The height of the h eight 

adjustment section HC in the A-axis direction is 

substantially the same as the height of each of the  

connection wires H1 to H4.  Thereafter, the titaniu m film F4 

is stacked on the surfaces of the connection wires H1 to H4 

and the height adjustment section HC.  Further, ger manium is 

stacked on the upper lid 30, and the germanium laye r GE is 

formed by etching or the like. 

[0087] 

 It is preferable that in the upper lid 30 provided  in 

this embodiment, the germanium layer GE is formed i n such a 
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manner that a portion which does not have the conne ction 

wires H1 to H4 and the height adjustment section HC  on the 

lower surface thereof and a portion having the conn ection 

wires H1 to H4 and the height adjustment section HC  on the 

lower surface thereof have substantially the same h eight in 

the Z-axis direction.  Accordingly, even when a liq uid phase 

of melted aluminum and germanium moves to the end p art of 

the germanium layer GE in occurrence of a eutectic reaction, 

protrusion of a eutectic alloy can be suppressed be cause the 

germanium in a certain thickness remains as a solid  at the 

end part of the germanium layer GE. 

 Except for the above, the process flow is the same  as 

in the first embodiment. 

[0088] 

 Thus, the MEMS device 1 according to this embodime nt 

has a configuration in which the bonding section C is 

connected to the upper lid 30 through the height ad justment 

section HC.  Accordingly, it is possible to adjust a gap 

between the upper lid 30 and the lower lid 20.  Oth er 

configurations and effects are the same as in the f irst 

embodiment. 

[0089] 

 In this embodiment, the connection wire H1 is 

electrically connected to the terminal T1, but the present 

invention is not limited thereto.  For example, a g ermanium 
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layer NG1 may be formed up to a via V1, and electri cally 

connected to the terminal T1. 

 Here, the connection wire H1 may have a length tha t 

does not reach the via V1 (i.e., the connection wir e H1 is 

formed inside the via V1).  Here, the connection wi re H1 

functions as a height adjustment section. 

[0090] 

 The embodiments described above are intended for e asily 

understanding the present invention, and are not co nstrued 

to limit the present invention.  The present invent ion can 

be changed/modified without departing from the spir it of the 

present invention, and equivalents thereof are also  included 

in the present invention.  That is, those with a de sign 

change appropriately made to the embodiments by tho se 

skilled in the art are also encompassed in the scop e of the 

present invention as long as it has the feature of the 

present invention.  For example, elements and arran gements, 

materials, conditions, shapes, sizes and the like o f the 

elements in the embodiments are not limited to thos e shown 

as an example, and can be appropriately changed. 

[0091] 

 In addition, it is needless to say that the embodi ments 

are illustrative, and it is possible to partially r eplace or 

combine the configurations shown in different embod iments, 

and these are also encompassed in the scope of the present 
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invention as long as they include the feature of th e present 

invention. 

 

DESCRIPTION OF REFERENCE SYMBOLS 

[0092] 

 1: MEMS device 

 10: Element region 

 30: Upper lid 

 20: Lower lid 

 120: Resonator 

 C: Bonding section 

 CK: Eutectic section 

 CK´: Hyper-eutectic section 
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CLAIMS 

 

  1. A MEMS device comprising: 

 a lower substrate having an element having wiring on a 

surface thereof; 

 an upper substrate provided so as to be opposed to  the 

element; and 

 a bonding section that bonds the lower substrate a nd 

the upper substrate to each other on a periphery of  the 

element, 

 wherein 

 the bonding section has a first region, a second r egion, 

and a third region which are sequentially provided in this 

order from a side closer to the element to a side f arther 

from the element, 

 at least one of the first region and the third reg ion 

contains a hyper-eutectic alloy of one of a first c omponent 

and a second component, which has a higher melting point, 

and 

 the second region contains a eutectic alloy of the  

first component and the second component. 

 

  2. The MEMS device according to claim 1, wherein the first 

region and the third region include the hyper-eutec tic alloy. 
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  3. The MEMS device according to any one of claims  1 and 2, 

wherein 

 the first component and the second component have a 

eutectic point at 400 °C or higher and 600 °C or lower, and 

 one of the components has a melting point of highe r 

than 600 °C. 

 

  4. The MEMS device according to any one of claims  1 to 3, 

wherein the first component is aluminum. 

 

  5. The MEMS device according to any one of claims  1 to 4, 

wherein the second component is one of germanium an d silicon. 

 

  6. The MEMS device according to any one of claims  1 to 4, 

wherein the MEMS device further includes a height a djustment 

section between the bonding section and one of the lower 

substrate and the upper substrate. 

 

  7. A method for producing a MEMS device, the meth od 

comprising the steps of: 

 providing a lower substrate having an element with  

wiring provided on a surface thereof, and an upper 

substrate; 

 forming a first layer including a first component on a 

periphery of the element on the lower substrate, an d forming 
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a second layer including a second component at a po sition 

opposite to the first layer on the upper substrate when the 

lower substrate and the upper substrate are opposed  to each 

other; 

 opposing the lower substrate and the upper substra te to 

each other, and bringing the first layer and the se cond 

layer into contact with each other; 

 pressing the upper substrate and the lower substra te; 

and 

 heating the first layer and the second layer at a 

temperature which is equal to or higher than a eute ctic 

point of the first component and the second compone nt and 

which is lower than a melting point of one of the f irst 

component and the second component, which has a hig her 

melting point, 

 wherein in the step of forming the first layer and  the 

second layer, one of the first layer and the second  layer, 

which is formed of a material of one of the first c omponent 

and the second component, which has a higher meltin g point, 

is formed in such a manner that at least one of a r egion 

provided at a position close to the element and a r egion 

provided at a position far from the element in the one layer 

are not in contact with the other layer when the fi rst layer 

and the second layer are brought into contact with each 

other in the step of bringing the first layer and t he second 
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layer into contact with each other. 

 

  8. The method for producing a MEMS device accordi ng to 

claim 7, wherein in the step of forming the first l ayer and 

the second layer, one of the layers is formed in su ch a 

manner that a region provided at a position close t o the 

element and a region provided at a position far fro m the 

element in the one layer are not in contact with th e other 

layer. 

 

  9. The method for producing a MEMS device accordi ng to any 

one of claims 7 and 8, wherein the step of forming the first 

layer and the second layer includes the step of for ming a 

third layer, which includes a component that does n ot 

undergo a eutectic reaction with one of the first c omponent 

and the second component, at one of a position wher e the 

first layer is formed in the upper substrate and a position 

where the second layer is formed in the lower subst rate, and 

stacking one of the first layer and the second laye r on the 

third layer. 

 

  10. The method for producing a MEMS device accord ing to 

any one of claims 7 to 9, wherein the first compone nt and 

the second component have a eutectic point at 400 °C or 

higher and 600 °C or lower, and one of the components has a 
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melting point of higher than 600 °C. 

 

  11. The method for producing a MEMS device accord ing to 

any one of claims 7 to 10, wherein the second compo nent has 

a melting point higher than that of the first compo nent. 

 

  12. The method for producing a MEMS device accord ing to 

any one of claims 7 to 11, wherein the first compon ent is 

aluminum. 

 

  13. The method for producing a MEMS device accord ing to 

any one of claims 7 to 12, wherein the second compo nent is 

one of germanium and silicon. 


