
Provided is a substrate processing system that can restrict flow of dust to 
regions where semiconductor substrates are mounted, when semiconductor substrates are 
layered using a pair of substrate holders. The substrate processing system includes a 
substrate holder system that causes a first substrate holder holding a first substrate and a 
second substrate holder holding a second substrate to face each other and sandwiches the 
first substrate and the second substrate, and a processing apparatus that holds the substrate 
holder system. At least one ol'lhe substrate holder system and the processing apparatus 
includes a dust flow inhibiting mechanism that inhibits flow of dust into a region 
sandwiching the first substrate and the second substrate. 



We claim: 

1. A substrate holder comprising a dust flow inhibiting mechanism that inhibits 

flow of dust into a region for holding a substrate. 

2. A substrate holder comprising: 

a holder body having a holding surface for holding a substrate; and 

an engaging member provided on a peripheral portion of a substrate holding 

region on the holding surface, wherein 

a protruding portion is formed on a counterface surface of the engaging 

member that faces an engagement receiving member, in a manner to achieve point contact 

or linear contact with the engagement receiving member. 

3. The substrate holder according to Claim 2, wherein 

the protruding portion is a different member from the engaging member. 

4. The substrate holder according to Claim 2 or 3, wherein 

the protruding portion is formed by at least three spherical members embedded 

in the counterface surface. 

5. The substrate holder according to any one of Claims 2 to 4, wherein 

the engaging member includes a magnet and a support section that has the 

counterface surface and supports the magnet. 

6. The substrate holder according to any one of Claims 2 to 5, wherein 

the engaging member includes a through-hole through which passes a pillar 

member that prevents the engaging member from engaging with the engagement receiving 

member. 

7. The substrate holder according to any one of Claims 2 to 4, wherein 

the engaging member is a ferroelectric body. 

8. The substrate holder according to Claim 7, wherein 

the engaging member is fixed to the holder body via an elastic member having 

elasticity at least in a direction orthogonal to the holding surface. 
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9. A substrate bonding apparatus comprising the substrate holder according lo 

any one of Claims 1 lo 8. 

10. A device manufacturing method comprising manufacturing a device by 

slacking a plurality of substrates, wherein 

stacking the plurality of substrates includes mounting at least one of the 

plurality of substrates on a substrate holder that includes an engaging member provided on 

a periphery of a substrate holding region on a holding surface thereof for holding a 

substrate and that includes a protruding portion formed on a counlerface surface of the 

engaging member that faces an engagement receiving member, in a manner to achieve 

point contact or linear contact with the engagement receiving member. 

11. A substrate processing system comprising: 

a substrate holder system that causes a first substrate holder holding a first 

substrate and a second substrate holder holding a second subslrale lo face each other and 

sandwiches the first substrate and the second substrate; and 

a processing apparatus that holds die substrate holder system, wherein 

at least one of the substrate holder system and the processing apparatus 

includes a dust flow inhibiting mechanism that inhibits flow of dust into a region 

sandwiching the first substrate and the second subslrale. 

12. A substrate processing system comprising: 

a substrate holder system that causes a first substrate holder holding a first 

substrate and a second substrate holder holding a second substrate to face each other and 

sandwiches the first substrate and the second substrate; 

a processing apparatus that holds the substrate holder system; 

an engagement receiving member provided on the first substrate holder, and 

an engaging member provided on the second substrate holder and facing the 

engagement receiving member, wherein 

when the substrate holder system is held by the processing apparatus, contact 

surfaces of the engaging member and the engagement receiving member are positioned 

below bonding surfaces of the first substrate and the second substrate in a direction of 

gravity. 
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13. The substrate processing system according lo Claim 12, wherein 

when the substrate holder system is held by the processing apparatus, the 

contact surfaces of the engaging member and the engagement receiving member are 

positioned below whichever of a holding surface of the first substrate holder for holding 

the first substrate and a holding surface of the second substrate holder for holding the 

second substrate is lower in the direction of gravity. 

14. A substrate bonding apparatus comprising the substrate processing system 

described in any one of Claims II to 13. 

15. A device manufacturing method comprising manufacturing a device by 

stacking a plurality of substrates, wherein 

stacking the plurality of substrates includes, in a substrate processing system 

having a substrate holder system thai causes a first substrate holder holding a first 

substrate from among the plurality of substrates and a second substrate holder holding a 

second substrate from among the plurality of substrates; to lace each other and sandwiches 

the first substrate and the second substrate and a processing apparatus that holds the 

substrate holder system, when the substrate holder system is held by the processing 

apparatus, holding the first substrate and the second substrate such that contact surfaces of 

an engaging member provided on the second substrate holder and an engagement 

receiving member provided on the first substrate holder arc at positions below bonding 

surfaces or the first substrate and the second substrate in a direction of gravity. 

16. A substrate holder pair comprising: 

a first substrate holder on which a first substrate is mounted; 

a second substrate holder on which a second suhstrate is mounted; and 

a dust flow inhibiting mechanism that, when the first substrate and the second 

substrate arc sandwiched by the first substrate holder and the second substrate holder, 

inhibits flow of dust toward the first substrate and the second substrate. 

17. A substrate holder pair comprising: 

a first substrate holder including a first mounting region on which a first 

substrate is mounted and a first engaging section provided on a periphery of the first 

mounting region; 

a second substrate holder including a second mounting region on which a 
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second substrate is mounted and a second engaging section provided on a periphery of the 

second mounting region; and 

a dust flow inhibiting mechanism that, in a slate where the first mounting 

region and the second mounting region face each other and the first engaging section and 

the second engaging section arc engaged with each other, inhibits flow of dust to the first 

mounting region and the second mounting region, wherein 

the dust flow inhibiting mechanism is provided between the first engaging 

section and the first mounting region of the first substrate holder and/or between the 

second engaging section and the second mounting region of the second substrate holder. 

18. The substrate holder pair according to Claim 17, wherein the dust flow 

inhibiting mechanism includes: 

a first through-hole that is provided between the first engaging section and the 

first mounting region of the first substrate holder and passes through the first substrate 

holder in a mounting direction in which the first substrate is mounted; and 

a second through-hole that is provided between the second engaging section 

and the second mounting region of the second substrate holder and passes through the 

second substrate holder in a mounting direction in which the second substrate is mounted. 

19. The substrate holder pair according to Claim 18, wherein 

at least one of the first through-hole and the second through-hole is connected 

to a suction tube. 

20. The substrate holder pair according to Claim 18 or 19, wherein 

the first substrate holder includes a third through-hole at a position on the 

periphery of the first mounting region that is not between the periphery and the first 

engaging section, and 

the second substrate holder includes a fourth through-hole at a position on the 

periphery of the second mounting region that is not between the periphery and the second 

engaging section. 

21. The substrate holder according to Claim 20, wherein 

at least one of the third through-hole and fourth through-hole is connected to a 

suction lube. 



22. The substrate holder pair according to Claim 17, wherein the dust How 

inhibiting mechanism includes: 

a first wall portion formed between the first engaging section and the first 

mounting region of the first substrate holder to protrude toward the first mounting region; 

und 

a second wall portion formed between the second engaging section and the 

second mounting region of the second substrate holder to protrude toward the second 

mounting region. 

23. The substrate holder pair according to Claim 22, wherein 

the first wall portion and the second wall portion each have a height greater 

than a height between contact surfaces of the first substrate and the second substrate and 

do not interfere with each other when the first substrate holder and the second substrate 

holder are fonned integrally. 

24. Iric substrate holder pair according to Claim 22 or 23, wherein 

the first wall portion surrounds the first mounting region, and 

the second wall portion surrounds the second mounting region. 

25. The substrate holder pair according to Claim 17, wherein 

the dust flow inhibiting mechanism is formed from a shield arranged near the 

first engaging section of the first substrate holder to cover a perimeter of the contact 

surfaces of the first engaging section and the second engaging section when the firsl 

engaging section and the second engaging section contact each other. 

26. The substrate holder pair according to Claim 25, wherein 

the dust flow inhibiting mechanism further includes a recess, arranged near the 

• second engaging section of the second substrate holder, into which the shield enters when 

the firsl engaging section and the second engaging section contact each other. 

27. The substrate holder pair according to Claim 25 or Claim 26, wherein 

the shield is formed integrally with the first engaging section. 

28. The substrate holder pair according to any one of Claims 25 to 27, further 

comprising a charging section that charges the shield. 
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29. The substrate holder pair according to any one of Claims 25 to 28, wherein 

the shield can be attached to and detached from the first substrate holder. 

30. A substrate bonding apparatus comprising the substrate holder pair 

according to any one of Claims 16 to 29. 

31. A device manufacturing method comprising manufacturing a device by 

stacking a plurality of substrates, wherein stacking the plurality of substrates includes: 

mounting a first substrate on a first substrate holder including a first mounting 

region on which the first substrate is mounted and a first engaging section provided on a 

periphery of the first mounting region; 

mounting a second substrate on a second substrate holder including a second 

mounting region on which the second substrate is mounted and a second engaging section 

provided on a periphery of the second mounting region; and 

forming the first substrate holder and the second substrate holder integrally by 

engaging the first engaging section and the second engaging section with each other, while 

inhibiting flow of dust to the first mounting region and ibe second mounting region using a 

dust flow inhibiting mechanism provided between the first engaging section and the first 

mounting region of the first substrate holder and/or between the second engaging section 

and the second mounting region of the second substrate holder. 

32. A substrate holder that is transported with u substrate mounted thereon, 

comprising: 

a holder body that includes a mounting region where the substrate is mounted 

on a front surface thereof; 

an engaging member that is provided on a periphery of the mounting region 

and engages with an engagement receiving member; and 

a dust trapping electrode that is embedded in a dust trapping region between the 

mounting region and the engaging member in the holder body and traps dust by generating 

an electrostatic force. 

33. The substrate holder according to Claim 32, wherein 

the dust trapping region includes a region that surrounds a perimeter of the 

engaging member. 



34. The substrate holder according to Claim 32 or 33, wherein 

the dust trapping region includes a region on a side of the mounting region in a 

transportation direction of the substrate holder. 

35. A substrate holder that is transported with a substrate mounted thereon, 

comprising: 

a holder body that includes a mounting region where the substrate is mounted 

on a front surface thereof; and 

a dust trapping electrode that is embedded in a dust trapping region, which is 

embedded in the holder body on a side of the mounting region in a transportation direction 

of the substrate holder, and generates an electrostatic force. 

36. The substrate holder according to any one of Claims 32 to 35, further 

comprising a substrate clecirode that is embedded in the mounting region of the holder 

body and generates an electrostatic force to adhere the substrate thereto. 

37. The substrate holder according to Claim 36, wherein 

the substrate electrode and the dust trapping electrode have exterior contours 

whose forms, projected in a mounting direction of the substrate, do not overlap each other. 

38. The substrate holder according to Claim 36 or 37, wherein 

electrostatic attractive force of the dust trapping region caused by the dust 

trapping electrode is greater than electrostatic attractive force of the mounting region 

caused by the substrate electrode. 

39. The substrate holder according to any one of Claims 36 to 38, comprising a 

power supply terminal for supplying power in common to the substrate electrode and the 

dust trapping electrode. 

40. A substrate bonding apparatus comprising the substrate holder according to 

any one of Claims 32 to 39. 

41. A device manufacturing method comprising manufacturing a device by 

stacking a plurality of substrates, wherein stacking the plurality of substrates includes: 



mounting a first substrate on a first substrate holder including a first mounting 

region on which the first substrate is mounted and an engaging member provided on a 

periphery of the first mounting region; 

mounting a second substrate on a second substrate holder including a second 

mounting region on which the second substrate is mounted and an engagement receiving 

member provided on a periphery of the second mounting region; and 

forming the first substrate holder and the second substrate holder integrally by 

engaging the engaging member and the engagement receiving member with each other, 

while generating electrostatic force via conduction in a dust trapping electrode embedded 

in a dust trapping region provided between the engaging member and the first mounting 

region of the first substrate holder and/or between the engagement receiving member and 

the second mounting region of the second substrate holder. 

42. A device manufacturing method for manufacturing a device transported in 

a substrate state, wherein transporting the substrate includes: 

mounting the substrate on a substrate holder having a mounting region in which 

the substrate is mounted, and 

transporting the substrate together with the substrate holder while generating 

electrostatic force via conduction in a dust trapping electrode embedded in a dust trapping 

region, which is on a side of the mounting region in a transportation direction of the 

substrate holder. 

43. A device manufacturing method comprising manufacturing a device by 

stacking a plurality of substrates, wherein stacking the plurality of substrates includes: 

mounting at least one of the plurality of substrates on a substrate holder 

including a dust flow inhibiting mechanism that inhibits flow of dust to a region lor 

holding the substrate. 

44. A device manufacturing method comprising manufacturing a device by 

slacking a plurality of substrates, wherein stacking the plurality of substrates includes: 

mounting a lirst substrate on a first substrate holder; 

mounting a second substrate on a second substrate holder; and 

sandwiching the first substrate and the second .substrate between the first 

substrate holder and the second substrate holder, while using a dust flow inhibiting 

mechanism to inhibit flow of dust toward the first substrate and the second substrate. 

Dated this 17th day of February, 2012. 

Nikon Corporation 

(Varun Sharma) 
of Amarchand & Mangaldas & 
SureshA. Shroff & Co. 

£c> Attorneys for the Applicant 



















































































































DESCRIPTION 

SUBSTRATE PROCESSING SYSTEM, SUBSiRATli HOLDER, SUBSlRAlli 

HOLDER PAIR, SUBSTRATE BONDING APPARATUS, AND DF.VICE 

MANUFACIURINCJ ME'IHOD 

TECHNICAL FIELD 

[0001J The present invention relates to a substrate processing system, a subsiniie 

holder, a substrate holder pair, a substrate bonding apparatus, and a device manufacturing 

melhoU. 

BACKGROUND ART 

[0002] A knov̂ Ti layered semiconductor apparatus is formed by layering 

semiconductor sabsirates that each have elements, circuits, and the like formed thereon. 

When layering the semiconductor substrates, a pair of semiconductor substrates supported 

by substrate holders are positioned with a degree of accuracy corresponding to the line 

width of the semiconductor circuits and then layered, after which the entirety of each 

substrate is healed and pressurized to achieve bonding. At this time, a positioning 

apparatus that fixes the position of the pair of semiconductor substrates and a heating and 

pressurising apparatus that realizes the permanent bonding via pressurization and heating 

arc used. 

[Prior Art Documents] 

[Patent Documents] 

Patent Document 1: Japanese Patent Application Publication No. Ill 1 -261000 

Patent Document 2: Japjinese Patent Application Publication No. 2005-251972 

Patent Document 3: .lapanese Patent Application Publication No. 2007-115978 

DISCLOSURE OF THE INVENTION 

PROBLEMS TO BE SOLVED BY THE INVEN TION 

[0003] Wlien two semiconductor substrates are layered, if even a small amount of dust 

is trapped between the semiconductor circuit regions facing each otiier, the circuit 

operations becomes unacceptable. Furthermore, this can lead to localized occurrences of 

insufficient prcssurization and heating, resulting in insufficient bonding strength. 

[0004] Therefore, it is an object of an aspect of the innovations herein to provide a 

substrate processing system, a substrate holder, a substrate holder pair, a substrate bonding 



apparatus, and a device manufijcluring method, wliich are capable of oveTx;oming the 

above drawbacks accompanying the related art. The above and other objects can be 

achieved by combinations described in the independent claims. The dependent clahns 

define further advantageous and exemplary combinations of the innovations herein. 

MEANS FOR SOLVINCi THE PROBLEMS 

|(K)05| According to a first aspect of tlie present invention, provided is a substrate 

holder comprising a dust flow inhibiting mechanism that inhibits flow of dust into a region 

for holding a substrate, 

[0006] According to a second aspect of the present invention, provided is a substrate 

holder comprising a holder body having a holding surface for holding a substrate; and an 

engaging member provided on a peripheral portion ol' a substrate holding region on the 

holding surface. A protruding portion is formed on a countcrfacc surface of the engaging 

member that faces an engagement receiving member, in a manner to achieve point contact 

or linear contact with the engagement receiving member, 

[0007] According to a third aspect of the present invention, provided is a device 

manufacturing method comprising manufacturing a device by stacking a plurality of 

substrates. Stacking the plurality of substrates includes mounting at least one of the 

plurality of substrates on a substrate holder that includes an engaging member provided on 

a periphery of a substrate holding region on a holding surface thereof for holding a 

substrate and that includes a protruding portion fonried on a counlerCace surlace of the 

engaging member that faces an engagement receiving member, in a manner to achieve 

point coniacl or linear contact with the engagement receiving member. 

[0008] According to a fourth aspect of the present invention, provided is a substrate 

processing system comprising a substrate holder system that causes a first substrate holder 

holding a first substrate and a second substrate holder holding a second suKstrale to face 

each otlier and sandwiches the first substrate and the second substrate; and a processing 

apparatus that holds the substrate holder system. At least one of the substrate holder 

.sy.stcm and the processing iqjparatus includes a dust flow inhibiting mechanism that 

inhibits flow of dust into a region sandwiching the first substrate and the second substrate. 

|0009| Aca^rding to a fifth aspect of the present invention, provided is a substrate 

processing system comprising a substrate holder system that causes a first substrate holder 

holding a fir.st subsimie and a second substrate holder holding a second substrate to face 

ejich other and sandwiches the first substrate and the second substrate; a processing 

apparatus that holds the substrate holder system; an engagement receiving member 
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provided on tlie first substrate holder, and an engaging member provided on the second 

substrate holder and facing the engagement receiving member. When the substrate holder 

system is held by tte processing apparatus, contact surfaces of the engaging niember and 

the engagement receiving member arc positioned below bonding surfaces of the llrst 

substrate and the second substrate in a direclion ofgravjty. 

JOOIOJ According to a sixth aspect of the present invention, provided is a device 

manufacturing method comprising manufacturing a device by slacking a plurality of 

substrates. Slacking the plurality of substrates includes, in a substrate processing system 

having a substrate holder system that causes a first substrate holder holding a first 

substrate from among the plurality of substrates and a second substrate holder holding a 

second substrate from among the plurality of substrates to face each other and sandwiches 

the (irst substrate and the second substrate and a processing apparatus that holds the 

substrate holder system, when the substrate holder system is held by the processing 

apptuatus, holding the first substrate and the second substrate $u.ch that contact surfaces of 

an engaging member provided on tiic second substrate holder and an engagement 

receiving member provided on tlie firsl substrate holder are at positions below bonding 

surfaces of the first substrate and the second substrate in a direction of gravity. 

|()01 IJ According to a seventh aspect of the present invention, provided is a substrate 

holder pair comprising a first substrate holder on which a first substrate is mounted; a 

second substrate holder on which a second substrate is mounted; and a dust flow inhibiting 

mechanism that, when the first substrate and the sea)nd substrate are sandwiched by the 

lirsl substrate holder and the second substrate holder, inhibits flow of dust toward the drsi 

substrate and the second substrate. 

[0012] According to an eighth aspect of the present invention, provided is a substrate 

holder pair comprising a first substrate holder including a first mounting region on which a 

first substrate is mounted and a first engaging section provided on a periphery of the lirsl 

mounting region; a second substrate holder including a second mounting region on which 

a second substrate is mounted and a second engaging section provided on a periphery of 

the second mounting region; and a dust flow inhibiting mechanism that, in a state where 

the lirsl mounting region and the second mounting region face each other and the first 

engaging section and the second engaging section are engaged with each other, inhibits 

How of dust to the first mounting region and the second mounting region. The dust flow 

inliibiting mechanism is provided between the first engaging section and the llrst 

mounting region of the first substrate holder and/or between the second engaging section 

and the second mounting region of the second substrate holder. 



[()013J According to a ninlh aspect of the present invention, provided is a device 

manufacturing method comprising manufacturing a device by stacking a plurality of 

subsmites, wherein stacking the plurality of substrates includes mounting a lirsl substrale 

on a first substrate holder including a first mounting region on which the first substrate is 

mounted and a first engaging section provided on a periphery of the first mounting region; 

mounting a second substrate on a second substrate holder including a second mounting 

region on which the second substrate is mounted and a second engaging section provider! 

on a periphery of the second mounting region; and forming the first substrate holder and 

the second substrate holder integrally by engaging the first engaging section and the 

second engaging section with each other, while inliibiting flow of dust to the (irst 

mounting region and the second mounting region using a dust flow inhibiting mechanism 

provided between the first engaging section and the first mounting region of the first 

substfaie holder and/or between the second engaging section and the second mounting 

region of the second substrate holder. 

[00I4J According to a tenth aspect of the present invention, provided is a substrate 

holder that is transported with a substrate mounted diereon, comprising a holder body that 

includes a mountmg region where tlie substrate is mounted on a iVont surface thcrcof; an 

engaging member that is provided on a periphery of the mounting region and engages with 

an engagement receiving member; and a dust ti-apping electrode that is embedded in a dust 

trapping region between the mounting region and the engaging member in the holder body 

and traps dust by generating an electrostatic force, 

[0015] According to an eleventh aspect of the present invention, provided is a 

substrate holder that is transported with a substrate mounted thereon, comprising a holder 

body that includes a mounting region where the substrate is mounted on a from surface 

thereof; aid a dust trapping electrode tliat is embedded in a dust trapping region, which is 

embedded in the holder body on a side of the mounting region in a transportation direction 

of the substrate holder, and generates an electrostatic force. 

[00I6J According to a twelCth aspect of the present invention, provided is a device 

nvinufacturing method comprising manufacturing a device by stacking a plurality of 

substrates. Slacking the plurality of substrates includes mounting a first substrate on a first 

substrate holder including a fu^ mounting region on wliich the first substrate is mounted 

and an engaging member provided on a periphery of the first mounting region; mounting a 

second substrate on a second substrate holder including a second mounting region on 

which tlie second substrate is mounted and an engagement receiving member provided on 

a periphery of the second mounting region; and forming the first substrate holder and the 



second substraie holder integrally by engaging the engaging member and the engagement 

receiving member with each other, while generating electrostatic force via conduction in a 

dust trapping electrode embedded in a dust trapping region provided between the engaging 

member and the first mounting region of the first substrate holder and/or between the 

engagement receiving member and the second mounting region oC the second substrate 

holder. 

[00! 7j According to a thirteenth aspect of the present invention, provided is a device 

manufacturing method for manufacturing a device transported in a substrate state. 

Transporting the substrate includes mounting the substrate on a substrate holder having a 

mounting region in which the substrate is mounted, and transporting the substrate together 

with the substrate holder while generating electrostatic force via conduction in a dust 

trapping electrode embedded in a dust trapping region, which is on a side of the mounting 

region in a transportation direction of the substrate holder. 

[0018] According to a fourteenth aspect of the present invention, provided is a device 

nianutaeturing method comprising manufacturing a device by stacking a plurality of 

substrates. Stacking the plurality of substrates includes mounting at least one of the 

plurality of substrates on a substrate holder including a dust flow inliibiting mechanism 

that inhibits flow of dust to a region for holding the substrate. 

[OOiyj AcconJing to a fifteenth aspect of the present invention, provided is a device 

manufacturing method comprising manufacturing a device by slacking a plurality of 

substrates. Stacking tlie plurality of substrates includes mounting a first substrate on a first 

substrate holder; mounting a second substrate on a second substrate holder; and 

sandwiching tlie first substrate and the second substrate between the first substrate holder 

and the second substrate holder, while using a dust flow inhibiting raeclianism to inhibit 

flow of dust toward the first substrate and the second substrate. 

[0020] Tlic summary clause does not necessarily describe all neces.sary features of the 

embodiments of the present invention. The present invention may also be a sub­

combination of the features described above. 

BRIEl- DESCRIP riON OF THE DRAWINGS 

[0021 ] Fig. 1 schematically shows a substrate bonding apparatus. 

I'ig. 2 is a planar view schematically showing a semiconduclor wafer. 

Fig. 3 is a planar view schematically showing the first substrate holder holding 

the first substrate. 

Fig. 4 is a planar view .schematically showing the second substrate holder 



holding the second substrate. 

Fig. 5 is a cross-sectional view schematically showing a state inunediately 

before the .subsiraie holder pair is formed. 

Fig. 6 is a cross-sectional view schematically showing a state immediately after 

formation of the sub.slrdte holder pair. 

Fig. 7 is a perspective view schematically slewing tlie magnet unit. 

Fig. 8 is a perspective view schematically showing another example of a 

magnet unit 

Fig. 9 is a planar view schematically showing a flat spring of an attraction unit. 

Fig. 10 is a perspective view schematically slwwing a state in which the fliit 

spring is elastically deformed. 

Fig. 11 is a perspective view including the attracting elonent when the flat 

spring of Fig. 10 is in the deformed state. 

Fig. ) 2 is a perspective view schemalically showing an exemplary arrangement 

of spherical protrusions on an attracting clement. 

Fig. 13 is a cross-sectional view showing the coupling operation between the 

magnet unit and the altractifm unit. 

Fig. 14 is a cross-sectional view showing the coupling operation between the 

magnet unit and the attraction unit. 

Fig. 15 is a cross-sectional view schemalically showing the engagement control 

unit. 

I'ig. 16 is a side view schematically showing a slate in which the tran.spf)rt 

apparatus grips the substrate holder pair. 

Fig. 17 is a side view sehcraatically showing essential portions of the bonding 

appiinitus. 

Fig. 18 schematically shows a substrate bonding apparatus. 

Fig. 19 is a planar view schematically showing a semiconductor wafer. 

Fig. 20 is a planar view schematically showing the first substrate holder 

holding the first subsirate. 

Fig. 21 is a planar view schematically showing the second sub<?trate holder 

holding the second substrate. 

Fig. 22 is a cross-sectional view schematically showing a state immediately 

before the substrate holder pair h formed. 

Fig. 23 is a cross-sectional view schematically showing a state immediately 

after formation of the substrate holder pair, 
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Fig. 24 is a perspective view schematically showing a magnet unit. 

Fig. 25 is a planar view schematically showing a flat spring of an attraction 

unit. 

Fig. 26 is a perspective view schematically showmg a state in which the flat 

spring is clastically deronmed. 

Fig. 27 is a perspective view including the attractuig element when tlie flat 

spring of l''ig. 10 is in the deformed state. 

Fig. 28 is a cross-sectional view showing the coupling operation between the 

magnet unit and the attraction unit. 

Fig, 29 is a cross-sectional view showing the coupling operalion between the 

magnet unit and the attraction unit. 

Fig. 30 is a vertical cross-sectional view schematically showing the 

engagement control unit. 

Fig. 31 is a side view schematically sliowing a state in which the trjmsport 

apparatus grips the substrate holder pair. 

Fig. 32 is a side view schematically showing essential portions of the bonding 

apparatus. 

Fig, 33 is a planar view schematically showing a first substrate holder including 

a dust flow inhibiting mechanism, as a first modification. 

Fig. 34 is a planar view schematically showing a linst sid:5Stnite holder including 

a dust flow inliibiting mechanism, as a second modification. 

Fig. 35 is a plan<u' view schematically showing a second substrate holder 

including a dust flow inhibiting mechani.sm according to the second modification. 

Fig. 36 is a cross-scctiotial view schematically showing a state immediately 

after formation of the substrate holder pair according to the second modification. 

Fig. 37 is a perspective view schematically showing a magnet unit including a 

dust How inhibiting mechanism, as a third modification. 

Fig. 38 is a cross-sectional view of a state in which the magnet unit with the 

shield attached thereto contacts the attraction unit. 

Fig. 39 schematically shows a substrate bonding apparatus. 

Fig. 40 is a planar view schematically showing a semiconductor wafer. 

Fig. 41 i.s a planar view schematically showing the first substrate holder 

holdmg the first substrate. 

Fig. 42 is a planar view .schematically showing the second substrate holder 

holding tlie second substmte. 



Fig. 43 is a cross-sectional view schematically showing a state inuncdiatcly 

before the substrate holder pair is rormed. 

Fig. 44 is a cross-sectional view schematically showing a state immediately 

after tbrmalion of the substrate holder pair. 

I'ig. 45 is a perspective view schematically showing the magnet unit. 

Fig. 46 is a planar view schematically showing a flat spring of the attraction 

unit. 

Fig. 47 is a perspective view schematically showing a state in which tlie flat 

spring is clastically deformed. 

Fig. 48 is a perspective view including the attracting element when the flat 

spring of Fig. 10 is in the defonned sUiLe. 

Fig. 49 is a cross-sectional view showing the coupling operation between the 

magnet unit and the allraction unit. 

I'ig. 50 is a cross-sectional view showing the coupling operation between the 

magnet unit and the ullraclion unit. 

I'ig. 5 l i s a cross-sectional view schematically showing the engagement contiol 

unit. 

Fig. 52 is a side view schematically showing a state in which tlic transport 

apparatus grips the substrate holder pair. 

Fig. 53 is a side view schematically showing essential portions of the bonding 

apparatus. 

Fig. 54 is a planar view schematiccilly showing a lirst substrate holder including 

a dust trapping region, as a first modi fication. 

Fig. 55 is a planar view schematically showing a first substrate holder including 

a dust trapping region, as a second modification. 

l-'ig. 56 is a planar view schematically showing a first substnUe holder including 

a du-si trapping region, as a third modification. 

BFST MODE FOR CARRYING OUT TIIE INVENTION 

10022] Hereinafter, some embodiments ofthc present invention will be described. The 

embodiments do not limit the invention according lo the claims, and alt the combination.<i 

of the features described in the embodiments arc not necessarily essential to means 

provided by aspects of tlie inventioa 

[0023J (First Embî diment) 

Fig. 1 schematically shows a substrate bonding apparatus 1010 according to a 
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first embodiment. The substrate bonding apparatus 1010 includes an alignment apparatus 

10! i ihai aligns a (ii-sl substrate 1016, which is a semiamducior wafer, with a second 

substrate 1017, wliich is a semiconductor wafer to be layered on the first substrate 1016. 

The substrate bonding appardlus 1010 also includes a bonding apparatus 1012 that bonds 

together the first substrate 1016 and the second substrate 1017 aligned by the alignment 

apparatus 1011. 

[0024] Ihe first substrate 1016 is held by the first substrate holder 1014, and tlie 

second substrate 1017 is held by the second substrate holder 1015. In the alignment 

apparatus 1011, when the first substoUe 1016 and the second substrate 1017 arc aligned, 

the first substrate holder 1014 and the second substrate holder 1015 sandwich the lirst 

subsiraie 1016 aid ihe second substrate 1017 to form these substrates integrally, thereby 

forming the substrate holder pair 101X. A detailed structure of the substrate holder pair 

1018 is described fiirthcr below. 

[0025J The subsiniie bonding apparalas 1010 ftjrthcr includes a* transport apparatus 

1013 that transports the substrate holder pair 1018 integrated by Ihe alignment appardlus 

1011 lo the bonding apparatus 1012. The tnin.sport apparatus 1013 can also transport a 

semiconductor wafer or a single substrate holder between apparatuses. The transport 

apparatus 1013 includes a gripping section 1019 that grips a gripping target such as tlie 

substrate holder pair 1018, and an arm portion 1020 that moves the gripping target to a 

prescribed position via rotating and exlending/eonlraeting movement. 

[0026J Fig. 2 is a planar view schematically showing a semiconductor wafer according 

to the present embodiment. The furst substrate 1016 and the second substrate 1017, which 

are semiconductor wafers, are each formed of a circular thin board made of single-crystal 

silicon, and each have one surface on which a plurality of circuit regions 1021 are formed, 

file circuit regions 1021 are partitioned into a matrix, and circuit elements such as 

transistors, resistt)rs, and capacitors are formed therein, 'I'hc circuit elements are formed 

using mainly lithography techniques such as thin film fonnation, etching, or impurity 

diffusion. Alignment marks are provided within each of the circuit regions 1021. The 

alignment marks are indicators used lo align the substrates with each other. Tlie plurality 

of alignment marks provided on each of the first substrate 1016 and the second substrate 

1017 have their .set coordinate values stored independently and managed in a memory. 

The semiconductor wafers to be layered may be .semiconductor wafers that have already 

been layered with other semiconductor wafers. In this case, the previously layered circuit 

layers preferably undergo a tliinning process lo remove unnecessary thickness. 

[0027J Fig. 3 is a planar view schematically shovwng the first substrate holder 1014 
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holding the firsl substrate 1016. The first substrate holder 1014 includes a holder body 

1022 and an attraction unit 1030, and is shaped as a circular board with a diameter larger 

Ihyn thai of the firsl substrate 1016. Tlie holder btniy 1022 is formed integrally using a 

material with high rigidity such as ceramic or metal. 

[0028] The holder body 1022 has a region for holding the first substrate 1016 on the 

surface tliercof. lliis holding region is polished to be extremely flat. The holding of the 

first .substrate 1016 is achieved by adhesion thai uses electrostatic force. Specifically, 

voltage is applied to an electrode embedded in the holder body 1022, via a voltage 

application teraiinal provided on the back surface of the holder body 1022, to cause a 

potential diflerence between the first substrate holder 1014 and the first substrate 1016, 

thereby adhering the first substrate 1016 to the first substrate holder 1014. 'ITie adhesion 

surface ol'the firsl substrate 1016 is the surface oppo.<iitc the surface on wliich the circuit 

regions 1021 arc provided. 

[0029J Tlie atlraction unit 1030 includes a plurality of peripheral regions, which are 

arranged further outward than the held first substrate 1016, on the surface ihereol' that 

holds tlie first substrate 1016. In the example showji in the drawings, sets that each 

include two atlraction units 1030 are arranged at intervals of 120 degrees to obtain a total 

of six attraction units 1030. A more detailed configuration is described further below. 

[0030] Fig. 4 is a planar view schematically showing the second substrate holder 1015 

holding the second substrate 1017. The second substrate holder 1015 includes a holder 

body 1023 and magnet units 1031, and is sh£q:5ed as a circular board with a diajneter l;«-ger 

than that of the .second substrate 1017. The holder body 1023 is formed integrally using a 

material with high rigidity such as ceramic or metal. 

[0031 j ITie holder body 1023 has a region for holding tlie second substrate 1017 on the 

surface thereof. This holding region is polished to be extremely flat. The holding of the 

second substrate 1017 is achieved by adhesion that u.ses electrostatic force. Specifically, 

voltage is applied to an electrode embedded in the holder body 1023, via a voltage 

application terminal provided on the back surface of the holder body 1023, to cause a 

potential difference between the second substrate holder 1015 and tlie second substrate 

1017, thereby adhering the second substrate 1017 to tlie second substrate holder 1015. 

The adhesion surface of the second substrate 1017 is the surface opposite the surface on 

which the circuit regions 1021 arc provided. 

[0032] The magnet unit 1031 includes a plurality of peripheral regions, which are 

arranged fijrtlier outward than the lield second substrate 1017, on the surface thereof that 

holds the sea>nd substrate 1017. In the example shown in the drawings, sets that each 
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include two magnet units 1031 arc an-angcd at intervals of 120 d^-ees to obtain a toUil of 

six magnet unius 1031. 

[0033] The magnet units 1031 are arranged to correspond respectively to the attraction 

units 1030 of the first substrate holder 1014. When the first substrate holder 1014 holding 

the lirsl subslrdte 1016 and the second substrate 1017 holding the second substrate holder 

1015 face each other and the attraction units 1030 and magnet units 1031 are operated, the 

first substrate 1016 and the second substrate 1017 can be fixed together in a stacked state. 

This resulting stacked state is the substrate holder pair 1018. A more detailed 

configuration and the adhesion operation are described further below. 

|0034] Fig. 5 is a cross-sectional view schematically showing a stale immediately 

before the substrate holder pair 1018 is formed by the alignment apparatus 1011. 

Speci Ileally, Fig. 5 is a cross-sectional view of a state in wliich tlie first subsinite holder 

1014 holding the first substrate 1016 is fixed to the (irsl .stage 1051 of the alignment 

apparatus 1011 by vacuum suction and the second substrate holder 1015 holding ihe 

second substrate 1017 is fixed to the second stage 1052 of the alignment apparatus 1011 

by vacuum suction. In particular, the eross-.sectional view is over tlie line A-A in Figs. 3 

and 4. 

f0035l The first stage 1051 can move the first substrate 1016 relative to the second 

subsU"ale 1017, in aZ-axis direction that is the layering direction and X-axis and Y-a\i.s 

directions that arc each orthogonal to the 2-axis. The alignment apparatus 1011 aligns the 

first subslrdte 1016 find Ihe second substrate 1017, by using a first microscope ananged on 

Lhc alignment apparatus 1011 in a manner to be able to observe the (irst substrate 1016 and 

a second microscope arranged on the alignment apparatus 1011 in a manner to be able to 

()b.<?erve the second .sukstratc 1017. 

f00361 More specifically, each microscope is used to capture images of the alignment 

marks on exh substrate serving as an ob.servation target, and precise positions of the 

alignment marks are detected by performing image processing on the captured image data. 

Hie positional skew amount between corresponding alignment marks is tlien calculated 

and the first stage 1051 is moved according to this positional skew amount, thereby 

aligning the first substrate 1016 and the second subslrdte 1017. In this way, each circuit 

region 1021 ol^lhe first substrate 1016 faces a corresponding circuit region 1021 of ihe 

second substrate 1017. The positional skew amount calculation may be performed using a 

global alignment technique, for example, in which the positional skew amount is 

statistically determined to have a minimum value when the plurality of alignment marks of 

die first substrate 1016 overlap the plurality of alignment marks of the second substrate 
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1017. 

f0037] When aligning the first substrate 1016 with the second substrate 1017, i.e. 

when moving the first stage 1051 in the XY-plane, a small gap is maintained betweai the 

first substrate 1016 and the second substrate 1017 such that the substrates do not contact 

each other. The second stage 1052 includes a plurality of engagement control units 1053, 

such thai the attraction units 1030 do not engage with the magnet units 1031 when in this 

state, 

[0038J Fach engagement control unit 1053 is mainly formed from a push pin 1054, 

which is a member shaped as a pillar, and a cylinder portion 1055 that drives the pash pin 

1054. When at an extended position, the push pin 1054 passes through a holder insertion 

hole 1024 that is provided in the .second suKsinite holder 1015 and a magnet insertion hole 

1032 provided in the magnet unit 1031 arranged to be aligned with tlie holder insertion 

hole 1024, such that the Lip of the push pin 1054 protrudes beyond the magnet insertion 

hole 1032, When at a storage position, a portion of the push pin 1054 is stored within the 

cylinder portion 1055, and is withdrawn Irom the insertion holes. In other words, the push 

pin 1054 moves back and forth in the Z-axis direction within the insertion holes, according 

to the drive of the cylinder portion 1055. 

[0039] When the first .substrate 1016 and the second substrate 1017 are to be moved 

relative to each other in the XY-plane, such as shown in Fig. 5, the push pins 1054 are 

held at the extended position in contact with the top surfaces of the attraction units 1030, 

thereby preventing the attraction units 1030 from engaging with the magnet units 1031. In 

other words, the attraction units 1030 are formed by attracting elements 1033 and flat 

spring.s 1034 lixed to the ailnicting elements 1033, but the pu.sh pins 1054 press on the 

attracting elements 1033 from above to restrict the elastic deformation of the Hat springs 

1034, such that the attracting elements 1033 do not engage with the magnet units 1031 as 

a result of the clastic deformation of the flat springs 1034. 

[0040] Tlie alignment of tlie first substrate 1016 and the second substrate 1017 by the 

alignment apparatus 1011 is performed at a final fine adjustment stage m which the 

movement amount is such tliat the tips of the push pins 1054 slide along the lop surfaces 

of the attraction unite 1030. At other stages, such as an observation stage in which the 

alignment marks are observed by the microscopes, the first substrate 1016 and the sewmd 

substrate 1017 are separated from each other by a large amount in the X-, Y-, and Z-axis 

directions, and therefore the attraction units 1030 do not unexpectedly engage with the 

magnet units 1031. Accordingly, the push pins 1054 arc held at the extended position 

when the magnetic force of the magnet imits 1031 is exerted on the attraction units 1030 
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and engaging therebetween is to be prevented, aiid arc held at the stored position at all 

otlier times. 

[0041J Fig. 6 is a cross-sectional view schematically showing a slate immediately after 

fonnation of die substrate holder pair 1018 by the alignment apparatus 1011. Specifically, 

Fig. 6 shows a slate in which the first stage 1051 has beea driven in the Z-axis direction 

from the state slxjwn in Fig. 5, such that the surfece of the first suKstratc 1016 contacts the 

surface of the second substrate 1017, the push pins 1054 are held at the storage po."iilion, 

and the attraction units 1030 and magnet units 1031 are engaged. 

[0042] During the process of transitioning from the state of Fig. 5 to tlie slate of Fig. 6, 

the first .substrate 1016 and the second substrate 1017 are aligned, and the magnet units 

1031, which are engaging members, are engaged with ihe attraction units 1030, which iire 

engagement receiving members. 'Ilic first substrate holder 1014 find the second suhsirtite 

holder 1015 arc then formed integrally, thereby fonning the substrate holder pair 1018 as 

the substrate holder system. 

[0043J The Z-axis direction is tlic direction of gravitational force in the alignment 

apparatus lOll, and the first slage 1051 is positioned below the second stage 1052. 

Therefore, each surface is arranged from top to bottom, in the direction of the gravitational 

force, in the order of tlie second substrate 1017 holding surface of the second suh.sirdie 

holder 1015, the bonding surfaces of the second substrate 1017 and the first substrate 

1016, and tlie first substrate 1016 holding surface of the first substrate holder 1014. 

[0044] During Ihe process of ifansitioning from the state of Fig. 5 to the state of Fig. 6, 

the movement of the push pins 1054 to the storage position causes clastic deformation of 

the flat sprmgs 1034, and so tlie attraction units 1030 engage with the magnei unils 1031. 

At this lime, the engagement of the attracting elements 1033 of attraction units 1030 with 

the magnet units 1031 is accompanied by a small impact. Therefore, at this time, the 

contiict surfaces of the atlracting elements 1033 and the magnei units 1031 in the 

gravitational force direction arc set to be lower than (he contact .surfaces of the second 

substrate 1017 and the first substrate 1016. The contact surfaces of die attracting elements 

1033 and the magnet units 1031 are preferably set to be lower thmi the lirsi substrate 1016 

holding surface of the first substrate holder 1014, 

[0045] By setting such a positional relationship, even i f dasl is created and scattered by 

the impact of tlic engagement between the attraction units 1030 and the magnet units 

1031, Ihe dust can be expected to be puUcd down by gravity and to not enter between the 

first substrate 1016 and the second substrate 1017, In other words, dusl entering between 

the substrates causes problems in the circuit operation and creates insufficient bonding 



strength, but these problems can be expected lo be avoided by adopting the positional 

relationship described above. 

[0046] Furthermore, when the contact surfaces of the attracting elements 1033 and the 

magnet units 1031 are set below the first substrate 1016 holding surlace of the first 

substrate holder 1014, dust can be prevented from becoming attached to these surfaces. 

As a result, the first .substrate holder 1014 can be kept in a clean .state when ased 

repe-dtedly, and there is no worry that dust will be trapped when the first substrate holder 

1014 is mounted on another fif<?t substrate 1016. Accordingly, it can be expected that 

problems such as inclination of the first substrate 1016 and bonding imevenness in the 

bonding appardlus 1012 will be avoided. 

[(K)47J After the substrate holder pair 1018 is formed, the substrate holder pair-1018 is 

released from the vacuum suction of the sewnd stage 1052, lifted up by the first stage 

1051, and transported to the bonding apparatus 1012 by the transport apparatus 1013. The 

transportation mechanism of the transport apparatus 1013 and the bonding process of the 

bonding apparatus 1012 are described further below. 

[004XJ The following describes a configuration of the magnet unit 1031. Fig. 7 is a 

perspective view schematically showing the magnet unit 1031. Tlie magnet unit 1031 

includes a magnet 1036. a support section 1035 housing the magnet 1036, and a plurality 

of spherical protrusions 1041, 

[0049J The support section 1035 includes a housing portion shaped as a circular 

cylinder that houses the magnet 1036, and a threaded hole 1037 through which pa.s.ses a 

screw for fixing the support section 1035 to the second substrate 1017. The support 

section 1035 is formed by carbon steel S25C, for example. The magnet 1036 is a 

pennanent magnet sliaped as a circular pillar that can be inserted into the hou.sing portion 

of the support section 1035, and may have a magnetic force of approximately 8 N, for 

example. I'hc central axis of the magnet 1036 is provided with an insertion hole 1038 into 

wliich is inserted a push pin 1054, and an insertion hole 1039 in series with the insertion 

hole 1038 and into which the support section 1035 is inserted. The magnet insertion hole 

1032 is formed by these two insertion holes, 

f0050] Tlie support section 1035 includes a countcrface surface 1040 that laces the 

attracting element 1033. At least three spherical proiru-sions 1041 arc embedded in tlie 

counterface surface 1040. The spherical protrusions 1041 are embedded and lixed by 

being pressed in fixing members 1042, which are brafis rings formed on the counterface 

surface 1040, for example. A.s another example, the counterface surface 1040 of the 

.support section 1035 may be miichined u.sing polishing, for example, such that the 



spherical protrusions 1041 are formed integrally with the support section 1035. 

100511 ^y forming the spherical protrusions 1041 in this way, point contact can be 

achieved between the magnet unit 1031 and the attracting element 1033, In other words, 

since the virtual surface formed by the spherical protrusions 1041 is the contact surface 

tliat contacts the attracting clement 1033, the surfecc arc of the contact can be greatly 

reduced, ajid the occurrence of dust can be significantly restricted. 

[0052] I'ig. 8 is a perspective view schematically showing another example of a 

magnet unit 1031. This magnet unit 1031 dilTers Irom the magnet unit 1031 of I'ig, 7 in 

that linear protrusions 1050, which arc protruding portions having triangular crosis 

sections, are formed on the counlerrace surface 1040. The linear protrusions 1050 may be 

formed integrally with the support section 1035 by machining the counlerface suriUce 

1040 of the support section 1035 via polishing, for example, or may be separate bodies 

attached to the countcrfacc surface 1040. 

[0053] By forming tlie linear protrusions 1050 in this way, line contact can be 

achieved between the magnet unit 1031 and the attracting clement 1033. If tlie cross 

sections of the linear protmsions 1050 are triangular, for example, the virtual surface 

formed by a straight line connecting the peak edges is the contact surface tliat contacts the 

attracting element 1033, and therefore the surface area of the contact can be greatly 

reduced, and the occurrence of dust can be significantly restricted. The cross-sectional 

surface is not limited to a triangular shape, and any shape may be used that can achieve 

substantially linear contact, l-urtiiennore, even if a small flat portion remains on the 

contact portion as a result of the polishing process, for example, this small flat portion is 

still acceptable as long as it can achieve substantially linear contact. 

[0054] The following describes a conllguration of an attraction unit 1030. Fig. 9 is a 

planar view schematically showing a flat spring 1034 of an attraction unit 1030. 

[0055] The flat spring 1034 is an elastic member having elasticity in a direction 

orthogonal to the holding surface of the second substrate holder 1015 that holds the second 

substrate 1017, and may be formed of a high-strength precipitation-hardening stainle-ss 

steel, such as SUS 631. The flat spring 1034 is (bnned by a central circular portion 1043 

and attaching sections 1044 protruding therefrom as ears. Tlie circular ixjrtion 1043 has a 

diameter of 22 mm and a thickness of 0.1 mm, 

100561 A pair of slits 1046 that extend m the same du-ection as each other are arranged 

m tlie circular portion 1043 witli an interval therebetween in a direction orthogonal to the 

extension direction. Each slit 1046 is the same distance from tlie center of the circular 

portion 1043. The two slits 1046 fomi a band-shaped portion 1048 in the central region of 



ihe circular ponion 1043. A through-hole 1047 thai fixes the attracting clement 1033 is 

fomicd in the band-shaped portion 1048 at the center of the circular portion 1043. 

Similarly, each attaching section 1044 includes a threaded hole 1045 through which passes 

a screw for fixing the flat spring 1034 to the second substrate holder 1015, The flat spring 

1034 is airanged in a peripheral region of the holder body 1023, such that the two threaded 

holes 1045 are oriented along a circumferential direction of the second substrate holder 

1015 and the extension direction of each slit 1046 is oriented along the radial direction of 

the second substrate holder 1015. 

[00571 Pig. 10 is a perspective view schematically showing a stale in which the Hat 

spring 1034 is elastically deformed. Specifically, Fig. 10 shows a state in which the 

attracting clement 1033 fixed to the flat spring 1034 is engaged with the magnet unit 1031 

via uiiraclion. It should be noted that the attracting element 1033 is not shown in Fig. 10. 

100581 In the flat spring 1034, as a result of the attmcting clement 1033 being attracted 

to the magnet unit 1031, the band-shaped portion 1048 rises upward such that that the 

through-hole 1047 becomes a peak, and the therefore two portions of the periphery of the 

circular portion 1043 connected to the band-shaped portion 1048 are deformed to draw 

closer to each other. At this time, the shapes of the openings in the slits 1046 are 

deformed to allow for the above dcfonnation. 

[0059] Fig. 11 is a perspective view including the attracting clement 1033 when the 

flat spring 1034 of Fig. 10 is in the deformed state. The attracting element 1033 is fixed to 

tlie flat spring 1034 via the through-hole 1047, by a fastening member such as a screw, 

[0060] The allracling element 1033 is formed of a ferromagnetic body, such as carbon 

steel S25C. A buffer plate 1049 is fixed to the contact surface of the attracting element 

1033 tliat contacts the magnet unit 1031. The liardness ofthe buffer plate 1049 is less than 

that ofthe material Ibrming the a)nlact surface ofthe magnet unit 1031. For example, the 

material ofthe buffer plate may be a Si-type material or a resin material. 

[0061] The bulTer plate 1049 is preferably configured to be replaceable on the 

attracting clement 1033. The buffer plate 1049 contacts the contact surface ofthe magnet 

unit 1031 and receives a focused stress, particulariy when protruding portions such as the 

spherical protrusions 1041 or the linear protmsions 1050 are provided. Tlierefore, a 

depression or scrying can occur in the bulTer plate 1049 as a result of tlie buffer plate 

1049 absorbing the impact. Therefore, the buffer plate 1049 is replaced lor every 

prescribed number of uses. The buffer plate i 049 is fixed by engaging witli a recessed 

portion provided in tlic attracting clement 1033 or by using an adhesive agent, for 

example. 



[(){)62J In the above dcseription, the support section 1035 of the magnet unit 1031 is 

provided with protruding portions such as the spherical protrusions 1041, and bulTer plaics 

1049 art; provided on the attracting clement 1033 facing the protruding portions. 

However, the magnet unit 1031 aiid the altraciion unit 1030. which are respectively the 

engaging member and the engagement rccciving member, are in a relative relationship, 

and therefore the protruding portions and the bufler plates 1049 may each be formed on 

the opposite unit. 

[0063] All example of this is provided in Fig. 12, which is a perspective view in which 

the spherical protrusions 1041 arc ananged on tlie attracting element 1033. In the same 

manner as tlic example in which the spherical protrusions 1041 are provided on the 

support section 1035 of the magnet unit 1031, at least three spherical protrusions 1041 are 

embedded by being pressed in fixing members 1042, which are brass rings, for example. 

As another example, tlie spherical protrusions 1041 may be formed integrally with the 

attracting element 1033 by using machining such as polishing- With this configuration, 

the buffer plate 1049 is instead provided on the support section 1035 of the magnet unit 

1031. 

[(K)64| It should be noted that even if the positions of the protruding portions and the 

buffer plates 1049 are reversed, the contact surfaces of the attracting element 1033 and the 

magnet unit 1031 in the gravitational direction are still positioned to be below the bonding 

surfaces of the second substrate 1017 and the first substrate 1016. The contact surfaces are 

prelerdbly positioned below the first substrate 1016 holding surface of the lirsl substrate 

holder 1014. 

[0065] Fig. 13 is a cross-scetional view showing the coupling operation between the 

magnet unit 1031 and the attraction unit 1030. In particular, I'ig, 13 shows a cross section 

over die line B-B uiFigs. 3 and 4. The first substrate 1016, die second substrate 1017, the 

push pin 1054, etc. are omitted from the drawing. Fig. 13 shows a state before the 

attracting element 1033 engages with the magnet unit 1031. Fig. 14 shows a state alter the 

attracting element 1033 ha.s engaged with the magnet unit 1031, using the same cross-

sectional view as Fig. 13. 

10066] As shown in the drawings, the magnet unit 1031 is fixed to the surface of the 

second sub-straie holder 1015 by a screw. The flat surface that contacts the buffer plate 

1049, wliich is the contact surface of the attracting element 1033, is the virtual flat surface 

formed by the peaks of the spherical protrusions 1041. Tliis virtual flat surface is 

positioned below tlie first sub.str4ie 1016 holding surface of the lirsl substrate holder 1014. 

[0067] In other words, tlie first substrate holder 1014 includes a recessed portion 1025 
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having a surlace ihai is lower than the first substrate 1016 holding surface <ind 

corresponding to tlic region in ^̂ i3ich the attraction unit 1030 is provided. The virtual 

surface formed by llie peaks of the spherical protrusions 1041 is positioned within the 

recessed portion 1025 when the surface of the first substrate 1016 contacts the surface of 

the second substrate 1017. 

[006XJ The recessed portion 1025 includes a tlirough-hole 1026 that allows the 

attracting element 1033 to move up and down. ITie back surfece of the lirst substrate 

holder 1014, which is the side opposite the surface holding the first substrate 1016, 

includes a recessed portion 1027 around the through-hole 1026, and the flat spring 1034 

and a screw fixing the flat spring 1034 to the first substrate holder 1014 are arranged to be 

housed within the recessed portion. 

[0069] As shown by the change from the state of Fig. 13 to the state of l-'ig. 14, the 

biuid-shaped portion 1048 to which the attracting element 1033 is affixed elastically 

dctbrms as a result of the attracting element 1033 being attracted by the magnet 1036. At 

this time, the attaching .sections 1044 arc fixed to the first sub.strate holder 1014, and 

therefore the flat spring 1034 biases the first substrate holder 1014 and the second 

substrate holder 1015 to draw clo.scr to each other, by sandwiching the second substrate 

1017 wi th the fii^t suKstrate 1016. 

10070] Fig. 15 is a cross-sectional view schematically showing the engagement control 

unit 1053. A plurality of engagement control units 1053 arc arranged on the .second 

substrate holder 1015, corresponding to the magnet units 1031, The cylinder portion 1055 

is connected to an air pump 1056 that adjusts the almo.spherie pressure within the cylinder 

portion 1055. The control section cau.ses the push pin 1054 to extend and retract by 

controlling the air pump 1056. More specifically, the control section causes the push pin 

1054 to he at the stored position in which at least a portion of the push pin 1054 is whhin 

the cylinder portion 1055 or at the extended position in which the tip 1057 of the push pin 

1054 presses the bulfer plate 1049. Accordingly, the pressing force exerted by tlie push 

pin 1054 on the buffer plate 1049 is large enough to resist the elastic force of the flat 

spring 1034. 

[0071] The tip 1057 of the pusli pin 1054 is machined to be spherical, in order to 

achieve pomt contact with the buffer plate 1049. As another example, a tip portion such 

as a spherical protrusion 1041 may be provided as a separate member. 

10072] Fig. 16 is a side view schematically shovving a slate in wliich the ti'ansport 

apparatas 1013 grips the substrate holder pair 1018. Ihe transport apparatus 1013 

includes an arm portion 1020 arid a gripping section 1019 that is connected to the ami 



portion 1020. The gripping section 1019 includes a support board 1062 that supports the 

substrate holder pair 1018 from below and a presser plate 1063 that presses the substrate 

holder pair 1018 from above. The support board 1062 includes a suction hole that fixes 

the substrate holder puir 1018 thereto using vacuum suction, and the suKstratc holder pair 

1018 is fixed to the support board 1062 as a result of this suction. 

[0073] The pressor plate 1063 is provided on a support column 1064 i'ormed on one 

end of the support board 1062, and can move back and forth in a direction to sandwich the 

substrate holder pair 1018. The presser plate 1063 exerts a pressing force on the substrate 

holder pair 1018 fixed to the support board 1062, such that the substrate holder pair 1018 

can be sandwiched by the presser plate 1063 and the support board 1062. A.s a result of 

the ami portion 1020 moving while in this state, the transport apparatus 1013 transports 

the substrate holder pair 1018 from the alignment apparatus 1011 to the bonding apparatas 

1012. 

10074] Fig. 17 is a side view schematically showing essential portion-s of the bonding 

apparatus 1012. The bonduig apparatus 1012 includes a lower pres.suring stage 1065 

arranged below the Hrsl substrate holder 1014 and an upper pressuring stage 1066 

arranged above the second substrate holder 1015. Tlie upper pressuring stage 1066 can 

move toward the lower pressuring stage 1065, in order to apply pressure to the substrate 

holder pair 1018 together with the lower pressuring stage 1065. The lower pres.suring 

stage 1065 and the upper pressuring stage 1066 each house a heater therein, and can 

therefore also apply heat to the sub.strate holder pair lOlS mounted tliereon in addition to 

applying pressure. As a result of the pressure and lieat being applied to tlie substrate 

holder pair 1018, the electrodes of the lirst sub.strate 1016 and the second substrate 1017 in 

contact with each other arc fused together. As a result, tlie corre-sponding circuit regions 

1021 of the first substrate 1016 and the second .suksiratc 1017 arc bonded together. 

[0075] As described above, the contact surface area between the attracting element 

1033 and tlie magnet unit 1031 is relatively .small, so that dust does not enter 

therebetween. Accordingly, the dust attached to the contact surface oJ' the attracting 

clement 1033 or the magnet unit 1031 is restricted from being broken up, fragmented, and 

scattered during tlic bonding. When tlie fragmenting and .scattering of dust is restricted, 

the dust is restricted from flowing toward the substrate. In particular, when the du.st is 

fragmented and scattered, there is a problem that wind force occurring during the 

attachment or detachment of the first substrate 1016 and the second substrate 1017 when 

transporting tlie substrate holder pair 1018, lor example, causes the fragmented dust to be 

lifted and .spread ea.sily. The present embodiment described above reduces the likelihood 

to 



of tliis problem occurring. Furthcnnorc, if tiie dust caugiit between substrates can be 

reduced, reduction in the contact surface between the attracting clement 1033 and the 

magnet unit 1031 during bonding can be restricted. Accordingly, the present embodiment 

is also useful Car preventing the occurrence of new dast 

[0076] (Second Embodiment) 

Fig, 18 schematically shows a substrate bonding apparatus 2010 according to a 

second embodiment. The substrate bonding apparatus 2010 includes an alignment 

apparatus 2011 that aligns a first substrate 2016, which is a semiconductor wafer, with a 

second substrate 2017, which is a semiconductor wafer to be layered on the first substrate 

2016. The substrate bonding apparatus 2010 also includes a bonding apparatus 2012 that 

bonds together the first subsu-ate 2016 and the .second substrate 2017 aligned by the 

alignment apparatus 2011. 

[0077J The first .substrate 2016 is held by the first sub.<5trate holder 2014, and tlic 

second substrate 2017 is held by the second substrate holder 2015. Tn the alignment 

apparatus 2011, when the first substrate 2016 and the second substrate 2017 arc aligned, 

the first substrate holder 2014 and the .second substrate holder 2015 sandwich the first 

substrate 2016 and the second substrate 2017 to form these substrates integrally, thereby 

forming the .substrate holder pair 2018. A detailed stmeture of the substrate holder pair 

2018 is described further below, 

[0078J The substrate bonding apparatus 2010 fiirther includes a transport apparatus 

2013 that transports the substrate holder pair 2018 integrated by the alignment apparatus 

2011 to the bonding apparatus 2012. The transport apparatus 2013 can al.so transport a 

semia^nductor wafer or a single substrate holder between apparatuses. The transport 

apparatus 2013 includes a gripping section 2019 tliat grips a gripping target .such as the 

substrate holder pair 2018, and an arm portion 2020 that moves the gripping target to a 

prescribed position via rotating and extending/contracting movement. 

[0079] Fig. 19 is a planar view schematically showing a semiconductor wafer 

according to the present embt^iment. 'fhe first substrate 2016 and the second substrate 

2017, which are semiconductor wafers, are each formed of a circular thin board member 

made of single-crystal silicon, and each have one surface on which a plurality of circuit 

regions 2021 are formed, fhe chcuit regions 2021 are partitioned into a matrix, and 

circuit elements such as transistors, resi.stor.s, and capacitors arc formed therein, fhe 

eircuh elements ai^ formed usmg mainly lithography techniques such as thin Illm 

Ibnnalion, etching, or impurity dilTusion. Alignment marks arc provided witliui each of 

the circuit regions 2021. 'I'hc alignment marks are mdicators used to align the substrates 



with each other. 'I'hc plurality of alignment marks provided on each of the lirsl .subslrale 

2016 and the second substrate 2017 have their set coordinate values stored independently 

and managed in a memory. The semiconductor wafers to be layered may be 

semiconductor wafers that have already been layered with other semiconductor wafers. In 

this case, the previously layered circuit layers preferably undergo a thinning process to 

remove unnecessary thickness. 

[0080] Fig. 20 is a planar view .schematically showing the first substrate holder 2014 

holding the first substrate 2016. The first substrate holder 2014 includes a holder body 

2022 and an atlr4clion unit 2030, which serves a.s an engaging section, and is shaped as a 

circular board with a diameter larger than that of the first substrate 2016. The holder body 

2022 is (bmied integrally using a material with high rigidity such as ceramic or metal. 

10081] The holder body 2022 has a region for holding the first substrate 2016 on the 

surface thereof. This holding region is polished to be extremely flat. The holding of the 

finst substrate 2016 is achieved by adhesion that u.ses electrostatic force. Specifically, 

voltage is applied to an electrode embedded in the holder body 2022, via a voltage 

application terminal provided on the hack Surface of the holder body 2022, to cause a 

potential difference between the first substrate holder 2014 <uid the first substrate 2016, 

thereby adhering the first substrate 2016 to the first substrate holder 2014. The adhesion 

surface of the first substrate 2016 is the surface opposite tlie surface on which the circuit 

regions 2021 are provided. 

[0082J The attraction unit 2030 includes a plurality of peripheral regions, which are 

arranged flirtlier outward than the held first substrate 2016, on the .surface thereof thai 

holds the first substrate 2016. In the example .shown in the drawings, sets that each 

include two attraction units 2030 arc arranged at intervals of 120 degrees to obtain a ioUil 

of six attraction units 2030. A more detailed configuration is described further below. 

[0083] The first substrate holder 2014 includes first through-holes 2101 passing 

througli the holder body 2022 in regions between the region holding the lirst substrate 

2016 and tlie attraction units 2030, In the example of Fig. 20, three first through-holes 

2101 arc formed between each .set of attraction units 2030 and the region holding the first 

substrate 2016, but the number of first through-holes 2101 provided may correspond lo the 

number of attraction units 2030, and the first through-holes 2101 may be fomied as 

elongated holes to con-espond to tlie shape of the attraction unit 2030 sets. 

[00841 Fig. 21 is a planar view schematically showing the second sub.sirate holder 

2015 holding the second substrate 2017, The second substrate holder 2015 includes a 

holder body 2023 and magnet units 2031, which serve as engaging sections, and is shaped 



as a circular board with a diameter larger than that of the second substrate 2017. The 

holder body 2023 is Ibrmed integrally using a material with high rigidity such as ceramic 

or metal. 

[0085] The holder body 2023 has a region for holding the second substrate 2017 on the 

surface thereof. This holding region is polished to be extremely flat. The holding of the 

second subslrdle 2017 is achieved by adhesion that uses electrostatic force. Specifically, 

voltage is applied to an electrode embedded in the holder body 2023, via a voltage 

application ieTminal provicbl on the back surface of the holder body 2023, to cause a 

potential difference between the second substrate holder 2015 and the second substrate 

2017, thereby adhering the second sub-stratc 2017 to the second substrate holder 2015. 

Tlie adhesion surface of the second substrate 2017 is the surface opposite Uie surface on 

which the circuit regions 2021 are provided 

[0086] Tlie magnet unit 2031 includes a plurality of peripheral regions, which are 

arranged ftirthcr outward than the held second substrate 2017, on the surface thereof that 

holds the second substrate 2017. In the example shown in the drawings, sets that eacK 

include two magnet units 2031 arc an-anged at intervals of 120 degrees to obtain a total of 

six magnet units 2031. 

[0087] The magnet units 2031 are arranged to correspond respectively to the attraction 

units 2030 of the first substrate holder 2014. When the lirst substrate holder 2014 holding 

the first substrate 2016 and the second substrate 2017 holding tlie second substrate lioldcr 

2015 face each otlier and tlie attraction units 2030 and magnet units 2031 are operated, the 

first substrate 2016 and the second substrate 2017 can be fixed together in a stacked state. 

This resulting .stacked state is the substrate holder pair 2018. A more detailed 

configuration and tlie adhesion operation arc described llirther below. 

[0088] Tlie second substrate holder 2015 includes second dirough-holes 2102 passing 

through the holder body 2023 in regions between the region holding the second substrate 

2017 and the magnet units 2031, In the example of Fig. 2[, three second through-holes 

2102 are Ibrmed between each set of magnet uniLs 2031 and a region holding the .second 

substrate 2017, but the number of second through-holes 2102 provided may correspond to 

the number of magnet units 2031, and the second through-holes 2102 may be Ibrmed as 

elongated holes to correspond to the shape of the magnet unit 2031 sets. The first tlirough-

holes 2101 md the second through-holes 2102 form a dust flow inhibiting mechanism, 

and a detailed operation thereof is described fiirther below. 

[0089] Fig. 22 i.s a cross-sectional view schematically showing a .state immediately 

before the substrate holder pair 2018 is formed by the alignment apparatus 2011. 



specifically. Fig. 22 is a cross-sectional view of a state in which Ihe llrsl substrate holder 

2014 holding tlie first substrate 2016 is fixed to the first stage 2051 of the alignment 

apparalas 2011 by vacuum suction and the second substrate holder 2015 holding the 

second substrate 2017 is fixed to the second stage 2052 of the alignment apparatus 2011 

by vacuum suction. In particular, the cross-sectional view is over the line A-A in Figs. 20 

and 21. 

[0090J The lirsl substrate holder 2014 is fixed to the fi-ont surface of the first stage 

2051 by a vacuum suction force exerted by a suction i^aratus 2075 via a first suction 

piping 2071 passing through the first stage 2051 to reach die front .surface thereof. Tlic 

first suction piping 2071 includes a plurality of branches reaching the front surface of the 

fust stage 2051, md exerts uniform suction over a wide region on the back surface of the 

first substrate holder 2014. 'f he suction force of the suction appanitu.s 2075 is adjusted by 

a first valve 2073, in order to control attachment and dctacliment of tlie first substrate 

holder 14. 

100911 Similarly, the second substrate holder 2015 is fixed to tlie fi-ont surface of the 

second stage 2052 by the vacuum suction force exerted by a suction apparatus 2075 via a 

second suction piping 2072 passing through tlie second stage 2052 to reach the front 

surface thereof The second suction piping 2072 includes a plurality of branches reaching 

the iVont surface of ihe .second stage 2052, and exerts uniform suction over a wide region 

on the back surface of the second substrate holder 2015. The suction force of the suction 

apparatus 2075 is adjasted by a second valve 2074, in order to control attachment and 

detachment of the second substrate holder 15. 

[0092] The first stage 2051 can move die first substrate 2016 relative to the second 

substrate 2017, in a Z-axis direction tliat is the layering direction and X-<ixis and Y-axis 

directions tliat are each orthogonal to the Z-axis. Ihc aligimient apparatus 2011 aligns the 

first substrate 2016 and the second .substrate 2017, by using a lirst microscope arranged on 

the alignment apparahis 2011 in a manner to be able to ob.servG the first substrate 2016 and 

a second microscope arranged on the alignment apparatus 2011 in a manner to be able to 

ob.serve the .sectmd substrate 2017. 

[0093] More specifically, each microscope is used to capture images of the alignment 

marks on each substrate serving as an observation target, and precise positions of tlie 

alignment marks are detected by performing image processing on the captured image data. 

The positional skew amount between corresponding alignment marks is tlien calculated 

and the first stage 2051 is moved according to this positional .skew amount, thereby 

aligning ihe (irst substrate 2016 and the second substrate 2017. In this way, each circuit 



region 2021 of die first substrate 2016 faces a corresponding circuit region 2021 of the 

second substî ate 2017. The positional skew amount calculation may be perfoirned using a 

global alignment technique, for example, in which the positional skew amount is 

statistically determined to have a minimum value when the plurality of alignment marks of 

the lirst substrate 2016 overlap the plurality of alignment marks of the second substrate 

2017. 

[0094] When aligning the first substrate 2016 with the second .substrate 2017, i.e. 

when moving the first stage 2051 in the XY-plune, a small gap is maintained between the 

first substrate 2016 and the second substrate 2017 such thaX the substrates do not contact 

each other. The second stage 2052 includes a plurality ofengagcmcnt control units 2053, 

such tliat the attr<iclion units 2030 do not engage with the magnet units 2031 when in this 

Slate. 

[0095] Each engagement control unit 2053 is mainly formed Irom a push pin 2054, 

which is a member shaped as a pillar, and a cylinder portion 2055 that drives the push pin 

2054. When at an extended position, tiie push pin 2054 passes through a holder in.sertion 

hole 2024 tlial is provided in the .second substrate holder 2015 and a magnet insertion hole 

2032 provided in the magnet unit 2031 arranged to be aligned with the holder in.sertion 

hole 2024, such that the lip of the push pin 2054 prbtrudes beyond the magnet insertion 

hole 2032. When at a storage position, a portion ol' the pu-sh pin 2054 is stored within the 

cylinder portion 2055, and is withdrawn from the in.scrtion holes. In other word.s, the push 

pin 2054 moves back and forth in the Z-axis direction within the insertion holes, according 

to the drive of the cylinder portion 2055. 

10096] Wlien tlie first substrate 2016 and the second substrate 2017 arc to be moved 

relative to each other in the XY-planc, such as shown in Fig. 22, tlie push pins 2054 are 

held at the extended position in contact with the top surfaces of the attraction units 2030, 

thereby preventing the aitraction units 2030 from engaging with the magnet units 2031. In 

other words, the attraction units 2030 are Ibrmed by attracting elements 2033 and flat 

springs 2034 fixed to the attracting elements 2033, but the push pin.s 2054 press on the 

attracting elemenLs 2033 from above to restrict the elastic deformation of the flat springs 

2034, such that the attracting elements 2033 do not engage with the magnet units 2031 a.«? 

a result of the elastic deformation of the flat springs 2034. 

10097] The alignment of the first sub.stratc 2016 and the second substrate 2017 by the 

alignment apparatus 2011 is performed at a final line adjustment stage in which the 

movement amount is such that the tips of the push pins 2054 slide along the top surfaces 

of the attraction units 2030. At other stages, such as an observation stage in which the 



alignment marks are observed by the microscopes, the first substrate 2016 and the second 

subsn-ate 2017 arc separated from each other by a large amount in the X-, Y-, and Z-axis 

directions, and therefore the attraction units 2030 do not unexpectedly engage with the 

magnet units 2031. Accordingly, the push pins 2054 are held at the extended position 

when the magnetic force of the magnet units 2031 is exerted on the attraction units 2030 

and engaging therebetween is lo be prevented, and are held at the stored potsition at all 

other times. 

[0098] A portion of the tubes branching from the Iirsl suction piping 2071 and 

connected to the fixjnt surface of the first stage 2051 arc connected as first communicating 

tubes 2111 to the first through-hole 2101 of the first substrate holder 2014 fixed to the first 

stage 2051. A portion of the tubes branching from the second .suction piping 2072 and 

connected to tiie front surface of the second stage 2052 are connected as second 

communicating tubes 2II2 to the second through-hole 2102 of the second substrate holder 

2015 fixed to the second stage 2052. Another portion of the tubes branching fi-om the first 

suction piping 2071 and c(»nnected lo the front surface of the lirst .stage 2051 are 

connected as third communicating tubes 2113 to an empty space on the b<ick surface side 

of the flat spring 2034 of the first substrate holder 2014 fixed to the first stage 2051. 

[0099] I'ig. 23 is a cross-scetional view schematically showing a state immediately 

aller formation of the substrate holder pair 2018 by the alignment apparatus 2011. 

Specifically, Fig. 23 shows a .state in which the first stage 2051 lias been driven in tlie Z-

iixis direction from tlie state shown in Fig. 22, such that the surface of the first substrate 

2016 contacts the .surface of the second substrate 2017. the pash pin.s 2054 arc held at the 

storage position, and the attraction units 2030 and magnet units 2031 are engaged. 

[0100] During the process of transitioning from the state of Fig. 22 lo the state of Fig. 

23, the first sukstrate 2016 and the second substrate 2017 are aligned, and the magnet units 

2031, wliich are engaging members, arc engaged with the attraction units 2030, wiiich are 

engagement receiving members. Tlie first substrate holder 2014 and the second substrate 

holder 2015 arc then formed integrally, thereby forming the substrate holder pair 2018 a.s 

the substrate holder system. 

[OlOl] The Z-axis direction is the direction of gravitadonal force in the alignment 

apparatas 2011, and the first stage 2051 is positioned below the .second stage 2052. 

Iherefore, each surface is arranged from top to bottom, in the direction of the gravitational 

force, in the order of the second substrate 2017 holding surface of the second substrate 

holder 2015, the bonding surfaces of the second substrate 2017 and tlie first substrate 

2016, and the first substrate 2016 holding surface oflhe first substrate holder 2014. 



[0102] During the process of iransilioning (Vom the sUile of Fig. 22 to the slate of Fig. 

23, the movement of the push pins 2054 to the storage position causes elastic deformation 

of the flat springs 2034, and so the allrdction unibj 2030 engage with Uie magnet units 

203 L At this time, the engagement of the attracting elements 2033 of the attraction units 

2030 with the magnet units 2031 is accompanied by a small impact. Therefore, at this 

lime, the contact surfaces of the attracting dements 2033 and the magnet units 2031 in the 

gravitational force direction are set to he lower than the contact surfaces of the second 

substrate 2017 and the first substrate 2016. The contact surfeces of the attracting elements 

2033 and the magnet unite 2031 are preferably set to be lower than the first substrate 2016 

holding surface of the first substrate holder 2014. 

{'01031 ^y setting such apositional relationship, even il'dust is created and scattered by 

the impact of tlie engagement between the attraction units 2030 and the magnet units 

2031, the dasi can be expected to be pulled down by gravity and to not enter between the 

first substrate 2016 and the second substrate 2017. Even if some dust moves from the 

space between the first substrate holder 2014 and the second substrate holder 2015 toward 

the first substrate 2016 and the second substrate 2017, this dust can be expected to be 

withdrawn from the first tlirough-holcs 2101 and the second through-holes 2102. 

|0104| Specifically, ihe first through-holes 2101 connected to the firet coinmunicating 

lubes 2111 and tlie second through-holes 2102 connected to the second communicating 

tubes 2112 exerl suction due lo the operation of the suction apparatus 2075, and suck in 

the atmosphere near the openings thcrcof When some of the dust gcncmtcd by the impact 

of the bonding between the attraction unit 2030 and the magnet unit 2031 passes near the 

opening of the first through-holes 2101 and the second through-holes 2102, the this dust is 

sucked into the openings along with the nearby atmosphere and witlidrawn into tlie first 

suction piping 2071 or the second suction piping 2072. In otlier words, the generated dust 

can be expected to be withdrawn before entering between the first substrate 2016 and the 

second substrate 2017. Dust entering between the substrates causes problems in the circuit 

operation and insulTicient bonding strength, but these problems can be ameliorated by 

adopting the configuration described above. 

[0IO5J Furthermore, ihe third communicating tubes 2113 aie connected to an empty 

space on the back surface side of the flat spring 2034, and therefore the dust generated by 

the impact of the bonding between the atti-action unit 2030 and the magnet unit 2031 can 

also be expected to be witlidrawn by the third communicating tubes 2113, In other words, 

the third ct^mmunicating tubes 2113 also exert suction due lo the operation of the suction 

apparatus 2075 to suck in atmosphere from the empty space on the back surface side of the 



flat spring 2034, and therefore Ihe generated dust is withdrawn to the firsjt suction piping 

2071 along vvith the suctioned atmosphere. 

f0lO6| ITic suction force of the first suction piping 2071 and the second suction piping 

2072 may be strengthened during a prescribed period beginning vibsn the atlrdction unit 

2030 and the magnet unit 2031 are engaged, by adjusting the first valve 2073 and the 

second valve 2074. By strengthening the suction force in this way, the dust can be 

withdrawn more reliably. 

[0107] After the substrate holder pair 2018 is fontied, the substrate holder pair 2018 is 

released from the vacuum suction of the second stage 2052, lifted up by the first stage 

2051, and transported to the bonding apparatus 2012 by the transport apparatus 2013. The 

transportation mechanism of the transport iq>paratus 2013 and the bonding process of the 

bonding apparatus 2012 are described flirthcr below. 

[0108] Tine following describes a configuration of the magnet unit 2031. !• ig. 24 is a 

perspective view .schematically .showing the magnet unit 2031. The magnet unit 2031 

includes a magnet 2036 and a support section 203 5 housing the magnet 2036. 

[0109] The support section 2035 includes a housing portion shaped as a circular 

cylinder that houses the magnet 2036, and a threaded hole 2037 through which passes a 

screw for fixing the support section 2035 to second substrate holder 2015. fhc support 

section 2035 is formed by carbon steel S25C, for example. The support section 2035 has a 

counierf'ace surface 2040 facing the attracting element 2033. 'ITic magnet 2036 is a 

pennancnt magnet shaped as a circular pillar that can be inscned into the housing portion 

of the support section 2035, and may have a magnetic force of approximately 8 N, for 

example. The central axis of the magnet 2036 i.̂  provided with an insertion hole 2038 into 

which is in.scrtcd a push pin 2054, and an insertion hole 2039 in series with the insertion 

hole 2038 and into which the support section 2035 is inserted. Tlw magnet insertion hole 

2032 is formed by these two insertion holes. 

[0110] Tlie following describes a configuration of an attraction unit 2030. l-ig. 25 is a 

planar view schematically showing a flat spring 2034 of an attraction unit 2030. The flat 

spring 2034 is an clastic member having elasticity in a direction orthogonal to the holding 

surface of the second substrate holder 2015 that holds the second substrate 2017, and may 

be formed of a high-strength precipitation-hardening stainless steel, such as SlIS 631. Tlie 

flat spring 2034 is formed by a central circular portion 43 and attaching sections 2044 

protruding therefrom as cars. The circular portion 43 has a diameter of 22 mm and a 

thickness of 0.1 mm, 

[0111] A pair of slits 2046 that extend in the same direction as each other are arranged 



in tlie circular portion 43 with an interval therebetween in a direction orthogonal to the 

extension direction. Each slit 2046 is the same distance from the center of the circular 

portion 43. The two $hls 2046 Ibrm a band-.shapcd portion 2048 in the central region of 

the circular portion 43. A through-hole 2047 that fixes the allraciing element 2033 is 

formed in the band-shiqjed portion 2048 at Ihe center of the circular portion 43. Similarly, 

each attacliing section 2044 includes a threaded hole 2045 through which passes a screw 

for fixing the flat spring 2034 to the second substrate holder 2015. ITie flat spring 2034 is 

arranged in a peripheral region of the holder body 2023, such thai the two threaded holes 

2045 are oriented along a circumferenlial direction of the second substrate holder 2015 

and the extension direction of each slit 2046 is oriented along the radial direction of the 

second substrate holder 2015. 

|01I2| Fig. 26 i.s a perspective view schematically sliowing a stale in which the llal 

spring 2034 is clastically defonned. Specifically, Fig. 10 .shows a state in which the 

attracting clement 2033 fixed to the flat spring 2034 is engaged with the magnet unit 2031 

via attraction. It should be noted that the attracting element 2033 is not shown in Fig. 26. 

[0113J In the Hat spring 2034, as a result of the attracting element 2033 being attracted 

to the magnet unit 2031, the band-shaped portion 2048 rises upward such that that the 

through-hole 2047 becomes a peak, and tlie therefore two portions of tlie periphery of the 

circular portion 43 connected to the band-shaped portion 2048 are deformed to dmw 

closer to each other. At this time, the shapes of the openings in the slits 2046 are 

deformed to allow for the above deformation. 

[0114] Fig. 27 is a perspective view including the attracting clement 2033 when the 

Hal spring 2034 of Fig. 26 is in the defomied state. The attracting element 2033 is fixed to 

tlic flat spring 2034 via the through-hole 2047, by a fastening member such as a .screw. 

The attracting element 2033 is formed of a ferroelectric body. For example, the attracting 

element 2033 may be formed of carbon steel S25C. 

[0115] Fig. 28 is a cross-sectional view showing the coqiling operation between the 

magnet unit 2031 and the attraction unit 2030. In particular, fig. 28 shows a cros.s section 

over the line B-li in Figs. 20 and 21. Tlie first substrate 2016, the second substrate 2017, 

the push pin 2054, etc. are omitted from the drawing. Fig. 28 shows a state before the 

attracting clement 2033 engages with the magnet ujiit 2031. Fig. 29 shows a state after the 

attracting element 2033 has engaged with the magnet unit 2031, using the same cross-

sectional view as Fig. 28. 

[0116] As shown in the drawings, the magnet imit 2031 is fixed to the surface of the 

second substrate holder 2015 by a screw. The counterface surface 2040 facing the 



allraciing element 2033 is positioned below the fii"st substrate 2016 holding surface of the 

first substrate holder 2014, In other words, the first substrate holder 2014 includes a 

recessed portion 2025 having a surface that is lower than the first subslnite 2016 holding 

surface and corresponding lo the region in which the attraction unit 2030 is provided. 

Specifically, the counterface surface 2040, which is the expected contact surface of the 

magnet unit 2031 expected lo contact the allraciing element 2033, is positioned within the 

recessed portion 2025 when the fix)nt surface of tlie first substrate 2016 and the (roni 

surface of the second substrate 2017 are in contact. 

foil7] Hie recessed portion 2025 includes a through-hole 2026 thai allows the 

allraciing element 2033 to move up and down. The back surface of the first substrate 

holder 2014, which is the side opposite the .surface holding the first substrate 2016, 

includes a recessed portion 2027 around the through-hole 2026, and the Hal spring 2034 

and a .screw (ixing the Hal spring 2034 to the first substrate holder 2014 arc arranged to be 

housed witliin the recessed portion. 

[0118J As shown by the change I'rom the .stale of Fig. 28 to the state of fig. 29, the 

band-shaped portion 2048 to which the attracting element 2033 is alllxcd t:la.stically 

detbmis as a result of tlie attracting element 2033 being attracted by the magnet 2036. At 

this time, the attaching sections 2044 arc fixed to the first substrate holder 2014, and 

therefore the flat spring 2034 biases the first substrate holder 2014 and the second 

substrate holder 2015 to draw closer lo each other, by sandwiching tlie second substrate 

2017 with the first substrate 2016. 

[0119] Fig. 30 is a vertical cross-sectional view schematically showing the 

engagement control unit 2053. A plurality of engagement control units 2053 are arranged 

on the second substrate holder 2015, corresponding to the magnet units 2031. The 

cylinder portion 2055 is connected to an air pump 2056 that adjusts die atmospheric 

pressure within the cylinder portion 2055. 'Ilic control section causes the push pin 2054 to 

extend and retract by controlling the air pump 2056. More specifically, the control section 

cau.ses the push pin 2054 U) be at the stored position in which at least a portion of the push 

pin 2054 is within the cylinder portion 2055 or at the extended position in which the tip 

2057 of the push pin 2054 pres.ses the attracting clement 2033. Accordingly, the pressing 

force exerted by the push pin 2054 on the allraciing element 2033 is large enough to resist 

the cla.stic force of the flat .spring 2034. 'Ihc tip 2057 of the push pin 2054 is machined lo 

be spherical, so as to achieve point contact with the attracting element 2033. 

[0120] Fig. 31 is a side view .schematically showing a state in which the u-ansport 

apparatus 2013 grips the substrate holder pair 2018. The transport apparatus 2013 

30 



includes an arm portion 2020 and a gripping scxtion 2019 that is connected lo the ann 

portion 2020. The gripping section 2019 includes a support board 2062 that supports the 

substrate holder pair 2018 from below and a pressor plate 2063 that presses the substmie 

holder pair 2018 from above. The support board 2062 includes a suction hole tliat fixes 

the sub.strate holder pair 2018 thereto using vacuum suction, and tlie substrate bolder pair 

2018 is fixed to the support board 2062 as a result of this suction. 

[01211 'Ilie prcsser plate 2063 is provided on a support column 2064 formed on one 

end of the support board 2062, and can move back and forth in a direction to sandwicli the 

substrate holder pair 2018. The pres.ser plate 2063 cxats a pressing force on the suKsiraie 

holder pair 2018 fixed to the support board 2062, such that the sukstratc holder pair 2018 

can be sandwiched by the presser plate 2063 and the support board 2062. As a result of 

the arm portion 2020 moving while in this state, tlie transport apparatus 2013 transports 

tlie substrate holder pan: 2018 from the alignment apparatus 2011 to the bonding apparatus 

2012. 

[0122] Pig. 32 is a side view schematically showing essential portions of the bonding 

apparatus 2012, The bonding apparatas 2012 includes a lower pressuring stage 2065 

arranged below the first substrate holder 2014 and an upper pre.s.saring stage 2066 

arranged above ihe second substrate holder 2015. The upper pressuring stage 2066 can 

move toward the lower pressuring stage 2065, in order to apply prcs.sure to the substrate 

holder pair 2018 together \vith the lower pressuring stage 2065. The lower pressuring 

stage 2065 and the upper pressuring stage 2066 each house a heater therein, and can 

therefore also apply heat to the substrate holder pair 2018 mounted thereon in addition to 

applying pressure. As a result of the pressure and heat being applied to the .substrate 

holder pair 2018, the electrodes of the first substrate 2016 and the second substrate 2017 in 

contact with each other are (used together. As a result, the corresponding circuit regions 

2021 of the first substrate 2016 and the second substrate 2017 are bonded together. 

[0123] (First Modification of Second Embodiment) 

Fig. 33 is a planar view schematically showing a first substrate holder 2014 

including a dust flow inhibiting mcclianism, as a first modification of the second 

embodiment. The first substrate holder 2014 described in Fig. 20 includes first through-

holes 2101 passing through the holder body 2022 in regions between the region holding 

the first substrate 2016 and the allraciion units 2030. In contrast to this, the present 

modification includes, in addition to the fust through-holes 2101, a plurality of through-

holes that surround the region for holding the first substrate 2016. All of the through-holes 

together form an annular through-hole 2121 on the holder body 2022. 
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[0124] A plurality of through-holes corresponding to the annular through-hole 2121 oC 

the first subslmie holder 2014 are fonned in a ring on the second substrate holder 2015. 

These through-holes arc respectively connected lo corresponding communicating lubes 

when the first stage 2051 or the second stage 2052 is exerting suction, in the same manner 

as the first communicating lubes 2111 connected lo the lirsl ihTvugh-holes 2101 and the 

second communicating tubes 2112 connected to the second througli-holes 2102. Tlic 

through-holes connected to the communicating lubes suck in atmosphere near ihe 

openings thereof, as a result of the operation of the suction apparatus 2075. Tlie substrate 

holder pair 2018 with this conliguraiion can be expected lo withdraw not only the du.si 

generated by the bonding impact bctA\'ccn tlie attraction unit 2030 and tlie magnet unit 

2031, but also the dust that is scattered in the surrounding atmosphere, thereby preventing 

dust from entering between the first substrate 2016 and the second substrate 2017. 

[0I25J In Ihe embodiment described above, suction is achieved through the Ihrough-

holcs by using communicating lubes that branch from the first Suction piping 2071 or the 

second suction piping 2072. However, the at least one of the communicating tubes 

connected to a through-hole of the first subslmte holder 2014 or the second substrate 

holder may be provided as a system that is separate from the first suction piping 2071 and 

the .second suction piping 2072. If control is performed such that one intakes almosphere 

while the other ejects atmosplicrc, an air curtain can be formed around the region for 

holding the substrate, and therefore dust fixjm outside this region can be expected to be 

prevented fi-om entering into this region. 

[0126] (Second Modification of Second Embodiment) 

Fig. 34 is a planar view schemulically showing a lirsi sub.stratc holder 2014 

including a dust flow inhibiting mechanism, as a second modification of the second 

embodiment. The first subslrale holder 2014 described in Fig. 20 includes first through-

holes 2101 passing through the holder body 2022 in regions between the region holding 

the first substrate 2016 and tlie attraction units 2030, In contrasl lo this, the present 

modification includes, instead of the first through-holes 210"1, first du.st blocking walls 

2131 formed by protrusions from the first substrate 2016 holding surface. In the example 

of Fig. 34, three arc-shaped first dust blocking walls 2131 are provided corresponding to 

the sets of attraction imits 2030. 'iTic central angle of these arcs is set to be greater that the 

central angle Ibrmed by a set of attraction units 2030 in the circumferential direction. 

[0127] I'ig. 35 is a planar view schematically showing a second substrate holder 2015 

including a du.sl flow inhibiting mechanism according lo the second modification. The 

second substrate holder 2015 described in iMg, 21 includes second tiirough-holcs 2102 
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passing through ihe holder body 2023 in regions between the region holding the second 

substrate 2017 and the magnet units 2031. In contrast to this, the present modilicalion 

includes, instead of the second through-holes 2102, second dust blocking walls 2132 

formed by protrusions from the second substrate 2017 holding surface. In the example of 

I'ig. 35, three arc-shaped second dust blocking walls 2132 are provided corresponding to 

the .sets of magnet units 2031. The central angle of these arcs is set to be greater that the 

central angle formed by a set of magnet units 2031 in the circumferential direction. 

[0I28J Fig. 36 is a cross-.sectional view schematically showing a state immediately 

after formation of the substrate holder pair 2018 according to the second modification. 

Specifically, Fig. 36 is a cross-sectional view of a state in which the first substrate holder 

2014 holding the first .substrate 2016 is fixed to the firel stage 2051 of the alignment 

apparatus 2011 by vacuum suction and the second substrate holder 2015 holding the 

second substrate 2017 is fixed to the second stage 2052 of the alignment apparatus 2011 

by vacuum suction, In particular, the cross-sectional view is over tlie line C-C in Figs. 34 

md}5. 

[0129] As shown in die drawings, the first dust blocking walls 2131 and the second 

dust blocking walls 2132 are in a nested form when the fust substrate holder 2014 and the 

seccmd substrate holder 2015 arc .stacked. The height of each first du.st blocking wall 2131 

is such tliat, wlien the first substrate holder 2014 and the second substrate holder 2015 are 

slacked, the first dust blocking wall 2131 extends beyond the contact surfaces of the first 

substrate 2016 and the second substrate 20) 7 toward the .second substrate holder 2015 but 

does not contact the holding surface of the second substrate holder 2015 holding the 

second substrate 2017. The height of each second dust blocking wall 2132 is such that, 

when the first substrate holder 2014 and the second .substrate holder 2015 are stacked, the 

second dust blocking wall 2132 extends beyond the contact surfaces of the finst substrate 

2016 and the second substrate 2017 toward the first substrate holder 2014 but does not 

contact the holding surface of the first substrate holder 2014 holding the first substrate 

2016. I'urthcrmorc, the first dust blocking walls 2131 are formed ftirther outward in a 

radial direction than tlie second dust blocking walls 2132, for example, such tliat the dust 

blocking walls do not interfere with each other. The inward or outward relationsliip in the 

radial direction may be reversed, and may be changed for each combination of an 

attraction unit 2030 and a magnet unit 2031. 

10130] With this configuration, even if du<?t is generated and scattered by the bonding 

impact between the attracfion unit 2030 and the magnet unit 2031, tlie dust does not 

directly move towai'd the first substrate 2016 and the second substrate 2017. Specifically, 



the scattered dust can be expected to be prevented from passing beyond the first dust 

blocking walls 2131 and the second dust blocking walls 2132 prior to reaching the first 

substrate 2016 or tlie second substrate 2017, and therefore the dust does not stick to the 

first substrate 2016 or the second suhstrate 2017. 

101311 If the contact surfaces of die attraction unit 2030 and the magnet unit 2031 are 

positioned below the iirel substrate 2016 holding surface of the first substrate holder 2014 

in the dinxtion of gravity, the first dust blocking walls 2131 arc preferably provided 

flirtlier outward than the second dust blocking walls 2132 in the radial direction. As a 

result, a path can be formed that makes it difficult for the dust to move toward the first 

substrate 2016 and the second substrate 2017. 

[0132J The first dust blocking walls 2131 and tlie second dust blocking walls 2132 arc 

not limited to having the arc shape described above. For example, each first dust blocking 

wall 2131 may include a radially .shaped portion in addition to the arc shape, in a manner 

to surround the corresponding attraction unit 2030 group. In order to correspond to this 

shape, the second dust blocking walls 2132 may also each include a radially shaped 

portion in addition to the arc shape, in a manner to suiround the corresponding magnet 

unit 2031 group. As another example, the first dust blocking wall 2131 may have a 

circular shape that surrounds the perimeter of the region lor holding the first substrate 

2016. In order to correspond to this shape, the second dust blocking wall 2132 may also 

have a circular shape that .surrounds the peruneter of the region for holding tlie second 

substrate 2017. With the above shapes as well, dost generated by the bonding impact 

between the attraction unit 2030 and the magnet unit 2031 can be made to travel a 

complex path in order to each the first substrate 2016 and the second .substrate 2017, in the 

same manner as when an arc shaped is used, and therefore the dust-blocking effect can be 

expected. 

[0133] (Third Modification of Second Embodiment) 

Fig, 37 is a perspective view schematically showing a magnet unit 2031 

including a dust flow inhibiting mechanism, as a third modification of the second 

embodiment. The magnet unit according to the present modification further includes a 

.shield 2141 in addition to the magnet unit 2031 described in Fig. 24. The sliield 2141 is 

affixed by coupling with an outer cylindrical surface of the support section 2035, and is 

formed a.s a .skirt that covers tlie counterface surface 2040 in a radial direction. 

f0134] Fig. 38 is a cross-sectional view of a state in which the magnet unit 2031 with 

the shield 2141 attached thereto contacts tlie attraction unit 2030. The contact surfaces of 

the attraction unit 2030 and the magnet unit 2031 are positioned below the first sub.stratc 
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2016 holding surface of the first substrate holder 2014, in the direction of gravity. 

Accordingly, when the first substrate holder 2014 and the second subslmle holder 2015 arc 

stacked, the recessed portion 2025 allows the shield 2141 to move below the first substrate 

2016 holding surface of the lirsi substrate holder 2014. 

[0135J The magnet unit 2031 including the shield 2141 can trap the dust generated by 

the bonding impact of the attraction unit 2030 and the magnet unit 2031, within the shield 

2141. Accordingly, the amount of dust expected to reach the first substrate 2016 and the 

second substrate 2017 is extremely small. 

[0136] The shield 2141 may be freely attachable to the magnet unit 2031. h this case, 

maintenance can be performed easily by exchanging a shield 2141 that has become dirty 

due to the dust therein. As another example, the shield 2141 may be formed integrally 

with the siqiport section 2035. In this case, the number of components is decreased, 

allowing for easier assembly, 

[0I37J In the manner described above, an electrode is embedded in the holder body 

2023 of tlic second substrate holder 2015 to generate a potential difference between the 

second substrate holder 2015 and the second substrate 2017, thereby adhering the second 

substrate 2017 to die second substrate holder 2015. A charging section connected to the 

electrode may be provided on the shield 2141 to charge the shield 2141. When tlie shield 

2141 is charged, the dust is expected lo be attracted to the sliield 2141, thereby incrcasing 

the dust trapping efficiency. 

[0138] In the above modification, the shield is provided for the magnet unit 2031. 

However, the shield 2141 may instead be attached to the attracting element 2033. With 

this configuration as well, the scattering of tlie dust generated by the bonding impact 

between the attraction unit 2030 and the magnet unit 2031 can be restricted. 

[0139] As described above, in each of the embodiments, the flow of dust toward the 

mounting regions for the first substrate 2016 and the second substrate 2017 am. be 

inhibited when tlic attraction unit 2030 is engaged with the magnet unit 2031 in the 

substrate holder pair 2018. In other words, the flow of dust generated from both the 

attraction unit 2030 and the magnet unit 2031 due lo the impact when these units are 

engaged can be inhibited. Furthermore, when the substrate holder pair 2018 is transported 

after the bonding, the flow dust between the first substrate holder 2014 and the second 

substrate holder 2015 toward the mounting regions of the first substrate 2016 and the 

second substrate 2017 is expected to be inhibited. Accordingly, circuit malfunctions due 

to dust in a device manufactured using the substrate holder pair 2018 arc restricted, and 

therefore the device can be expected to have high quality. Furthennore, a high yield c£in 
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be expected for tlie manufacturing of the device. 

[0140J (Third Fmbodimenl) 

I'ig. 39 schematically shows a substrate bonding apparatus 3010 according to a 

third embodiment. Tlie substrate bonding apparatus 3010 includes an alignment appardius 

3011 that aligns a first suKstratc 3016, which is a semiconductor wafer, with a second 

substrate 3017, which is a semiconductor wafer to be layered on the first substrate 3016. 

The substrate bonding apparatus 3010 also includes a bonding apparaiu.<5 3012 that bonds 

together the llrst substrate 3016 and the .ssecond substrate 3017 aligned by the alignment 

apparatus 30II. The bonding apparatus 3012 performs permanent bonding of the first 

substrate 3016 and the second substrate 3017 by applying pressure or both pressure and 

heat thereto. 

[0141] The first substrate 3016 is held by the first substrate holder 3014, and the 

second substrate 3017 is held by the second substrate holder 3015, In the alignment 

apparatus 3011, when the first substrate 3016 and the second substrate 3017 are allgjied. 

the first substrate holder 3014 and the .second substrate holder 3015 sandwich the fir.st 

suKstrate 3016 and the .second substrate 3017 to form these substrates integrally, thereby 

forming die substrate holder pair 3018. A detailed .structure of tlie substrate holder pair 

3018 is described further below. 

101421 The substrate bonding apparatus 3010 further includes a transport apparatus 

3013 thai transports the substrate holder pair 3018 integrated by the alignment apparatus 

3011 to the bonding apparatus 3012. The transport apparatus 3013 can also transport a 

semiconductor wafer or a single .sub.straie holder between apparatuses. The transport 

apparatus 3013 includes a gripping section 3019 that grips a gripping target such as tlic 

substrate holder pair 3018, and an arm portion 3020 that moves tlie gripping target to a 

pre.scribed p<i.sition via rotating and extending/contracting movement. 

[01431 Fig. 40 is a planar view schematically showing a semiconductor wafer 

according to the present embodiment. The first substrate 3016 and the second substrate 

3017, which arc semiconductor wafers, are each formed of a circular thin board member 

made of single-crystal silicon, and each have one surface on wliich a plurality of circuit 

regions 3021 are fonned. The circuit regions 3021 are partitioned into a matrix, and 

circuit elements such as transistors, resistors, and capacitors arc fomied therein. The 

circuit elements are formed using mainly litliogi-aphy techniques such as thin film 

formation, etching, or impurity diffusion. Alignment marks arc provided within each of 

the circuit regions 3021. The alignment marks are indicators u.sed to align the substrates 

with each other. The plurality of alignment marks provided on each of the first substrate 
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3016 and the second substrate 3017 have tlieir set coordinate values stored independently 

and managed in a memory. The semiconductor wafers to be layered may be 

semiconductor wafers that have already been layered with other semiconductor wafers. In 

this case, the previously layered circuit layers preferably undergo a thinning process to 

remove unnecessary thickness, 

[01441 Fig. 41 is a planar view schematically showing the lirsl substrate holder 3014 

holding the first subslmle 3016, The llrst substrate holder 3014 includes a holder body 

3022 and an attraction unit 3030, which serves as an engaging section, and is shaped as a 

circular board with a diameter larger than that of the first substrate 3016. The holder body 

3022 is fonncd integrally using a material with high rigidity such as ceramic or metal. 

fO 1451 The holder body 3022 has a mounting region for holding and mounting the first 

substrate 3016 on the surface thereof This mounting region is polished to be extremely 

Hat. In I'ig. 41, almost all of the region surrounded by the outer circumference of the firet 

substrate 3016 corresponds to the mounting region. The holding of the first substrate 3016 

is achieved by adhesion that uses electrostatic force. A detailed configuration is described 

further below. The adhesion surface of the first substrate 3016 is the surface opposite the 

surface on which the circuit regions 3021 are provided. 

[0146] Each attraction unit 3030 includes a plurality of peripheral regions, which are 

arranged further outward than the first substrate 3016 mounting region of the on the 

surface that holds the first substrate 3016. In the example shown in the drawings, sets that 

each include two attraction units 3030 are arranged at intervals of 120 degrees to obtain a 

lota) ol' six attraction units 3030, A more detailed configuration is described fijrthcr 

below. 

[fl 147J The first substrate holder 3014 includes a fu:st dust trapping region 3101, which 

traps dust, between the first substrate 3016 mounting region and each attraction unit 3030. 

In tlie drawings, a first dust trapping region 31 Oi is provided between each .set of attraction 

units 3030 and the first substrate 3016 mounting region, but the number of first dust 

trapping regions 3101 may instead correspond to the number of attraction units 3030. The 

first dust trapping regions 3101 are regions tliat use electrostatic force to trap dust that is 

scattered from the attraction units 3030, in particular. A detailed conlrguration is 

described further below. 

f0148] Fig. 42 is a planar view schematically showing the second subiJtrate holder 

3015 holding the .sec<̂ nd .sub.stratc 3017. 'fhe second substrate holder 3015 includes a 

holder body 3023 and a magnet unit 3031. which serves as an engaging section, and is 

shaped as a circular board with a diameter larger tlian that of the .second substrate 3017. 



Jhc holder body 3023 is formed integrally using a material with liigli rigidity such as 

ceramic or metal. 

[0149] Tlie holder body 3023 has a mounting region for holding and mounting the 

second substrate 3017 on the surface thereof TMs mounting region is polished to be 

extremely flat. In Fig. 42, ahnost all of the region surrounded by the outer circumference 

of the second subslmle 3017 corresponds to the mounting region. The holding of the 

second substrate 3017 is achieved by adhesion that uses electrostatic force. A detailed 

conf igunition is described lurther below. The adhesion surface of the second substrate 

3017 is the surface opposite the surfecc on vvhlch the circuit regioas 3021 arc provided. 

[0150] Each magnet unit 3031 includes a plurality of peripheral regions, which are 

arranged further outward than the second substrate 3017 mounting region on the surface 

that holds the second substrate 3017, In the example .shown in the drawings, sets that each 

include two magnet units 3031 arc arranged at intervals of 120 degrees to obtain a loial of 

six magnet units 3031. 

[0151] Bach magnet unit 3031 is airangcd to correspond to an attraction unit 3030 of 

the first substrate holder 3014. When the first substrate holder 3014 holding the first 

substrate 3016 and the second .substrate holder 3015 holding the second substiate 3017 

face each other and the attraction unit 3030 and magnet unit 3031 arc made to operate, the 

lirsi substrate 3016 and the second .substrate 3017 can be sandwiched and fixed in a 

stacked state. This sandwiched and fixed state is the substrate holder pair 3018. Detailed 

descriptions of the configuration and adhesion operation arc described further below, 

[0152J The .second substrate holder 3015 includes a second dust trapping region 3102, 

which traps dust, between the second substrate 3017 mounting region and each magnet 

unit 3031. In the drawings, a second dast trapping region 3102 is provided between each 

set of magnet units 3031 and the second substrate 3017 mounting region, but the number 

of second dust trapping regions 3102 may instead correspond to the number of magnet 

units 3031. The second dust trapping regions 3102 arc regions that use electrostatic force 

to trap dust that is .scattered from the magnet units 3031, in particular. A detailed 

configuration is described further below. 

[0153] Fig. 43 is a cross-.scctional view schematically showing a state immediately 

before the substrate holder pair 3018 is formed by the alignment apparatus 3011. 

Specifically, Fig. 43 is a cross-sectional view of a state in which the first substrate holder 

3014 holding the first suKstrate 3016 is fixed to the first stage 3051 of the alignment 

apparatus 3011 by vacuum sucfion and the second substrate holder 3015 holding the 

second substrate 3017 is fixed to the second stage 3052 of the alignment apparatus 3011 
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by vacuum suction. In particular, the cross-sectional view is over the line A-A in I'igs. 41 

and 42. 

(01541 The first substrate holder 3014 is fixed to tlie front surface of the first stage 

3051 by a vacuum suction force exerted by a suction apparatus 3075 via a lirst suction 

piping 3071 passing throuj^ the first stage 3051 to reach the front surface thereof The 

first suction piping 3071 includes a plurality of branches reaching tiie front surface of the 

first stage 3051, and exerts uniform suction over a wide region on the hack surface of the 

first substrate holder 3014. The suction force of the suction q)paratus 3075 is adjusted by 

a first valve 3073, in order to control attachment and detachment ol' the first substrate 

holder 14. 

[0155J Similarly, the second substrate holder 3015 is fixed to the front surface of the 

second stage 3052 by a vacuum suction force exerted by a suction apparatus 3075 via a 

second suction piping 3072 passing tlirough the second stage 3052 to reach the front 

surface thereof The second suction piping 3072 includes a plurality of branches reaching 

the front surface of the second .stage 3052, and exerts uniform suction over a wide region 

on the back surface of the second substi-ate holder 3015. The suction force of the suction 

apparatus 3075 is adjusted by a second valve 3074, in order to control attaciiment and 

detachment oi'the second substrate holder 15. 

I'D 156] The first stage 3051 can move the first substrate 3016 relative to the .second 

substrate 3017, in a Z-axis direction that is the layering direction and X-axis and Y-axis 

directions that are each orthogonal to the Z-axis. The alignment apparatus 3011 aligns the 

first substrate 3016 and the second substrate 3017, by using a first microscope arranged on 

the alignment apparatus 3011 in a manner to be able to observe the lirst substrate 3016 and 

a second microscope arranged on the alignment apparatus 3011 in a manner to be able to 

observe the second substrate 3017. 

[0157] More specifically, each microscope is used to capture images of the alignment 

maiks on each substrate .serving as an observation target, and precise pt)Sitions of the 

alignment marks are detected by peribrming image processing on the captured image data. 

'W\Q. positional skew amount between corresponding alignment marks is then calculated 

and the first sUige 3051 is moved according to this positional skew amount, thereby 

aligning the first substrate 3016 and the second substrate 3017. In tliis way, each circuit 

region 3021 of the first substrate 3016 faces a corresponding circuit region 3021 of the 

second substrate 3017, Tlie positional skew amount calculation may be perfonned using a 

global alignment technique, for example, in which the positional skew amount is 

statistically determined to have a minimum value when the plurality of alignment marks of 
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the first substrate 3016 overlap the plurality of alignment marks of the second substrate 

3017. 

[0I58J When aligning the first substrate 3016 with tlie second .substrate 3017, i.e. 

wlicn moving the first stage 3051 in the XY-plane, a small gap is maintained between the 

first subslmie 3016 and the seamd substrate 3017 such that the substrates do not contact 

each other. I'hc second stage 3052 includes a plurality ofengagcment control units 3053, 

such that the attraction units 3030 do not engage with the magnet uniLs 3031 when in tliis 

state. 

[0I59J Fa£h engagement control unit 3053 is mainly fonned from a push pin 3054, 

which is a member shaped as a pillar, and a cylinder portion 3055 that drives the push pin 

3054. When at an extended position, the push pin 3054 passes through a holder insertion 

hole 3024 that is provided in the second substrate holder 3015 and a magnet insertion hole 

3032 provided in the magnet unit 3031 arranged to be aligned with the holder insertion 

hole 3024, such that the tip of the push pin 3054 protrudes beyond the magnet insertion 

hole 3032. When at a storage position, a portion of the push pin 3054 is stored within the 

cylinder poition 3055, and is withdrawn from the insertion holes. In other words, the pusli 

pin 3054 moves back and forth in the Z-axis direction within the insertion holes, according 

to the drive of the cylinder portion 3055, 

|"0160] When the first substrate 3016 and the second substrate 3017 ai-e to be moved 

relative to each other in the XY-plane, such as shown in I'ig. 43, die push pins 3054 arc 

held at the extended position in contact with the top surfaces of the attraction units 3030, 

thereby preventing the attraction units 3030 from engaging with tlie magnet units 3031. In 

other words, the atti-aclion units 3030 are fonned by attracting elements 3033 and flat 

springs 3034 (ixed to the attracting elements 3033, but the push puis 3054 pres.s on the 

attracting elements 3033 from above to restrict the clastic defonnalion of the flat springs 

3034, such that the attracting elements 3033 do not engage with the magnet units 3031 as 

a result oflhe elastic deformation of the flat springs 3034. 

[0161] The alignment of the first substrate 3016 and tlie second substrate 3017 by the 

alignment apparatus 3011 is performed at a final fine adjustment stage in which the 

movement amount is such that the tips of the push pins 3054 slide along the top surfaces 

of the attraction units 3030. At other stages, such as an observation stage in wliich the 

alignment marks are observed by tlie microscopes, the first substrate 3016 and the second 

substrate 3017 are separaUid from each other by a large amount in the X-, Y-, and 2-axis 

directions, and therefore the attraction units 3030 do not unexpectedly engage with the 

magnet units 3031. Accordingly, the push pins 3054 are held at the extended position 
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when ihe magnetic force of the magnet units 3031 is exerted on tlie attraction units 3030 

and engaging therebetween is to be prevented, and are held at the stored position at all 

other times. 

10162J A lirsl substrate electrode 3116 is embedded in the holder body 3022 of the 

first substrate holder 3014, to correspond to the first substrate 3016 mounting region. The 

first substrate electrode 3116 is connected to a fu-st voltage application terminal 3121 by a 

first substrate wiring 3126. llic flr<!t voltage .supply terminal 3131 is embedded in the first 

stage 3051 at a position conresponding to the first voltage application terminal 3121, and 

when the first substrate holder 3014 Is fixed to the first stage 3051, the first voltage 

application terminal 3121 is connected to the first voltage supply terminal 3131. The (irsl 

voltage supply terminal 3131 is supplied with voltage from an externa! power supply, via 

a conductive line embedded through the first stage 3051. Tlie voltage supply from the 

external power supply to the first voltage supply terminal 3131 is controlled by a control 

section of the aligmnent apparatus 3011. With this configuration, a potential dilTerence is 

generated between the first substrate 3016 and the first substrate holder 3014, and 

therefore the first substrate 3016 is adhered to the mounting region of the first substrate 

holder 3014 by electrostatic force, and the bias toward tlie first substrate holder 3014 is 

maintained. 

[0163] A second substrate electrode 3117 is embedded in the holder body 3023 of the 

.second substrate holder 3015, to a>n-espond to the sectind substrate 3017 mounting region. 

The second substrate electrode 3117 is connected to a second voltage application terminal 

3122 by a second substrate wiring 3127. Tlie second voltage supply terminal 3132 is 

embedded in the second stage 3052 at a position corresponding to the second voltage 

application terminal 3122, and when the second substrate holder 3015 is fixed lo the 

second stage 3052, the second voltage application terminal 3122 is connected to the 

second voltage supply terminal 3132. The second voltage supply temiinal 3132 is 

supplied with voltJige from an external power supply, via a Gonductive line embedded 

through the second .stage 3052. The voltage .supply from the external power supply to the 

second voltage supply terminal 3132 is controlled by a control .section of the alignment 

apparatus 3011. With this configuration, a potential difference is generated between the 

second substrate 3017 and the second substrate holder 3015, and therefore the seaind 

substrate 3017 is adhered to the mounting region of the second substrate holder 3015 by 

electrostatic force, and the bias towai-d the second substrate holder 3015 is maintained. 

[0164] A first dust trapping electrode 3111 is also embedded in the holder body 3022 

of the first substrate holder 3014, corresponding to the first dust trapping region 3101, 
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The lirsl dust trapping electrode 3111 is connected to the first voltage application terminal 

3121 by a first dust wiring 3113. Accordingly, when the first substrate holder 3014 is 

fixed to the first stage 3051, the first dust trapping electrode 3111 is also supplied -with 

voltage. With this conligurdlion, when voltage is supplied to the first ditst trapping 

electrode 3111, the first dust trapping region 3101 becomes charged. The floating dast 

often has a negative charge, and therefore when the first dust trapping region 3101 is 

supplied with voltage from the first das* trapping electrode 3111 to have a positive charge, 

this dust is drawn in and adhered to the first dust trapping region 3101. 

[0165] In the manner described above, the voltage supply to the first .substrate 

electnxle 3116 and the voltage supply to the first dust trapping electrode 3111 are supplied 

via a common first voltage application terminal 3121. However, the line resi.siances of the 

first substmle wiring 3126 and the first dust wiring 3113 may be set to be different from 

each other, in order lo create a dilTerence between the electrostatic ullmciive force per unit 

area in the first substrate 3016 mounting region and the clcetrcstatic attractive force per 

unit area in the lirsl dust trapping region 3101. Specifically, in order to exert a stronger 

attractive force on the floating du.st, the electrostatic attractive force per unit area in the 

first dust trapping region 3101 may be set to be greater than the electrostatic attractive 

force per unit area in die first substrate 3016 mounting region. 

[0I66J The external contours of the first dust trapping electrode 3111 and the first 

.substrate electrode 3116 and the posifion of the embedding in the holder body 3022 are 

detemiined such that the forms of the first dust trapping electrode 3111 and the fir.st 

substrate electrode 3116, as projected in a direction in which the first substrate 3016 is 

mounted, do not overlap each other. As a result, the first substrate 3016 mounting region 

and the first dust trapping region 3101 can be distanced firom each other, thereby avoiding 

movement of the trapped dust toward the first subsU~ate 3016. 

f0167] A second dust trapping electrode 3112 is also embedded in the holder body 

3023 of the second substrate holder 3015, corresponding lo the second du-st trapping 

region 3102. 'Ilie .second dust trapping electrode 3112 is connected to the second voltage 

application terminal 3122 by a .second dust wiring 3114. Accordingly, when the second 

substrate holder 3015 i.s fixed lo the second stage 3052, the sea)nd dust trapping electrode 

3112 is also supplied with voltage. With this configuration, when voltage is supplied to 

the second dust trapping electnxle 3112, the .second dust trapping region 3102 becomes 

charged. In the same mamier as the first dust trapping region 3101, if the second dust 

trapping region 3102 is supplied with voltage from the second dust trapping electrode 

3112 to liave a positive charge, dust can be drawn in and adhered to Ihe second dust 

HI- • 



trapping region 3102. 

[0168] In tlie same manner as the first substrate holder 3014, the electrostatic attractive 

force per unit area in the second dust trapping rej^on 3102 is preferably set to be greater 

tlian the electrostatic attractive force per unit area in the second substrate 3017 mounting 

region. Furthermore, the external contours of the second dusl trapping electrode 3112 and 

the second substrate electrode 3117 and the position of the embedding in the holder body 

3023 are delennined such that the Forms of the second dusl trapping electrode 3112 and 

the second substrate electrode 3117, as projected in a direction in which the second 

substrate 3017 is mounted, do not overlap each other. 

101691 Fig. 44 is a eross-secttonal view schematically showing a state immediately 

after fonnation of the substrate holder pair 3018 by the alignment apparatus 3011. 

Specilically, Fig. 44 shows a state in which llie (irsl slage 3051 has been driven in the Z-

axis direction from the state shown in Fig. 43, such that the surface of the first substrate 

3016 conlacls the surface of the second substrate 3017, the push pins 3054 arc held at the 

storage position, and the attraction units 3030 and magnet units 3031 are engaged. 

[0170] During the process of transitioning from the state of Fig. 43 lo the slate of Fig. 

44, the first substrate 3016 and the second substrate 3017 are aligned, and the magnet units 

3031. which are engaging members, are engaged with the attraction units 3030, which are 

engagement receiving members. The first substrate holder 3014 and the second substrate 

holder 3015 are then fornied mtegrally, thereby forming the substrate holder pair 3018 as 

the substrate holder system. 

[0171] When the flat springs 3034 deform and the attraction units 3030 engage with 

tlie magnet units 3031, the engagement of tiie attracting elements 3033 of the attraction 

units 3030 with the magnet units 3031 is accompanied by a small impact At this tune, 

dust can be generated and scattered by the impact of the engagement of the attraction units 

3030 and the magnet units 3031. When this dust becomes stuck between the first substrate 

3016 and the second substrate 3017 and in nearby regions, the non-uniform heating and 

pressurization and a decrease in bonding strength can occur in the bonding process 

performed later by the bonding apparatus 3012. Furthermore, the completed 

.semiconductor device can experience defects in circuit operation due to the dust therein. 

[0172] In order to .solve such problems, in the present embodiment, for at least some 

time from wlicn the attraction units 3030 contact the magnet units 3031, the control 

section supplies voltage lo the first dust trapping electrode 3111 and the second dust 

trapping electrode 3112 to trap scattered dust in the first dusl trapping region 3101 and the 

second dust trapping region 3102. By adopting this configuration, the generated dust is 



expecled lo be vvitlidrawn prior to entering between the first substrate 3016 and the second 

substrate 3017. 

[0173] After the substrate holder pair 3018 is formed, the substrate holder pair 3018 is 

released from the vacuum suction of the second stage 3052, lifted up by the first stage 

3051, and transported to the bonding apparatus 3012 by the transport apparatus 3013. The 

transp<.)riution mechanism of the transport apparatus 3013 and the bonding process of the 

bonding apparatus 3012 arc described further below, 

[01741 The following describes a conliguration of the magnet unit 3031. Fig. 45 is a 

perspective view schematically showing the magnet unit 3031. The magnet unit 3031 

includes a magnet 3036 and a support section 3035 housing the magnet 3036. 

|0175| llic support section 3035 includes a housing portion shaped as a circular 

cylinder that houses the magnet 3036, and a threaded hole 3037 through which passes a 

screw for fixing the support section 3035 to the second substrate holder 3015. The support 

section 3035 is formed by carbon steel S25C, for example. The support section 3035 has a 

counlerface surface 3040 that faces the attracting element 3033. The magnet 3036 is a 

permanent magnet shaped as a circular pillar that can be inserted into the housing portion 

of the support section 3035, and may have a magnetic force of approximately 8 N, for 

example. The central axis of the magnet 3036 is provided with an insertion hole 3038 into 

wliich is inserted a push pin 3054, and an insertion hole 3039 in scries with tlic insertion 

hole 3038 and into which the support section 3035 is inserted. The magnet insertion hole 

3032 is formed by these two insertion holes, 

[0176] The following describes a configuration of an attraction unit 3030. Fig. 46 is a 

planar view schematically showing a flat spring 3034 of the attraction unit 3030, The flat 

spring 3034 is an elastic member having ela.sticity in a direction orthogonal to the holding 

surface of the second .sub.stratc holder 3015 that holds tlie second substrate 3017, and may 

be formed of a Iiigh-strengtli precipitation-hardening stainless steel, such as SUS 631, Tlie 

Hal spring 3034 is formed by a central circular portion 43 and attaching sections 3044 

protruding therefrom as ears, Ilie circular portion 43 has a diameter of 22 mm and a 

thickness of 0,1 mm, 

[0177J A pair of slits 3046 that extend in the same direction as each other are arranged 

in the circular portion 43 with an interval therebetween in a direction ortliogonal to the 

extension direction. Each slit 3046 is the same distance from the center of the circular 

portion 43, The two slits 3046 form a band-shaped portion 3048 in the central region of 

the circular portion 43. A through-hole 3047 that fixes the attracting element 3033 is 

formed in the band-shaped portion 3048 at the center of the circular portion 43, Similarly, 



each attaching section 3044 includes a threaded hole 3045 through which passes a screw 

i'or Hxing the flat spring 3034 to the second substrate holder 3015. The flat spring 3034 is 

arranged in a peripheral region of the holder body 3023, such thai the two threaded holes 

3045 are oriented along a circumferential direction of the second substrate holder 3015 

and the extension direction of each slit 3046 is oriented along the radial direction of tlie 

second substrate holder 3015. 

[0178] Fig. 47 is a perspective view schematically showing a state in which the Hat 

spring 3034 is elastically deformed. Specifically, Fig. 47 shows a state in which the 

aitrdciing element 3033 fixed to the flat spring 3034 is engaged with the miignet unit 3031 

via attraction. It should be noted that the attracting element 3033 i.s not shown in Fig. 47. 

[0179] In the flat spring 3034, as a result of the attracting element 3033 being attracted 

to the magnet unit 3031, the band-shaped portion 3048 rises upward such thai that the 

through-hole 3047 becomes a peak, and the therefore two portions of the periphery of the 

circular portion 43 connected to the band-shaped portion 3048 are deformed to draw 

closer to each other. At this time, the shapes of the openings in tlie slits 3046 are 

deformed to allow for the above deformation. 

[0180] Fig. 48 is a perspective view including the attracting clement 3033 when the 

flat sprmg 3034 of Fig. 47 is in the deformed state. The attracting element 3033 is lixed to 

the flat spring 3034 via the through-hole 3047, by a fastening member such as a screw. 

The attracting clement 3033 is formed by a ferromagnetic body. For example, the 

attracting element 3033 may be formed of carbon steel S25C. 

[0181] Fig. 49 is a CTO.ss-sectionaI view showing the coupling operation between the 

magnet unit 3031 and the attraction unit 3030. In particular, Fig. 49 shows a cross section 

over the line B-R in Figs. 41 and 42. The first .substrate 3016, the second substrate 3017, 

the push pin 3054, etc. arc omitted from the drawing. Fig. 49 shows a stale before the 

atlracu'ng element 3033 engages with the magnet unit 3031. Fig. 50 shows a state after the 

attracting clement 3033 has engaged with the magnet unit 3031, using die same cross-

sectional view as Fig. 49. 

10182| As shown in the drawings, the magnet unit 3031 is fixed to the surface of the 

second substrate holder 3015 by a screw. The counterface surface 3040 facing the 

attracting clement 3033 is positioned below the first substrate 3016 holding surface of the 

first substrate holder 3014. In other words, the first substrate holder 3014 includes a 

recessed portion 3025 having a .surface that is lower than the first substrate 3016 holding 

surface and correspondijig to tlie region in which the attraction unit 3030 is provided. 

Specifically, the counterface .surface 3040, which is the expected contact surface of the 
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magnet unit 3031 expected to contact the attracting element 3033, is positioned witiiin the 

recessed portion 3025 when the front surface of the first substrate 3016 and tlie front 

surface of the second substrate 3017 are in contact. 

[0183] The recessed portion 3025 mcludcs a through-hole 3026 thai allows the 

attracting clement 3033 to move up and down. The back surface of the first substrate 

holder 3014, wliich is the side opposite the surface holding the first substrate 3016, 

includes a reces-sed portion 3027 around the through-hole 3026, and the flat spring 30.34 

and a screw fixing the flat spring 3034 to the first substrate holder 3014 are an^nged to be 

housed within the recessed portion. 

[01841 As shown by the change from the state of Fig. 49 to the state of iMg. 50, the 

band-shaped portion 3048 to which tlie attracting element 3033 is uHixed elastically 

deforms as a result of the attracting element 3033 being attracted by the magnet 3036. At 

this time, the attaching sections 3044 are fixed to the first substrate holder 3014, and 

therefore the Hat .spring 3034 biases the first substrate holder 3014 and the second 

subsfate holder 3015 to draw closer to each other, by sandvviching the second substrate 

3017 with the Hnsl substrate 3016. 

[0185] Fig. 51 is a cross-sectional view schematically showing the engagement control 

unit 3053. A plurality of engagement control units 3053 are arranged on the second 

substrate holder 3015, corresponding to tiic magnet imits 3031, The cylinder portion 3055 

is connected to an air pump 3056 that adjusts the atmospheric pressure within the cylinder 

pt̂ rtion 3055. The control section causes the push pin 3054 to extend and retract by 

controlling the air piunp 3056. More specifically, the control section causes the push pin 

3054 to be at tlie stored position in which at least a portion ofthe push pin 3054 is within 

the cylinder portion 3055 or at the extended position in which the tip 3057 ofthe push pin 

3054 presses the attracting element 3033. Accordingly, die pressing force exerted by the 

push pin 3054 on the attmcting element 3033 is large enough to resist the clastic force of 

the flat spring 3034. The tip 3057 ofthe push pin 3054 is machined to have a spherical 

shape, in order to achieve point contact with tlie attracting element 3033. 

[01861 Fig. 52 is a .side view schematically showing a state in which tlie transport 

apparatus 3013 grips the substrate holder pair 3018, The transport apparatus 3013 

includes an arm portion 3020 and a gripping section 3019 that is connected to the arm 

portion 3020. The gripping section 3019 includes a support board 3062 tliat supports the 

substrate holder pair 3018 from below and a presser plate 3063 that presses the substrate 

holder pair 3018 from above. The support board 3062 includes a suction hole that fixes 

the sub.stratc holder pair 3018 thereto using vacuum suction, and the substrate holder pair 



3018 is fixed to the support board 3062 as a result of this suction. 

[0187] The pressor plate 3063 is provided on a support column 3064 fomied on one 

end of the support board 3062, and can move back and Forth in a direction to sandwich the 

substrate holder pair 3018. llic pressor plate 3063 exerts a pressing force on the substrate 

holder pair 3018 fixed to the support board 3062, such that the substrate holder pair 3018 

can be sandwiched by the pressor plate 3063 and the support board 3062. As a result of 

the arm portion 3020 moving while in this slate, the transport apparatus 3013 transports 

the subslnile holder pair 3018 from the alignmoit apparatus 3011 to the bonding apparatus 

3012. llie transport apparatus 3013 can supply voltage to the first voltage application 

terminal 3121 and the second voltage application terminal 3122 during transport as well. 

In this way, tlic fu-st substrate 3016 and the second substrate 3017 ean be adhered the 

substrate holders using electrostatic force, and there is no worry that the subslrixles and 

substrate holders will shift relative to each other during transport. 

|0188| Fig. 53 is a side view schematically showing essential portion.s of the bonding 

apparatus 3012. 'l"he bonding apparatus 3012 includes a lower pressuring stage 3065 

arranged below the (irst substrate holder 3014 aiid an upper pressuring stage 3066 

an'anged above the second substrate holder 3015. The upper pressuring stage 3066 can 

move towai'd tlie lower pressuring stage 3065, in order to apply pressure to the substrate 

holder pair 3018 together with the lower pressuring stage 3065. The lower pressuring 

stage 3065 and the upper pressuring stage 3066 each house a heater tlierein, and can 

therefore also apply heat to the .substrate holder pair 3018 mounted thereon in addition to 

iippiylng pressure. As a result of the pressure and heat being applied to the substiate 

holder pair 3018, the electrodes of the first substrate 3016 and the second substrate 3017 in 

contact with each other arc tused together. As a result, the corresponding euouit regions 

3021 of the first substrate 3016 and tlie second substrate 3017 are bonded together. 

[0189J (First Modification of Third Embodiment) 

I'ig. 54 is a planar view .schematically showing a first .substrate holder 3014 

including a dust trapping region, as a first modification of the third embodiment. The first 

substrate holder 3014 described asing Fig. 41 includes a first dufjl trapping region 3101 

that traps dust between the first substrate 3016 mounting region and each attraction unit 

3030. In conira.si to this, the present modification includes a du.st trapping region 3161 

fomied as a ring that surrounds the first substrate 3016 mounting region and formed by 

connecting the first dust trapping regions 3101. A dast trapping electrode is al.so fonmed 

as a ring and embedded in the holder body 3022 to correspond to the dust trapping region 

3161. 
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[0190] A ring-shaped dust trapping region is also formed in the sceond substrate 

holder 3015, corresponding lo the dust trapping region 3161 of the iirst substrate holder 

3014. The substrate holder pair 3018 with this configuration can be expected to withdraw 

not only the dust generated by the bonding Impact between the attraction unit 3030 and the 

magnet unit 3031, but also the dusl thai is scallered in the summnding atmosphere, 

thereby preventing dust from entering between the first substrate 3016 and the second 

substrate 3017. 

[0191J (Second Modification of Third Embodiment) 

Fig, 55 is a planar view schematically showing a first substrate holder 3014 

including a dust trapping r^ion, as a second modification of the third embodiment. The 

first subslrdle holder 3014 described using Fig, 41 includes an arc-shaped first dust 

trapping region 3101 that traps dust between the first substrate 3016 mounting region and 

eiich attraction unit 3030. In contrast to this, the present modification includes, in addition 

lo these arc-shaped regions, a dust trapping region 3171 formed as a ring that surrounds 

the attraction units 3030. A dust trapping electrode is also formed and embedded in the 

holder body 3022 to surround the attraction unite 3030, and corresponds to the dust 

trapping region 3171. 

f0192] A ring-sliaped dust trapping region surrounding the magnet units 3031 is also 

formed in the second substrate holder 3015, corresponding to the dust trapping region 

3161 of tlie first substrate holder 3014. The subslrdle holder pair 3018 with this 

configuration can more reliably trap the dust generated by the bonding impact between the 

attraction units 3030 and the magnet units 3031. 

[01931 ('ITiird Modification of'lliird Embodiment) 

Fig. 56 is a planar view schematically showing a first substrate holder 3014 

including a dust trapping region, as a third modification of the third embodiment. Tlie first 

substrate holder 3014 described using 1%. 41 includes a first dust trapping region 3101 

that traps dust between tiie first substrate 3016 mounting region and each attraction unit 

3030. In contrast to this, the present modification includes a mid-transportation dust 

trapping region 3181 in addition to the first dust trapping regions 3101. A mid-lransport 

dusl trapping electrode is embedded in the holder b<̂ dy 3022 to correspond to the mid-

transportation dust trapping region 3181. 

[0194] Wl-ien the first substrale holder 3014 is transported by the transport apparatus 

3013 or other apparatuses such as a slider mecimnism, the bias of the Iirst sub.strate holder 

3014 in the transportation direction is often determined in advance. Therefore, the mid-

Iransportation dust trapping region 3181 is provided in a region on the transportation 
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direction side of the first substrate holder 3014 to prevent dust from slicking lo the lirsl 

subsirite 3016, by trapping dust that flies in from the transportation direction. When the 

first substrate holder 3014 is transported by the transport apparatus 3013 or another 

appamtus such as a sh'der mechanism, tlie bias of the first substrate holder 3014 on the 

transport apparatus 3013 may be controlled such that the mid-transpcMtation dust trapping 

region 3181 is on tlic transportation direction side. 

[0I95J A mid-lninsportation da'?! trapping region 3181 is also provided on the second 

substrate holder 3015 to correspond to the mid-transportation dust trapping region 3181 of 

the first .substrate hcilder 3014. The subsU-ate holder pair 3018 with this configuration can 

be expected to withdraw not only the dust generated by the bonding impact between the 

attraction unit 3030 and the magnet unit 3031, but also the dust that is scattered in the 

.surrounding atmosphere, thereby preventing dust from entering between the first substrate 

3016 and the second substrate 3017. 

[0I96J llie objective of the first dust trapping region 3101 and the second dust 

trapping region 3102 is to trap the dust generated by the bonding impact between the 

attraction units 3030 and the magnet units 3031, and the objective of the mid-

transportation dust trapping region 3181 is to trap du.st that flics in during transport. 

Accordingly, the periods during which these regions operate are different from each other. 

Specifically, the period during which the first du.st trapping region 3101 and the second 

dust trappmg region 3102 operate is a period spanning a certain time from when the 

altraciion units 3030 contact the magnet imits 3031, and the period during which the mid-

transportation dust trapping regions 3181 operate is a period during which the first 

substrate holder 3014 and the second substrate holder 3015 are transported individually or 

a period during which the first substrate holder 3014 and the .second substrate holder 3015 

are transported as the substrate holder pair 3018. The raid-transport du.st trapping 

electrodes arc wired such that voltage can be applied independently to tlie first dust 

trapping electrode 3111 <uid the second dust trapping clectiode 3112, and the control 

section can operate the du.<5t trapping regions selectively according lo the circumstances. 

[0197| If there is no dust generated by the bonding impact between tlie attraction units 

3030 and the magnet units 3031 or iflhe amount of dust is small enough to ignore, the first 

dust trapping region 3101 and the second dust trapping region 3102 can be omitted. In 

this case, only the mid-lransporlation dust trapping region 3181 is provided, in order to 

trap the dust that flics in during transport. 

("0198] In the embodiments and modifications described above, the first substrate 3016 

and the second sub.stratc 3017 arc fixed respectively to the first substrate electrode 3116 



and the second substrate electrode 3117 by eleclrosuitic adhesion. However, the adhesion 

o(' the substrates is not limited to electrostatic adhesion. Suction holes may be fomied in 

each holder to exert a suction force, thereby fixing the substrates thereto via suction 

adliesion. In this case as well, the dust floating in the dust trapping regions can be 

attracted by electrostatic force. 

[0199] When tlie first substrate holder 3014 and the second substrate holder 3015 arc 

used to manufacture a device via a substrate bonding apparatus 3010, the process for 

stacking the first substrate 3016 and the second substrate is as described below. This 

process includes mounting the first substrate 3016 on the first substrate holder 3014, 

mounting the second substrate 3017 on the second substrate holder 3015, and forming the 

first substrate holder 3014 and the second substrate holder 3015 integrally by engaging the 

attraction units 3030 with the magnet units 3031, while generating an elecimsiatic force 

via conduction through at least one of the first dust trapping electrode 3111 and the second 

dust trapping electrode 3112. 

[0200] The process for transporting the first substrate 3016 as a substrate before being 

formed a.s a chip is as described below. This process includes mounting the first subslrate 

3016 on the first substrate holder 3014 and tramporting the first substrate 3016 together 

with the first substrate holder 3014, while generating an electrostiUic force via conduction 

through the mid-transport dust trapping electrode. 

[0201] By including the dust flow inliibiting section described in each of the above 

embodiments, the occurrence of du.si that-can be generated by each process in the substrate 

bonding apparatus and the dust generated from the substrate holders themselves can be 

restricted, or c<m be prevented from flowing and stickmg to the regions sandwiching the 

substrates. 

[0202] While the embodiments of tlic present invention have been described, the 

technical .scope of the invention is not limited to the above described embodiments. It is 

apparent to persons skilled in the art that various alterations and improvements can be 

added to the above-described embodiments. It is also apparent from the scope of the 

claims that the embodiments added with such alterations or improvements can be included 

in the technical scope of the invention. 

[0203] The operations, procedures, steps, and stages of each process pcrfomicd by an 

apparatus, system, program, and metliod shown in tlie claims, embodiments, or diagrams 

can be performed in any order as long as the order is not indicated by "prior to," "before," 

or the like and as long as the output from a previous process is not used in a later process, 

liven if tlic process flow is described using phrases such as "first" or "next" m the claims, 
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embodiments, or diagrams, it docs not necessarily mean that the process must be 

performed in this order. 

I List of Reference Numerals] 

[0204] 

1010 substrate bonding apparatus, 1011 alignment apparatus, 1012 bonding apparatus, 

1013 transport apparatus, 1014 first substrate holder, 1015 second substrate holder, 1016 

first substrate, 1017 second substrate, 1018 substrate holder pair, 1019 gripping section, 

1020 arm portion, 1021 circuit region, 1022 1023 holder body, 1024 holder insertion hole, 

1025 recessed portion, 1026, through-hole, 1027 recessed portion, 1030 attraction unit, 

1031 magnet unit, 1032 magnet insertion hole, 1033 attracting element, 1034 flat spring, 

1035 support section, 1036 magnet, 1037 threaded hole, 1038 1039 insertion hole, 1040 

counterface surface, 1041 sphericd protrusion 1042 fixing member, 1043 circular portion, 

1044 attaching section, 1045 threaded hole, 1046 slit, 1047 through-hole, 1048 band-

shaped porti(m, 1049 buOer plate, 1050 linear protrusion, 1051 first stage, 1052 second 

stage, 1053 engagement control unit, 1054 push pin, 1055 cylinder portion, 1056 air 

pump, 1057 tip, 1062 support board, 1063 prcsser plate, 1064 support column, 1065 lower 

pressuring stage, 1066 upper pressuring stage, 2010 substrate bonding apparatus, 2011 

alignment apparatus, 2012 bonding apparatus, 2013 transport apparatus, 2014 llrsl 

substrate holder, 2015 second substrate holder, 2016 first substrate, 2017 second substrate, 

2018 substrate holder pair, 2019 gripping section, 2020 aim portion, 2021 circuit region, 

2022 2023 holder bcxly, 2024 holder insertion hole, 2025 recessed portion, 2026 through-

hole, 2027 recessed portion, 2030 attraction unit, 2931 magnet unit, 2032 magnet insertion 

hole, 2033 attracting clement, 2034 flat spring, 2035 support section, 2036 magnet, 2037 

threaded hole, 2038 2039 insertion hole, 2040 counterface surface, 2044 attaching 

scction2()45 threaded hole, 2046 slit, 2047 Ihrt^ugh-hole, 2048 band-shaped portion, 2051 

first stage, 2052 second stage, 2053 engagement control unit, 2054 push pin, 2055 

cylinder portion, 2056 air pump, 2057 lip, 2062 support board, 2063 pressor plaie, 2064 

support column, 2065 lower pressuring stage, 2066 upper pressuring stage, 2071 first 

suction piping, 2072 second suction piping, 2073 first valve, 2074 second valve, 2075 

suction apparatus, 2101 first through-hole, 2102 second through-hole, 2111 first 

communicating tube, 2112 second communicating tube, 2113 third communicating lube, 

2121 aiuiular tlirougli-holc, 2131 first dust blocking wall, 2132 second dust blocking wall, 

2141 shield, 3010 substrate bonding apparatus, 3011 alignment apparatus, 3012 bonding 

apparatus, 3013 transport apparatus, 3014 first substrate holder, 3015 seajnd substrate 



holder, 3016 (Irsl substrate, 3017 second substrate, 3018 substrate holder pair, 3019 

gripping section, 3020 arm portion, 3021 circuit region, 3022 3023 holder body, 3024 

holder insertion hole, 3025 recessed portion, 3026 through-hole, 3027 recessed portion, 

3030 attraction unit, 3031 magnet unit, 3032 magnet insertion hole, 3033 attracting 

element, 3034 Hal spring, 3035 support section, 3036 magnet, 3037 threaded hole, 3038 

3039 insertion hole, 3040 eounierlace surface, 3044 attaching section, 3045 tlireaded hole, 

3046 slii, 3047 through-hole, 3048 band-shaped portion, 3051 first stage, 3052 sccoi^ 

stage, 3053 engagement control unit, 3054 push pin, 3055 cylinder portion, 3056 air 

pump, 3057 lip, 3062 support board, 3063 pressor plate, 3064 support column, 3065 lower 

pressuring stage, 3066 upper pressuring stage, 3071 first suction piping, 3072 second 

suction piping, 3073 first valve, 3074 second valve, 3075 suction apparatus, 3101 (irsl dust 

trapping region, 3102 second dust trapping region, 3111 first dust trapping electrode, 3112 

second dust trapping electrode, 3113 first dusl wiring, 3114 second dust wiring, 3116 first 

substrate electrode, 3117 second substrate electrode, 3127 second substrate wiring, 3131 

first voltage supply terminal, 3132 second voltage supply terminal, 3161 dust trapping 

region, 3171 dust trapping region, 3181 mid-transportation dust trapping region 
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