SUBSTRATE PROCESSING SYSTEM. SUBSTRATE HOLDER, SUBSTRATE
HOLDER PAIR, SUBSTRATE BONDING APPARATUS, AND DEVICE
MANUFACTURING METHOD

ORIGINAL

ABSTRACT

Provided is a substrale processing system that can restrict flow of dust 1o
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 causcs 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 substrale |
holder system. 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 regjon
sandwiching the first substrafe and the second substrate.
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We claim:

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

flow of dust into a rcgion for holding a substrate.

2. A substrate holder comprising{

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

an cngaging 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 thal fuaces an engagement receiving member, in a manner to achicve point contact
or lincar contact with the engagement receiving member.

3. The substrate holder according to Claim 2, whercin
the protruding portion is a diffcrcnt member from the engaging member.

4. The substratc 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 substratc holder according to any onc 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 onc 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
memboer.

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
clasticity at least in a direction orthogonal to the holding surface.
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9. A substratc bonding apparatus comprising the substratc holder according (o

any onc of Claims 1 o 8,

10. A device manufacturing method comprising manufacturing a device by
stacking a plurality of substratcs, wherein

stacking the plurality of substrates includes mounting at least one of the
plurality of substratcs on a substrate holder that includes an engaging member provided on
a periphery of a substrate holding region on a holding surface thercof for holding a
substrate and that includes a protruding portion formed on a counterface surface of the
engaging member that faces an cngagement recciving member, in a manner to achicve

point contact or lincar contact with the engagement receiving member.

11. A substratc processing system comprising:

a substrate holder system that causes a first substrate holder holding a first
substratc and a second substrate holder holding a second substrate (o face each other and ‘
sandwiches thc first substrate and the second substrate; and

a processing apparatus that holds the substrate holder system, wherein

at lcast onc of thc substrate holder system and the proccssing apparatus
includes a dust flow inhibiting mechanism that inhibits flow of dust into a region
sandwiching the first substrate and the second substrate.

12. A substrate processing system comprising:

a substratc holdcr system that causcs 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 cngagement receiving member provided on the first substrate holder; and

an engaging member provided on the sccond substrate holder and facing the
cngagement receiving member, wherein

when the substratc holder system is held by the processing apparatus, contact
surfaccs of the engaging member and the engagement receiving member are positioned
below bonding surfaces of the first substratc and the sccond substrate in a ditcction of
gravity.
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13. The substratc processing system according o Claim 12, wherein

when the substrate holder system is held by the processing apparatus, the
contact surfaces of the cngaging member and the engagement receiving member are
positioned below whichever of a holding surface of the first substratc holder for holding
the first substrate and a holding surfuce of the second substrate holder for holding the
sccond substrate is lower in the direction of gravity. '

14. A substrate bonding apparatus comprising thc substratc proccssing system
described in any onc of Claims 11 t0 13,

15. A device manulacturing method comprising manufacturing a device by
stacking a plurality of substratcs, whercin
 stacking the plurality of substrates includes, in a substrate processing systcm
having a substrate holder system thal causcs 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 fuce each other and sandwiches
the first substrate and the second substratc and a processing apparatus that holds the
substratc holder system, when the substrate holder system is held by the processing
apparatus, holding the first substratc and the sccond substratc such that contact surfaccs of
an cngaging member provided on the second substrate holder and an engagement
receiving member provided on the first substrate holder arc at positions below bonding
surfaces of the first substrate and the second substrate in a direction of gravity.

16. A substrate holdcr 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 substratc and the sccond
substratc arc sandwiched by the first substrate holder and the second substrate holder,
inhibils flow of dust toward the first substrate and the sccond 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 rcgion;

a second substrate holder including a second mounting region on which a -
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sccond substrate is mounted and a sccond engaging section provided on a penphery of the
second mounting rcgion; and

a dust flow inhibiting mechanism that, in a state where the first mounting
region and the second mounting region face each other and the first cngaging scction and
the second engaging scction arc cngaged with each ather, inhibits flow of dust to the first
mounting region and the second mounting region, whercin

the dust flow inhibiting mecchanism is provided hetween the first engaging
section and the first mounting region of the first substrate holder and/or betwcen the
second engaging section and the sccond 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 mountiug region of the first substratc holder and passes through the first substrate
holder in a mounting direction in which the first substrate is mounted; and ‘

a second through-holc that is provided between the sccond engaging section
and the second mounting region of the second substrate holder and passes through the
sccond 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 connccted
to a suction tubc.

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

the first substratc holder includes a third through-hole at a position on the
periphery of the first mounting rcgion that is not between the periphery and the first
cngaging scction, and

the second substratc 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, whercin
at least one of the third through-hole and fourth through-hole is connected to a
suclion Lube,
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22. The substratc holder pair according to Claim 17, wherein the dust flow
inhibiting mechanism includes:

a first wall portion formed belween the first engaging scction and the first
mounting region of the first substratc holder to protrude toward the first mounting region;
and

a second wall portion formed between the second engaging section and the
second mounting rcgion of the second substrate holder to protrude toward the sceond

mounting region.

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

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 subsirate and
do not interfere with each other when the first substrate holder and the sccond substrate
holder are formed intcgrally.

24. 'The substrate holder pair according to Claim 22 or 23, wherein
the first wall portion surrounds the first mounting region, and
the sccond wall portion swrrounds the second mounting region.

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

the dust flow inhibiting mechanism is formed from a shicld arranged near the
first cngaging section of the first substrate holder to cover a perimeter of the contact
surfaces of the first cngaging scction and the second engaging section when the firs|
engaging section and the second engaging section contact cach other.

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

the dust {low inhibiting mechanism further includes a recess, aranged near the
second engaging scction of the second substrate holder, into which the shield enters when
the [irst engaging section and the second cngaging scction contact cach other.

27. The substrate holder pair according to Claim 25 ot Claim 26, whercin
the shicld is formed integrally with the first engaging section.

28. The substrate holder pair according o any one of Claims 25 0 27, further
comprising a charging section that charges the shicld.
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29. The substrate holder pair according to any one of Claims 25 to 28, wherein
the shicld can be attached to and dctached from the first substrate holder.

30. A substraie bonding apparatus comprising the substrate holder pair
according to any one of Claims 16 to 29.

31. A devicc manufacturing method comprising manufactunng a device by
stacking a pluralily of substrates, whercin stacking the plurality of substratcs includes:

mounting a first substrate on a first substratc holder including a first mounting
region on which the first substratc is mounted and a first engaging scction provided on a
peniphery of the first mounting region;

| mounting a second substratc on a second substrate holder including a sccond

mounting tegion on which the second substrate is mounted and a sccond engaging section
provided on a periphery of the sccond mounting region; and _

forming the (irst substrate holder and the second substrate holder integrally by
engaging the first engaging section and the second engaging scction with each other, while
inhibiting flow ol dust to the first mounting region and the second mounting region using a
dust flow inhibiting mcchanism provided between the first cngaging soction and the first
mounting rcgion of the first substrate holder and/or between the second engaging scction
and the second mounting region of the second substratc holder.

32, A substrate holder that is transported with a substrate mounted thercon,
compnsing;:

a holder body that includcs a mounting region where the substrate is mounted
on a {ront surface theecof:

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

and engages with an cngagement 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 clectrostatic force.

33. The substrate holder according Lo Claim 32, wherein
the dust trapping region includes a region that surrounds a perimeter of the
cngaging 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 dircction of the substrate holder.

35. A substrate holder that is transported with a substratc mounted thercon,
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 cmbedded in a dust trapping region, which is
embedded in the holder body on a side o the mounting region in a transportation dircction
of the substrate holder, and generatcs an clectrostatic force.

36. The substrate holder according to any onc of Claims 32 to 35, further
comprising a substrate clecuwrode that is embedded in the mounting region of the holdcr
hody and generates an electrostatic force to adhere the substrate thereto.

37. The substratc 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 substratc holder according to Claim 36 or 37, wherein

electrostatic attractive forcc of the dust trapping rogion caused by the dust
trapping clectrode is greater than electrostatic attractive force of the mounting rcgion
caused by the substrate clectrode.

39. The substrate holder according to any oue of Claims 36 (o 38, comprising a
power supply terminal for supplying power in common to the substraic clectrode and the
dust trapping clectrode.

40. A substraic 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:
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mounting a first substratc on a (irst 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 rcgion;

mounting a second substrate on a sccond substrate holder including a sccond
mounting region on which the second substrate is mounted and an cnpagement receiving
member provided on a periphery of the second mounting region; and

forming the first substratc holder and the second substrate holder intcgrally by
engaging the engaging member and the engagement receiving member with each other,
while generating electrostatic foree via conduction in a dust trapping clectrode 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 cngagement receiving member and
the sccond mounting region of the second substrate holder.

42, A device manufacturing method for manufacturing a device transported in
a substrate statc, wherein transporting the substratc includes:

mounting the substrate on a substrate holder having a mounting rcgion in which
the substratc is mounted, and

transporting the substrate together with the substratc holder while generating
clectrostatic foree via conduction in a dust trapping electrode embedded in a dust trapping
region, which is on a side ol the mounting region in a transportation dircction of the
substratc 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 substratcs on a substrate holder
mcluding a dust flow inhibiting mechanism that inhibits flow of dust to a region for
holding thc substrate.

44. A device manufacturing method comprising manufacturing a device by
stacking a plurality of substrates, wherein stacking the plurality of substrates includes:

mounting a [irst substrate on a first substrate holder;

mounting a sccond substrate on a second substrate holder; and

sandwiching the first substratc and the second substrate between the first
substrate holder and the sccond substrate holder, while using a dust flow inhibiting
mechanism to inhibit flow of dust toward the first substrate and the second substrate.

Dated this 17" day of February, 2012.
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DESCRIPTION

SUBSTRATE PROCESSING SYSTEM, SUBSTRATE HOLDLR, SUBS'Y'M 1L
HOLDER PAIR, SUBSTRATE BONDING APPARATUS, AND DEVICE
MANUTACTURING METHOD

TECIINICAL IFIELD

[0001}  The present invention relates to a substrate processing syslem, a substrate
holder, a substratc holder pair, a substrate bonding apparatus, and a device manufacturing
method,

BACKGROUND ART

[0002] A known layered semiconductor apparatus is f(ormed by layering
semiconductor substrates that each have elements, circuits, and the like formed thercon.
When layering the scmiconductor substratcs, a pair of semiconductor substrales supported’
by substrate holders are positioned with a degree ol accuracy corresponding to the line
width of the semiconductor circuits and then layered, after which the entirety of each
substrate is heated and pressurized (¢ achieve bonding: At this time, a positioning
apparatus that fixes the position of the pair of semiconductor substrates and a heating and
pressurizing apparalus that realizes the permanent bonding via pressurization and hcating
arc uscd.

[Prior Art Documents]

| Patent Documents)

Patent Document 1: Japancsc Patent Application Publication No. 1111-261000

Patent Document 2: Japanese Patent Application Publication No, 2005-251972

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

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0005]  When two semiconductor substrates are layered, if even a small amount of dust
is trappcd between the semiconductor circuit regions facing cach other, the circuit
operations becomes unacceptable. Furthermore, this can lead to localized oceurrences of
insufficicnt pressurization 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 holdcr, a substrate holder pair, a substrate bonding
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apparatus, and a device manufacturing method, which are capable of overcoming the
above drawbacks accompanying the related art. The above and other objects can be
achicved by combinations described in the independent claims. The dependent claims

define further advantagcous and cxemplary combinations of the innovations herein.

MEANS FOR SOLVING THE PROBLEMS

[0005]  According o a first aspect of the 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 sccond aspect of the present invention, provided is a substrate
holder compnising 4 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. A protruding portion is formed on a countcerface surface of the cngaging
member that faces an engagement receiving member, in a manner to achieve point contact
or linear contact with the cngagement 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 plllrality of
substrates. Stacking the plurality of substrates includes mounting at Icast onc of the
plurality of substratcs on a substrate holder that includes an engaging member provided on
a peniphery of a substrate holding rcgion on a holding surface thereof for holding a
substratc and that includes a protruding portion formed on a counterface surface of the
engaging member that faccs an engagement receiving membcr, in a manncr to achieve
poim contact 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 substratc holder
holding a first substrate and a second substrate holder holding a second substrate to face
cach other and sandwiches the first substrate and the second substratc; and a processing
apparatus that holds the substrate holder system. At lcast one of the substratc holder
system and the provcessing apparatus includes a dust flow inhibiting mechanism that
inhibits flow of dust into a rcgion sandwiching the first substratc and the sccond substrate.

[0009]  According (o a fifth aspect of the present invention, provided is a substratc
processing system comprising a substratc holder system that causcs 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 substratc and the sccond substrate; a processing

apparatus that holds the substrate holder system; an engagement receiving member
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provided on the first substratc holder; and an engaging member provided on the second
substratc holder and facing the engagement receiving member.  When the substrate holder
system is held by the processing apparatus, contact surfaces of the engaging member and
thc engagement receiving member arc positioned below bonding surfaces of the first
substrate and the sccond substrate in & direction of gravity.

[0010]  According to a sixth aspect of the present invention, provided is a device
manufacturing mcthod comprising manufaciuring a device by stacking a plurality of
substrates. Stacking the plurality of substratcs includes, in a substratc 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 sccond substrate holder holding «
sccond substrate from amonyg the plurality of substrates to face each other and sandwiches
the (irst substrate and the sccond substratc and a processing apparatus that holds the
substratc holder system, when the substrate holder system is held by the processing
apparatus, holding the first substrate and the second subsirate such that contact surfuces off
an engaging member provided on the sccond substratc holder and an engagement
recciving member provided on the first substrate holder are at positions below bonding
surfaces of the first substratc and the second substrate in a direction of gravity.

10011} According to a seventh aspect of the present invention, provided is a substrate
holder pair comprising a first substratc holder on which a first substratc is mounted; a
sccond substrate holder on which a second substrate is mounted; and a dust flow inhibiting
mechanism that, when the first substrate and the second substrate are sandwiched by the
first substrate holder and the sccond substrate holdcr, inhibits flow of dust toward the (irst
substrate and the second substrate.

[0012]  According to an cighth 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 substratc 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 sccond substrate is mounted and 2 second engaging section provided on a periphery of
the second mounting rcgion; and a dust flow inhibiting mechanism that, in a statc where
the lirst mounting region and the second mounting region face each other and the first
engaging scction and the second engaging section are engaged with cach other, inhibits
flow of dust to the first mounting region and the second mounting region. The dust flow
inhibiting mcchanism is provided between the first engaging scction and the first
mounting region of the first substrate holder and/or between the second engaging section
and the sccond mounting region of the second substrate holder. |
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[0013]  According o a minth aspect of the present invention, provided is a device

manufacturing method comprising manufacturing a device by stacking a plurality of

substrates, wherein stacking the plurality of substrates includes mounting a (irst substrate

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

mounted and a first cnpaging scction provided on a periphery of the first mounting region;

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

region on which the sccond substratc is mounted and a second engaging section provided

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

the sccond substrate holder integrally by engaging the first cngaging section and the

second engaging section with each other, while inhibiting flow of dust 1o the first
mounting region and the second mounting region using a dust flow inhibiting mechanism
provided between the first cngaping section and the first mounting region of the first
substrate holder and/or between the second engaging section and the sccond mounting
region of the second substratc holder.

[0014]  According to a tenth aspect of the present invention, provided is a substrate
holdcr that is transported with a substratc mounted thereon, comprising a holder body that
includes a mounting region where the substrate is mounted on a front surfacc thercof; 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 (hat is embedded in a dust
trapping region between the mounting region and the engaging member in the holder body
and traps dust by gencerating an clectrostatic force,

[0015]  According 0 an eleventh aspect ol the present invention. provided is a
substrate holder that is transported with a substratc mounted thereon, comprising a holder
body that includcs 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 rcgion in a transportation direction
of the substratc holder, and gencrates an electrostatic force.

[0016]  According o a twellth aspect ol the prcscnt.invcntion, provided is a device
manufacturing mcthod comprising manufacturing a device by stacking a plurality of
substrates. Stacking the plurality of substrates includes mounting a first substrate on a first
substratc holder including a first mounting region on which the (irst substrate is mounted
and an engaging member provided on a periphery of the first mounting region; mounting a
sccond substratc on a sccond substrate holder including a second mounting region on
which the second substrate is mounted and an engagement reeciving member provided on

a periphery of the second mounting region; and forming the first substrate holder and the
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sccond substrate holder integrally by engaging the engaging member and the engagement
receiving member with cach other, while gencrating clectrostatic 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 substratc holder and/or between the
engagement receiving member and the second mounting region ol the sccond substrate
holder. .
[0017})  According to a thirleenth aspect of the present mvention, provided is a deviee
manﬁfacturing mcthod for manufacturing a dcvice transported in a substrate state.
Transporting the substrate includes mounting the substrate on a substrate holder having a
mounting rcgion in which the substrate is mounted, and transporting the substratc together
with the substrate holder while generating clectrostatic 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
manufacturing method compnsing manufacturing a deviee 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 inhibiting mechanism
that inhibits flow of dust to a region for holding the substrate. .
[0019]  According to a fifteenth aspect of the present invention, provided is a device
manufacturing mcthod comprising manufactwring a device by stacking a plurahity of
“substrates. Stacking the plurality of substrates includes mounting a first substrate on a first
substratc holder; mounting a second substratc 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 substratc and the sccond substrate.
[0020]  The summary clause does not necessarily descnibe all necessary features of the
embodiments of the present invention, The present invention may also bc a sub-
combination of the featurcs described above.

BRILF DESCRIPTION OF THE DRAWINGS
[0021]  Fig. 1 schematically shows a substrate bonding apparatus.

Iig. 2 is a planar view schematically showing a semiconducior waler.

Fig. 3 15 a planar view schematically showing the first substrate holder holding
the first substrate.

Fig. 4 is a planar view schematically showing thc sccond substrate holder
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holding the sccond substrate.

Fig. § is a cross-scctional vicw schcmatically showing a state immediately
before the substrate holder pair is formed.

Fig. 6 is a cross-scctional view schematically showing a state immediately after
formation of the substrate holder pair,

Fig. 7 is a perspective view schematically showing the magnet umit.

Fig. 8 is a perspeclive view schematically showing anothcr example of a
magnet unit.

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

Iig. 10 is a perspective view schematically showing a state in which the flat
spring is ¢lastically deformed.

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

spring of Fig. 10 is in the deformed state.

Fig. 12 is a perspective view schematically showing an cxemplary arrangement
of spherical protrusions on an attracting clement. ,

Fig. 13 is a cross-sectional view showing the coupling opcration between the
magnel unit and the altraction 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 schematically showing the engagement control
unit.

Fig. 16 is a sidc view schematically showing a state in which the transport
apparalus grips the substrate holder pair.

Fig. 17 is a sidc vicw schematically showing essential portions of the bonding
apparatus.

Fig. 18 schematically shows a substratc bonding apparatus.

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

Fig. 20 is a planar view schematical ly showing the first substratc holder
holding the first substrate.

I'ig. 21 is a planar view schematically showing the second substrate holder
holding the second substrate.

[ig. 22 is a cross-sectional view schematically showing a state immediately
belore the substrate holder pair is formed.

Fig. 23 is a cross-sectional view schematically showing a statc immediatcly
afier 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 showing a state in which the flat
spring is clastically deformed. _

Fig. 27 is a perspective vicw including the attracting element when the flat
spring of Fig. 10 is in the deformed state.

Fig. 28 is a cross-sectional view showing the coupling operation between the
magnct unit and the attraction unit.

Fig. 29 is a cross-sectional view showing the coupling operation between the
magnet unit and the attraction umt. |

Fig. 30 is a vertical cross-scctional view schematically showing the
engagement control unit.

Fig. 31 is a sidc view schematically showing a state in which the transport
apparatus grips the substrate holder pair.

Fig. 32 is a side view schematically showing csscntial portions of the bonding
apparatus. ’

Fig. 33 is a planar view schematically showing a first substratc holder including
a dust flow inhibiting mechanism, as a first modification.

Fig. 34 is a planar view schematically showing a first substrate holder including
a dust flow inhibiting mcchanism, as a sccond modification.

Fig. 35 is a planar view schematically showing a second substrate holdcr
ncluding a dust flow inhibiting mecharmism according to the second modification.

Fig. 36 is a cross-scctional view schematically showing a state immediulely
aller formation ol the substrate holder pair according to the sccond modification.

Fig. 37 is a perspective view schematically showing a magnet unit including a
dust flow inhibiting mechanism, as a third modification,

Fig. 38 is a cross-sectional view of a statc i which the magnet unit with the
shield attached thereto contacts the attraction unit.

Fig. 39 schematically shows a substrate honding apparatus.

Fig. 40 is a planar view schematically showing a semiconductor waler,

Fig. 41 is a planar view schematically showing the first substratc holder
holding the first substrate.

Fig. 42 is a planar view schematically showing the sccond substrate holder
holding the second substrate.
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Fig. 43 is a cross-sectional vicw schcmatically showing a state immediatcly
before the substrate holder pair is formed.

Fig. 44 is a cross-scctional view schematically showing a state immediatcly
after formation of the substrate holder pair. '

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

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

Fig. 47 is a perspective view schematically showing a state in which the flat
spring is clastically dcformed.

Fig. 48 is a perspective view including the attracting element when the flat
spring of Fig. 10 is in the deformed state,

Fip. 49 is a cross-scctional view showing the coupling operation between the
magnet umit and the attraction unit,

Fig. 50 is a cross-scctional view showing the coupling operation between the
magnel unt and the atlraction unit,

I'ig. 51 is a cross-scctional view schematically showing the engagement control
unit,

Fig. 52 is a side view schematically showing a statc in which the 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 schematically showing a first substrate holder including
a dust trapping region, as a first modification.

Fig. 55 is a planar view schematically showing a first substrate holder including
adust trapping region, as a second modification,

Vig. 56 is a planar vicw schematically showing a first substrate holder including

a dust trapping region, as a third modification.

BEST MODE FOR CARRYTNG OUT TIIE INVENTION
[0022]  Hercinafter, some embodiments of the present invention will be described. The
embodiments do not limit the invention according 1o the claims, and all thc combinations
of the featurcs described in the embodiments arc not necessarily essential to means
provided by aspects of the invention.
[0023]  (First Embodiment)

Fig. 1 schematically shows a substrate bonding apparatus 1010 according 10 a
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first embodiment. The substratc bonding apparatus 1010 includes an alignment apparatus
1011 that aligns 4 first substrate 1016, which is a semiconductor wafer, with a second
substrate 1017, which is a semiconductor wafer to be layered on the first substrate 1016.
The substrate bonding apparatus 1010 also includes a bonding apparatus 1012 that bonds
together the first substrate 1016 and the second substratc 1017 aligned by the alignment
apparatus 1011, _

[0024)  The first substrate 1016 is held by the first substratc holder 1014, and the
second substrate 1017 is held by the second substrate holder 1015. In the alignment
apparatus 1011, when the first substrate 1016 and the second substratc 1017 arc aligned,
the first substrate holdcr 1014 and the sccond substrate holder 1015 sandwich the first
substrate 1016 and the second substrate 1017 1o form these substratcs intcgrally, therchy
forming the substrate holder pair 1018. A detailed structure of the substrate holder pair
1018 is described further below.

[0025]  The substrate bonding apparatus 1010 further includes & transport apparatus
1013 that transports the substratc holdcr pair 1018 integrated by the alignment apparatus
1011 1o the bonding apparatus 1012, The transport apparatus 1013 can also transport a
scmiconductor wafcr or a single substrate holder between apparatuses. The transport
apparatus 1013 includes a gripping section 1019 that grips a gripping target such as the
substratc holdcr pair 1018, and an arm portion 1020 that moves the gripping target to a
prescribed position via rotating and extending/contracting movement.

[(0026]  Fig. 2 is a planar view schematically showing a semiconductor wafer according
to the present cmbodiment. The first 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.
'The circuit regions 1021 are partitioned into a matrix, and circuit clements such as
transistors, resistors, and capacitors are formed therein. ‘The circuit elements are formed
using mainly lithography tcchniques such as thin film fonmation, etching, or impurity
diffusion. Alignment marks are provided within each of the circuit regions 1021, The
alignment marks are indicators used (o align the substrates with each other. The plurality
of alipnment marks provided on cach of the first substrate 1016 and the sccond 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 alrcady
been layered with other semiconductor wafers. In this case, the previously layered circuit
layers preferably undergo a thinning process to remove unncccssary thickness.

[0027]  Fig. 3 is a planar view schematically showing the first substrate holder 1014
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holding the first 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
than thul of the first substrate 1016. The holder body 1022 is formed intcprally using a
matcrial with high rigidity such as ecramic or metal.

[0028]  The holder body 1022 has & region for holding the first substratc 1016 on the
surfacc thereof. ‘This holding region is polished to be extremely flat. The holding of the
(irst substrate 1016 is achieved by adhesion that uses clectrostatic force. Specifically,
voltage is applicd to an clectrode cmbedded in the holder body 1022, via a voliage
application terminal provided on the back surfuce of the holder body 1022, to cause a
potential difference between the first substrate holder 1014 and the first substrate 1016,
thereby adhering the first substrate 1016 to the first substrate holder 1014. The adhesion
surface of the first substrate 1016 is the surface opposite the surfacc on which the circuit
regions 1021 are provided.

[0029]  The attraction unit 1030 includes a plurality of peripheral regions, which are
arranged further outward than the held first substrate 1016, on the surface thereof that
holds the first substrate 1016. In the example shown in the drawings, scts that cach
include two uttraction units 1030 are arranged at intervals of 120 dcgrees 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 sccond substrate holder 1015
holding the sccond substrate 1017. The second substrate holder 1015 includes a holder
body 1023 and magnet units 1031, and is shaped as a circular board with a diameter larger
than that of the sccond substrate 1017. The holder body 1023 is formed integrally using a
material with high rigidity such as ceramic or metal. .
[0031]  The holder hody 1023 has a region for holding the second substrate 1017 on the
surface thereof. This holding rcgion is polished to be extremely flat. The holding of the
second substrate 1017 is achieved by adhesion that uses elcctrostatic force. Specifically,
voltage is applicd to an electrodc embedded in the holder body 1023, via a voltage
application terminal provided on the back surface of thé holder body 1023, to cause a
potential dilTerence between the second substrate holder 1015 and the second substrate
1017, thereby adhering the sccond substratc 1017 to the second substrate holder 1015.
The adhesion surface of the second substrate 1017 is the surface opposite the surface on
which the circuit rcgions 1021 are provided.

[0052)  The magnet unit 1031 includes a plurality of peripheral regions, which are
arranged further outward than the held second substrate 1017, on the surface thereof that
holds the second substrate 1017, In the example shown in the drawings, sets that each
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include two magnct units 1031 arc arranged at intcrvals of 120 degrees to obtain a total of
six magnet units 1031,
[0033]  The magnet units 1031 are arranged to corrcspond respectively to the attraction
units 1030 of the first substrate holder 1014, When the first substrate holder 1014 holding
the first substrate 1016 and the second substrate 1017 holding the second substrate holder
1015 facc cach other and the attraction units 1030 and mag,nct units 1031 are operated, the
first substrate 1016 and the second substrate 1017 can be fixed topcther in a stacked state.
This resulting stacked state is the substrate holder pair 1018. A more detailed
“con figuration and the adhesion operation are described further below.
[0034]  Fig. 5 is a cross-scctional vicw schematically showing a state immediatcly
before the substratz holder pair 1018 is formed by the alignment apparatus 1011.
Specifically, Fig. 5 is a cross-sectional view of a state in which the first substrate holder
1014 holding the first substrate 1016 is fixed to the (irst stage 1051 of the alipnment
apparatus 1011 by vacuum suction and the sccond substrate holder 1015 holding the
sccond substrate 1017 is fixed to the second stage 1052 of the alignment apparatus 1011
by vacuum suction. In particular, the cross-sectional view is over the line A-A in Figs. 3
and 4.
[0035]  The first stage 1051 can move the first substrate 1016 relative to the second
substrate 1017, in 4 7Z-axis direction that is the laycring direction and X-axis and Y-axis
dircetions that arc cach orthogonal to the Z-axis. The alignment apparatus 1011 aligns the
first substrate 1016 and the second substrate 1017, by using a first microscope arranged on
the alignment apparatus 1011 in a manncr to be able to observe the first substratc 1016 and
a second microscope arranged on the alignment apparatus 1011 in a manner to be able to
observe the second substrate 1017.
[0036]  More specifically, each microscope is used (o capturc images of the alignment
marks on each substrate serving as an observation target, and precise positions of the
alignment marks arc detected by performing image processing on the capturcd image data.
The positional skew amount between corresponding alignment marks is then calculated
and the first stage 1051 is moved according to this positional skew amount, thereby
aligning the first substrate 1016 and the second substrate 1017. In this way, cach circuit
region 1021 of the first substratc 1016 faccs a corresponding circuit region 1021 of the
sccond 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 detcrmined to have a minimum value when the plurality of alignment marks of
the first substrate 1016 overlap the plurality of alignment marks of the second substrate
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[0037)  When aligning the first substrate 1016 with the sccond substrate 1017, i.c.

when moving the first stage 1051 in the XY-plane, a small gap is maintained between the
first substrate 1016 and the second substrale 1017 such that the substrates do not contact
each other. The sccond stage 1052 includes a plurality of cngagement control units 1053,
such that the attraction units 1030 do not engage with the magnet units 1031 when in this
state.

[0038]  Fach engagement control unit 1055 is mainly formed from a push pin 1054,
which is a member shaped as a pillar, and a cylinder portion 1055 that drives the push pin
1054. When at an extended position, the push pin 1054 passes through a holder insertion
holc 1024 that is provided in the second substrate holder 1015 and a magnct inscrtion holc
1032 provided in the magnct unit 1031 arranged to be aligned with the holder insertion
hole 1024, such that the tip of the push pin 1054 protrudes beyond the magnct 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 from the insertion holes. In other words, the push‘
pin 1054 moves back and forth in the Z-axis dircction within the insertion holes, according
to the drive of the cylinder portion 1055.

[0039]  When the first substrate 1016 and the second substratc 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 cngaging with the magnet units [031. In
other words, the attraction units 1030 are formed by attracting elements 1033 and Mat
springs 1034 fixed to the attracting elements 1033, but the push pins 1054 press on the
attracting elements 1033 from above to restrict the elastic deformation of the flat springs
1034, such that the attracting elements 1033 do not engage with the magnet units 1031 as
a rcsult of the clastic deformation of the flat springs 1034.

[0040]  The alignment of the first substrate 1016 and the second substrate 1017 by the
alignment apparatus 1011 is performed at a final fine adjustment stage in which the
movement amount is such that the tips of the push pins 1054 slide along the top surfaces
of the attraction units 1030. At other stages, such as an obscrvation stage in which the
alignment marks are observed by the microscopes, the first substrate 1016 and the second
substratc 1017 are scparated from cach 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
magnel unils 1031, Accordingly, the push pins 1054 arc held at the extended position
when the magnc;tic force of the magnet units 1031 is exerted on the attraction units 1030
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and engaging therebetween is to be prevented, and arc held at the stored position at all

other times.

[0041]  Fig. 6 is a cross-sectional vicw schematically showing a state immediately after

formation of the substrate holder pair 1018 by the alignment apparatus 1011, Specifically,

Fig. 6 shows a state in which the first stage 1051 has been driven in the 7-axis direction

from the statc shown in Vig. 5, such that the surface of the first substratc 1016 contacts the

surface of the second substrate 1017, the push pins 1054 are held at the storage position,

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

[0042]  During the process of transitioming {rom the state of Fig, S to the slate of Fig, 6,

the first substrate 1016 and the sccond substrate 1017 are aligned, and the magnet units
1031, which are engaging members, are engaged with the attraction units 1030, which are
engagement receiving members. The first substrate holder 1014 and the second substrate
holder 1015 arc then formed integrally, thereby forming the substrate holder pair 1018 as
the substrate holder system.

{0043  The Z-axis dircction is the direction of gravitational force in the alignment
apparatus 1011, and the first stage 1051 is positioncd below the second stage 1052
Therefore, each surlace is arranged from top to bottom, in the direction of the gravitational
force, in the order of the second substrate 1017 holding surface of the second substrate
holder 1015, the bonding surfaces of the second substrate 1017 and the first substrate
1016, and the first substrate 1016 holding surface of the first substrate holder 1014,

[0044]  During the process of transitioning from the state of Fig, 5 to the statc of L'ig. 6,
the movement of the push pins 1054 to the storage position causes clastic deformation of
the flat springs 1034, and so the attraction units 1030 cngage with the magnet units 1031,
Al this time, the engagement of the attracting clements 1033 of atiraction units 1030 with
the magnet units 1031 is accompanied by a small impact. Thercfore, at this time, the
contact surfaces of the attracting elements 1033 and the magnet umis 1031 in the
gravitational force direction arc sct to be lower than the contact surfaces of the sccond
substratc 1017 and the first substrate 1016. The contact surfaces of the attracting elements
1033 and the magnet units 1031 are preferably sct to be lower than the first substrate 1016
holding surfacc of the first substrate holder 1014. |

[0045] By setting such a positional rclationship, even il dust is created and scattcred by
the impact of the cngagement between the atiraction units 1030 and the magnet units
1031, the dust can be expected to be pulled down by gravity and to not cnter between the
first substrate 1016 and the second substrate 1017. In other words, dust entcring between
the substrates causes problems in the circuit operation and creates insufficient bonding
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strength, but these problems can be expected (o be avoided by adopting the positional
relationship described above. '

[0046]  Furthermore, when the contact surfuces of the atlfacting clements 1033 and the
magnet units 1031 are set below the first substratc 1016 bolding surface ol the first
substrate holder 1014, dust can be prevented from becoming attached to thesc surfaces.
As a result, the first substrate holdcr 1014 can bc kept in a clean state when used
repeatedly, and there is no worry that dust will be trapped when the first substrate holder
1014 is mounted on another first substratc 1016. Accordingly, it can be expected that
problems such as inclination of the first substrate 1016 and bonding unevenness in the
bonding apparatus 1012 will be avoided.

[0047)  After the substratc holder pair 1018 is formed, the substrate holder pair-1018 ,is L

released from the vacuum suction of the second 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 {urther below. '
[0048]  The following describes a configuration of the magnet unit 1031. Fig. 7isa
perspective view schematically showing the magnet unit 1031, The magnet unit 1031
includes @ magnet 1036, a support scction 1035 housing the magnet 1036, and a plurality
of spherical protrusions 1041,

[0049]  The support scction 1035 includes a housing portion shaped as a circular
cylinder that houses the magnet 1036, and a threaded hole 1037 through which passes 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
permanent magnet shaped as a circular pillar that can be inserted into the housing portion
of the support section 1035, and may have a magnetic force of approximately 8 N, for
example. The central axis of the magnet 1036 is provided with an insertion hole 1038 into
which is inserted a push pin 1054, and an insecrtion hole 1039 in series with the insertion
hole 1038 and into which the support section 1035 is inserted. The magnct inscrtion hole
1032 is formed by these two insertion holes.

[0050]  The support section 1035 includes a counterface surface 1040 that faces the
altracting clement 1033. At lcast three spherical protrusions 1041 arc embedded in the
counterface surface 1040. The spherical protrusions 1041 are embedded and lixed by
heing pressed in fixing members 1042, which are brass rings formed on the counterface
surface 1040, for exumple.  As another cxamp}lc._ the counterface surfacc 1040 of the
support section} 1035 may be machined using polishing, for example, such that the
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spherical protrusions 1041 are formed integrally with the support section 1035.

[0051] By 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 virlual surface formed by the spherical 'pm’trusions 1041 is the contact surfacc
that contacts the attracting clement 1033, the surface are of the contact can be greatly
reduced, and the occurrence of dust can be significantly restricted.

[0052] Lip. 8 is a perspective view schematically showing another example of a
magnet unit 1031. This magnet unit 1031 differs from the magnet unit 1031 of Fip, 7 in
that lincar protrusions 1050, which arc protruding portions having tnangular cross
sections, are formed on the counterface surface 1040. The lincar protrusions 1050 may be
formed intcgrally with the support scction 1035 by machining the counterluce surface
1040 of the support section 1035 via polishing, for example, or may be separatc bodics
attached to the counterface surface 1040.

[0053] By forming the linear protrusions 1050 in this way, linc contact can be
achieved between the magnet unit 1031 and the attracting clement 1033. 1If the cross
scctions of the lincar protrusions 1050 are triangular, for example, the virtual surface
formed by a straight line connecting the peak edges is the contact surfacc that contacts the
altracting element 1033, and therefore the surfacc arca of the contact can be gwatly
reduced, and the occurrence of dust can be significantly restncted. The cross-scctional
surface 1s not limited to a triangular shape, and any shapc may be used that can achieve
substantially lincar contact. l‘urthermore, even if a small lat portion remains on the
contact portion as a result of the polishing process, for cxample, this small flat portion is
still acceptable as long as it can achicve substantially linear contact.

[0054]  The following describes a configuration of an attraction unit 1030, Fig. 9is a
planar view schematically showing a flat spring 1034 of an attraction unit 1030.

[0055]  Thc flat spring 1034 is an elastic member having elasticity in a dircction
orthogonal 1o the holding surface of the second substratc holder 1015 that holds the second
substratc 1017, and may be formed of a high-strength precipitation-hardening stainless
steel, such as SUS 631. The flat spring 1034 s (ormed by a central circular portion 1043
and attaching sections 1044 protruding therefrom as cars. The circular portion 1043 has a
diameter of 22 mm and a thickness 0of 0.1 mm.

[0056] A pair of slits 1046 that cxtend in the same direction as each other are amanged
in the circular portion 1043 with an interval therebetween in a dircction orthogonal to the
extension direction.  Each slit 1046 is the same distance from the center of the circular
portion 1043. The two slits 1046 form a band-shaped portion 1048 in the central region of
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the circular portion 1043, A through-hole 1047 that fixes the atiracting clement 1033 is
formed 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 sccond substrate holder 1015, The flat spring
1034 is arranged in a peripheral region of the holder body 1023, such that the two threaded
‘holcs 1045 are oriented along a circumfercntial dircction of the second substrate holder
1015 and the extension direction of each slit 1046 is oriented along the radial dircction of
the second substrate holder 1015.

[0057]  Fig. 10 is a perspective view schematically showing a state in which the flat
spring 1034 is elastically deformed. Specifically, Fig. 10 shows a statc in which the
attracting clement 1033 fixed to the flat spring 1034 is cngaged with the magnet unit 1031
via attraction. Tt should be noted that the attracting element 1033 is not shown in Fig. 10.
[0058]  In the flat spring 1034, as a result of the attracting 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 thercfore 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. Al (his time, the shapes of the openings in the slits 1046 are
deformed to allow for the above dcformation.

[0059]  Fig. 11 is a perspective view including the atfracting clement 1053 when the
flat spring 1034 of Fig. 10 is in the deformed state. The attracting element 1033 is fixed to
the flat spring 1034 via the through-hole 1047, by a faslening member such as a screw.
[0060]  The atlracting element 1033 is formed of a ferromagnetic body, such as carbon
steel 825C. A buffer plate 1049 is fixed to the contact surface of the attracling element
1033 that contacts the magnet unit 1031. The hardness of the bulTer platc 1049 is less than
that of the material forming the contact surface of the magnet unit 1031. For example, the
matcrial of the buffcr platc may b a Si-type material or a resin material.

[0061]  The buller plate 1049 is preferably configured to be replaceable on the
attracting clement 1033. The buffer platc 1049 contacts the contact surfuce of the magnet
unit 1031 and receives a focused stress, particularly when protruding portions such as the
spherical protrusions 1041 or the lincar protrusions 1050 are provided. Therefore, a
depression or scraping can occur in the bulfer plate 1049 as a result of the buffer plate
1049 absorbing the impact. Thercfore, the buffer plate 1049 is replaced for every
prescribed number of uses, The buffer plate 1049 is fixed by cnpaging with a recessed
portion provided in the attracting clement 1033 or by using an adhesive agent, for
example,

17



10062  In the above description, the support section 1035 of the magnet unit 1031 is
provided with protruding portions such as the spherical protrusions 1041, and buller plates
1049 are provided on the attracting clement 1033 facing the protruding portions.
Howcver, the magret unit 1031 and the attraction unit 1030, which are respectively the
engaging member and the engagement recciving member, are in a relative rclationship,
and therefore the protruding portions and the bufler plates 1049 may each be formed on
the opposite unit.

[0063]  An example of this is provided in Fig. 12, which is a perspective view in which
the spherical protrusions 1041 are arranged on the attracting element 1033. In the same
manner as the cxample in which the spherical protrusions 1041 are provided on the
support section 1035 of the magnet unit 1031, at lcast three spherical protrusions {041 arc
embedded by being pressed in fixing members 1042, which are brass rings, for example.
As another example, the spherical protrusions 1041 may be formed inlegrally with the
altracting element 1033 by using machining such as polishing. With this configuration,
the buffer platc 1049 is instead provided on the support scction 1035 of the magnet umt
1031,

[0064] It should be noted that even if the positions of the protruding portions and the
buffer plates 1049 are reversed, the conlact surfaces of the attracting element 1033 and the
magnct unit 1031 in the gravitational direction are still positioned to be below the honding
surfaces of the second substrate 1017 and the first substrate 1016. The contact surfaces are
preferably positioncd below the first substrate 1016 holding surface of the first substrale
holder 1014.

[0065]  Fig. 13 is a cross-scctional view showing the coupling operation between the
magnct unit 1031 and the attraction unit 1030. In particular, Lig. 13 shows a cross section
over the line B-B in Figs. 3 and 4. The first substratc 1016, the second substrate 1017, the
push pin 1054, etc. are omiticd from the drawing. Fig. 13 shows a state before the
attracting clement 1033 engages with the magnet unit 1031, Iig. 14 shows a state alier the
attracting element 1033 has engaged with thc magnet unit 1031, using the same cross-
sectional view as Fig. 13.

[0066]  As shown in the drawings, the magnct unit 1031 is fixed to the surface of the
second substrate holder 1015 by a screw. The flat surfiace that contacts the buffer plate
1049, which is the contact surface of the attracting clement 1033, is the virtual flat surface
formed hy the peaks of the spherical protrusions 1041. This virtual flat surface is
positioned below the first substrate 1016 holding surface of the first substrate holder 1014,
[0067]  In other words, the first substrate holder 1014 includes a recessed portion 1023
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having a surface that is lower than the first substratc 1016 holding surface and
cotresponding to the region in which the attraction unit 1030 is provided. ‘The virtual
surface formed by the 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.

[0068]  The recessed portion 1025 includes a through-hole 1026 that allows the
attracting element 1033 to move up and down. The back surface 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 (lat spring 1034
and a screw [ixing the flat spring 1034 to the first substrate holder 1014 are arranged to be
houscd within the recessed portion. ‘

[0069]  As shown by the change from the statc of Fig. 13 to the state of Fig. 14, the
band-shaped portion 1048 to which the attracting element 1033 is affixed elastically
dcforms as a result of the attracting element 1033 being attracted by the magnet 1036. At
this time, the altaching sections 1044 arc fixed to the first substratc holder 1014, and
thercfore the flat spring 1034 biases the first substratc holder 1014 and the sccond
substrate holder 1015 o draw closer to cach other, by sandwiching the sccond substrate
1017 with the first substrate 1016.- ‘

[0070]  Tig. 15 is a cross-sectional view schematically showing the cnpagement control
unit 1053, A plurality of cngagement control units 1053 are arranged on the second
substratc holder 1015, corresponding o the magnct units 1031, The eylinder portion 1055
is connected to an air pump 1056 that adjusts the atmospheric pressure within the cylinder
portion 1055. The control section causes the push pin 1054 to extend and rctract by
controlling the air pump 1056. More specifically, the control section causes the push pin
1054 1o he at the stored position in which at least a portion of the push pin 1054 is within
the cylinder portion 1055 or at the extended position in which the tip 1057 of the push pin
1054 presses the buller plate 1049. Accordingly, the pressing force exerted by the push
pin 1054 on the buffer plate 1049 is large enough to resist the elastic foree of the flat
spring 1034,

[0071]  The tip 1057 of the push pin 1054 is machincd to be sphencal, in order to
achieve point contact with the buffer platc 1049. As another example, a tip portion such
as a sphenical protrusion 1041 may be provided as a scparatc member.

[0072)  Fig. 16 is a side view schematically showing a state in which the transport
apparatus 1013 grips the substrate holder pair 1018.  The transport apparatus 1013
includes an arm portion 1020 and a gripping section 1019 that is connected to the arm
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portion 1020. The gripping section 1019 includes a support board 1062 that supports the

substratc 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 pair 1018 thereto using vacuum suction, and the substrate holder pair

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

[0073]  The presscr plate 1063 is provided on a support column 1064 formed on one

cnd of the support board 1062, and can move back and forth in a dircction to sandwich the

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

holdcr 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. As a result of
the arm 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 apparatus
1012.

[0074]  Fig. 17 is a side vicw schematically showing essential portions of the bonding
apparatus 1012. The bonding apparatus 1012 includes a lower pressuring stage 1065
arranged below the first substrate holder 1014 and an upper pressuring stage 1066
arranged above the sccond substrate holder 1015, The 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 pressuring
stage 1065 and the upper pressuring stage 1066 each house a heater therein, and can
therefore also apply heat Lo the substrate holder pair 1018 mounted thereon in addition to
applying pressurc. As a result of the pressure and heat being applied to the substrate
holder pair 1018, the electrodes of the (irst substrate 1016 and the sccond substrate 1017 in
contact with cach othcr arc fuscd together. As a result, the corresponding circuit regions
1021 of the first substrate 1016 and the second subsirate 1017 arc bonded together.

[0075]  As dcscribed above, the contact surface area between the atfracting element
1033 and the magnet unit 1031 is relatively small, so that dust does not enter
therebetween,  Accordingly, the dust attached to the contact surface of the attracting
clement 1033 or the magnct unit 1031 is restricted from being broken up, fragmented, and
scattered during the bonding. When the fragmenting and scartcring of dust is restricted,
the dust is restricted from flowing toward the substrate. In particular, when the dust 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 the substrate holder pair 1018, for example, causcs the fragmented dust to be
lilied und Sprc.zld easily. The present cmbodiment described above reduces the likelihood
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of this problem occurring. Furthermore, if the dust caught between substrates can be
reduced, reduction in the contact surface between the attracting clement 1033 and the
magnet unit 1031 dﬁring bonding can be restricted. Accordingly, the present embodiment
15 also useful for preventing the occurrence of new dust

[0076]  (Sccond Embodiment)

Fig. 18 schematically shows a substrate bonding apparatus 201() according (o a
sccond cmbodiment. The substrate bonding apparatus 2010 includes an alipnment
apparatus 2011 that aligns a first substrate 2016, which is a semiconductor waler, with a
sccond substrate 2017, which is a semiconductor wafer to be laycred on the first substrate
2016. The substrate bonding apparatus 2010 also includes a bonding apparatus 2012 that
bonds togcther the first substrate 2016 and the second substratc 2017 aligned by the
alignment apparatus 2011.

[0077]  The first substrate 2016 is held by the first substratc holder 2014, and the
second substratc 2017 is held by the sccond substrate holder 2015, Tn the alignment
apparatus 2011, when the first substrate 2016 and the second substratc 2017 arc aligned,
the first substrate holder 2014 and the second substratc holder 2015 sandwich the first
substrate 2016 and the second substrate 2017 to form these substrates intcgrally, thereby
forming the substrate holder pair 2018. A dctailed structurc of the substrate holder pair
2018 1s described further below.
[0078]  The substrate bonding apparatus 2010 further includes a transport apparatus
2013 that transports the substrate holder pair 2018 intcgrated by the alignment apparatus
2011 to the bonding apparatus 2012. The transport apparatus 2013 can also transport a
semiconductor walfer or a single substrale holder between apparatuscs. The transport
apparatus 2013 includcs a gripping scction 2019 that 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 cxtending/contracting movement. |
[0079] Fig. 19 is a planar view schematically showing a scmiconductor wafoer
according to the present embodiment. ‘The first substratc 2016 and the second substrate
2017, which are semiconductor wafers, are each formed of a circular thin hoard member
 made of single-crystal silicon, and each have one surface on which a plurality of circuit
regions 2021 arc formed. Lhe circuit regions 2021 are partitioned into a matrix, and
cireutt elements such as transistors, resistors, and capacitors arc formed therein. ‘The
circuit elements are formed using mainly lithography techmiques such as thin [ilm
formation, etching, or impurity diffusion. Alignment marks arc provided within each of
the circuit regions 2021, The alignment marks are indicators used 1o align the substrates
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with each other. The plurality of alignment marks provided on each of the first substrate
2016 and the second substrate 2017 have their set coordinate values stored independently
and managed in a mecmory. ‘The scmiconductor wafers to be layered may be
semiconductor wafers that have already been luyered with other semiconductor wafers. In
this casc, the previously laycred circuit laycrs preferably undergo a thinning process to
remove unnecessary thickness:

[0080]  Kig. 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 attraction unit 2030, which serves as an engaging section, and is shaped as a
circular board with a diamcter larger than that of the first substrate 2016. The holder body
2022 is formed integrally using a material with high tigidity such as ceramic or metal.
{00811  '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
first substrate 2016 is achieved by adhesion that uscs clectrostatic force. Specifically,
voltage is applied to an clectrode embedded in the holder body 2022, via a voltage:
application terminal provided on the back surface of the holder body 2022, to cause a
potential difference between the first substrate holder 2014 and the first substrate 2016,
thereby adhering the first substrate 2016 to the first substrate holder 2014. The adhesion
surface of the first substratc 2016 is the surface opposite the surface on which the circuit
regions 2021 are provided.

~ [0082]  ‘The aftraction unit 2030 includcs a plurality of peripheral regions, which are
arranged further outward than the held first substrate 2016, on the surface thereof (hat
holds the first substrate 2016. 1In the example shown in the drawings, sets that cach
include two attraction units 2030 arc arranged at intervals of 120 degrees to obtain a total
of six attraction units 2030. A more detailed configuration is described further below.
[0083f  The first substrate holder 2014 includes first through-holes 2101 passing
through the holder body 2022 in regions between the region holding the first substrate
2016 and the attraction units 2030. In the example ol Fig. 20, threc 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 to the
number of attraction units 2030, and the first through-holes 2101 may be formed as
elongated holes to correspond to the shape of the attraction unit 2030 sets.

[0084]  Fig. 21 is a planar view schematically showing the second substrate holder
20135 holding the second substrate 2017. The second substratc holder 2015 includes a
holder body 2023 and magnet units 2031, which serve as engaging sections, and is shaped
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as a circular board with a diameter larger than that of the sccond substrate 2017, The
holder body 2023 is lormed integrally using a material with high rigidity such as ccramic
or mctal. | , .

[0085]  The holder body 2023 has a region for holding the second substrate 2017 on the
surface thercof. 'This holding region is polished to be extremely flat. The holding of the
second substrate 2017 is achieved by adhesion that uses electrostatic force. Specifically,
voltape is applied to an electrode embedded in the holder body 2023, via a voltage
application terminal provided on the back surface of the holder body 2023, to cause a
potential diffcrence between the second substrate holder 2015 and the second substrate
2017, thercby adhering the second substratc 2017 to the second substratc holder 2015.
The adbesion surface of the second substrate 2017 is the surfacc opposite the surface on
which the circuit regions 2021 are provided.

[0086] The magnet unit 2031 includes a plurality of periphcral regions, which are
arranged further outward than the held second substrate 2017, on the surface thereof that
holds the second substrate 2017. [n thc cxample shown in the drawings, sets that each
include two magnet units 2031 are arranged at intervals of 120 degrees 10 obtain a total of
six magnet units 2031, |

[0087]  The magnet units 2031 are arranged to correspond respectively Lo the attraction
units 2030 of the first substrate holder 2014, When the first substratc holder 2014 holding
the first substrate 2016 and the sccond substrate 2017 holding the second substrate holder
2015 facc cach other and the attraction units 2030 and magnet units 2031 are operated, the
first substrate 2016 and the sccond substrate 2017 can be fixed together in a stacked state.
This resulting stacked state is the substratc holder pair 2018. A more detailed
configuration and the adhesion operation arc described further below.

(0088]  The second substrate holder 2015 includes second through-holes 2102 passing
through the holder body 2023 in regions between the region holding the sccond substrate
2017 and the magnet units 2031, In the cxample of Fig, 21, threc second through-holes
2102 are formed between cach sct of magnet units 2031 and a region holding the socond
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 formed as
elongated holes to correspond to the shape of the magnet unit 2031 sets. The first through-
holes 2101 and the second through-holes 2102 form a dust flow inhibiting mechanism,
and a detailed operation thereof'is described further below.,

f0089]  Fig. 22 is a cross-scctional view schematically showing a state immediately
before the substrate holder pair 2018 is formed by the alignment apparatus 2011,
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Specifically, Fig. 22 is a cross-scctional view of a state in which the first substrate holder
2014 holding the first substrate 2016 is fixed o the first stage 2051 of the alignment
apparatus 2011 by vacuum suction and the sccond substrate holder 2015 holding the
sccond substrate 2017 is fixed to the second stage 2052 of the alignment apparatus 2011
by vacuum suction, In particular, the cross-sectional vicw is over the line A-A in Figs. 20
and 21.

[0090]  The (irst substrate holder 2014 is fixed to the front surface of the first stage
2051 by a vacuum suction force exerted by a suction apparatus 2075 via a first suction
piping 2071 passing through the first stage 2051 to reach the front surface thereof. The
first suction piping 2071 includes a plurality of branches reaching the front surface of the
first stage 2051, and exerts uniform suction over a wide region on the back surlace of the
{irst substrate holder 2014. ‘The suction force of the suction apparatus 2075 is adjusted by
a first valve 2073, in order to control attachment and detachment of the first substrate
holder 14,

00911  Similarly, the second substrate holder 2015 is fixed to the front surface of the
second stage 2052 by the vacuum suction force cxerted by a suction apparatus 2075 viaa
second suction piping 2072 passing through the second stage 2052 to rcach the front
surface thercof. The second suction piping 2072 includes a plurality of branches reaching
the front surface of the 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 adjusted by a sccond valve 2074, in order to control attachment and
detachment of the second substrate holder 135.

[0092]  The first stage 2051 can move the first substrate 2016 rclative to the sccond
substratc 2017, in a Z-axis direction that is the layering dircction and X-axis and Y-axis
directions that are each orthogonal to the Z-axis. "The alignment apparatus 2011 aligns the
first substrate 2016 and the second substratc 2017, by using a (irst microscope arranged on
the alignment apparatus 2011 in a manner to be able to observe the first substrate 2016 and
a second microscope arranged on the alignment apparatus 2011 in a manner to he able to
observe the second substrate 2017.

| [0093]  More specifically, each microscope is uscd to capture images of the alignment
marks on each substratc scrving as an observation target, and precisc positions of the
alignment marks are detected by performing image processing on the captured image data.
The positional skew amount between corresponding alignment marks is then calculated
and the first stage 2051 is moved according to this positional skew amount, thercby
aligming the [irst substrate 2016 and the second substrate 2017, In this way, each circuit
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region 2021 of the first substratc 2016 faces a corresponding circuit region 2021 of the

second substrate 2017. The positional skew amount calculation may be performed using a

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

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

the first substrate 2016 overlap the plurality of alignment marks of the second substrate

2017.

[0094]  When aligning the first substratc 2016 with the second substratc 2017, i.c.

when moving the first stage 2051 in the XY-plane, a small gap is maintained between the

first substrate 2016 and the second substrate 2017 such that the substrates do not contact

cach other. 'The sccond stage 2052 includes a plurality of engagement control units 2033,

such that the attraction units 2030 do not engage with the magnet units 2031 when in this

statc;

[0095]  Each engagement control unit 2053 is mainly formed from a push pin 2054,

which is 4 member shaped as a pillar, and a cylinder portion 2055 that drives the push pin

2054. When at an cxtended position, the push pin 2054 passcs through a holder insertion
hole 2024 that is provided in the second substrate holder 2015 and a magnet insertion hole
2032 provided in thc magnct unit 2031 arranged to be aligned with the holder insertion

hole 2024, such that the tip of the Apush pin 2054 protrudes beyond the magnct insertion

hole 2032. When at a storagc position, a portion of the push pin 2054 is stored within the

eylinder portion 2055, and is withdrawn (rom the inscrtion holes. In other words, the push

pin 2054 moves back and forth in the Z-axis direction within the insertion holes, according

lo the dnive of the cylinder portion 2055.

10096]  When the first substrate 2016 and the sccond subslrate 2017 arc to be moved

relative to each other in the XY-planc, such as shown in Fig. 22, the push pins 2054 are

held at the extended position in contact with the top surfaces of the altraction units 2030,

thereby preventing the aitraction units 2030 from engaging with the magnet units 2031, In

other words, the attraction units 2030 are formed by attracting elements 2033 and flat
springs 2034 fixed to the attracling elements 2033, but the push pins 2054 press on the

attracting elements 2033 from above to restrict the elastic deformation of the flat springs
2034, such that the attracting elements 2033 do not cngage with the magnet units 2031 as
aresult of the elastic deformation of the flat springs 2034.

|[0097)  The alignment of the first substratc 2016 and the second substratc 2017 by the
alignment apparatus 2011 is performed at a fingl fine adjustment stage in which the

movement amount is such that the tips of the push pins 2054 slide along the top surfaces

of the altraction units 2030. At other stages, such as an obscrvation stage in which the
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alignment marks are observed by the microscopes, the first substrate 2016 and the sccond
substrate 2017 arc scparated from cach 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
magnct units 2031.  Accordingly, the push pins 2054 are held at the cxtended position
when the magnetic force of the magnct units 2031 is cxcrted on the attraction units 2030
and cngaging therebetween is (o be prevented, and are held at (be stored position at all
other times. ,

[0098] A portion of the tubes branching from the first suction piping 2071 and
connected to the front surfacc of the first stage 2051 arc connccted as first communicating
tbes 2111 to the first through-hole 2101 of the first substrate holder 2014 fixed to the first
stape 2051. A portion of the tubes branching from the second suction piping 2072 and
connected to the front surface of the second stage 2052 are connected as second
communicating tubes 2112 1o the second through-hole 2102 of the second substrate holder
2015 fixed to the sccond stape 2052, Another portion of the tubes branching from the first
suction piping 2071 and comnected 10 the front surface of the first stage 2051 are
connected as third communicating tubes 2113 to an cmpty space on the back surface side
of (he flat spring 2034 of the (irst substrate holder 2014 (ixed Lo the first stage 2051,

[0099]  FKig. 23 is a cross-scctional view schematically showing a state immediately
alier -formation of the substrate holder pair 2018 by (he alignment apparatus 201 1.
Specifically, Fig. 23 shows a statc in which the first stage 2051 has been driven in the Z-
axis direction from the state shown in Fig. 22, such that the surface of the first substrate
2016 contacts the surface of the second substrate 2017, the push pins 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 (o the state of Fig,
23, the first substrate 2016 and the second substrate 2017 are aligned, and thc magnet units
2031, which are cnpaging members, arc cngaged with the attraction units 2030, which are
engagement receiving members. The first substrate holder 2014 and the second substrate
holder 2015 arc then formed integrally, thereby forming the substratc holder pair 2018 as
the substrate holder system,

[0101]  The Z-axis dircction is the direction of gravitational force in the alignment
apparatus 2011, and the fivst stage 2051 is positioned below the second stage 2052.
Therefore, cach surface is arranged from top to bottom, in the direction of the gravitatiorial
lorce, in the order of the second substrate 2017 holding surface of the sccond substrate
holder 2015, thc bonding surfaccs of the sccond substrate 2017 and the first substrate
2016, and the first substrate 2016 holding surface of the (irst substrate holder 2014.
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[0102]  During the proccss of transilioning from the state of Fig. 22 to the state of Fig.
23, the movement of the push piné 2054 to the storage position causes elastic deformation
of the flat springs 2034, and so the atiraction units 2030 engage with the magnet units
2031. At this ime, the engagement of the attracﬁng clements 2033 of the attraction units
2030 with thc magnct units 2031 is accompanied by a small impact. Therelore, at this
time, the contact surfaces of the attracting clements 2033 and the magnet units 2031 in the
gravitational force dircction are sct to be lower than the contact sutfaces of the second
substrate 2017 and the first substrate 2016. The contact surfaces of the attracting clements
2033 and the magnct units 2031 are preferably set to be lower than the first substrate 2016
holding surface of the first substrate holder 2014.

[0103] By sctting such a positional relationship, even if dust is created and scattered by
the impact of the engagement between the aftraction units 2030 and the magnet unils
2031, the dust can be expected to be pulled down by gravity and to not enter between the
first substratc 2016 and the second substrate 2017. Even il some dust moves {rom the
space between the first substrate holder 2014 and the sccond substrate holder 2015 toward
the first substratc 2016 and the second substrate 2017, this dust can be expected to be
withdrawn from the first through-holes 2101 and the sccond through-holes 2102.

[0104]  Specifically, the first through-holes 2101 connected to the first communicating
tubes 2111 and the second through-holes 2102 connected to the sccond communicating
tubes 2112 exert suction due Lo the operation of the suction apparatus 2075, and suck in
the atmosphere near the openings thercof. When some of the dust generated by the impact
of the honding 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 mto the openings along with the ncarby atmosphere and withdrawn into the first
suction piping 2071 or the second suction piping 2072. In other words, the generated dust
can be expected to be withdrawn before entering between (he first substrate 2016 and the
second substrate 2017. Dust entering between the substrates causcs problems in the circuit
operation and insulTicient bonding strength, but these problems can be ameliorated by
adopting the configuration described above.

[0105]  Furthermore, the third communicating tubes 2113 are connected to an cmpty
space on the back surface side of the flat spring 2034, and therefore the dust generated by
the impact of the bonding between the attraction unit 2030 and the magnet unit 2031 can
also be expected to be withdrawn by the third communicating tubes 2113, In other words,
the third communicating tubes 2113 also exert suction due (o the operation of the suction
apparatus 2075 to suck in atmosphere from the empty space on the back surface side of' the
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flat spring 2034, and therefore the generated dust is withdrawn to the first suction piping

2071 along with the suctioned atmosphere.

{0106]  'The suction force of the first suction piping 2071 and the second suction piping

2072 may be strengthened during a prescribed period beginning when the attraction unit

2030 and thc magnet unit 203! 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 formed, the substrate holder pair 2018 is

relcased 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 apparatus 2013 and the bonding proccss of the

bonding apparatus 2012 are described further below.

[0108]  The following describes 4 configuration of the magnet unit 2031. I'ig. 24 is a

peespective view schematically showing the magnet unit 2031, The magnet unit 2031

includes a magnet 2036 and a support section 2035 housing the magnet 2036.

[0109]  The support section 2035 includes a housing portion shaped as a circular
cylinder that houscs the magnet 2036, and a threaded hole 2037 through which passes a
screw for fixing the support section 2035 to second substrate holder 2015, The support
scction 2035 is formed by carbon stecl S25C, for example. The support section 2035 has a
counterface surface 2040 facing the attracting element 2033, The magnet 2036 is a
permanent magnet shaped as a circular pillar that can be inscrted into the housing portion
of the support section 2035, and may have a magnetic force of approximately § N, for
example, The central axis of the magnet 2036 is provided with an inscrtion hole 2038 into
which is inscrted a push pin 2054, and an insertion hole 2039 in series with the msertion
hole 2038 and into which the support section 2035 is inserted. The magnct insertion hole
2032 is formed by thesc two inscrtion holes.

[0110]  The following describes a configuration of an atiraction unit 2030. Fig. 25is a
planar view schematically showing a flat spring 2034 of an attraction unit 2030. The flat
spring 2034 is an clastic member having clasticity in a direction orthogonal to the holding
surface of the second substrate holder 2015 that holds the second substratc 2017, and may
be formed of a high-strength precipitation-hardening stainless steel, such as SUS 631, The
flat spring 2034 is formed by a central circular portion 43 and attaching scctions 2044
protruding thercfrom as cars. ‘The circular portion 43 has a diameter of 22 mm and a
thicknéss of 0.1 mm.

[0111] A pair of slits 2046 that extend in the same direction as euch other are arranged
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in the circular portion 43 with an intcrval therebetween in a direction orthogonal to the
extension direction. E[ach slit 2046 is the same distance (rom the center of the circular
portion 43. The two slits 2046 form a band-shaped portion 2048 in the central region of
the circular portion 43. A through-hole 2047 that fixes the attracting element 2033 is
formed in the band-shaped portion 2048 at the center of the circular portion 43. Similarly,
each attaching scction 2044 includes a threaded hole 2045 through which passes a screw
for fixing the flat spring 2034 to the second substrate holder 2015. The flat spring 2034 is
arranged in a peripheral rogion of the holder body 2023, such that the two threaded holes
2045 are oriented along a circumierential direction of the second substrate holder 2015
and the cxtension direction of cach slit 2046 is oriented along the radial direction of the
second substrate holder 2015.

[0112]  Fig. 26 is a perspective view schematically showing a state in which the {lat
spring 2034 is elastically deformed. Specifically, Fig. 10 shows a statc in which the
atracting clement 2033 fixcd 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 I'ig. 26.
[0113]  Tn the flat spring 2034, as a result of the attracting element 2033 being attracted
to the magnet unit 2031, the band-shapcd portion 2048 rises upward such that that the
through-hole 2047 becomes a peak, and the therefore two portions of the periphery of the
circular portion 43 connected to the band-shaped portion 2048 are deformed to draw
closer to each other. At this time, the shapes of the openings in the slits 2046 are
deformed 10 allow [or the above deformation.

[0114]  Tig. 27 is a perspective view including the attracting clement 2033 when the
{Tat spring 2034 of Fig. 26 is in the deformed state. The attracting element 2033 is fixed to
the flat spring 2034 via the through-holc 2047, by a fastening member such as a serew.
The attracting element 2033 is formed of a ferroelectric body. For example, the attracting
element 2033 may be {ormed of carbon stecl S25C.

[0115]  Yig. 28 is a cross-sectional view showing the coupling opcration between the
magnet unit 2031 and the attraction unit 2030, In particular, Fig. 28 shows a cross section
over the linc B-B in Figs. 20 and 21. The first substrate 2016, the sccond substratc 2017,
the push pin 2054, etc. are omilted from the drawing. Fig. 28 shows a state before the
attracting clement 2033 cngages with the magnet unit 2031, Fig. 29 shows a statc after the
altracting element 2033 has engaged with the magnet unit 2031, using the same cross-
scctional view as Fig, 28.

[0116]  As shown in the drawings, the magnet unit 2031 is fixed to the surface of the
sccond substratc holdcr 2015 by a screw. The counterface surface 2040 facing the
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attracting element 2033 is positioned below the first substrate 2016 holding surface of the
first substratc holder 2014. In othcr words, the first substratc holder 2014 includes a
recessed portion 2025 having a surface that is lower than the first substrate 2016 holding
surfacc and corresponding .to 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 to contact the altracting element 2033, s positioned within the
recessed portion 2025 when the front surface of the first substrate 2016 and the {ront
surfacc of the sccond substrate 2017 are in contact.

[0117]  The reccssed portion 2025 includes a through-hole 2026 that allows the
altracting 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 substratc 2016,
includes a recessced portion 2027 around the through-hole 2026, and the flat spring 2034
and a screw [ixing the Nat spring 2034 1o the [irst substrate holder 2014 arc arranged to be
housed within the rccessed portion.

[0118]  As shown by the change {rom the state of Fig. 28 to the statc of Lig. 29, the
band-shaped portion 2048 to which the attracting element 2033 is alfixed elastically
deforms as a result of the attracting element 2033 being attracted by the magnet 20536, 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 sccond
substrate holder 2015 to draw closer to each other, by sandwiching the second substrate
2017 with the first substratc 2016.

[0119] Fig. 30 is a vertical cross-sectional view schcmatically showing the
cngagement 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 (o an air pump 2056 that adjusts the atmospheric
pressurce within the cylinder portion 2055. "The control section causes the push pin 2054 to
extend and retract by controlling the air pump 2056. More specifically, the control scction
causes the push pin 2054 o be at the stored position in which at icast 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 presses the altracting clement 2033, Accordingly, the pressing
force exerted by the push pin 2054 on the aitracting element 2033 is large cnough to resist
the clastic force of the flat spring 2034. The tip 2057 of the push pin 2054 is machined to
be spherical, so as to achieve point contact with the attracting element 2033,

[M20]  Fig. 31 is a side view schematically showing a state in which the transport
apparatus 2013 grips the substrate holder pair 2018. The transport apparatus 2013
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includes an arm portion 2020 and a gripping scction 2019 that is connected to the arm

portion 2020. The gripping section 2019 includes a support board 2062 that supports the

substrate holder pair 2018 from below and a presser plate 2063 that presses the substrate

holder pair 2018 from above. The support board 2062 includes a suction holc that fixcs

the substrate holder pair 2018 thercto using vacuum suction, and the substrate holder pair

2018 is fixed to the support board 2062 as a result of this suction.

[0121]  The presser plate 2063 is provided on a support column 2064 formed on one

end of the support board 2062, and can move back and (orth in a dircction to sandwich the

substrate holder pair 2018. The presser platc 2063 cxcrts a pressing force on the substrate

holder pair 2018 fixed to the support board 2062, such that the substratc 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 whilc in this state, the transport apparatus 2013 transports
the substrate holder pair 2018 from the alignment apparatus 201 1 to the bonding apparatus

2012.

[0122]  Fig. 32 is a side view schematically showing essential portions of the bonding
apparatus 2012, The bonding apparatus 2012 includes a lower pressuring slage 2065

arranged below the first substrate holder 2014 and an upper pressuring stage 2066
arranged above the second substrate holder 2015. The upper pressuring stage 2066 can

move toward the lower pressuring stage 2065, in order to apply pressurc to the substrate
holder pair 2018 together with the lower pressuring stage 2065. The lower pressuring
stage 2065 and the upper pressuring stage 2066 each house a heater thercin, and can
therefore also apply heat to the substrate holder pair 2018 mounted thereon in addition to
applying pressure. As a resull of the pressurc and heat being applied to the substrate
holder pair 2018, the electrodes of the first substrate 2016 and the sccond substrate 2017 in
contact with each other are (used together. As a result, the corresponding circuil regions
2021 of the first substratc 2016 and the sccond 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 mechanism, as a first modification of the second
cmbodiment. 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 atiraciion umits 2030. In contrast to this, the presemt
modification includcs, in addition to the first through-holes 2101, a plurality of through-
holes that surround the region for holding the first substratc 2016. All of the through-holes
together form an annular through-holc 2121 on the holder body 2022.
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[0124] A plurality of through-holes corresponding to the annular through-hole 2121 of
the first substrate holder 2014 are formed in a ring on the second substrate holder 2015.
These through-holcs arc respectively connected 10 corresponding communicating tubes
when the first stage 2051 or the sccond stage 2052 is cxerting suction, in the same mannet
as the first communicating tubes 2111 connected (o the first through-holes 2101 and the
second communicating tubes 2112 connccted to the sccond through-holes 2102. ‘The
through-holcs connccted to the communicating tubes suck in atmosphere near the
openings thereof, as a result of the operation of the suction apparatus 2075. The substrate
holder pair 2018 with this configuration can be expected to withdraw not only the dust
generaled by the bonding impact between the attraction unit 2030 and the magnet unit
2031, but also the dust that is scattered in the surrounding atmosphere, thereby preventing
dust from entering between the first substratc 2016 and the sccond substrate 2017.

{0125}  In the embodiment described above, suction is achieved through the through-
holcs by using communicating tubes that branch from the first suction piping 2071 or the
second suction piping 2072. Howcver, the at least one of the communicating tubces.
connected to a through-hole of the first substrate holder 2014 or the second substrate
holder may be provided as a systcm that is scparatc from the first suction piping 2071 and
the second suction piping 2072, If control is performed such that one intakes atmosphere
while the other ejects atmosphere, an air curtain can be formed around the region for
holding the substrate, and therefore dust from outside this region can be expecled to be
prevented from entering into this region.

[0126]  (Second Modification of Sccond Embodiment)

Fig. 34 is a planar view schematically showing a first substratc holder 2014
including a dust flow inhibiting mechanism, as a second modification of the second
cmbodiment. The first substrate holder 2014 described in Fig. 20 includes first through-
holes 2101 passing through the holdcr body 2022 in regions between the region holding
the first substrate 2016 and the attraction units 2030, In contrast to this, the present
modification includes, instead of the first through-holes 2101, first dust blocking walls
2131 formed by protrusions from the first substratc 2016 holding surface. In the cxample
of Fig. 34, three arc-shaped first dust blocking walls 2131 are provided corresponding to
- the sets of attraction units 2030. The central angle of these arcs is sct to be greater that the
central angle formed by a set of attraction units 2030 in the circumferential direction,
[0127]  Vig. 35 is a planar view schematically showing a sccond substrate holder 2015
including a dust flow inhibiting mechanism according to the second modification. The

second substratc holder 2015 described in Vig. 21 includes sccond through-holes 2102
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passing through the holder body 2023 in regions between the region holding the second
substratc 2017 and the magnet units 2031, In contrast to this, the present maodilication
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 sccond dust blocking walls 2132 are provided corrcsponding to
the sets of magnet units 2031, The central angle of these arcs is sct to be greater that the
central angle formed by a sct of magnet units 2031 in the circum(erential dircction.

[0128]  Fig. 36 is a cross-sectional view schematically showing a stale immediately
aftcr formation of the substratc holder pair 2018 according (o the second modification.
Specifically, Fig. 36 is a cross-sectional view of a state in which the first substrate holder
2014 holding the first substratc 2016 is fixed to the first stage 2051 of the alignment
apparatus 2011 by vacuum suction and the second substratc 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 C-C in Figs, 34
and 35.

[0129]  As shown in the drawings, the first dust blocking walls 2131 and the second
dust blocking walls 2132 are in a nested lorm when the first substrate holder 2014 and the
second substrate holder 2015 are stacked. The height of each first dust blocking wall 2131
is such that, when the first substrate holder 2014 and the sccond substrate holder 2015 are
stacked, the first dust blocking wall 2131 cxtends beyond the contact surfaces of the first
substrate 2016 and the second substrate 2017 toward the sccond substrate holder 2015 but
does not contact the holding surface of the sccond substrate holder 2015 holding the
second substratc 2017. The height of cach second dust blocking wall 2132 is such that,
when the first substrate holder 2014 and the second substratc holder 2015 are stacked, the
second dust blocking wall 2132 cxtends beyond the contact surfaces of the first substrate
2016 and the sccond substrate 2017 toward the [irst substratc holder 2014 but does not
contact the holding surface of the first substratc holder 2014 holding the first substratc
2016. Vurthermore, the first dust blocking walls 2131 arc formed further outward in a
radial direction than the second dust blocking walls 2132, for example, such that the dust
blocking walls do not interfere with cach other. The inward or outward relationship in the
radial direction may be reversed, and may bc changed for each combination of an
attraction unit 2030 and a magnct unit 2031,

10130}  With this configuration, even if dust is generated and scattered by the bonding
impact between the attraction unit 2030 and the magnet unit 2031, the dust does not
dircctly move toward the first substrate 2016 and the second substrate 2017. Specifically,
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the scattered dust can be expected to be prevented from passing beyond the first dust
blocking walls 2131 and the sccond dust blocking walls 2132 prior to reaching the first
substratc 2016 or the second substrate 2017, and therefore the dust does not stick to the
first substrate 2016 or the secound substrate 2017.

[0131]  If the contact surfaces of the attraction unit 2030 and the magnet unit 2031 are
positioned below the first substrate 2016 holding surfacc of the first substrate holder 2014
in the dircction of gravity, the first dust blocking walls 2131 arc preferably provided
further 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 o move toward the first
substrate 2016 and the second substrate 2017.

[0132}  The first dust blocking walls 2131 and the second dust blocking walls 2132 arc
not limitcd to having the arc shape described above. For cxample, cach first dust blocking
wall 2131 may include a radially shaped portion in addition to the arc shape, in a manner
10 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 (o surround 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 perimeter of the region for holding the second
substrate 2017. With the above shapes as well, dust generated by the bonding ympact
between the attraction unit 2030 and the magnet unit 2031 can be made to travel a
complex path in order to cach 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 eflect 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 thc sccond
cmbodiment. The magnel unit according Lo the present modification further includes a
shicld 2141 in addition to thc magnet unit 2031 described in Fig. 24. T'he shicld 2141 is
affixed by coupling with an outer cylindrical surface of the support section 2035, and is
formed as a skirt that covers the counterface surface 2040 in a radial direction.

[0134]  Fig. 38 is a cross-sectional view of a state in which the magnet unit 2031 with
the shield 2141 attached thereto contacts the attraction unit 2030. The contac! surfaces of
the attraction unit 2030 and the magnet unit 2031 are positioned below the first substrate
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2016 holding surfacc of the first substrate holder 2014, in thc dircction of gravily.
Accordingly, when the first substrate holder 2014 and the second substrate holder 2015 arc
stacked, the recessed portion 2025 allows the shield 2141 to move below the first substrate
2016 holding surface of the first substrate holdcr 2014.

[0135]  The magnct unit 2031 including the shield 2141 can trap the dust generated by
the bonding impact of the attraction unit 2030 and thc magnet unit 203 1, within the shicld
2141. Accordingly, thc 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. In this case,
maintcnance can be performed easily by exchanging a shicld 2141 that has become dirty
due to the dust therein. As another example, the shield 2141 may be formed integrally
with the support scction 2035. In this case, the number of components is decreused,
allowing for easier assembly.

[0137]  In the manner doscribed above, an electrode is embedded in the holder body
2023 of the sccond substrate holder 2015 to generate a potential difference between the
second substrate holder 2015 and the sccond substrate 2017, thereby adhcring the second
substrate 2017 to the sccond substrate holder 2015, A charping section connected 1o the
electrode may be provided on the shicld 2141 to charge the shield 2141. When the shield
2141 is charped, the dust is expected to be attracted to the shield 2141, thercby increasing
the dust trapping efficiency.

[0138]  In the above modificatior, 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 the dust generated by the bonding impact
between the attraction unit 2030 and the magnet anit 2031 can be restricted.

[0139]  As described above, in cach of the cmbodiments, the flow of dust toward the
mounling regions for the first substrate 2016 and the second substrate 2017 can be
inhibited when the attraction unit 2030 is engaged with the magnel unit 2031 in the
substrate holder pair 2018, In other words, the flow of dust generated from both the
attraction unit 2030 and the mapnet unit 2031 due to the impact when these units are
cngaged can be inhibited. Furthermore, when the substratc holder pair 2018 1s transported
after the bonding, the flow dust between the first substrate holder 2014 and the second
substrate holder 2015 toward the mounting rcgions of the first substratc 2016 and the
sccond substratc 2017 is expected 1o be inhibited. Accordingly, circuit malfunctions due
to dust in a device manufuctured using the substrate holder pair 2018 arc restricted, and
therefore the device can be expected to have high quality. Furthermore, a high yield can
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be expected for the manufacturing of the device.
[0140]  (Third Embodiment)

I'ig. 39 schematically shows a substrate bonding apparatus 3010 according to a
third embodiment. The substrate bonding apparams 3010 includes an alignment apparatus
3011 that aligns a first substrate 3016, which is a semiconductor waler, with a second
substrate 3017, which is a semiconductor wafer 10 be layered on the first substrate 3016.
‘The substrate bonding apparatus 3010 also includes a bonding apparatus 3012 that bonds
together the first substrate 3016 and the second substratc 3017 aligned by the alignment
apparatus 3011. ‘Thc bonding apparatus 3012 performs permanent bonding of the first
substrate 3016 and the second substrate 3017 by applying pressure or both pressure and
heat thercto.

(01411  The first substrate 3016 is held by the first substratc holder 3014, and the

second substrate 3017 is held by the sccond substrate holder 3015, In the alignment

apparatus 3011, when the first substrate 3016 and the second substratc 3017 are aligned.

the {irst substrate holder 3014 and the second substratc holder 3015 sandwich the first.
substrate 3016 and the second substrate 3017 to form these substrates intcgrally, thereby

forming the substrate holder pair 3018. A detailed structurc of the subslrate holder pair
301815 descnibed (urther below.

10142]  The substrate bonding apparatus 3010 further includes a transport apparatus
3013 that 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 waler or a single substrate holder between apparatuses. The transport
apparatus 3013 includcs a gripping scction 3019 that grips a gripping target such as the
substrate holder pair 3018, and an arm portion 3020 that moves the gripping target o a
prescribed position via rotating and cxtending/contracting movement.

[0143] TFig. 40 is a planar view schematically showing a semiconduclor waler
according 10 the present embodiment. The first substrate 3016 and the sccond substrate
3017, which arc semiconductor wafers, are each formed of a circular thin board member
made of single-crystal silicon, and each have one surfacc on which a plurahty of circuit
regions 3021 are formed. The circuit rcgions 3021 are partitioned into a matrix, and
circuit clements such as transistors, resistors, and capacitors arc formed therein, The
circuit elements are formed using mainly lithography techniques such as thin film
formation, ctching, or impurity diffusion. Alignment marks are provided within each of
the circuit regions 3021. The alignment marks are indicators used to align the substrates
with cach other. The plurality of alignment marks provided on each of the first substrate
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3016 and the sccond substrate 3017 have their set coordinate values stored independently
and managed in a memory. The semiconductor wafcrs to be layered may be
serniconductor wafers that have alrcady heen laycred with other semiconductor wafers. In
this case, the previously layered circuit layers préferabl‘y undergo a thinning process to
remove unnecessary thickness,

{0144]  Fig. 41 is a planar vicw schematically showing the first substratc holder 3014
holding the first substrate 3016. The first 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 substratc 3016. The holder body
3022 is formed intcgrally using a matcrial with high rigidity such as ceramic or metal,
[0145]  The holder body 3022 has a mounting region for holding and mounting the first
subsirate 3016 on the surface thereof. This mounting region is polished 10 be extremely
flat. In Fig. 41, almost all of the region surrounded by the outer circumference of the first
substrate 3016 corresponds o the mounting region. ‘The holding of the first substrate 3016
is achicved by adhcsion 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
aranged (urther outward than the first substrate 3016 mounting rcgion of the on the
surfacc that holds the first substrate 3016. In the example shown in the drawings, sets that
cach include two attraction units 3030 are arranged at intcrvals of 120 degrees to oblain a
total of six attraction units 3030. A morc detailed configuration is described further
below, .

[0147)  The first substrate holder 3014 includes a first dust trapping region 3101, which
traps dust, between the first substrate 3016 mounting region and cach attraction unit 3030.
In the drawings, a first dust trapping region 3101 is provided between each set of attraction
units 3030 and the first substratc 3016 mounting region, but the number of first dust
trapping regions 3101 may instead correspond to the number of attraction units 3030. The
(irst dust trapping regions 3101 arc rcgions that use electrostatic force to trap dust that is
scattered from the attraction units 3030, in particular. A detailed configuration is
described further below.

[0148]  TFig. 42 is a planar view schematically showing the second substrate holder
3015 holding the second substratc 3017. ‘The second substrate holder 3015 includes a
holder body 3023 and a magnet unit 3031, which scrves as an engaging section, and is
shaped s a circular board with a diamcter larger than that of the second substratc 3017.
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‘The holder body 3023 is formed integrally using a material with high rigidity such as
ceramic or metal.

{0149}  The holder body 3023 has a mounting region for holding and mounting the
second substrate 3017 on the surfacc thereof This mounting region is polished to be
cxtremcly flat. In Fig. 42, almost all of the region surrounded by the outer circumference
of the second substrate 3017 corresponds to the mounting region. The holding of the
sccond substratc 3017 is achieved by adhesion that uses electrostatic force. A detailed
configuration is described {urther below. The adhesion surface of the second substrate
3017 is the surfacc opposite the surface on which the circuit regions 3021 arc provided.
[0150]  Each magnet unit 3031 includes a plurality of peripheral regions, which are
arranged further outward than the sccond 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 are arrangéd at intervals of 120 degrees to obtain a total of
six magnct units 3031.

[0151]  Each magnet unit 3031 is arranged to corrcspond to an attraction unit 3030 of
the first substratc holder '3014. When the first substrate holdcr 3014 holding the first
substrate 3016 and the second substrate holder 3015 holding the second substrate 3017
face cach other and the attraction unit 3030 and magnel unit 3031 arc made to operate, the
first substrate 3016 and the second substratc 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.
[0152]  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 dust trapping region 3102 is provided between each
sct of magnet units 3031 and the sccond substrate 3017 mounting region, but the numbcr
of second dust trapping regions 3102 may instead comespond to the number of magnet
units 3031, The second dust trapping regions 3102 arc regions that use electrostatic force
to trap dust that is scattcred 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 statc immediatcly
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 substrate 3016 is fixed to the first stage 305! of the alignment
apparatus 3011 by vacuum suction and the second substrate holder 3015 holding the
sccond substrate 3017 is fixed w the second stage 3052 of the alignment apparatus 301!
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by vacuum suction. In particular, the cross-sectional view is over the line A-A in l'igs. 41

and 42.

[0154]  ‘The first substrate holder 3014 is fixcd to the front surface of the first stage

3051 by a vacuum suction forcc cxerted by a suction apparatus 3075 via a first suction

piping 3071 passing through the (irst stage 3051 to reach the {ront sarface thereof. The

first suction piping 3071 includes a plurality of branches reaching the front surface of the

first stage 3051, and exerts uniform suction over a wide region on the back surface of the
first substrate holder 3014, The suction force of the suction apparatus 3075 is adjusted by

a first valve 3073, in order to control attachment and detachment ol the first substrate
holder 14.

[0155]  Similarly, the sccond substrate holder 3015 is fixed to the front surfacc of the
sccond stage 3052 by a vacuum suction force cxerted by a suction apparatus 3075 via a
second suction piping 3072 passing through the second stage 3052 to reach the front
surface thercof. 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 sccond substrate holder 3015. The suction force of the suction
apparatus 3075 is adjusted by a second valve 3074, in order to control attachment and
detachment of the second substrate holder 15.

[0156]  The first stage 3051 can move the first substratc 3016 relative to the second
substratc 3017, in a Z-axis direction that is the laycring direction and X-axis and Y-axis
dircctions that are each orthogonal o the Z-axis. The alignment apparatus 3011 aligns the
first substrate 3016 and the second substrate 3017, by using a first microscope arranged on
(he alignment apparatus 3011 in a manner (o be ablc to observe the first substratc 3016 and
a sccond microscope armranged on the alignment apparatus 3011 in a manner lo be able (o
observe the second substratc 3017.

[0157)  More specifically, each microscope is used to capture imagcs of the alignment
marks on each substrate serving as an observation target, and precise positions of the
alignment marks arc dctccted by performing image processing on the capturcd image data.
The positional skew amount between corresponding alignment marks is then calculated
and the first stage 3051 is moved according to this positional skew amount, therchy
aligning the first substrate 3016 and the sccond substrate 3017. In this way, each circuit
region 3021 of the first substrate 3016 faces a corresponding circuit region 3021 of the
sccond substrate 3017. The positional skew amount calculation may be performed using a
glohal alignment technique, for example, in which the positional skew amount is
statistically detgxmined Lo have a minimum value when the plurality of alignment marks of
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the first substratc 3016 overlap the plurality of alignment marks of the second substratc
3017.

[0158)  When aligning the first substratc 3016 with the second substrate 3017, i.c.
when moving the first stage 3031 in the XY-plane, a small gap is maintained between the
first substrate 3016 and the second substrate 3017 such that the substrates do not contact
cach other. ‘T'he sceond stage 3052 includes a plurality of engagement control units 3053,
such that the attraction units 3030 do not chgage with the magnet units 3031 when in this
state.

[0159]  Fach engagement control unit 3053 is mainly formed 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 inscrtion
hole 3024 that is provided in the sccond substrate holder 3015 and a magnet insertion hole
3032 provided in the magnet unit 3031 arranged to be aligned with the holder inscrtion
hole 3024, such that the tip of the push pin 3054 prowudes beyond the magnet insertion
hole 3032. When at a storage position, a portion of the push pin 3054 is stored within the
cylinder portion 3055, and is withdrawn from the insertion holes. In other words, the push
pin 3054 moves back and forth in the Z-axis direction within the inscrtion holes, according
to the drive of the cylinder portion 3055, |

[(0160]  When the first substrate 3016 and the second substratc 3017 are to be moved
- relative 10 each other in the XY-plane, such as shown in Fig. 43, the push pins 3054 arc
held at the extended position in contact with the top surfaces ol the attraction units 3030,
thereby preventing the attraction units 3030 from engéging with the magnet units 3031. In
other words, the attraction units 3030 arc formed by attracting clements 3033 and flat
springs 3034 fixed 10 the attracting clements 3033, but the push pins 3054 press on the
altracting clements 3033 from above to restrict the clastic deformation of the flat springs
3034, such that the attracting elements 3033 do not engage with the magnet units 3031 as
aresult ol the elastic deformation of the flat springs 3034.

[0161]  ‘The alignment of the first substrate 3016 and the second substratc 3017 by the
alignment apparatus 3011 1s 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 surfaccs
of the attraction units 3030. At other stages, such as an observation stage in which the
alignment marks arc obscrved by the microscopes, the first substrate 3016 and the second
substrate 3017 are separated from each othcr by a large amount in the X-, Y-, and Z-axis
directions, and therefore the attraction units 3030 do not unexpectedly engage with the
magnet units 3931. Accordingly, the push pins 3054 are held at the cxtended position
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when the magnetic force of the magnet units 3031 is exerted on the attraction units 3030
and cngaging therebetween is (0 be prevented, and are held at the stored position at all
other times.

[0162] A first substrate electrode 3116 is embedded in the holder body 3022 of the
first substratc holdcr 3014, to cotrespond to the first substrate 3016 mounting region. 'The
lirst substrate electrode 3116 is connected to a first voltage application termimal 3121 by a
first substratc wiring 3126. ‘The first voltage supply terminal 3131 is cmbedded in the first
stage 3051 at a position corresponding 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 first
voltage supply terminal 3131 is supplied with voltage (rom an external power supply, via
a conductive linc cmbedded through the first stapc 3051. The voltage supply from the
external power supply to the first voltage supply termingl 3131 is controllcd by a control
section of the alignment apparatus 3011. With this configuration, a potential difference is
generated between the first substrate 3016 and the first substrate holder 3014, and
thereforc the first substratc 3016 is adhered to the mounting region of the first substrate
holder 3014 by electrostatic force, and the bias toward the 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 comespond to the second substrate 3017 mounting region.
‘The sccond substrate clectrode 3117 is connccted to a sccond voltage application terminal
3122 by a second substrate wiring 3127. The second voltage supply terminal 3132 is
cmbedded 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 o the
second stage 3052, the second voltage application terminal 3122 is connccted to the
sccond voltage supply terminal 3132. The sccond voltage supply terminal 3132 is
supplied with voltage from an external power supply, via a ¢onductive linc embedded
through the sccond stage 3052. The voltage supply from the cxtemal 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 diffcrence is generated between the
second substrate 3017 and the second substrate holder 3015, and therefore the second
. substratc 3017 is adhercd to the mounting region of the sccond substrate holder 3015 by
electrostatic force, and the bias toward 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 substratc holder 3014, corresponding to the first dust trapping region 3101,
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The first dust trapping electrode 3111 is connccted to the first voltage application terminal
3121 by a first dust wiring 3113, Accordingly, when the (irst substrate holder 3014 is
fixed to the first stage 3051, the first dust trapping clectrode 3111 is also supplied with
voltage. With this configurution, when voltage is supplied {o the (irst dust trapping
electrode 3111, the first dust trapping region 3101 becomes charged. “The floating dust
often has a negative charge, and therefore when the first dust trapping region 3101 is
supplied with voltage from the first dust trapping clectrode 3111 to have a positive charge,
this dust is drawn in and adhered to the first dust trapping region 3101.

[0165] In thc manncr described ahove, the voltage supply to the first substrate
electrode 3116 and the voltage supply to the first dust trapping electrode 3111 are supplicd
via a common first voltage application terminal 3121, However, the line resistances of the
first substrate wiring 3126 and the first dust wiring 3113 may be set to be diffcrent from
cach other, in order to creale a difference between the electrostatic altractive force per unit
area in the first substratc 3016 mounting rcgion and the clectrostatic attractive foree per
unit area in the first dust trapping region 3101, Specifically, in order to exert a stronger‘
atractive forcc on the floating dust, the clectrostatic attractive force per unit arca in the
first dust trapping region 3101 may be set to be greater than the electroslalic attractive
force per unit arca in the first substrate 3016 mounting region.

[0166]  The extemnal contours of the first dust trapping electrode 3111 and the first
substratc clectrode 3116 and the position of the embedding in the holder body 3022 are
determined such that thc forms of the first dust trapping clectrode 3111 and the first
substrate electrode 3116, as projected in a direction in which the first substrate 3016 is
mounted, do not overlap cach other. As a result, the first substrate 3016 mounting region
and the first dust trapping region 3101 can bc distanced from each other, thereby avoiding
movement of the trapped dust toward the {irst substrate 3016.

[0167] A second dust trapping clectrode 3112 is also embedded in the holder body
3023 of the second substrate holder 3015, corresponding to the second dust trapping
rcgion 3102. The second dust trapping electrode 3112 is connected to the sccond voltage
application terminal 3122 by a sccond dust wiring 3114. Accordingly, when the second
substrate holder 3015 is fixed to the second stage 3052, the second dust trappiag electrode
3112 is also supplied with vbltagc. With this configuration, when voltage is supplied to
the sccond dust trapping electrode 3112, the second dust trapping region 3102 becomes
charged. In the same manner as the first dust trapping region 3101, if the second dust
trapping rcgion 3102 is supplied with voltage from the sccond dust trapping clectrode
3112 to have a positive charge, dust can be drawn in and adhered to the second dust
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trapping region 3102.

[0168]  In the samc manncr as the first substratc holder 3014, the clectrostatic attractive
force per unil area in the second dust trapping region 3102 is preferably set o be greater
than the electrostatic attractive force per unit area in the second substratc 3017 mounting
region. Furthermore, the external contours of the second dust trapping electrode 3112 and
the second substrate clectrode 3117 and the position of the cmbedding in the holder body
3023 are determined such that the forms of the second dust trapping electrode 3112 and
the sccond substratc clectrodc 3117, as projected in a dircction in which the second
substrate 3017 is mounted, do not overlap each other.

[0169] Fig. 44 is a cross-sectional view schematically showing a statc immediatcly
after formation of the substratc holdcr pair 3018 by the alignment apparatus 3011.
Specifically, Fig. 44 shows a state in which the (irst stage 3051 has been driven in the 7-
axis direction from the statc shown in Fig, 43, such that the surface of the first substrate
3016 contacts 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 arc engaged.

[0170]  During the process of transitioning from the state of Fig. 43 (o the state of Fig,
44, the first substrate 3016 and the secand substrate 3017 arc aligned, and the magnet units
3031, which arc 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 formed integrally, thereby forming the substrate holder pair 3018 as
the substrate holder system.

[0171]  When the flat springs 3034 dcform and the attraction units 3030 engage with
the magnet units 3031, the engagement of the attracting elements 3033 of the attraction
units 3030 with (he magnet units 3031 is accompanicd by a small impact. At this time,
dust can bc gencrated and scattered by the impact of the engagement of the altraction units
3030 and the magnet units 3031. When this dust becomes stuck between the first substrate
3016 and the sccond substrate 3017 and in ncarby rcgions, 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.  Furthermorc, the completed
scmiconductor device can expericnee defects in circuit operation due to the dust therein,
[0172]  Tn order to solve such problems, in the present embodiment, for at lcast some
time from when the attraction units 3030 contact the magnet units 3031, the control
section supplies voltage to the first dust trapping electrode 3111 and the second dust
trapping electrode 3112 to trap scattered dust in the first dust trapping region 3101 and the
second dust trapping region 3102. By adopting this configuration, the generated dust is
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expected Lo be withdrawn prior to entering between the first substrate 3016 and the second
substratc 3017. ,

[0173]  AfRer the substrate holder pair 3018 is formed, the substrate holder pair 3018 is
released {rom the vacuum suction of the second stage 3052, lifted up by the first stage
3051, and transported to the bonding appanitus 3012 by the transport apparatus 3013, The
transportation mechanism of the transport apparatus 3013 and the bonding process of the
bonding apparatus 3012 arc described further below.

[0174]  The following describes a conliguration of the magnct unit 3031, Tig. 45 isa
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]  ‘Thc support scction 3035 includes a housing portion shaped as a circular
cylinder that houses the magnet 3036, and a threaded hole 3037 through which passes a
serew for fixing the support seetion 3035 to the second substrate holder 3015. The support
scction 3035 is formed by carbon steel $25C, for example. The support scction 3035 has a
counlerface surface 3040 that faces the attracting clement 3033. The magnet 3036 is a
permancnt magnct shaped as a circular pillar that can be inserted imto the housing portion
of the support section 3035, and may have a magnetic forec of approximately 8 N, for
example, The central axis of the magnet 3036 is provided with an insertion hole 3038 into
which is inserted a push pin 3054, and an insertion hole 3039 in scrics with the insertion
hole 3038 and into which the support section 3035 is inscrted. The magnet insertion hole
3032 is formced 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 elasticity in a dircction orthogonal (o the holding
surface of the second substratc holder 3015 that holds the second substrate 3017, and may
be formed of a high-strength precipitation-hardening stainless steel, such as SUS 631. The
flat spring 3034 is formed by a central circular portion 43 and attaching sections 3044
protruding therefrom as cars. The circular portion 43 has a diameter of 22 mm and a
thickness of 0.1 mm. ,

[0177] A pair of slits 3046 that cxtend in the same direction as each other are arranged
in the circular portion 43 with an interval therehetween in a dircction orthogonal to the
cxtension dircction.  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-holc 3047 that fixes the attracting element 3033 is
formed in the bar}d—slxapcd portion 3048 at the center of the circular portion 43, Similarly,
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cach attaching section 3044 includes a threaded hole 3045 through which passes a screw
{or fixing the flat spring 3034 to the sccond substrate holder 3015. The flat spring 3034 is
arranged in a peripheral region of the holder body 3023, such that the two threaded holes
3045 are oriented along a circumfcrential direction of the sccond substrate holder 3015
and the extension direction of each slit 3046 is oriented along the radial direction of the
sccond substrate holder 3015.

[0178}  Fig. 47 is a perspective view schematically showing a state in which the (lat
spring 3034 is elastically deformed. Specifically, Fig. 47 shows a statc in which the
auracting element 3033 fixed to the flat sprinp 3034 is engaged with the magpet unit 3031
via attraction. It should be noted that the attracting element 3033 is not shown in Fig. 47.
[0179]  Inthe 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 that that the
through-holc 3047 becomes a peak, and the therefore two portions of the peniphery of the
cireular portion 43 connected to the band-shaped portion 3048 are deformed to draw
closcr to cach othcr. At this time, the shapes of thc openings in the 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 spring 3034 of Tig. 47 is in the deformed state. The attracting element 3033 is fixed to
the flat spring 3034 via the through-hole 3047, by a fastening member such as a screw.
The attracting clcment 3033 is formed by a ferromagnetic body. For example, the
attracting element 3033 may be formed of carbon steel $25C.

[0181]  Fig. 49 is a cross-sectional view showing the coupling opcration between the
magnet unit 3031 and the attraction unit 3030. 1n particular, Fig. 49 shows a cross section
over the line B-B in Figs. 41 and 42. The [irst substrate 3016, the sccond substrate 3017,
the push pin 3054, ctc. arc omitted from the drawing. Fig. 49 shows a state before the
attracting element 3033 engages with the magnet unit 3031. Fig. 50 shows a state after the
attracting clement 3033 has engaged with the magnct unit 3031, using the same cross-
sectional view as Fig. 49.

[0182]  As shown in the drawings, the magnet unit 3031 is fixcd to the surface of the
second substrate holder 3015 by a screw. The counterface surface 3040 facing the
attracting clement 3033 is positioned helow the first substratc 3016 holding surfacc 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 corresponding to the 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 within the
recessed portion 3025 when the front surface of the first substrate 3016 and the front
surface of the sccond substrate 3017 are in contact.

[0183]  The recessed portion 3025 includes a through-hole 3026 that allows the
attracting clement 3033 to move up and down. The back surface of the first substratc
holder 3014, which is the side oppositc the surface holding the first substrate 3016,
includes a recessed portion 3027 around the through-hole 3026, and the flat spring 3034
and a screw fixing the flat spring 3034 to the first substratc holder 3014 are arranged to be
housed within the recessed portion.

(0184]  As shown by the change from the state of Fig. 49 to the statc of Fig. 50, the
band-shaped portion 3048 to which the attracting clement 3033 is affixed 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 {lal spring 3034 biases the first substrate holder 3014 and the sccond
substrate holdcr 3015 to draw closcr to cach other, by sandwiching the second substrate
3017 with the first substrate 3016.

[0185]  Fig. S1 is a cross-scctional view schematically showing the engagement control
unit 3053. A plurality of engagemcﬁt control units 3053 are arranged on the sccond
substrate holder 30135, corresponding to the magnet units 3031, The cylinder portion 3055
is connected to an air pump 3056 that adjusts the atmospheric pressurc within the cylinder
portion 3055. The control section causes the push pin 3054 to extend and retract by
controlling the air pump 3056. Morc specifically, the control section causes the push pin
3054 to be at the stored position in which at least a portion ol the push pin 3054 is within
the cylinder portion 3055 or at the extended position in which the tip 3057 of the push pin
3054 presses the attracting element 3033. Accordingly, the pressing force exerted by the
push pin 3054 on the attracting element 3033 1s large enough to resist the clastic forec of
the flat spring 3034. 'The tip 3057 of the push pin 3034 is machined to have a spherical
shape, in order to achieve point contact with the attracting element 3033.

[0186]  Fig. 52 1s a side view schematically showing a statc in which the transport
apparatus 3013 grips the substrate holder pair 3018. The trunsport apparatus 3013
includes an arm portion 3020 and a gripping scction 3019 that is connected to the arm
portion 3020. The gripping section 3019 includes a support board 3062 that supports the
substratc holder pair 3018 from bclow and a presser plate 3063 that presses the substrate
holder pair 3018 from above, The support board 3062 includes a suction hole that fixcs
the substratc holder pair 3018 thercto using vacuum suction, and the substrate holder pziir
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3018 is fixcd to the support board 3062 as a result of this suction.

[0187]  The presser plate 3063 is provided on a support column 3064 formed on one
end of the support board 3062, and can move back and forth n a direction to sandwich the
substrate holder pair 3018. Thc presser platc 3063 exerts & pressing force on the substrate
holder pair 3018 fixed to the support board 3062, such that the substrate holder paw 3018
can he sandwiched by the presser platc 3063 and the support board 3062. As a result of
the arm portion 3020 moving while in this state, the transport apparatus 3013 transports
the substrate holder pair 3018 from the alignment apparatus 3011 to the bonding apparatus
3012. ‘The transport apparatus 3013 can supply voltage to the first voltage application
terminal 3121 and the sccond voltage application terminal 3122 during transport as well.
In this way, the first substrate 3016 and thc sccond substrate 3017 can be adhered the
substratc holders using electrostatic force, and there is no worry that the substrates and
substrate holders will shift rclative to cach other during transport.

[0188]  Fig. 53 is a side view schematically showing essential portions of the bonding
apparatus 3012. ‘Thc bonding apparatus 3012 includes a lower pressuring stage 3065
arranged below the first substrate holder 3014 and an upper pressuring stage 3066
arranged above the sccond substrate holder 3015, The upper pressuring stage 3066 can
move toward the 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 3005 and the upper pressuring stage 3066 each house a heater therein, and can
thercfore also apply heat to the substrate holder pair 3018 mounted thercon in addition to
applying pressure. As a result of the pressure and heat being applied to the substrate
holder pair 3018, the electrodes of the first substrate 3016 and the second substrate 3017 in
contact with cach other arc fused together. As a result, the corresponding circuit regions
3021 of the first substrate 3016 and the sccond substratc 3017 are bonded together.

[0189]  (First Modification of Third Embodiment)

Iig. 54 is a planar view schematically showing a first substratc holder 3014
including & dust trapping region, as a first modification of the thlrd embodiment. The first
substratc holder 3014 described using Fig. 41 includes a first dust trapping region 3101
that traps dust between the first substratc 3016 mounting rcpion and cach attraction unit
3030. In contrast to this, the present modification includes a dust wapping region 3161
formed as a ring that surrounds the first substratc 3016 mounting region and formed by
connccting the first dust trapping regions 3101. A dust trapping electrode is also formed
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 sccond substrate
holder 3018, corrésponding to the dust trapping region 3161 of the first substrate holder
3014, The substratc 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
magnct unit 3031, but also the dust that is scaftered in the surmounding atmosphere,
thereby preventing dust from cntering between the first substrate 3016 and the second
substrate 3017.

(0191]  (Second Modification of Third Embodiment)

Fig. 55 is a planar vicw schematically showing a first substrate holder 3014
including a dust trapping region, as a sccond modification of the third embodiment. The
first substrale holder 3014 described using Fig. 41 includes an arc-shaped first dust
trapping rcgion 3101 that traps dust between the first substrate 3016 mounting region and
each attraction unit 3030. In contrast to this, the present modification includes, in addition
to 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 units 3030, and corrcsponds to the dust
trapping region 3171.

[0192] A ring-shaped dust trapping region surrounding the magnet units 3031 is also
formed in the sccond substrate holder 3015, corresponding to the dust trapping region
3161 of the first substrate holder 3014. The substrate holder pair 3018 with this
confi guralion can more reliably trap the dust pencrated by the bonding impuct between the
attraction units 3030 and the magnet units 3031.

10193]  (Third Modification of Third Embodiment)

Fig. 56 is a planar view schematically showing a first substratc holder 3014
including a dust trapping region, as a third modification of the third embodiment. The first
substratc holder 3014 described using Fig. 41 includes a first dust trapping region 3101
that traps dust between the first substrate 3016 mounling region and cach attraction unit
3030. In contrast to this, the present modification includes a mid-transportation dust
trapping rcgion 3181 in addition to the first dust trapping regions 3101. A mid-transport
dust trapping electrode is embedded in the holder body 3022 to correspond to the mid-
transportation dust trapping rcgion 3181,

[0194]  When the first substrate holder 3014 is transported by the transport apparatus
3013 or other apparatuscs such as a slider mechanism, the bias of the first substrate holder
3014 in the transportation direction is often determined in advance. Therefore, the mid-
transportation dust trapping rcgion 3181 is provided in a region on the transportation
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direction side of the first substratc holder 3014 to prevent dust from sticking o the {irst
substrate 3016, by trapping dust that flies in from the transportation dircction. When the
first substratc holdcr 3014 is transportcd by the transport apparatus 3013 or another
apparatus such as a slider mechanism, the bias of the first substrate holder 3014 on the
transport apparatus 3013 may be controllcd such that the mid-transportation dust trapping
region 3181 is on the transportation direction side.

[0195] A mid-transportation dust trapping rcgion 3181 is also provided on the second
substrate holder 3015 to comrespond to the mid-transportation dust trapping region 3181 of
the {irst substrate holder 3014. The substrate holder pair 3018 with this configuration can
be cxpected to withdraw not only the dust generated by the bonding impact between the
attraction unit 3030 and the magnet unit 3031, but also thc dust that is scattered in the
surrounding, atmosphere, thereby preventing dust from entering between the first substrate
3016 and the second substrate 3017.

[0196]  The objective of the first dust trapping region 3101 and the sccond 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 dust that flics in during transport.
Accordingly. the periods during which (hese regions operate are different [rom each other.
Specifically, the period during which the first dust trapping region 3101 and the second
dust trapping region 3102 operate is a period spanning a certain time from when the
altraction units 3030 contact the magnet units 3031, and the period during which the mid-
transportation dust trapping rcgions 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 30135
are transported as the substrate holder pair 3018. The mid-transport dust trapping
electrodes ate wired such that voltage can be applied independently to the first dust
trapping electrode 3111 and the second dust trapping clectrode 3112, and the control
section can operale the dust trapping regions selectively according to the circumstances.
[0197]  Ifthere is no dust penerated by the bonding impact between the attraction units
3030 and the magnet units 3031 or il the amount of dust is small enough to ignore, the first
dust trapping rcgion 3101 and the second dust trapping region 3102 can be omitted. In
this case, only the mid-transportation dust trapping region 3181 is provided, in order to
trap the dust that flics in during transport.

[0198] In the embodiments and madifications described above, the first substrate 3016
and the second substratc 3017 arc fixed respectively to the first substrate electrode 3116
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and the second substrate clectrode 3117 by electrostatic adhesion. However, the adhesion
of the substrates is not limited to electrostatic adhesion. Suction holes may be formed in
cach holder to cxcrt a suction force, (hereby (ixing the substrates thereto via suction
adhesion, In this case as well, thc dust floating in thc dust trapping rcgions can be
attractcd by clectrostatic force.

[0199] When the first substratc holdcr 3014 and the sccond substrate holder 3015 arc
uscd to manufacture a device via 4 substrate bonding apparatus 3010, the process for
stacking the first substratc 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 sccond substrate 3017 on the second substrate holder 3013, and forming the
first substrate holder 3014 and the second substratc holder 3015 integrally by engaging the
attraction units 3030 with the magnet units 3031, while generating an electrostatic (oree
via conduction through at least onc of the first dust trapping clectrode 3111 and the second
dust trapping clectrode 3112.

[0200]  The process for transporting the first substratc 3016 as a substratc before being
formed as a chip is as described below. This process includes mounting the first substrate
3016 on the first substratc holder 3014 and transporting the first substrate 3016 togcther
with the (irst substrate holder 3014, while generating an electrostatic force via conduction
through the mid-transport dust trapping clectrode.

[0201] By including the dust flow inhibiting section described in each of the above
cmbodiments, the occurrence of dust that cun be generated by each pracess in the substrate
bonding apparatus and the dust generated from the substrate holders themselves can be
restricted, or can be prevented from flowing and sticking to the regions sandwiching the
substratcs.

[0202]  While the embodiments of thc present invention have been described, the
technical scope of the invention is not limited to the above described embodiments, Tt is
apparent to persons skilled in the art that various altcrations and improvements can he
added to the above-described embodiments. It is also apparent from the scope of the
claims that thc cmbodiments added with such alterations or improvements can be included
i the technical scope of the invention.

[0203]  The operations, procedurcs, steps, and stages of cach process performed by an
apparatus, system, program, and method shown in the 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 nol used in a later process.
Liven if the process flow is described using phrascs such as “first” or “next” in the claims,
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embodiments, or diagrams, it docs not necessarily mean that the process must be

performed in this order.

| List of Reference Numerals]

[0204]

1010 substrate bonding apparatus, 1011 alignment apparatus, 1012 bonding apparatus,

[013 wansport 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 inscrtion holc,

1025 recessed portion, 1026, through-hole, 1027 recessed portion, 1030 attraction unit,

1031 magnet unit, 1032 magnet insertion hole, 1033 altracting element, 1034 fat spring,

1035 support section, 1036 magnct, 1037 thrcaded hole, 1038 1039 insertion hole, 1040

counterface surface, 1041 spherical protrusion 1042 fixing member, 1043 circular portion,

1044 attaching scction, 1045 thrcaded holc, 1046 slit, 1047 through-hole, 1048 band-

shaped portion, 1049 bufler plate, 1050 linear protrusion, 1051 first stage, 1052 second

stage, 1053 cngagement control unit, 1054 push pin, 1055 cylinder portion, 1056 air
pump, 1057 tip, 1062 support board, 1063 presser 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 [irst

substratc holder, 2015 second substrate holder, 2016 first substrate, 2017 sccond substratc,

2018 substrate holder pair, 2019 gripping section, 2020 arm portion, 2021 circuit region,

2022 2023 holder body, 2024 holder insertion hole, 2025 recessed portion, 2026 through-

hole, 2027 recessed portion, 2030 attraction unit, 2931 magnet unit, 2032 magnet inscrtion

hole, 2033 attracting clcmcnt, 2034 flat spring, 2035 support section, 2036 magnet, 2037
threaded hole, 2038 2039 insertion hole, 2040 counterface surface, 2044 autaching
scction2045 threaded hole, 2046 slit, 2047 through-hole, 2048 band-shaped portion, 2051

first stage, 2052 second stage, 2053 cngagcment control unit, 2054 push pin, 2055

cylinder portion, 2056 air pump, 2057 tip, 2062 support board, 2063 presser plate, 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 sccond through-hole, 2111 first
communicating tube, 2112 second communicating tube, 2113 third communicating tube,
2121 annular through-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 second substrate
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holder, 3016 first substrate, 3017 sccond substratc, 3018 substratc holder pair, 3019
gripping seétion, 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 flat spring, 3035 support scction, 3036 magnct, 3037 threaded hole, 3038
3039 insertion hole, 3040 counterfuace surface, 3044 attaching section, 3045 threaded hole,
3046 shit, 3047 through-hole, 3048 band-shaped portion, 3051 first stage, 3052 sccond
stage, 3053 engagcment control unit, 3054 push pin, 3055 cylinder portion, 3056 air
pump, 3057 tip, 3062 support board, 3063 presscr platc, 3064 support column, 3065 lower
pressuring stage, 3066 upper pressuring stage, 3071 first suction piping, 3072 second
suction piping, 3073 first valve, 3074 sccond valve, 3075 suction apparatus, 3101 first dust
trapping region, 3102 second dust trapping region, 3111 first dust trapping electrode, 3112
second dust trapping clectrode, 3113 first dust wiring, 3114 second dust wiring, 3116 first
substrate electrode, 3117 second substratc clectrode, 3127 sccond 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 rcgion
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