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present invention relates to a joint system a joint nethod, ap and
a conputer storage nedium for joining substrates togetherr [Backfteii t
[ 0002] Recently, sem conductor devices becpne nore highly int a
plurality of highly integrated sem conductor devices are arr%mmm@mwmm@ﬁ n
a horizontal plane and connected with one another by wiring i t,
the wiring length may increase to lead to an increase in-resistalf®025f the
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sem conductm@-j@ m@sqfﬁf)gg(g%lgfa%qlmto as "wafers"). The joint

appar at us i'ncludes, Tfor exanp diation neans irradiating the
front surfe[q%cgﬁiéalpgri er wth inert gas ion beans or inert gas neutral
atom beans,  and a set of work rollers pressing two wafers in the state 20

that thg tvooeaiers Bhe pres@aitpavettionh@latestot #goimisyisternpar it methed bgam
I rradi ati on neans activates the front surfaces (joint surfaces) of the

waf ers to gmogtaneahtia dempdesr terige mediembfarjertingsabstratds togefleres of
the two wafers in the state that the two wafers are superposed to thereby

t enpor ar i | fBavkgrotmdnArTher eafter, by pressing the two wafers, the wafers
are joined together 25 (Patent Docunent 1). [0004][Patent Docunent

1] Japanese [0802ht Adpecenity, aemigondugtar devices become more highly integrated.
When a plurality of highly integrated semiconductor devices are arranged
10 within a horizontal plane and connected with one another by wiring into a
product, the wiring length may increase to lead to an increase in resistance of
the wiring and increase in a wiring delay.
[0003] Hence, it is proposed to use the three-dimensional integration
technology of stacking the semicohductor devices in three dimensions. In
15 this three-dimensional integration technology, for example, a joint apparatus
is used to join two semiconductor wafers (hereinafter, referred to as "wafers").
The joint apparatus includes, for example, a beam irradiation means
irradiating the front surface of the wafer with inert gas ion beams or inert gas
neutral atom beams, and a set of work rollers pressing two wafers in the state
20 that the two wafers are superposed. Then, in the joint apparatus, the beam
irradiation means activates the front surfaces (joint surfaces) of the wafers to
generate the Van der Waals force between the front surfaces of the two wafers
in the state that the two wafers are superposed to thereby temporarily join
them. Thereafter, by pressing the two wafers, the wafers are joined together
25 (Patent Document 1).

[0004] [Patent Document 1] Japanese Patent Application Laid-open



No. 2004-337928 [Di sclosure of the Invention] [Problens to Be Sol ved by the
"I nvention] [0005] However, in the case of using the joint apparatus
described in 5 Patent Docunent 1, the wafers nmay break due to the | oad when
pressing the two wafers by the set of work rollers. [0006] Further, since
the tenporary joint performed by generating the Van der Waals force between
the activated front surfaces of the two wafers is insufficient in joining
strength, positional displacenment of the wafers may 10 occur when the two
waf ers are pressed while being deviated fromthe vertical direction.
[0007]In a 't%dﬁh_ gzézgppropriately joining the wafers together, it takes
alot of timgTo p? S"the two wafers to lead to a reduction in throughput

of the waf iicﬂbﬁrfe%ﬁﬁl%slgliv'éﬁtioﬁ [ 0008] The present invention has been nade
the

I n consideration o above points and its object is to inprove the
t hr oughput [pfobiERE!tOABE AN EE by ednsentio i1 e appropriately joining
substrates together. [Means for Solving the Problens] [0009]1n order to

achi eve th‘foe@sqle objewbver, Mo HieceRe 6N \RiNg Qhel Dift dPpheitds dosetided in
j oi ni ng substrates together, including: a processing station performng
pr edet ef m PatenrDoeanieny 1grths wyafaratresy drdak alus tug thd doxlibdterapeessing the
two wafers by the set of work rollers.
[0006] Further, since the temporary joint performed by generating the
Van der Waals force between the activated front surfaces of the two wafers is
insufficient in joining strength, positional displacement of the wafers may
10  occur when the two wafers are pressed while being deviated from the vertical
direction.
[0007] In addition, for appropriately joining the wafers together, it takes a
lot of time to press the two wafers to lead to a reduction in throughput of the
wafer joint processing. |
15 [0008] The present invention has been made in consideration of the
above points and its object is to improve the throughput of substrate joint
processing while appropriately joining substrates together.
[Means for Solving the Problems]
[0009] In order to achieve the above object, the present invention is a
20 joint system joining substrates together, including: a processing station
performing predetermined processing on substrates and joining the substrates
together; and a transfer-infout station capable of holding a plurality of
substrates or a plurality of superposed substrates in which the substrates are
joined together, and transferring-in/out the substrates or superposed substrates
25 to/from the processing station, wherein the processing station includes: a

surface activation apparatus activating a front surface to be joined of the



together; and a transfer-in/out station capable of holding a plurality of
'substrates or a plurality of superposed substrates in which the substrates
are joined together, and transferring-in/out the substrates or superposed
substrates 25 to/fromthe processing station, wherein the processing
station includes: a surface activation agparatus activating a front surface
to be joined of the 3 substrate; a surface hydrophilizing apparatus
hydrophilizing the front surface of the substrate activated in the surface
activation apparatus; a joint apparatus joining the substrates having the
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activation ar at us, t hen hydrophilize the front surface of th
substrage isabstrgtes o f agserpyded phibstzitd aoapher airfiscd activationy dpp¥dtas,0thé he
front surface. Then, after the activated front surfaces of the substrates
are j oi ned stofpet hyrdrophilienyappdeatuspand the jeiat appatetus.oi Notaghat dteufront he
hydroxyls on the 15 hydrophilized front surfaces of the substrates are
hydr ogen- beudfade aththeesybstrase subany atjesnt surfbee st nghiphytheosulasiratogetthele
This elimnpates the necessity

joined.

[0010] According to the joint system of the present invention, it is

10  possible to activate the front surface of the substrate in the surface activation
apparatus, and then hydrophilize the front surface of the substrate in the
surface hydrophilizing apparatus to form hydroxyls on the front surface.
Then, after the activated front surfaces of the substrates are joined together by

the Van der Waals force in the joint apparatus, the hydroxyls on the

| 15  hydrophilized front surfaces of the substrates are hydrogen-bonded, whereby
the substrates can be strongly joined together. This eliminates the necessity

to press the substrates in the superposed state as in the prior art. Accordingly,

there is no pbssibility of breakage of the substrates or no possibility of
positional displacement of substrates as in the prior art. Furthermore, since

20 the substrates are joined together only by the Van der Waals force and
hydrogen bonding, the time required for joint can be reduced. Consequently,
according to the present invention, it is possible to improve the throughput of
substrate joint processing while appropriately joining the substrates together.
Further, the transfer-in/out station is capable of holding a plurality substrates

25 or a plurality of superposed substrates, thereby making it possible to

successively transfer the substrates from the transfer-in/out station to the



to press the substrates in the superposed state as in the prior art.
"Accotdingly, there is no possibility of breakage of the substrates or no
possibility of positional displacenent of substrates as in the prior art.
Furthernore, since 20 the substrates are joined together only by the Van
der. Waals force and hydrogen bondi ng, thQ_tine required for joint can be
reduced. Consequently, according to the present invention, it is possible
to inprove the throughput of substrate joint processing while appropriately
joining the substrates together. Further, the transfer-in/out station is
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and successively process the substrates 1n the cessing station so’as to
further i S¥&ssthe throughput of the substrate joint processing. [0011] The

present invention according to another aspect is a nmethod of 5 joining

substr at es [0QUE] her THenptasghninventior baeerdigl 102anothes taspeef isgtrheveiodef a
front surface to be joined of a substrate in a surface activation

appar at §1s; jeinéng fsabstrhtedrtogbtierzimjudingn afutfaen attimatibarstep oftdetivatingta at e
to a surface hydrophilizing apparatus via a transfer region, and
hydr ophi | i frorg surfade tmtbesjoified efod substratdhinraserfane tdotivationaapparatus; a
hydr ophi li zi n @ggaéftusgzand ? jo%nt 10ﬁstep oL}thenm;{ansierrig% t?ﬁ
substrate svriacponydropipbizimgusten @ft then teansfenring ghensubsieate dionangurfaee
o L e e i B0t A 35
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pl ural llby %{eps %tfstthre%t ?r%’nsferrin’g the substrate to a joint apparatus via the transfer
region, and joining the substrates subjected to the surface activation step and
the surface hydrophilizing step together by a Van der Waals force and
hydrogen bonding in the joint apparatus, wherein the surface activation step,
the surface hydrophilizing step, and the joint step are successively performed
15  on a plurality of substrates.
[0012] The. present invention according to still another aspect is a
program running on a computer of a control unit controlling a joint system to
cause the joint system to execute a joint method of joining substrates together,
the joint method including: a surface activation step of activating a front
20 surface to be joined of a substrate in a surface activation apparatus; a surface
hydrophilizing step of then transferring the substrate to a surface
hydrophilizing apparatus via a transfer region, and hydrophilizing the front
surface of the substrate in the surface hydrophilizing apparatus; and a joint
step of then transferring the substrate to a joint apparatﬁs via the transfer

25 region, and joining the substrates subjected to the surface activation step and

the surface hydrophilizing step together by a Van der Waals force and



[0012] The present invention according to still another aspect is a program
running on a conputer of a control unit controlling a joint systemto cause
the joint systemto execute a joint method of joining substrates together,
the joint nethod including: a surface activation step of activating a front
20 surface to be joined of a substrate inga surface activation apparatus; a
surface hydrophilizing step of then trans?erring the substrate to a surface
hydrophi | i zi ng apparatus via a transfer region, and hydrophilizing the
front surface of the substrate in the surface hydrophilizing apparatus; and

a joint st %@Eggﬁ%ﬂiﬁgﬁé‘%é! Bt ér‘é?&%ﬁ%@réiﬂ thel ﬁﬁfﬁc@&&%ﬁ?}%ﬁ Stfr‘?ac .
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surface actdﬂgtljl@lralﬁy@g,subb@aﬁgrface hydr ophi li zi ng step, and the joint

step are successively perforned on a plurality of substrates. [0013]The
present inve0l3dn actle grevent nyaitiematberdiagrectetianothereaspriot és & readghle er

storage nedium sStoring a programrunning on a conputer of a control wunit
cont r ol ki ngompuoient steyagee mediuoaseringeaj progragy suaning @ ec gomputpoiait a
met hod of joining substrates together, the joint nethod including: a
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surf ac%hy%glpst}ie}riﬁé e ShESARYT Qed'ur!?é'ceahydrophﬂizing apparatus via a transfer

region, and hydrophilizing the front surface of the substrate in the surface

hydrophilizing apparatus; and a joint step of then transferring the substrate to

a joint apparatus via the transfer region, and joining the substrates subjected

to the surface activation step and the surface hydrophilizing step together by a

15  Van der Waals force and hydrogen bonding in the joint apparatus, wherein the

surface activation step, the surface hydrophilizing step, and the joint step are

successively performed on a plurality of substrates.

[Effect of the Invention]

[0014] According to the present invention, it is possible to improve the

20  throughput of substrate joint processing while appropriately joining substrates

together.

[Brief Description of the Drawings]

[0015] [FIG. 1] A plan view illustrating the outline of the configuration of

a joint system according to this embodiment.

25 [FIG. 2] A side view illustrating the outline of the internal

configuration of the joint system according to this embodiment.



15 Van der Waal s force and hydrogen bonding in the joint apparatus, wherein
‘the Surface activation step, the surface hydrophilizing step, and the joint
step are successively performed on a plurality of substrates. [Effect of

the Invention] [0014] According to the present invention, it is possible to
i nprove the 20 throughput-of substrate jgjnt processing while appropriately

joining substrates together. [Brief Description of the Draw ngs]

[0015][FIG 1] A plan view illustrating the outline of the configuration of
a joint systemaccording to this enbodinment. 25[FI G 2] A side view

illustrati th P [ | ' f | Oi
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configuration of activation appdratus.
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A side

view ill Uskﬁﬁ*abéﬁcﬁbﬁtieﬁtapgg?atﬁfs. the internal 5 configuration of the

surface activation appar a

[FIG 6] A longitudinal sectional view

i llustrating the[PIG! i3le Af dibe &dew dliiatiatingofthe pabtieesiofy thei tintdrithlc 7]

A plan view of a thermal processing plate. [FIG 8] A

| ongi t usli ngbnfigutattorabf thesurfaceactizatiog apparatus! i ne of the 10
configuration of a surface hydrophilizing apparatus.

[FIG. 6] A longitudinal sectional view illustrating the outline of the

configuration of a processing unit.

[FIG. 7] A plan view of a thermal processing plate.

[FIG. 8] A longitudinal sectional view illustrating the outline of the

10  configuration of a surface hydrophilizing apparatus.

[FIG 9] A transverse sectional view illustrating the outline of the

configuration of the surface hydrophilizing apparatus.

[FIG. 10] A transverse sectional view illustrating the outline of the

configuration of a joint apparatus.

15 [FIG. 11] A longitudinal sectional view illustrating the outline of the

configuration of the joint apparatus.
[FIG. 12] A side view of a position adjusting mechanism.
[FIG. 13] A plan view of an upper chuck.
[FIG. 14] A longitudinal sectional view of the upper chuck.

20 [FIG. 15] A side view of a reversing mechanism.

[FIG. 16] An explanatory view of air currents generated in the joint

system.

[FIG. 17] A flowchart illustrating main steps of wafer joint processing.

| [FIG. 18] An explanatory view illustrating the appearance that the

25 positions in the horizontal direction of the upper wafer and the lower wafer

are adjusted.



[FIG. 9] A transverse sectional viewillustrating the outline of the

‘configuration of the surface hydrophilizing apparatus. [FIG 10] A
transverse sectional view illustrating the outline of the configuration of
a joint apparatus. 15[ FI G 11] A longitudinal sectional viewillustrating

the outline of the configuration of the j-pi nt apparatus. [FIG 12] A side
view of a position adjusting nechanism [FIG 13] A plan view of an upper
chuck. [FI G 14] A longitudinal sectional view of the upper chuck. 20[FI G
15] A side view of a reversing nmechanism [FIG 16] An explanatory view of

o1 urrent s gengrgiedol b EhBHAIoRY S UIEGA A ARISRARLS thag e
v ow 11| USUCRINGR L0, RRSKANSECd ot Ay OSAT ] B NP ShatePld

[ FI G 19] A@d@@g@natory view illustrating the appearance that the positions
a

In the verti direction of the upper wafer and the |ower wafer are

9 IS rpians vy sy 0 e e
waf er apd @ressing apdr owing iméinbet pressesasray end portion of the upper wafer and
one end portion of the lower wafer.
[FIG. 21] An explanatory view illustrating the appearance that
vacuuming of the upper chuck is stopped for each region.
[FIG. 22] An explanatory view illustrating the appearance that the
10  upper wafer and the lower wafer are joined together.
[FIG. 23] A side view illustrating the outline of the internal
configuration of a joint system according to another embodiment.
[FIG 24] A longitudinal sectional view illustrating the outline of the
configuration of an inspection apparatus. '
15 [FIG. 25] A transverse sectional view illustrating the outline of the
configuration of the inspection apparatus. |
[FIG. 26] A plan view illustrating the outline of the configuration of a
joint system according to another embodiment.
[FIG. 27] A longitudinal sectional view illustrating the outline of the
20 conﬁguration of a thermal processing apparatus.
[FIG. 28] A transverse sectional view illustrating the outline of the
configuration of the thermal processing apparatus.
[Best Mode for Carrying out the Invention]
[0016] Hereinafter, an embodiment of the present invention will be
25 described. FIG 1 is a plan view illustrating the outline of the configuration

of a joint system 1 according to this embodiment. FIG. 2 is a side view



[FIG 21] An explanatory view illustrating the appearance that vacuum ng of

‘'t he upper chuck is stopped for each region. [FIG 22] An
explanatory view illustrating the appearance that the 10 upper wafer and
the | ower wafer are joined together. [FIG 23] A side view
illustrating the outline of the internalagonfiguration of a joint system
accordi ng to anot her enbodi nent. [FIG 24] A longitudinal sectiona
viewillustrating the outline of the configuration of an inspection
apparatus. 15[FI G 25] A transverse sectional view illustrating the outline

i ew i1 | vt aerRghEAnS ouiiits bPERE FEABITARTIEATion of the St At ="

according t t her di t 7 71 UG
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Illustrating the outline of the configuration of the thermal prdcessing

appar at us. |bBerd dbdee hpPef?ardeyﬂ'sn@f@médttb@slmeﬁpp@mva[f@p 'Han@ithafwefer an

enbodi nent of the present invention will be 25 described. FIG 1 is a plan
vi ew i | kustloastedgor ke dotver ridmis tdferieanto garaalloswverovafer Wit siystthes, the
according to this enbodinent. FIG2 is a side view 8 illustrating the
outline of joimt surfacenat wddohitharepperrwefert Néy jinitatbe ysinedh i$.re[fm¢g]tora5t ae
joint system1l, for exanple, wafers Wi, WL as two substrates are joined
t oget her as'frontusarfacedWin" Rrd 3he Hardaerfappositento il efrond catréareoWuhds
upper si de rie%errrgcfl % ra%da ¥'Pea?ssu? ac:"eu Uezf" WaSIi(rax{ilavx\"f}';, t gdjowtesﬁl\r%ger at which the
lower wafer W is to be joined is referred to as a "front surface Wp," and the

10  surface opposite to the front surface Wy, is referred to as a "rear surface Wp,."
In the joint system 1, the upper wafer Wy and the lower wafer Wy, are joined
together to form a superposed wafer Wy as a superposed substrate.

[0018] The joint system 1 has the configuration in which a transfer-in/out
station 2 to/from which cassettes Cy, Cy, Cr capable of housing a plurality of

15 wafers Wy, W and a plurality of superposed wafers Wy respectively are
transferred from/to the outside, and a processing station 3 including various
kinds of processing apparatuses performing predetermined processing on the
wafers Wy, Wp and superposed wafers Wr, are integrally connected as
illustrated in FIG. 1.

20 [0019] In the transfer-in/out station 2, a cassette mounting table 10 is
provided. On the cassette mounting table 10, a plurality of, for example,
four cassette mounting plates 11 are provided. The cassette mounting plates
11 are arranged side by side in a line in an X-direction being the horizontal
direction (a top-down direction in FIG. 1). On the cassette mounting plates

25 11, the cassettes Cy, Cp, Cr can be mounted when the cassettes Cy, Cp, Ct are

transferred into/out of the outside of the joint system 1. As described above,



5 located on the lower side is referred to as a "l ower wafer W.." Further,
‘the joint surface at which the upper wafer Wi is to be joined is referred
to as a "front surface WiIi" and the surface opposite to the front surface
Wil is referred to as a "rear surface Wi2." Simlarly, the joint surface at
whi ch the lower wafer W. is to be joined 4s referred to as a "front surface
Wi" and the 10 surface opposite to the front surface Wi is referred to as a
"rear surface W.2." In the joint system1l, the upper wafer Wi and the | ower
wafer WL are joined together to forma superposed wafer WI' as a super posed
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performng p eterm ned processing on the wafers Wi, W. and super posed

wafers W, ighptiihited ab kiiscanbediment buitl daushs atisidrairily deferiind. [ 00&9heén
the transfer-in/out station 2, a cassette nmounting table 10 is provided. On

t he casset tonenofirthe roassetdenid)y; be pied dor topllettinfodefective! waférsur Inasthert e
mounting plates 11 are provided. The cassette nmounting plates 11 are
arranged siwerdsy the dmssefte i$ ianeassettgnthat disreapabde dfesapgrating hwafers dreating
direction (a top-down direction in FI le»%i; On the cassette nounting plates
25 11, the defeelstingoiming the upper avafss Wouand dhevlever eafenWeta | de,
CT are transferred into/out .of the outside_of the joint syst
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and the other cassettes CI are used for housing normal superposed wafers
WI. wafer transfer apparatus 22 movable on a transfer path 21 extending in the

15  X-direction is provided. The wafer transfer apparatus 22 is movable also in
the vertical direction and around the vertical axis (ina 6 -direction) and thus
can transfer the wafers Wy, W and the superposed wafers W between the
cassettes Cy, Cp, Cr on the cassette mounting plates 11 and later-described
transition apparatuses 50, 51 in a third processing block G3 in the processing

20 station 3. An air current directed vertically downward called downflow is
generated inside the wafer transfer part 20. Then, the atmosphere inside the
wafer transfer part 20 is exhausted from an exhaust port (not illustrated).
[0021] In the processing station 3, a plurality of, for example, three
proceésing blocks G1, G2, G3 each including various kinds of apparatuses are

25 provided. For example, the first processing block Gl is provided, for

example, on the front side in the processing station 3 (on an X-direction



,[0020] I'n the transfer-in/out station 2, a wafer transfer part 20 is

provi ded adjacent to the cassette nounting table 10. In the wafer transfer
part 20, a wafer transfer apparatus 22 novable on a transfer path 21
extending in the 15 X-direction is provided. The wafer transfer apparatus
22 is novable also in the vertical directpon and around the vertical axis
(in a0 -direction) and thus can transfer the wafers Wi, Wi and t he

super posed wafers WI between the cassettes Cu, CL, CT on the cassette
nounting plates 11 and | ater-described transition apparatuses 50, 51 in a
third proc L b : I:A.t:he 0Q8§SS$iNg j a

directed vgl'r%%lh_({:ig[:l éi/ﬁg{f)t\}\%érlge clgl Fgg‘ ggm%ﬂﬂoﬁ ss%gl?%%z}toégsﬁﬁgi lc)iteoc?ﬁtg f\;vg% er

transfer pfag’rbvi%féd bhethe tﬂa%kagmasab%el Ef&de‘é@ix%" wf%rgrzzli(bﬁnﬁ ex-dRedtiad | S

exhausted from an exhaust port -(not 1llustrate I'n the processing

station 3, é)_%)sttﬁw difectiodf sidedh EKANp).e, Fuitheg heotiRd ipRecdsdek blétk (R is 3
each including various kinds of apparatuses are 25 provided. For exanple,

the first prooriel og the erdnster-irsont statided? side imxbeprocessing ReatforBt(osi gle
in the procCcessing station 3 (on an X-direction 10 negative direction side

in FlIG 1), YBdirechiensmgatiyvepdioeetson sgleninoEKG@).i s provi ded on the back side
in the processing station 3 (on an X-direction positive direction side in
FIG 1). Fulff23?] t h&Farmexampleydrdbe dyshpoedessaig blankolilg@dswifacehactivation
transfer-in/out station 2 side_in_the processing _station 3 (gn a_ b .

Y- di r ect i oeppetaits 30 grtizatingrihsi @ent surface1Wuip Wepofdheewaien Wui Wi fg
first procgﬁsi ng .block GL , a surface activation apparatus 30 activating
the front SUSROCE- Wi, W1 of the wafer Wi, W is di sposed. [0023] For
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S
tiers in order the bottom &s il ustrated FrG
side in a Y-direction that is a horizontal direction in this order from the

transfer-in/out station 2 side.

15 [0024] For example, in the third processing block G3, the_ transition
apparatuses 50, 51 are provided at two tiers in order from the bottom as
illustrated in FIG. 2.

[0025] In an area surrounded by the first processing block G1 to the third
processing block G3, a wafer transfer region 60 is formed as illustrated in FIG.

20 1. Inthe wafer transfer region 60, for example, a wafer transfer apparatus 61
is disposed. Note that an air current directed vertically downward called
downflow is generated inside the wafer transfer region 60. Then, the
atmosphere inside the wafer transfer region 60 is exhausted from an exhaust
port (not illustrated). Accordingly, the pressure inside the wafer transfer

25 region 60 is equal to or more than an atmospheric pressure, and transfer of the

wafers Wy, WL and the superposed wafer Wt in a so-called atmospheric



[0025]In an area surrounded by the first processing block Gl to the third
‘processing block G3, a wafer transfer region 60 is formed as illustrated in
FIG20 1. In the wafer transfer region 60, for exanple, a wafer transfer
apparatus 61 is disposed. Note that an air current directed vertically
downward call ed downflow is generated ingjde the wafer transfer region 60.
Then, the atnosphere inside the wafer transfer region 60 is exhausted from
an exhaust port (not illustrated). Accordingly, the pressure inside the

waf er transfer 25 region 60 is equal to or nore than an atnospheric

pressure, gg}gt[ %?ﬁé%ﬂef iRanhval£fes tihsh %_QL %gnt@a super posed wafer WI in
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transfer ailparatus 61 can nove in the wafer transfer region 60 t

transfer tpedigfctionh)nd ‘él:o@ml atwegtisalpexigos eChavafafer ﬂﬁnsferapvaemtseﬁ"mmd
apparatus in the first processing block GL , the second processing bl ock &

and t hest himaveindhsswaferbirandeteegiver 6@rtoutrdnsfedthe] wekers Whe Wi, and the
configuration of the aforenentioned surface activation
superposed wafer Wt to a predetermined apparatus in the first processing
block G1, the second processing block G2 and the third processing block G3
therearound.
[0027] Next, the configuration of the aforementioned surface activation
10 apparatus 30 will be described. The surface activation apparatus 30 has a
processing part 70 performing processing for activating the front surface Wy,
Wy ; of the wafer Wy, Wy, a transfer-in/out part 71 for transferring-in/out the
wafer Wy, W to/from the wafer transfer region 60, and a transfer part 72
transferring the wafer Wy, W, between the processing part 70 and the
15 transfer-in/out part 71 as illustrated in FIG 4. The processing part 70 and
the transfer part 72 are connected to each other via a gate valve 73 side by
side in the Y-direction being the horizontal direction. Further, the
transfer-in/out part 71 and the transfer part 72 are arranged side by side in the
X-direction being the horizontal direction. |
20 [0028] In the transfer-in/out part 71, a transition unit 80 temporarily
mounting the wafer Wy, W thereon and temperature-adjustment units 81, 82
adjusting the temperature of the wafer Wy, Wy, are provided at three tiers from
the bottom as illustrated in FIG. 5. At side surfaces on the wafer transfer
region 60 side of the transition unit 80 and the temperature-adjustment units

25 81, 82, opening/closing shutters 83 are provided respectively via

transfer-in/out ports (not illustrated) for the wafers Wy, Wy, as illustrated in



10 apparatus 30 will be described. The surface activation apparatus 30 has
‘a processing part 70 performing processing for activating the front surface
Wi, Wl of the wafer Wi, W., a transfer-in/out part 71 for
transferring-in/out t he mafer Wi, W. to/fromthe wafer transfer region 60,
and a transfer part 72 transferring the ﬁ?fer Wi, WL between the processing
part 70 and the 15 transfer-in/out part as illustrated in FIG 4. The
processing part 70 and the transfer part 72 are connected to each other via
a gate valve 73 side by side in the Y-direction being the horizontal
direction. t her t S r{.7 nghe a

are arrangg§2%|£é uh@?&eﬁﬁ% %ﬁ ?#g% o%nbéF%ggP% hgé&zzgtgpg of dhé
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three tiers'fromthe bottomas illustrated in"FIG 5.” At side surfaces on
t he. waf er t(ﬁ@ﬂﬂi@traftgg)ﬁﬁ'tﬁ@ wafées Wyl W transition unit 80 and the

t enperat ure-adj ustment” units 25 81, g openl ng/ cl osing shutters 83 are
provi ded rdepaeji velln thleatrarrsefaspert-721/a3mafpmtltaslsfetdbody POsisrmbeidjed whiche
wafers Wi, W. as illustrated in 12 FIG 4. Further, also at side surfaces
on the transfmovablet ity the verticsl dlmectumanﬁm ihonizomtal doegtiantand around the
t enperat ure-adj ustment units 81, openi ng/ cl osi ng shutters 84 are
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provi ded V\/rﬁhﬁﬁ"?f‘s?r Va Eheﬁwﬁﬁ% @ DI PESFSIAG Matt i §raAn H&?H@PF ut part

di t d d t.h t I t FI.G 4. Th

Cranst er bolly GBUHRAT iR kg AEANSTRG DaRK 27+ S@uctipnie r&Z@ﬁtt %st&tsé&%?ﬁaran%irt

70 dht f / 71. Furth ansf t 72

ucti onlporthiEor TR HBRALEdith & ¥ar MR By okt duaATec: welimifiy, e
h h d h

vacuum pu%%bﬁ&é Hﬁﬁé@{ﬁd&ﬂ@ﬁrwﬁat e atnosphere inside the transfer
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generating radicals by plasma-exciting a processing gas and a processing unit
101 activating the front surface Wy;, Wy, of the wafer Wy, W using the
15 radicals generated in the radical generation unit 100 as illustrated in FIG. 6.
The radical generation unit 100 is placed on the processing unit 101.
[0031] To the radical generation unit 100, a supply pipe 102 is connected
which supplies the processing gas to the radical generation unit 100. The
supply pipe 102 communicates with a processing pas supply source 103.
20  Further, along the supply pipe 102, a supply equipment group 104 is provided
which includes a valve, a flow regulator and so on for controlling the flow of
the processing gas. Note that as the processing gas, for example, an oxygen
gas, a nitrogen gas, and an argon gas are used.
[0032] The processing unit 101 has a processing container 110 which can
25  hermetically close the inside. A transfer-in/out port 111 for the wafers Wy,

Wi is formed in a side surface on the transfer part 72 side of the processing



101 activating the front surface Wii, W.I of the wafer Wi, WL using the 15
radi ¢al s generated in the radical generation unit 100 as illustrated in
FIG 6. The radical generation unit 100 is placed on the processing unit
101. [0031] To the radical generation unit 100, a supply pipe 102 is
connected whi ch supplies the processing ? s to the radical generation unit
100. The supply pipe 102 conmuni cates w a processing pas supply source
103. 20 Further, along the supply pipe 102, a supply equi pment group 104 is
provi ded which includes a valve, a flow regulator and so on for controlling

examl o, 5Bk aEh 5 A 7 apRRE GickORhel® ghll VRIE 2L 18 Rfldgd &t the
hor net i cal ST ae o oneDpiidide. BirtReh @ SRR Bofe LI R Bhltherplug
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processi ng cont al ner above-descri bed gate valvée 73 1s

provi ded aZ’i &e] 14 apsicohnklcdutwhiRh! cblhdmutHE4Ates with SaChaduRopunid 2113
formed in ot her side surface of the processing container 110. To 't he

suct i ons pokedddidg thesprisk@re PfRBe ktrhdspheadnigsidedhehpivesinpuoomaires WA h a
vacuum punp 113 reducing the pressure of the atnobsphere inside the

processi ng down & agredé@roined vacaupr delgteer mi ned vacuum degree. [0033] At a
ceiling plate 110a of the processing container 110, a radical supply port
121 is forf@a33br sulipaydenlgng @amdigealcxf ihenpragessingncontainerd! £l a radical
generation unit 100 intqQ the processing container, 110 via the, supply_ pipe

120. 10 Theupplepopot2i ds fermedefos sunply g the radicalsegengrged im the ragisabd
e o oS oS o Sy S P
ol ate 180 e foveretion of the ShEBhRIPEd 0RSriFgpcp o deadRd, fRARRSRanT
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the. i her mare o AL SuRPNPRIRL 150 12 control ed. for example. by &
| at er - desciphgg] conthgideUite! prit@ssithg container 110 and below the radical supply
port 121, a thermal processing plate 130 is provided which mounts and
15 thermally prbcesses the wafer Wy, Wi thereon. The thermal processing
plate 130 is supported by a supporting member 131. In the thermal
processing plate 130, a heater 132 generating heat, for example, by power
feeding is embedded. The heating temperature of the thermal processing
plate 130 is controlled, for example, by a later-described control unit 300 so
20 that the wafer Wy, W mounted on the thermal processing plate 130 is
maintained at a predetermined temperature.
[0035] Below the thermal processing plate 130, for example, three raising
and lowering pins 133 are provided for supporting the wafer Wy, W from
below and raising and lowering the wafer Wy, Wi. The raising and lowering

25 pins 133 can move up and down by means of a raising and lowering drive part

134. Near the middle portion of the thermal processing plate 130, through



20 that the wafer Wi, Wi nounted on the thermal processing plate 130 is

‘mai nfai ned at a predeterm ned tenperature. [0035]Bel ow the thermal
processing plate 130, for exanple, three raising and | owering pins 133 are
provi ded for supporting the wafer Wi, Wi from bel ow and rai sing and
lowering the wafer Wi, Wi. The raising apg | owering 25 pins 133 can nobve up
and down by neans of a raising and |lowering drive part 134. Near the mddle
portion of the thermal processing plate 130, through 14 holes 135
penetrating the thermal processing plate 130 in the thickness direction are
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processing contafmer 110 into a radical supply region on the radical

supply por tfrdrdthsi e@@drﬁc@rdﬂlﬁ&&héﬂnﬁbptdﬁ%sﬁﬁlgoplat@¢30hermi| processi ng
plate 130 side. In"the radical introduction plate 140, a plurality of

t hrough510[0036F 14 Bdtoreenatls radicalisupply pasts lfzﬂmrmxghhartheﬁnahpdomsir[g my
in the horizontal plane as illustrated in FIG 7. Then, as illustrated in

FIG 6, the platei ), 2 radppdliintrodustionelateadi#Qas psopisied which deidestheninside
radi cal supplt%/l region R1L are unifornly diffused within the_horizontal plane
e

when passi iof thapsagessing coataioar 1l Arintelacadival puppdy mglonaRd mfch@a@él@al
into the proce sing regiaqn 1 Not e .t hat f.or roduction
bl ate 140, SHBPNGRARpH ) ﬂaarargfz .aspw@asmgotﬂgﬁ?wéif 8liPEeseIng
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- radicals supplied from the radical supply port 121 to the radical supply region
R1 are uniformly diffused within the horizontal plane when passing through
the radical introduction plate 140, and introduced into the processing region
15 R2. Note that for the radical introduction plate 140, for example, quartz is
used.
[0037] Next, the configuration of the aforementioned surface
hydrophilizing apparatus 40 will be described. The surface hydrophilizing
apparatus 40 has a treatment container 150 which can hermetically close the
20 inside as illustrated in FIG. 8. A transfer-in/out port 151 for the wafers Wy,
W, is formed in a side surface on the wafer transfer region 60 side of the
treatment container 150, and an opening/closing shutter 152 is provided at the
transfer-in/out port 151.
[0038] At the middle portion in the treatment container 150, a spin chuck
25 160 is provided which holds and rotates the wafer Wy, Wy thereon as
illustrated in FIG. 8. The spin chuck 160 has a horizontal upper surface, and



[ 0038] At the mddle portion in the treatnent container 150, a spin chuck 25
160 i's provided which holds and rotates the wafer Wi, W. thereon as
illustrated in FIG 8. The spin chuck 160 has a horizontal upper surface,
and 15 a suction port (not illustrated) sucking, for exanple, the wafer
Wi, W is provided in the upper surface. By suction through the suction
port, the wafer Wcan be suction-held on the spin chuck 160. [0039] The spin
chuck 160 has a chuck drive part 161 equi pped with, for 5 exanple, a notor
and can rotate at a predeterm ned speed by neans of the chuck drive part

161. Further i SoP i ot Sl a o
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an exhaust pipe 164 vacuum ng and exhausting the atnosphere in the cup 162

are connect[g@39p t heThowpin chudlat60dfastdiehauk difs phitt k6 I bgtippedaiviths for ent
directed vertically dowward call ed downflow is generated inside the

treat meft esahgplaga te@or Ahdncart hetate lates pradetpipendd 4pesdh duys tsearissof the
atnosphere inside the treatnent container 150. A [0041] As.illustrated in
FIG 9, on shugkdinieetpash 16dgathiurther the hwek drivevpart diblets providedwith @)
side of the cup 162, a rail 170 extending along a Y-direction (a right-Ileft
direction iraismgsanyl lpyvexmgwﬂaxversmnﬁgisucgm ifor examnle, 8 sy limdsisocthat then a

posi 1 on oFPIERUCE 16eaT e G5 8B41BW B0 1 ve di roction (a right
o rection 1RGP 9 AlhE e SRS E a0 B B P R e,
0961 M il g PR R B SAR W Ses RIAR
10521, 2 Mo 65 BYERGRRA 0l  SeRERR 6 A i B
exhausting the atmosphere in the cup 162 are connected to the lower surface
of the cup 162. Note that an air current directed vertically downward éalled
downflow is generated inside the treatment container 150. Then, the exhaust
15 pipe 164 exhausts also the atmosphere inside the treatment container 150.
[0041] As illustrated in FIG 9, on an X-direction negative direction (a
lower direction in FIG 9) side of the cup 162, a rail 170 extending along a
Y-direction (a right-left direction in FIG. 9) is formed. The rail 170 is
formed, for example, from a Y-direction negative direction (a left direction in
20 FIG 9) side outer position of the cup 162 to a Y-direction positive direction (a
right direction in FIG. 9) side outer position. On the rail 170, for example, a
nozzle arm 171 and a scrub arm 172 are attached on the rail 170.
[0042] On the nozzle arm 171, a pure water nozzle 173 is supported
which supplies pure water to the wafer Wy, Wy, as illustrated in FIG 8 and
25 FIG 9. The nozzle arm 171 is movable on the rail 170 by means of a nozzle

drive part 174 illustrated in FIG 9. Thus, the pure water nozzle 173 can



nove froma waiting section 175 provided at a Y-direction positive
‘direction side outer position of the cup 162 to a position above a central
portion of the wafer Wi, WL in the cup 162, and further nove in the

di anmeter direction of the wafer Wi, W. above the wafer Wi, W.. Further, the
nozzle arm171 can 5 freely rise and |l o by nmeans of the nozzle drive
part 174 to be able to adjust the height of the pure water nozzle 173.

[ 0043] To the pure water nozzle 173, a supply pipe 176 supplying the pure
water to the pure water nozzle 173 is connected as illustrated in FIG 8.
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by neans of a cleaning tool drive part 181 illustrated in FIG 9, and can

nove the sdredlyaiszeamd ipwerby Ih€aris ofithe Nodzleadrive parteljéd to/be dibletd adjussi de
outer position of the cup 162 to a position above a central portion of the
waf er W h \the heigliteofcte me2. wter nozzle 1 8. scrub arm 172 can freely rise and
| ower by 20 neans of the cleaning tool drive part 181 to be able to adjust

the hei ght [8048he sclathemugi walaronpzalgol78 oa4sypplyepineat 7ohsupplyngvdber

nozzle 173 and the scrub cl eani ng tool are supported,on separa r s
in the abo\IeoNetesIpdNE PHUrepyateray0ZFac by ceanesied s Untrate n&ﬁﬁa er
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and a %SChs%xgl'gg%er\ijries\%gt%rrqw%m.ﬂ Further, along the supply pipé 176, a supply
equipment group 178 is provided which ihc_ludes a valve, a flow regulator and
so on for controlling the flow of the pure water.
[0044] On the scrub arm 172, a scrub cleaning tool 180 is supported. At
the tip of the scrub cleaning tool 180, a brush 180a in the shape of plurality
15 threads or sponge is provided. The scrub arm 172 is movable on the rail 170
by means of a cleaning tool drive part 181 illustrated in FIG. 9, and can move
“the scrub cleaning tool 180 from a Y-direction negative direction side outer
position of the cup 162 to a position above a central portion of the wafer Wy,
Wi in the cup 162. Further, the scrub arm 172 can freely rise and lower by
20 means of the cleaning tool drive part 181 to be able to adjust the height of the
scrub cleaning tool 180.
[0045] Note that the pure water nozzle 173 and the scrub cleaning tool
180 are supported on separate arms in the above configuration, but may be
supported on the same arm. Further, the pure water nozzle 173 may be
25 omitted, and pure water may be supplied from the scrub cleaning tool 180.

Furthermore, the cup 162 may be omitted, and a discharge pipe discharging



|l i quid and an exhaust pipe exhausting the atnosphere in the treatnent
‘cont ai ner 150 may be connected to the bottom surface of the treatnent
cont ai ner 150. Mbreover, an ionizer (not illustrated) for preventing static
charge may be provided in the surface hydrophilizing apparatus 40 having
the 5 above configuration. [0046] Next, tﬁg configuration of the

af orenenti oned joint apparatus 41 wll bé described. The joint apparatus 41
has a processing container 190 which can hernetically close the inside as
illustrated in FIG 10. A transfer-in/out port 191 for the wafers Wi, W. and
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il lustrat eféhar$@ﬁfa§l B_@?rbﬁﬁiedeinoﬂhet dinfacoBoasdphilichiy appaiatdPA0itavihy itded
by an inner walfl 193 into a transfer region Ti" and a processing region T2.
The aboye- gboeeidvediguratisher -in/out port 191 is forned in the side surface
of the processing container 190 in the transfer region Ti. Further, a
transfer-i f0046] 20 pPéext, the domfiguretinaf ef shanaforamentiondd jeund cappasaarswil er
W is formed also in the side wall 193. [0048] On an X-direction positijve
~direction svidk bendesorihadansThe josafti epparatus 41 dasi a ippecessing scontainedeP9 or

tenporarily nounting_ the wafer , WL_or .the superposed wafer t.hereon.
Two transi tWhieh 2o hesmesicatly, \gf@se éhﬁn@%ﬁezgsail?lﬂwt?dei% Ef& clglq makint

any two of the wafers Wi, d the superpos waf.er WI at the, sa Ime.
y transfer-In/out port Y&l %gr the Wwatebs r\79U, . and the superposed water WT

10 is formed in a side surface on the wafer transfer region 60 side of the
processing container 190, and an opening/closing shutter 192 is provided at
the transfer-in/out port 191. Note that an air current directed vertically
downward called downflow is generated inside the treatment container 190.
Then, the atmosphere inside the treatment container 190 is exhausted from an

15  exhaust port (not illustrated). |
[0047] The inside of the processing container 190 is divided by an inner
wall 193 into a transfer region T1 and a processing region T2. The
above-described transfer-in/out port 191 is formed in the side surface of the
processing container 190 in the transfer region T1. Further, a transfer-in/out

20 port 194 for the wafers Wy, Wy, and the superposed wafer Wr is formed also
in the side wall 193.

[0048] On an X-direction positive direction side in the transfer region T1,
a transition 200 is provided for temporarily mounting the wafer Wy, Wy, or the
superposed wafer W thereon. Tw_o transitions 200 are formed, for example,

25  at two tiers and can mount any two of the wafers Wy, Wy and the superposed

wafer Wr at the same time.



18 [0049]In the transfer region Ti, a wafer transfer body 202 is provi ded
which is novable on a transfer path 201 extending in an X-direction. The
waf er transfer body 202 is also novable in the vertical direction and

around the vertical axis as illustrated in FIG 10 and FIG 11, and can
transfer the 5 wafer Wi, Wi or the superpgsed wafer W in the transfer
region Ti or between the transfer region Ti and the processing region T2.

[ 0050] On an X-direction negative direction side in the transfer region Ti,
a position adjusting nechanism 210 is provided which adjusts the
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part 212 is being rotated, whereby the position of the notch portion is

adj ust el t evafd;y UMy, t Wa @ri thret 3tperpasedt efborWzont ahe dirarsfer oregadbnt e oaf er
Wi, W.. [0051]In the processing region T2, a |ower chuck 220 nounting and
hol di ng onbetweemplee transfexaegianeTil camst theapracevgingmegaon d@Zper chuck 221 20
nmounting and holding on its | ower surface the upper wafer Wi are provided
as illustr&0@d0] n F%@ 20 Xridiregton negativie digpstioncyide indhe transferonegden Tabove
t he | ower chuck .220 and.configured t ace the |l.ower .chyck 220. |.n other
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rotating the wafer Wy, Wy thereon, and a detection part 213 detecting the
position of a notch portion of the wafer Wy, W as illustrated in FIG 12.
Then, in the positioh adjusting mechanism 210, the position of the notch
portion of the wafer Wy, Wy is detected by the detection part 213 while the
15.  wafer Wy, Wy suction-held by the holding part 212 is being rotated, whereby
the positioh of the notch portion is adjusted to adjust the orientation in the
horizontal direction of the wafer Wy, Wy.
[0051] In the processing region T2, a lower chuck 220 mounting and
holding on its upper surface the lower wafer Wy and an upper chuck 221
20 mounting and holding on its lower surface the upper wafer Wy are provided
as illustrated in FIG 10 and FIG. 11. The upper chuck 221 is provided above
the 10Wer chuck 220 and configured to face the lower chuck 220. In other
words, the lower wafer Wy held by the lower chuck 220 and the upper wafer
Wy held by the upper chuck 221 can be arranged to face each other.
25 [0052] Inside the lower chuck 220, a suction pipe (not illustrated)

communicating with a vacuum pump (not illustrated) is provided. By



19 suction through the suction pipe, the | ower wafer W. can be suction-held
‘on the upper surface of the |ower chuck 220. [0053]Bel ow the | ower chuck
220, a chuck drive part 223 is provided via a shaft 222 as illustrated in
FI G 11. By neans of the chuck drive part 223, 5 the | ower chuck 220 can
freely rise and lower. Note that the |lo chuck 220 may be novable in the
hori zontal direction and rotatable around the vertical axis by neans of the
chuck drive part 223. [0054] The upper chuck 221 is forned with two cut out
potions 230, 231 as illustrated in FIG 13." The first cutout portion 230 is

formed so ts%{ip%}ht‘fu&g egﬂgrsuEﬂUﬁﬁ)giﬁﬁét T&w@?é&g%@r%ﬁ’fg_ﬁ]a% Bkt cﬁoﬂ%@%i”@nar m
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suction-hol di ng the upper wafer Wi. To the suction pipes 232a, 232b, 232c,
di fferest wheUlowagruchpsck2228, casfiteelp3e and looverectiNdte deatetdrei losvgr chuck
Accordi ngly, the upper chuck 221 is configured such that 20 vacuum ng of
t he upper 220(emay heanmoeablet irf dhe darmizomtal Hdireestpnrand 2otatable arownd ¢he
[ 0056] Above the upper chuck 221, a rajl_ 234 extending in a Y-direction is
provi ded asverticakaxisthsdmeansioSthe chupk dipyepagiddse 221 is novable on the |

rail 234 by s of _a chuck driyv art .235. . Note that the upper C 21
25 may be &9558 e i nl R &PPEF chugk %l i foraned with §wax %‘quélté?oéﬁ)rﬂf ﬁ:@ 5312

vertical axaissilﬁf/strg?gc? Sm%tld S SR Al S8 %Olzt?gfl 230"is formed so that the

10 upper chuck 221 does not interfere with a holding arm 251 of a
later-described reversing mechanism 250. Further, the second cutout portion
231 is formed so that the upper chuck 221 does not interfere with a
later-described pressing and moving member 240.
[0055] The inside of the upper chuck 221 is divided into a plurality of,
15 for example, three regions 221a, 221b, 221c as illustrated in FIG. 14. In the
regions 221a, 221b, 221c, suction pipes 232a, 232b, 232c are independently
provided for suction-holding the upper wafer Wy. To the suction pipes 232a,
232b, 232c, different vacuum pumps 233a, 233b, 233c are connected
respectively. Accordingly, the upper chuck 221 s configured such that
20 vacuuming of the upper wafer Wy can be set for each of the regions 221a,
221b, 221c. |
[0056] Above the upper chuck 221, a rail 234 extending in a Y-direction
is provided as illustrated in FIG. 11. The upper chuck 221 is movable on the
rail 234 by means of a chuck drive part 235. Note that the upper chuck 221
25 may be movable in the vertical direction and rotatable around the vertical axis

by means of the chuck drive part 235.



[0057] I n the processing region T2, the pressing and noving nmenber 240 is
"provided as illustrated in FIG 10 and FIG 11. The pressing and novi ng
menber 240 is configured to be able to freely rise and | ower by neans of a
drive part 241 such as a cylinder. The pressing and novi ng nenber 240 can 5
bring one end portion of the |ower wafer,¥ and one end portion of the
upper wafer Wi facing the one end portion of the |ower wafer W. into
abutment with each other and press themat the | ater-described joint of the
wafers Wi and WL together. [0058]In the transfer region Ti, the reversing

egi on ?:z: SHSTRVer dpdfle 2btARne Pealorr T, ﬁi%f’f%i??% %ﬁ’d?ﬁgvﬁ%%??‘%i
upper et efs OIS S MOGAEGTAR SQUAPRIC I i BrSsHRE ohe Soing 07
pad 252 is peRbef @t oMy sbnfipals anbehabilezionfiakly rivel dtd Iower Byemenas &5f .

The holding arm 15 251 is supported on a first ‘drive part 253. By neans of
the first driwepaar2412&ich sde cybindieng dite pieksiognaid esdyingunenber 240 tire
hori zontal axis and expand and contract in the horizontal direction. Bel ow
the first dringeoparchd2sdttion skthenibwier wafpaW, 86d one gndpodeon ofthewppsr of
the second drive part 254, the first drive part 253 is rotatable around the
vertical awvafeanWcfacinggheooneiead porion oft the lower weaferiWedntembutmenher |
the second drive part 254 is attached to a rai| 255 extendipng in the

Y-di rect i omwithleashrathet and press theanat Enelater-drseribgd ORB50 e NROTs W t he
processing region T2 to the transfer region Ti. By neans of the second -
drive part 321514, 1t 1ogethsrer si ng mechani sm 250 i s novable along the rail 255

bet ween hTOngj ti Or}na&{eugrtaingpernl%cg?gr? Iﬂ? the reversing mechanism 250 moving

10 between the transfer region T1 and the processing region T2 and reversing the
front and rear surfaces of the upper wafer Wy is provided. The reversing
mechanism 250 has a holding arm 251 holding. the upper wafer Wy as
illustrated in FIG. 15. On the holding arm 251, a suction pad 252 is provided
which sucks and horizontally holds the upper wafer Wy. The holding arm

15 251 is supported on a first drive part 253. By means of the first drive part
253, the holding arm 251 can freely turn around the horizontal axis and
expand and contract in the horizontal direction; Below the first drive part
253, a second drive part 254 is provided. By means of the second drive part
254, the first drive part 253 is rotatable around the vertical axis and can rise

20 and lower in the vertical direction. Further, the second drive part 254 is
attached to a rail 255 extending in the Y-direction illustrated in FIG. 10 and
FIG 11. The rail 255 extends from the processing region T2 to the transfer
region T1. By means of the second drive part 254, the reversing mechanism
250 is movable along the rail 255 between the position adjusting mechanism

25 210 and the upper chuck 221. Note that the configuration of the reversing

mechanism 250 is not limited to that of the above embodiment, but only



.25 210 and the upper chuck 221. Note that the configuration of the
reversing mechanism 250 is not linmted to that of the above enbodi ment, but
only 21 needs to be able to reverse the front and rear surfaces of the
upper wafer W Further, the reversing nechanism 250 may be provided in the
processing region T2. Further, a reversiQ? mechani sm may be given to the
waf er transfer body 202 and another transfer neans nay be provided at the
position 5 of the reversing mechani sm 250. [0059] Note that in the
processing region 12, a |later-described | ower image-pickup nmenber picking

Up, 3N | 05ealts 1) bel A8l oGERGEIN froff oberopNBFFAbBL OF L s dwater Wi,

| at er - descri er 1 mage- pi ckup er picking up an 1m of t

surface Wi h efme¥ladisen P29V Hag be w8ed AhMIROPrbe i
adj ust nment F.‘ﬁﬂ%éﬁ’e%ﬁﬁﬁ??gﬂ%@ dier ection of the9l ower wafer W he?é by tuhge

| over chuckegiih g t Parthepeh Yedersind! ragtHamiint Aaypber gikkenc ko 2hk avafit | |
be described”later. As the 1 ower image-pickup menber and the upper

i mage- pi ckymn¥fabesdy 202 mdanpbtherarangfer aneirs B8P waprsvided atghd positi®is0]

In the above joint system11, a control unit 300 is provided as 15 .
i |1 ustrat edfithe Fe@rding hechanisml|25¢hit 300 is, for exanple, a conputer and

has a program storage part (not illustrated). |In the pro?ram storage part,

a program i[8089br ed Netiec thatoin rthesprorssping: segiong 1a¥, & Nateradescsibad lawennd

t he superposed wafer W in the joint system 1. Further, the program storage
part al so SMEAEEsPISKEPORETMPETOPICKINE rud [ANnENAZR pr@wa?mﬁ syrfagee Wini Qfs Hae

Y anster apUERVEES o and |aer-(RacT BEa HDpet SHRBEPIC KL A TIETGCE EAFBE P ( he
or "exanpl @1 1R0RE Bt GO CSTEATS Wobrly iy BEPGh Th e} tdrd Providdd ts
comut g g i ha A 1 e By PSS B StV
storage rre‘ﬂe‘l'&nb? t('%\@f‘lBVJe%ec}ﬁl%@t %ﬁ’d) ahig! the?tﬂa%er &gfe[rGﬁQ’l%lﬂé\ﬁxt%)h thdl ﬁpﬁéf chuck

e e jorn 1 e jotnt

currents genera in't system en perform ng

* processi ng 79 5@%vipf$§recfeg<\!¥ibe&v1a{é}. t s itieé méw%ysfrﬁr% Qb Séheskragnd the

des_cri _bed above w e descri bed based on FIG 16. e that arrows in FIG
16 i ndi cat gpree ifiabBOSicROP MbENHR, AirexaithpRY)aSwide-angle CCD camera is used.

[0060] In the above joint system 1, a control unit 300 is proVided as

15 illustrated in FIG. 1. The control unit 300 is, for example, a computer and
has a program storage part (not illustrated). In the program storage part, a
program is stored which controls the processing of the wafers Wy, Wi and the
superposed wafer Wr in the joint system 1. Further, the program storage
part also stores a program for controlling the operatibn of the driving system

20 of the above-described various processing apparatuses and transfer
apparatuses to realize the later-described joint procéssing in the joint system 1.
Note that the programs may be the ones which are stored, for example, in a
computer-readable storage medium H such as a computer-readable hard disk
(HD), flexible disk (FD), compact disk (CD), magneto-optical disk (MO), or

25 memory card, and installed from the storage medium H into the control unit

300.



5 [0062]In the joint system1, the pressure inside the joint apparatus 41
‘becorres the highest. Therefore, the pressure inside the joint apparatus 41
is positive with respect to the pressure inside the wafer transfer region
60, so that when the opening/closing shutter 192 of the joint apparatus 41
I's opened, an air current directed fromihe joint apparatus 41 to the wafer
transfer region 10 60 is generated. [0063] The pressure inside the wafer
transfer region 60 is positive with respect to the pressure inside the
surface activation apparatus 30, the pressure I nside the surface

:c%?rzﬁﬁ'ih@@?ﬁﬁ?;ﬁ%%é. e diboBiansupEnkaatacid el Iibe QLRS! nd ock
e L1 oREP BTSN S o 15E SBroNT) WPy B |
activati Oncgﬁﬂgh?édlas %%scﬁhed %%bfve%muérdagbhbealmeanﬁﬁmm A0NdtBehhhi rd

processi ng k G3, and the transfer-in/out station 2 are generated. Note

that the papswd i FIGI U ihdieatdiicldipeciens bfithdhircdureentss positive with
respect to the 20 pressure inside the transfer-in/out station 2.

[ 0064] Fart i@d6DY e, In theejoint sgstenadt ithat pressamp ansidesthz0joinhapparsusirdd

i nside the processing part 70 and the pressure inside the transfer-in/out
part 71 ar beposiesithe highbstr esPeerefors, the pressserinsidesthegointeanppasagiset] ffar t
72. In other words, when the gate valve 73 is opened, an air current

di rected fpositiveewith pespestdonthepprassure dasidrether wisderfrapsfar region 60,

gontalea e o e buellon Shiouel ume uctlan put (10t 11 it
an air current directed from the joint apparatus 41 to the wafer transfer region
10 60is generated.

[0063] The pressure inside the wafer transfer region 60 is positive with
respect to the pressure inside the surface activation apparatus 30, the pressure
inside the surface hydrophilizing apparatus 40, the pressure inside the third
processing block G3, and the pressure inside the transfer-in/out station 2.
- 15  Therefore, when the opening/closing shutters 83, 152 and so on are opened,
air currents directed from the wafer transfer region 60 to the surface activation
apparatus 30, the surface hydrophilizing apparatus 40, the third processing
block G3, and the transfer-in/out station 2 are generated. Note that the
pressure inside the third processing block G3 is positive with respect to the

20 pressure inside the transfer-in/out station 2.
[0064] Furthermore, in the surface activation apparatus 30, the pressure
inside the processing part 70 and the pressure inside the transfer-in/out part 71
are positive with respect to the pressure inside the transfer part 72. In other
words, when the gate valve 73 is opened, an air current directed from the
25 processing part 70 to the transfer part 72 is generated due to the suction
through the suction port (not illustrated). Note that during the time when the



gate valve 73 is opened, a nitrogen gas may be aggressively streaned from
the processing part 70 to the transfer part 72 to generate an air current.
Furt her, when the opening/closing shutters 84 are opened, an air current
directed fromthe transfer-in/out part 71 to the transfer part 72 is also 5
generated. [0065] Next, the joint processphgg nmethod of the wafers Wi, W
performed using the joint system 1l configured as descri bed above will be
described. FIG 17 is a flowhart illustrating an exanple of main steps of
the wafer joint processing. 10 [0066]First, a cassette Cu housing a

R D e

wafers W., “and an enpty cassette term ned

cassette Wﬁwf&eﬁ’éiﬁgegaﬂtlmmd e ttrARSfee part/ PRI toS bdhkffle 2an Tdlecurdént.
upper wafer in the cassette Cu is taken out by the wafer transfer

appar at us Furehet, twhesf ther egehing/tlosingndivtiers 84 appapshed, 28 air cherehbird
processing block G3 in the processing station 3. [0067] Subsequently, the
upper waf edideted froansther tadsfer-infeutwafaet 7r aosftthe wapsieat part672t os tdiso
surface activation apparatus 30 in the first processing block GL . The
upper waf ergengratednsferred into the surface activation apparatus 30 is
transferred by the wafer transfer body 90 to the 20 processi unit 101 via
the transi t[OaéSLnit guext, ot joint Herogessingsimethed tof1dhe wagggsathaWe 73
I's opened firgt, and the er wafer [ hen ranaf erred. t herei nt,ﬂ tt)é)

PR | S .
above the mﬁme%mg&éﬁﬁgomta{%stmwiwon uped cas desgrabed ahowy 9o
Subsequent |y, t.he,raisi and lLowerin I ns 133 are rai;sed and the u r
wnfer v | SeReTiPedy od 165 178 fREThancy Risfihecat hEafiuE S st finestels SRREE and
| owering pins: 133, .and the raising and | owering pins 133 are then | owered

to mount t NEALSHPRINLRIPEFSRE- |
10 [0066] First, a cassette Cy housing a plurality of upper wafers Wy, a

cassette Cp housing a plurality of lower wafers Wi, and an empty cassette Cy
are mounted on the predetermined cassette mounting plates 11 in the
transfer-in/out station 2. Then, an upper wafer Wy in the cassette Cy is
taken out by the wafer transfer apparatus 22 and transferred to the transition
15 apparatus 50 in the third processing block G3 in the processing station 3.
[0067] Subsequently, the upper wafer Wy is transferred by the wafer
transfer apparatus 61 to the surface activation apparatus 30 in the first
processing block Gl. The upper wafer Wy transferred into the surface
activation apparatus 30 is transferred by the wafer transfer body 90 to the
20  processing unit 101 via the transition unit 80.
[0068] In the processing unit 101, the gate valve 73 is opened first, and |
the upper wafer Wy is then transferred thereinto to above the thermal
processing plate 130 by the wafer transfer body 90. Subsequently, the
raising and lowering pins 133 are raised and the upper wafer Wy is delivered
25 from the wafer transfer body 90 to the raising and lowering pins 133, and the

raising and lowering pins 133 are then lowered to mount the upper wafer Wy



24 on the thermal processing plate 130. Thereafter, the upper wafer Wi on
‘the fthermal processing plate 130 is maintained at a predeterm ned
tenperature, for exanple, 25C to 300C. In this event, the gate valve 73 is
cl osed and the pressure of the atnosphere inside the processing container
110 is reduced 5 by the vacuum punp 113 g a predet er m ned degree of
vacuum for exanple, 67 Pa to 333 Pa (0.5 Torr to 2.5 Ton). [0069]In the
radi cal generation unit 100, radicals are generated by plasna-exciting a
processi ng gas, for exanple, an oxygen gas, a nitrogen gas, and an argon

700" are- supl Tieationsl HROCAIREFIAECLER, | THohEaich (iR urEP S Al W g 1AL
uppty por el PRECRSARPREDLINLS rddintliied 3F oCHRRICteMhRRE e tfankses

i ntroducti gg, 1849580 Re3008E or Thyitds ffvidpedihw Fgﬂlerlrgﬂfre 4§ 2008ed and

pl ane, and 1 ntroduced I nto the processing region 0070]Wth the

radi cal s, aRe progire cﬁlthé_taaﬁﬁﬁphem hesifleaht }ﬁ@béﬁiﬁ%%ntaihef Hé Ouisreduved er
Wi on the thermal processing plate 130 is renoved. Tn this event, the

radi cal s ofbyt tiee exasgen Ig&ﬁ?rrlali}ltqaqn'edetdrmiﬁedoddgree rofacaiune, fdrhexamplzni c
subst ance on the front surtface Wii. Further, the radicals of the oxygen gas
can al so addePeta3d3dRi (b Torr ta@n®horr hydr ophi li zation of the 20 front _
surface Wii_ of the upper wafer Wi. Further, the plasma of the argon gas has
hi gh ener gy0069% cerfxaithedagileel m@ratm@meumtelﬂge radmaéala:reogenﬁ@t@g g

gas aggressively (physically) renove the orgarii c substance on the front
surface WiIPlagmatexsitipg & Prosessingi a8, JOpEXamplar 4o PXYLEN EASe AJHIOZEBBaSef

br ocessi ng 26 WoAtEAhEHS1 1BNeTealish, D GRS EHETRIIR Ui Tedie AneERtio
gat o viBue ot 100,36k ciPplRA iR shdigel Sumbliareefe Ak B AFRc Sing 4
Lo, Sel Vet R AT B T D A e
the waf er tsruﬁﬂ?}f' %rortb paly. 9%e°sﬁﬂ}ﬁied radicals pass through the radical introduction
plate 140 to be uniformly diffused within the horizontal plane, and introduced
into the processing region R2.
15 [0070] With the radicals, an organic substance on the front surface Wy; of
the upper wafer Wy on the thermal processing plate 130 is removed. In this
event, the radicals of the oxygen gas mainly contribute to the removal of the
organic substance on the front surface Wy;. Further, the radicals of the
oxygen gas can also accelerate oxidation, namely, hydrophilization of the’
20 front surface Wy, of the upper wafer Wy. Further, the plasma of the argon
gas has high energy to a certain degree, and therefore the radicals of the argon
gas aggressively (physically) remove the organic substance on the front
surface Wy;. Furthermore, the radicals of the argon gas have an effect of
removing residual moisture contained in the atmosphere inside the processing
25 container 110. In this manner, the front surface Wy; of the upper wafer Wy

is activated (Step S1 in FIG. 17).



5 tenperature-adjustnment unit 81 and tenperature-adjusted to a

‘predéterm ned tenperature, for exanple, 25C. Note that when the upper wafer
Wi is transferred out of the processing unit 101, the inside of the
processing container 110 is purged with, for exanple, a nitrogen gas.
[0072] Then, the upper wafer Wi is transfegred by the wafer transfer 10
apparatus 61 to the surface hydrophilizing apparatus 40 in the second
processi ng bl ock &. The upper wafer Wi transferred into the surface

hydr ophi l'i zi ng apparatus 40 is delivered fromthe wafer transfer apparatus
61 to the i huck tLon- ther.eo 7 u y he
nozzl e ar ms@p?lﬁovesﬂlggeag{l}?bs#\gt %r%n@?% I 1%79133{19@%%}1\%@%?%@%%%%
175 to a pqa§i,ld v Sl r 5om he
scrub arm 105 4R, BR £33 McHalieble BEIivEE e ypbRf WARE WIS lref Mhe g
Wi Ther eafdref 1ox9éﬁ§%§¢ﬁh§r1 IS oM ERr ftf&@felhaoayr@o.w%@ré&ﬁéﬂ, Qhéh?g@i‘t 0
the upper wafer Wi i'le the spin chuck 160 1s rotating the upper wafer W.
Then, hydraxyfey aher s t erdmiRferre@ntby uthacewadferW fragéfet hebapeomater thé,
whereby the front surface Wii is hydrophilized. Further, thé front surface
Wii of the tepperatued-adjWimentasiar@ddand ttenipgerapureeadjasted tor arpredetepmired
wat er nozzle 173 and the scrub cl eaning tool 180 (St eb%@sz in FIG 17). .

[ 0074] Then teniperappey fomfexamplej 2% CansNete eliabywhe thaf upper avafeer is
apparatus 61 to the joint_ apparatus 41 in _the second processing bl ock &.
The upper wednafemadt puhgifethedpiaeessinge yndt nt0lapther dnsides ofi the paneessingd
by 26 the wafer transfer body ,égz to the position adjusting nechani sm 210
via the tr&iteingr 1260s Prsged Wikl foricampleoa NIHORER 836ri zontal direction

i ST o LIRS AR W I S
p05|t|3 aéali)sa}ln gtjcéan sm21Q to tl‘ﬁ Bgzling arm 2‘:‘{&50 t he %veremﬁr):‘?
mechani'Sm : s@quétt BBF § a[cf?eb[y RP .F R giaBRaFlar, t Q HbI n& S 251
(oo SRR S el G TP
the upper ARCaLPg{AnE bPERERRRI0 B deliverd HeRT g WEEF S Rranhafese 1 ©
reversing [{qug%%)ﬁgbgégkq%otm LRRESN-FRYE hedédn. The upper wafer Wi is

sucti on- he upper chuck 221 at the rear surface Wi2. Thereafter,

the upper di0ogR]221 SisbswgvestiRy théenchiclartli 1174 pesves?fife pare warrtncurle
above the |l ower chuck 220 and facing 15 the | ower chuck 220. The upper

waf er W t hir8 waithe waitingesaapioer 1 Z5uoka 2kition idbotveetheatertralesortidredf ithewer
wafer W. is transferred to the joint apparatus 41. Note that the reversal
of the fronipperdvafearWsyahdcthe ssirubtermip@érmeste tha\scray cleanpeg teolnERD to
during the novenent of the reversing nechani sm 250. 20 [0076] During the

ti me when tawvabmelmcwaﬁ@d%-ocﬁgm@m perepatelis sipgliad fios the puge on

t he upper wafer Wi, pr ssing on the | ower er is performed - )
subsequent wate@h@omlsefﬁa@@p iee unpest wadey %r wkﬁ%eertﬁwsnm elwéccieds@etlse
CL is taken out by the wafer .transfer_apparajus 22 d transferred ta.the
transiti on IREFMGHe uRperWaker W@ceg@%a}y‘i{?i’%fﬁ g_gﬂere to the front surface

20 Wy of the upper wafer Wy, whereby the front surface Wy, is hydrophilized.

Further, the front surface Wy;; of the upper wafer Wy is cleaned with the pure

water from the pure water nozzle 173 and the scrub cleaning tool 180 (Step

S2 in FIG. 17).

[0074] Then, the upper wafer Wy is transferred by the wafer transfer
25 apparatus 61 to the joint apparatus 41 in the second processing block G2.

The upper wafer Wy transferred into the joint apparatus 41 is transferred by



25 [0077] Subsequently, the lower wafer W. is transferred by the wafer
‘transfer apparatus 61 to the surface activation apparatus 30, and the front
27 surface Wi of the lower wafer W. is activated (Step 5 in FIG 17). Note
that the activation of the front surface Wi of the | ower wafer W. at Step
SS is the same as the above-descri bed St@g Si, and therefore the detail ed
description thereof will be omtted. 5 [0078] Then, the | ower wafer WL is
transferred by the wafer transfer apparatus 61 to the surface
hydr ophi | i zi ng apparatus 40, and the front surface W.1 of the | ower wafer

7). note et B8y D SRR B AR R 2 Ut
and- ¢ hor of GESITn ACPE, EhPrh bERARTRIEY, iy e ol B HEREsioRCHt e bt

| ower wafe It f.angsd b ﬁﬁ”? HRARNAL h -
j oi nt appar%%%g \Y_It’. {%ﬁéﬁgﬁgyﬁiﬁswﬁﬁeg%q er egiel nt o tlﬁey}s%?ﬁ%érggtga?)at us
41 is tranq:fl%qq_ by the wafer transfer body 202 to the 15 position

adj usting nechanism 210 via the transition 200. Then, the orientation in
the horizonpeyspi r editien) thé upper pafer Wiafierdelivered fhmsthecbdsytioh adpasting on
adj usting nmechanism 210 (Step S7 in FIG 17). [0080] Subsequently, the | ower
waf er W i snéclensémar 220 tay théecholdirg armarleofbiinty rédsing thechaniem 2h0ck
220 and suction-held by the lower chuck 20 220. In this event, the rear
surface W Subseghentlpwar theteansfitr regibal §1pyhe holdingarmh2k iz2@vemsedhta
the front surface Wi of the lower wafer. W. is directed upward. Note that a
groove (notrevensashe drant)ansbrgassiriages ofithe uppgpavaler We (&é@fé&’ftmaﬂ@ér body

202 may be fornmed in the upper rface, of the | ower _chuck, 220 sg as to
prevent i ndBrherkibe flm@mwffae% unPéthe upper syal \%ﬂiﬁ é@?c%‘i]d&t)‘i‘{@“(%@er

chuck 220 en delivering the | ower wafe - [0081] Then, positio .
i st wint ‘TETeREeT dhF ZEH PRI BT PEG T ATOf SO ROV Endp the Uppek THick 221 side
and the upper wafer Wy is delivered from the reversing mechanism 250 to the

upper chuck 221. The upper wafer Wy is suction-held by the upper chuck
221 at the rear surface Wy,. Thereafter, the upper chuck 221 is moved by
the chuck drive part 235 to a position above the lower chuck 220 and facing

15 the lower chuck 220. The upper wafer Wy then waits on the upper chuck
221 until the later-described lower wafer W is transferred to the joint
apparatus 41. Note that the reversal of the front and rear surfaces of the
upper wafer Wy may be performed during the movement of the reversing
mechanism 250. '

20 [0076] During the time when the above-described processing at Steps S1
to S4 is performed on the upper wafer Wy, processing on the lower wafer Wy
is performed subsequent to the upper wafer Wy. First, a lower wafer W in.
the cassette Cy is taken out by the wafer transfer apparatus 22 and transferred
to the transition apparatus 50 in the processing station 3.

25 [0077] Subsequently, the lower wafer W is transferred by the wafer

transfer apparatus 61 to the surface activation apparatus 30, and the front



28 wafer WL hel d by the | ower chuck 220 and the upper wafer Wi held by the
‘uppef chuck 221 is performed. As illustrated in FIG 18, a plurality of
predeterm ned reference points A are forned on the front surface Wi of the
| ower wafer W., and a plurality of predeterm ned reference points B are 5
simlarly formed on the front surface Wih5of the upper wafer W Then, the
| ower i mage-pi ckup nmenber 260 is noved in the horizontal direction and an
i mge of the front surface Wi of the | ower wafer WL is picked up. Further,
t he upper i mage-pi ckup nenber 261 is noved in the horizontal direction and

a0 oG ubite o THE A, Wikl [eqUioggYStas s RIGRAKeNUR 1l
5 20 Ut keI AR G AERSOW e HIELGRS! watBow!of S St R

| over i mag@aRi kiRhEBIRR/e-d8RriRIdStee S, tdhd AferR@Siel N dettildd@es&iptiomee
points B on the upper wafer Wi indicated’'in the i nage picked up by the

upper 15 i nRgeofiveiilbe Gatipd. 261. In this manner, the positions in the
hori zontal direction of the upper wafer Wi and the | ower wafer W. are

adj ust ed ( $06PSP8 i MHErG the7 JowbbtveafenaWyii fisttransfewed biyuthe 2edfer stramsfabl e
in the horizontal direction by the chuck drive part 223, the position in

t he hori zompphratiis édt tootheosunfaee hydeophidizing apparatub & 0adindsthedront saefatower
chuck 220, or the relative 20 positions in the horizontal direction_of .the

| ower waf erWyy afnthet lewep peaferaWar isnhydagphdized andethenjrasndt suréace WLi dher
e AR .o OIS Sl SR
Y e oA R Sk Rt o
wafer U8 | E0RVErieneriiet: S ol ARE hEfsrofs e et ettt WIFHRET”

t he positiogﬁ‘-' the vertical direction of the upper wafer Wi and the | ower
wafer W ar gtﬁ sted (Step S9 in FIG 17). [0083] Thereafter, the pressing -

d i . 2 t by !
and novi ng Ag@gﬁgr enﬁ]@néﬁ {HAMRE Sy \Qaf_('%é‘ Wds %Sn%gﬁeqoib&;% %aﬁep\?mtr %lﬁyiggch

wafer. W. a portion of the upper~ wafer nto ment

ot her and I%Ergﬁ?aﬁlgeﬂ a5 thé ,diﬁt aggsﬁhthﬁl 4f1. G PRe (Svep wier W, Rbsnskéired intd hi s
p 221b,

event, the er wafer Wi 1s vacuunmed in all of the regions 221a,
221c of tthélﬁBﬁﬁt sppatatd? 41 [Oadakfdresealyt ehe wafdrhgagifel H©ddiaR0Rhey ohe

end portion of the 1ower wafer

15 position adjusting mechanism 210 via the transition 200. Then, the
orientation in the horizontal direction of the lower wafer Wy, is adjusted by the
position adjusting mechanism 210 (Step S7 in FIG. 17).
[0080] Subsequently, the lower wafer W, is transferred by the wafer
transfer body 202 to the lower chuck 220 and suction-held by the lower chuck

20 220. In this event, the rear surface Wy, of the lower wafer Wy is held by the
lower chuck 220 so that the front surface Wy; of the lower wafer Wy is
directed upward. Note that a groove (not illustrated) conforming to the
shape of the wafer transfer body 202 may be formed in the upper surface of
the lower chuck 220 so as to prevent interference between the wafer transfer

25  body 202 and the lower chuck 220 when delivering the lower wafer Wy.

[0081] Then, position adjustment in the horizontal direction of the lower



10 W and the one end portion of the upper wafer Wi are pressed by the
pressing and novi ng menmber 240 as illustrated in FIG 21, the vacuumi ng of

t he upper wafer Wi in the region 221a of the upper chuck 221 is stopped.
Ther eby, the upper wafer Wi held in the region 221a falls onto the | ower
wafer W. Then, the vacuumi ng of the uppgg wafer Wi is stopped in the order
of the 15 regions 221a, 221b, 221c fromthe one end side to the other end’
side of the upper wafer Wi. In this nmanner, the entire front surface Wi of
t he upper wafer Wi is brought into abutnent with the front surface W.i of

t he | [ ' | | t Wi of
the uppor \oier Wi B4 oy o8} 18HEE Stk 220 andYRY RbPE wdeE WRIGICR, the ©
abut ment haypeg0c 29t iy é%?oﬁ%e&s.t epgs Silushdtedd if CFRGCHIRY & \yﬂ}u%élﬁaﬂaﬂ
der Waals force 1s first gerierated between the front surfaceées I and Wi
so that therbioRimened aRee¥E paitits Ml & eforfiedeon thecrder surPade aV hef thent

surface Wiir of the upper wafer W and the front surface W.I of the | ower

waf er W hay@epewafdrh@Veahhéra plorgly lofzprediterthigesl FfepatcéSpoints B are
respectively, hydrophilic groups 25 between the front surfaces Wil and Wi

are hydsogsmblanyefbrnmsed ohdhe thhentf surfiaces Wi pof shanuppansvafer Wipe dihenpghy

Joined | og%&%rr 'irnlaréet-giicf(uga r?lggb’ert;go is moved in the horizontal direction and an

image of the front surface Wi, of the lower wafer Wy is picked up. Further,

the upper image-pickup member 261 is moved in the horizontal direction and

an image of the front surface Wy, of the upper wafer Wy is picked up.

10  Thereafter, the position in the horizontal direction of the upper wafer Wy is’

adjusted by the upper chuck 221 so that the positions of the reference points A

on the lower wafer Wy indicated in the image picked up by the lower

image-pickup member 260 coincide with the positions'of the reference points

- B on the upper wafer Wy indicated in the image picked up by the upper

15 image-pickup member 261. In this manner, the positions in the horizontal

direction of the upper wafer Wy and the lower wafer Wy, are adjusted (Step S8

in FIG. 17). Note that if the lower chuck 220 is movable in the horizontal

direction by the chuck drive part 223, the position in the horizontal direction

of the lower wafer Wi may be adjustéd by the lower chuck 220, or the relative

20 positions in the horizontal direction of the lower wafer Wy, and the upper

wafer Wy may be adjusted by both of the lower chuck 220 and the upper
chuck 221.

[0082] Thereafter, the chuck drive part 223 raises the lower chuck 220 to

dispose the lower wafer Wy at a predetermined position as illustrated in FIG

25 19. In this event, the lower wafer Wy is disposed so that the a distance D

between the front surface Wy, of the lower wafer W and the front surface



30 upper wafer Wi and the |l ower wafer W. are joined together (Step S11 in
‘FIG 17). [0085] Note that though the vacuum ng of the upper wafer Wi is
stopped in the order of the regions 221a, 221b, 221c in this enbodi nent,
the nethod 5 of stopping the vacuunming is not limted to this. For exanple,
the vacuumng in the regions 22la, 221b gy be stopped at the sane tine,
and then the vacuum ng in the region 221C may be stopped. Further, the tine
i nterval of stopping the vacuum ng between the regions 221a and 221b and
221c may be changed. For exanple, after a | apse of one secopd after the 10
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may be stopp&Y, and er a lapse off two sec e st
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15 | ower \A%harth@howe% Wl W, 28 aldi\@ited §SteRBOTAMNFIES 105). the wafer transfer
apparatus 61 to the transition apparatus 51 and transférred by the wafer

Lransfer apoega]us Zhdreafibs tHeapréssing melimotiab ateribén 240eisbowetddot€T
on a predetermned nounting plate 11. Thus, a series of joint processing of

t he waf grs bfing Yhe endspor2idn 6Dt korer viafer W, ahé caleoered pottooih ok the upper s
possi ble to activate the front surfaces Wi', Wi of the wafers Wi, W. in the
surface actwaferiWp inppabatmens®yitlaedch lnshehandquess themtdseilfussrated im Fd€es
Wn Wi of the wafers Wi, W in the surface hydrophilizjng apparatus 40 to
form hydr 0x30 €Step SHe i Fdkt 150r f dpdhisgyentpthe TppST Viales Wuhls VRoUURg &

the Van derleains regiees PA1enE2] bi 31 Gph elReREUER 2y Ur oxyl's on the
hydrophi 1] 2[88821 ont ”ls}lljérfeg gf?, in the state that the one end portion of the lower wafer
10 Wy and the one end portion of the upper wafer Wy are pressed by the pressing
and moving member 240 as illustrated in FIG. 21, the vacuuming of the .upper
wafer Wy in the region 221a of the upper chuck 221 is stopped. Thereby,
the upper wafer Wy held in the region 221a falls onto the lower wafer Wy.
Then, the vacuuming of the upper wafer Wy is stopped in the order of the
15 regions 221a, 221b, 221c from the one end side to the other end side of the
upper wafer Wy.- In this manner, the entire front surface Wy, of the upper
wafer Wy .is brought into abutment with the front surface W; of the lower
wafer Wy as illustrated in FIG. 22. Since the front surface Wy, of the upper
wafer Wy and the front surface W ; of the lower wafer Wy in abutment have
20 been activated at Steps S1 and S5 respectively, the Van der Waals force is first
generated between the front surfaces Wy; and Wy so that the front surfaces
Wy, and Wy, are joined together. Since the front surface Wy;; of the upper
wafer Wy and the front surface Wy, of the lower wafer Wi have been
thereafter hydrophilized at Steps S2 and S6 respectively, hydrophilic groups
25 between the front surfaces Wy; and Wy, are hydrogen-bonded, so that the

front surfaces Wy; and Wy, are strongly joined together. In this manner, the



31 Wi, Wi of the wafers Wi, W. are hydrogen-bonded, whereby the wafers Wi
and WL can be strongly joined together. This elimnates the necessity to
press the wafers in the superposed state as in the prior art. Accordingly,
there is no possibility of breakage of the wafers Wi, WL or no possibility
of 5 positional displacement of the wafegpg Wi, W. as in the prior art.
Furthernore, since the wafers Wi and WL are joined together only by the Van
der Waals force and hydrogen bonding, the time required for joint can be
reduced. Consequently, according to this enbodinent, it is possible to

I mprove th :{\@E | Bl p Cﬁﬁﬁ é\@‘h’ g&?’r I At 10
j oi ni ng th?pﬁgwgg%l tt(ggté hvg}raf’éﬂ;w éi%r, %@Q? anéf(gr- n$thlﬁlsPtq?t/i on
2 is capabljenof holding a plurality of wafers Wi, W or a plurality of
super posed fers WI, thereby naking it possible to successively transfer

the wafers zp@ss]ﬂl f QB it thensh ehie vAtQuinifg B the ubped WakrPWpciesstbpged

station 3 and successively process the wafers Wi, I n the processing

station 3 9f the ordet @ffthetregions PR by e22 e, 2Dt oughthis esibddimensf the inethdd
processing. [0088] Further, since the pure water is supplied to the front

surfaces Wof, stppihgt the wahensmitig & riot dhmitedr tacthibydr Bphi exaple, the
apparatus 40 to hydrophilize and clean the front surfaces Wil, W, the
oxi de fi | mvactupdngi il the tegiohe 22rlant22dlr mayebewwioppad Bt the sapps tipa¢.atrd y
removed. 20 Accordingly, the wafers, Wi, W. can {hen be appropriately joined
t oget her i themghgovanuuaping s dbe regiqrnd8drrmayhbe, stepped t Farfiessthg sime
i nside the joint apparatus 41 is the, highest in the joi n& iyste g& an @i r
current di iBtarxal pf Stoppiag tienvacpyring between dheregions22]a 1pegidn
60 i s genergt.ed. |n,other rd at nosphere.25 never flows into thg |oint
appar af s 42 1Fr Bt he Sete. BXGPRRBRL: BPT i it PR tiond ABSREY) ow
into the | Os"tgpt) othiig rv%tclﬁ%rrﬁ%gf irno{ﬁet&%i&?tz;%'ﬂ?th@@gcﬁﬂﬁing 4n the regions 221b
may be stopped, and after a lapse of two seconds after the stop of the
vacuuming in the region 221b, the vacuuming in the region 221c may be
stopped.
[0086] The superposed wafer Wr in which the upper wafer Wy and the

15 lower wafer Wy are joined together is transferred by the wafer transfer
apparatus 61 to the transition apparatus 51 and transferred by the wafer
transfer apparatus 22 in the transfer-in/out station 2 to the cassette Cr on a
predetermined mounting plate 11. Thus, a series of joint processing of the
wafers Wy, Wi ends.

20 [0087] According to the above embodiment, it is possible to activate the
front surfaces Wy;, Wy, of the wafers Wy, Wy in the surface activation
apparatus 30, and then hydrophilize the front surfaces Wy;, Wi, of the wafers
Wy, Wy in the surface hydrophilizing apparatus 40 to form hydroxyls on the
front surfaces Wy, Wy;. Then, after the activated front surfaces Wy; and

25 Wy, of the wafers Wy and Wy are joined together by the Van der Waals force

in the joint apparatus 41, the hydroxyls on the hydrophilized front surfaces



wafers Wi and Wi can be appropriately joined together. [0090] Further, since
‘the pressure inside the wafer transfer region 60 is positive with respect
to the pressure inside the surface activation apparatus 30, the pressure

i nside the surface hydrophilizing apparatus 40, the pressure 5 inside the
third processing block G3, and the pressyje inside the transfer-in/out
station 2, air currents directed fromthe wafer transfer region 60 to the
surface activation apparatus 30, the surface hydrophilizing apparatus 40,
the third processing block G3, and the transfer-in/out station 2 are '
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to 10 the wafér e superp uri’ng trarsfer.

[ 0091] Furt 'er[%{efm Rahhe %ﬁ%\ﬁjoﬁ%d V@%étﬁer.apm@énﬁliﬁgtestthe RICRE§ity €0

inside the p essing part 70 the preessure inside the transfer-in/out
part 71 ar e, pesithé wQairt Minf #P8Gperpdsklestate S8UIe the Prilsr hite tAspefdinghart
72, and when the gate valve 73 is Opened, an air current directed fromthe
processi ng thafd islho Pdssibilibe of taeskage péirthe ARafess Wi Wi et noipoassitility of
suction through the suction port (not illustrated). In other words,

at mosphsr e pusvttondll adisplacemetite ofr dhes svafgrpaWy70Wy oas t ire tha spder art.
Therefore, particles and the |ike never flowinto the processing part_70
from t he oltwthiermened sirtee theowafessWaaaxd Wi arajoined togethgafosly %M'Ehwwa%an
be appropriately activated. 20 [0092] Furthernore, since, the_ atmsphere

i nsi de t he dmrvé@és i@f‘i&/éﬂdoh)’@mg&ﬂa{)(}@dmg, &R’etlé’iﬁ frﬁﬁBlrﬁadeSp]ﬂmF f.angge
apparatus 40, and t transfer-in/out. statiqgqn 2 are exhausted to tkh

out si de, altedaee -he@@ﬁ?ﬁb‘ﬁ@ﬁ& aicﬁgr‘i)‘é‘gt e ﬁH?n?H@Qﬂ@ﬁp » & 45 RPNt o

n the. at migpHoNEs e dpiahiputSof TRE cyafen ot S8 tseb e WHR arpribteldl em
Lo, 15, 2055 SRR ARAL RSP SRR PR ALY BESTBERY LD kbt
provi ded aﬁg'rLéﬁéﬁl&%ﬁ*dhpm&ﬁg%ggiu&ﬁ%' BEPGAILAN WEPAKAL 6 3 Blbsality of

di sposed, f anpl €, a rnmost’ | ayer 1n the “processi ng” bl ock
G3. superposed wafers Wr, thereby making it possible to successively transfer the

wafers Wy, Wy, from the transfer-in/out station 2 to the processing station 3
and successively process the wafers Wy, Wy, in the processing station 3 so as
15  to further improve the throughput of the wafer joint processing.
[0088] Further, since the pure water is supplied to the front surfaces Wy,
Wy, of the wafers Wy, W in the surface hydrophilizing apparatus 40 to
hy'drophilize and clean the front surfaces Wy;, Wi, the oxide film and
particles on the front surfaces Wy, Wy, are appropriately removed.
20  Accordingly, the wafers Wy, W can then be appropriately joined together in
the joint apparatus 41.
[0089] Further, since the pressure inside the joint apparatus. 41 is the
highest in the joint system 1, an air current directed from the joint apparatus
41 to the wafer transfer region 60 is generated. - In other words, atmosphere
25 never flows into the joint apparatus 41 from the outside. Therefore, particles

and the like never flow into the joint apparatus 41 from the outside, and the



[ 0094] The i nspection apparatus 310 has a processing container 320 as 5
‘illuStrated in FIG 24. A transfer-in/out port 321 for transferring the
superposed wafer W is formed in a side surface on the wafer transfer
region 60 side of the processing container 320, and an openi ng/ cl osi ng
shutter 322 is provided at the transfer-ip/out port 321 as illustrated in
FIG 25. Note that the pressure inside thé processing container 320 is
negative with respect to the 10 wafer transfer region 60 so that when the
openi ng/ cl osi ng shutter 322 is opened, an air current directed fromthe

f ' | CL A0 ;& 10 i d.
[0005] | nei dLcter Ty ARAH, Arl e pbBRARTAEY I CRRRBRU ST ' or Ovi ded whi ch
tion-hol ; ' i 15
The. chuck 33000 cel y T orar SR piEs IS RN dg Wafe] IRl Tt 00l

equi pped Wigditi V@ viftk adett t@ th®bedssafe insideitke suafehrsivation aspuraiis 30,
function for adjusting the position of the superposed wafer WI." At the

bot t om sur fth@e;faw‘ssﬁfbe insideetind narfaoet h&dﬁ@gﬁﬂ&in@ appdrafia? 405 thieopreisdre

whi ch extends fromone end side (a Y-direction negative direction side in
FIG 24} tdngidet htheotthérd eprbceissimg( abMaki r €3,i amdpotliet | peesdireecinside sithe i n
FIG 24) in the processing container 320. The chuck drive part 331 is 6
attached onrarséen-ui/buBsmtiony 2yaansunenthdimeted fromvibepwafersgansfarereghor k
330 can nove along the rail 332 and freely rises and | owers,, [0096] On a

S B e T B o
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conta ner  EeBeretn Katorkgieu i IopRrbied ke bpies fram aderiie to "
prov: 54 2 AR S0P 6L, L BB S P ok e oY oo
aye i o prd0BaRE! ! o FiEtheriier hithe ATFALPHCHRRRGN Brbiratly 30; B PRI,

part 342 anfijexgd rﬁe}gg&&@ng 2y dm%a%% a}?}%séﬁl‘% iRSRIEER! tReh FBA ol had2Pt

Further, the infra ray latiron p 342 extends 1n the X-direction

as i1l ustragdhdsitive WillhredfR? b the tptessigesidsiddthestansfep et 7af ahd When
joined at Step SII in the 10 above-described joint apparatus 41 is

transf erredhBygdtO&/alpé 13 isr &, appar shtrend Hiteetdd Erdrthecpioeassinpasaat us
310. The superposed wafer transferred into the inspection apparatus 310

i s delilger &t fo ohe tiramstef part t72ais genemppdrdateuto e swuctidre thiough #80suction
Thereafter, the chuck 330 is noved by the chuck drive part 331 along the
rail 332, gudtt(metndlustptedper hosethet sSwoadey anmosphéerer adivar eflowist ntohshe
infrared rays fromthe infrared-ray irradiation part 342. Then, an inage of
‘the entire proeestteg grart 10 Fopethp outsidas erl'harefarepparticeles gngythenkike never
i mge- pi ckup part 340 through the Jé‘glf myrror 341. Tae piéked-u i of
the super pdt@¥ 19 dhe progessyig part: 4 frunithe Qwsidesangrhe Zont syiacsh¥Nwer

For "exarpl Wit 6 e atalfeYr B SERAEE BPPURE R BREVASHer poved wafer W 1
tranat ebr edOBY2Y ne erdhediore, rafee, 8 A Brros G AhEffaeh a8 yaliof o
Cranster | RERHEED o 0-ghe iR B Rt iPHR bp AR A0r Spd i e iniont
station 2 are exhausted to the outside, all of the atmospheres inside the joint
system 1 are exhausted to the outside. Accordingly, it is possible to prevent
particles from existing in the atmospheres inside the joint system 1.
25 [0093] In the joint system 1 in the above embodiment, an inspection

apparatus 310 inspecting the superposed wafer Wr joined in the joint



.25 mounting plate 11. [0098] According to the above enbodi ment, since the
super posed wafer 35 WI can be inspected in the inspection apparatus 310,
the processing condition in the joint system 1l can be corrected based on
the inspection result. Accordingly, the wafers Wi and W. can be further
appropriately joined together. 5 [0099]I45the joint system 1l in the above
enbodi nent, a thermal processing apparatus 350 perform ng heat processing
on the superposed wafer WI joined in the joint apparatus 41 nay further be
g_rovi de(cji as illustrated in FIG 26. The thermal processing apparatus 350 is
| sposed, , t apnst 8FsvilegUlcS | ) d f e ace
activati onag%%%ﬁﬁiﬁﬁﬁgn ftnﬁ%lteiola?i ?E?lewregcrgg s?l%étg{tgékﬁé EI?’OEO%] Tﬁg{_ef
t her mal Pr oERetiog BAIUS 1659 digfosed) RiTESEIMPle At MPpeRdOstiayt @an
close the 1nside thereof as illustrated in FIG 27. 'In a side surface on the
waf er trang{@fmf&gfmsgﬁl bldkofi3t he processing container 360, a
transfer-in/out port 361 Tor the superposed wafer WI is forned as
i |l ustrate@00®]j n FTGe2hspeotioanamperatusyBilosasg plodessing36@niasngrr 320dasd at
the transfer-in/out port 361. Note that the pressure inside the processing
-cgnt aimn.’er fbastiatedetrat FiG \34.h rAspeosfarcin/owt \perer 321 aifer dransgrming 6thes o
t hat en the opening/closing shutter 362 is opened, an air current .
directed fsupempesedavatier tWarisiformedginoa side suriase onHheraaler Baasér Fgglon

apparatus 350 .i s 20 generated. [01Q1]Ipnside the processing containe 60, a
heating paf Sde obdhe wwwm&&pntﬁla@ééipngnémwrgas@leg%os eériﬁ %nd

a_cool ng parl, 24T, PR RLILAS 7S DPS5F S8 ndied IF PSSO her W

the pressure inside the processing container 320 is negative with respect to the
10 wafer transfer region 60 so that when the opening/cldsing shutter 322 is
opened, an air current directed from the wafer transfer region 60 to the
inspection apparatus 310 is generated.
[0095] Inside the processing container 320, a chuck 330 is provided
which suction-holds the superposed wafer Wt thereon as illustrated in FIG. 24.
15 The chuck 330 freely rotates and stops by means of a chuck drive part 331
equipped with, for example, a motor or the like, and has an alignment
function for adjusting the position of the superposed wafer Wr. At the
bottom surface of the processing container 320, a rail 332 is provided which
extends from one end side (a Y-direction negative direction side in FIG. 24) to
20 the other end side (a Y-direction positive direction side in FIG. 24) in the
processing container 320. The chuck drive part 331 is attached on the rail
332. By means of the chuck drive part 331, the chuck 330 can move along
the rail 332 and freely rises and lowers.
[0096] On a side surface on the other end side (the Y-direction positive
25  direction side in FIG 24) in the processing container 320, an image-pickup
part 340 is provided. As the image-pickup part 340, for example, a



The heating part 370 and the cooling part 371 are provided side by side in
‘the 25 Y-direction, and the cooling part 371 is disposed on the
transfer-in/out port 361 side. 36 [0102] The heating part 370 includes a
lid body 380 | ocated on the upper side as illustrated in FIG 27 and
vertically novable and a thermal plate hggsing part 381 | ocated on the

| ower side and united with the |lid body 0 to forma processing chanber K
5 [0103] The lid body 380 has an alnost cylindrical shape with its |ower
surface open. At the mddle portion of the upper surface of the Iid body

oot ROt 6N AL RIS sl B e
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plate 390 hagliAaed at A9dedrBes kroth She S8RRSIaTIfectRth. "OAR indRdelaay itfRliation
super posed wafer WI thereon. Further, in the thernmal plate 390, a heater 15
393 gensratﬁamg3hgaihadi@ﬁn$>them®e edoveiferl &¢diwighiinfierbéddes is Proviveal,i ng
tenperaturée of the thermal plate 390 is controlled, for exanple, by the
control uniand3t@ kalfthitrot Bd 1sampkthpo settareat-ray WFadiatiorepax34herd n
plate 390 is heated to a predeterm ned tenperature. [0105]Bel ow the thernal
pl at e 390, theruppearspirfacet of the padetssingeanzEinenaedi nd yither, 4be infrared-68y ded
for supporting. the superposed wafer WI_from bel ow_and raising and | owering

t he super patyediatiarepasB42rexstengs in the ardirestion ayilhisiatadon d36x #Bdve up and
down by nean a raisgi.ng and | owering drive_part 401. Near th 1 ddI
portion of 10867 ne: i thif aseathe SupsBYgRd wafer Wi Joiried at Step S1T i the

10 above-described joint apparatus 41 is transferred by the wafer transfer

apparatus 61 to the inspection apparatus 310. The superposed wafer Wr
transferred into the inspection apparatus 310 is delivered from the wafer
transfer apparatus 61 to the chuck 330. Thereafter, the chuck 330 is moved
by the chuck drive part 331 along the rail 332, and the moving superposed
15 wafer W is irradiated with the infrared rays from the infrared-ray irradiation
part 342. Then, an image of the entire surface of the superposed wafer Wr is
picked up by the image-pickup part 340 through the half mirror 341. The
picked-up image of the superposed wafer Wr is outputted to the control unit
300, and whether or not the joint of the superposed wafer Wr is appropriately
20 performed, for example, the presence or absence of void in the superposed
wafer Wr is inspected in the control unit 300. Thereafter, the superposed
wafer Wr is transferred by the wafer transfer apparatus 61 to the transition
apparatus 51 and then transferred by the wafer transfer apparatus 22 in the
transfer-in/out station 2 to the cassette Ct on the predetermined cassette

25 mounting plate 11.

[0098] According to the above embodiment, since the superposed wafer



hol es 402 penetrating the thermal plate 390 in the thickness direction are
‘25 forned, for exanple, at three positions. The raising and | owering pins
400 are inserted into the through holes 402 to be able to project fromthe
upper 37 surface of the thermal plate 390. [0106] A cooling plate 410 has
an al nost square flat plate shape as illg§trated in FIG 28 and has an end
face on the thermal plate 390 side curved”in an arc shape. In the cooling
plate 410, two slits 411 are fornmed along the 5 Y-direction. The slits 411
are formed fromthe end face on the thermal plate 390 side of the cooling
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cooling pl %ge&geq. is controlled, for exanple, by the control unit 300 so
t hat the supérposed wafer WI nounted on the cooling plate 410 is cooled to

a predeter i00o9]t enpdhathe joidt sy8tddil] Théncded i atgpve asrebdditnesst, sapfiverired on
a supporting arm412 as illustrated in FIG 27. On the supporting arm412, a
drive part ptb8essingtappahatds 3t0eperforminmheatipfodessatg on kel soperposad | wafbs
extending in the Y-direction. The rail 414 extends fromthe cooling part
371 to the Waajdined parthe3aint dyparatarss4 bimayefudtherebeprovided, as Hhstrsed ng
pl ate 410 can nove 20 along the rai] 414 between Lhe_hea%%g%.part 370 and
the cool i ng'l6ard6.37The[theuBpbprosgssig appasatgs goftis disposeads fOEeXAPIE, ORr ce
rai sing and |l owering.pjns 420 fqQr .supportin he super.posed waf er from
bel ow and e SFARFIERIODRSELIRN B SIAF tpits, PUkGace RREVAHPS) RpATAIS %&gwths
pins 4 C nmove up.and. d by means of a raising and |lowering drive part.
421. Tﬁgn, afn?@tpﬁ%‘_x?sgf%g E&""@%\Glromri ng pins 420 pass through the slits 411
to be able [b(i OBﬁ o) ecty,{ RO e pf’cpd%%ginsguéfasgr%tﬁé 35085 glﬁr%%egéiﬁéecod'njtgi‘ner
360 which can close the inside thereof as illustrated in FIG 27. In a side
surface on the wafer transfer region 60 side of the processing container 360, a
transfer-in/out port 361 for the superposed wafer Wr is formed as illustrated
15 in FIG 28, and an opening/closing shutter 362 is provided at the
transfer-in/out port 361. Note that the pressure inside the processing
container 360 is negative with respect to the wafer transfer region 60 so that
when the opening/closing shutter 362 is opened, an air current directed from
the wafer transfer region 60 to the thermal processing apparatus 350 is
20 generated.
[0101] Inside the processing container 360, a heating part 370 performing
heat processing on the superposed wafer Wr and a cooling part 371
performing cooling processing on the superposed wafer Wt are provided.
The heating part 370 and the cooling part 371 are provided side by side in the
25  Y-direction, and the cooling part 371 is disposed on the transfer-in/out port

361 side.



38 [0109]In this case, the superposed wafer WI joined at Step SII in the
‘abové-described joint apparatus 41 is transferred by the wafer transfer
apparatus 61 to the thermal processing apparatus 350. After the superposed
wafer W is transferred into the thermal processing apparatus 350, the 5
super posed wafer WI i s delivered fron1th§6mafer transfer apparatus 61 to
the raising and | owering pins 420 which have been raised and waiting in
advance. Subsequently, the raising and |lowering pins 420 are |lowered to
nount the superposed wafer WI on the cooling plate 410. [0110] Thereafter,

: (Eeaﬁgﬁ"ef ?ﬂg'fbﬁilfniﬁ%% BeAAE Bt 370 thERR A oM 20 IoGR L oNEnP Tt
vei 1 ng i n 4 R A e B s Y e
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390 is heatfgglmt@pﬁocggsgﬁfgt@ﬁ;ﬁhbgﬂn_enperature, for exanple, 100C to 200 C
The heating perfornmed by the thermal plate 390 heats the superposed wafer

WE to dshm[oaos] and Tlendighbedy 380 s cge mltnosdioytindeicad shapbewithoits lower
surfaces Wii and W.i of the wafers Wi and W, so that the wafers Wi and W
are st ronglsyrfagiergpe. ogAt tiee middl¢ pattid odithe afpper sutfackiof thedid Bedyi3R0,
opened, the raising and |l owering pins 400 are raised and the cooling plate
410 is noveoh exhabstyparthd8acisnproyidede 3B aomspheratingider Hee qupeessirgd
wafer WI i s _del.ivered fr_ﬁmthe raisir}g andgbo §ring pi ns Q,to '"the

cool i ng pl &hamber Kdgan yoxhaystadathron Rt parttiRla.

transfer-in t _port_361 side,. ri.ng the novepent of 25 the cooli | at e
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exanpl e, room tenp ure. (230, 3 1 en,; the,.supgrposed waf.e S
transf dPr eﬁﬁvﬁ;é\g#@usfé%ﬁs%@”%?ﬁpé%?@J(Efntdohpﬁgngr sppf%np%Bg 1%ﬂ-us

51 and t-herbotr'éi%rﬁs% "1 RErh AP p\'f@{eer390, and a support ring 392 in an almost

cylindrical shape surrounding the outer periphery of the holding member 391.

The thermal plate 390 has an almost thick disk shape and can mount and heat
the superposed wafer Wr thereon. Further, in the thermal plate 390, a heater
15 393 generating heat, for example, by power feeding is embedded. The
heating temperature of the thermal plate 390 is controlled, for example, by the
control unit 300 so that the superposed wafer Wt mounted on the thermal
plate 390 is heated to a predetermined temperature.
[0105] Below the thermal plate 390, for example, three raising and
20 lowering pins 400 are provided for supporting the superposed wafer Wt from
below and raising and lowering the superposed wafer Wr. The raising and
lowering pins 400 can move up and down by means of a raising and lowering
drive part 401. Near the middle portion of the thermal plate 390, through
holes 402 penetrating the thermal plate 390 in the thickness direction are
25 formed, for example, at three positions. The raising and lowering pins 400

are inserted into the through holes 402 to be able to project from the upper



transfer apparatus 22 in the transfer-in/out station 2 to the cassette CT
‘on the predeternmined cassette nounting plate 11. Note that if the
above-descri bed 5 inspection apparatus 310 is provided in the third
processing block G3 in this enbodi nent, the inspection of the superposed
wafer WI is performed in the inspection gpparatus 310 before the superposed
wafer WI is transferred to the transfer-in/out station 2. [0113] According
to the above enbodinent, it is possible to performheat 10 processing on

t he superposed wafer WI in the thermal processing apparatus 350 so as to

. dehydrate i he bondi ng between the front surfaces Wil
and Wi of ?H‘&%%&ﬁ@é%‘ﬂcn‘%%&ggggﬁke the joint of the wafers Wi and W
stronger. Hgfgethe &U@&élﬁ?agg@a’(@fﬂro Whst ﬁﬁnélfrﬁééteggﬁéﬂrte ?atg_ Faéélzj ?éthtpeSH tem

1 is baked*rn a furnace p outside the joint system t akes

a lot of t iiH?ﬁtéthB%%K‘i!?Zi? HRE ISR e @ fBEe M-théttﬁeﬁﬁarlgldt@ 390 side curved

enbodi nment aking tine can be reduced. [0114] Note that one end portion
of the uppen ateérs shibehel it Bk Ebsling peatechll;kwaR ¢litss4 bt ess forhyd tdheng the
pressing and noving nenber 240 in the joint apparatus 41 in this

enbodi ment .Ykdirsetien, dllseishits 41 hmoe dormbd dhomhthe2éng fass ongheartbemmal plpte
menber 240 passes nay be provided at the middle portion of the upper chuck
221 so t hat3%hsidereftiangoaling mlateng1fdotihe viehniftpfithesmiddie pordiamef shel
portion of the upper wafer Wi but the middle portion of the upper wafer W.
Not e that icoolimgs ptateed19.he Theeshitndglangamguengnhdhecgodmg iplateoddbeliom a

position where _the pressing and noving 25 nepber 24 an pass thr h the
cutout pr O}IDEPé’fFTéngtVﬁéh @@ﬂ%@lﬁﬂ)ﬁﬂédﬁw@ﬁm&m%ﬁgﬁ ‘&Hﬁ@&leﬂﬁlﬂg R@Tkt%%ﬂ%‘ql I
operation Ilgtegpdesscﬁgzg \fmails{ngb ear?I Sl%%'v?r%?g g{]nes 420 of the cooling part 371.

10  Further, in the cooling plate 410, a cooling member (not illustrated) such as a
cooling water or a Peltier element is embedded. The cooling temperature of
the cooling plate 410 is controlled, for example, by the control unit 300 so
that the superposed wafer Wt mounted on the cooling plate 410 is cooled to a -
predetermined temperature.

15 [0107] The cooling plate 410 is supported on a supporting arm 412 as
illustrated in FIG. 27. On the supporting arm 412, a drive part 413 is
attached. The drive part 413 is attached on a rail 414 extending in the
‘Y-direction. The rail 414 extends from the cooling part 371 to the heating
part 370. By means of the drive part 413, the cooling plate 410 can move

20 along the rail 414 between the heating part 370 and the cooling part 371.
[0108] Below the cooling plate 410, for example, three raising and
lowering pins 420 for supporting the superposed wafer Wr from below and
raising and lowering it are provided. The raising and lowering pins 420 can
move up and down by means of a raising and lowering drive part 421. Then,

25 the raising and lowering pins 420 pass through the slits 411 to be able to
project from the upper surface of the cooling plate 410.



40 vacuum ng in the region 221b of the upper chuck 221 corresponding to the
‘m ddl'e portion of the upper wafer Wi i s stopped first. Then, the pressing
and novi ng nmenber 240 presses the mddle portion of the upper wafer W
After the mddle portions of the upper wafer Wi and the | ower wafer W. are
5 brought into abutnment wth each other, ,{he vacuum ng in the regions 221a,
221c of the upper chuck 221 is stopped. 3 ch an operation nmakes it possible
to bring the upper wafer Wi and the | ower wafer WL into abutnment with each
ot her w thout positional displacenent. [0115] Preferred enbodi nents of the
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for a photonask or the like. [Industrial Applicability] 207 [0116] The

b or o and tho T1 ke L ogetKer T Explangt on of Gogee] [O1Lr 15 ot sysiem
252 transf Subsefuently; thé vaiskngrandekswergngt piriso42044re3lweredate® motnt dhé on
apparatus superposed wafer W on the cooling plate 410. _

[0110] Thereafter, the cooling plate 410 is moved along the rail 414 by

10  the drive part 413 to above the thermal plate 390, and the superposed wafer
Wr is delivered to the raising and lowering pins 400 which have been raised

. and waiting and waiting in advance. Then, after the lid body 380 is closed,
the raising and lowering pins 400 are lowered to mount the superposed wafer
Wr on the thermal plate 390. Then, the superposed wafer Wt on the thermal

15 plate 390 is heated to a predetermined temperature, for example, 100°C to
200°C. The heating performed by the thermal plate 390 heats the
superposed wafer Wr to dehydrate and condense the hydrogen bonding
between the front surfaces Wy; and Wy ; of the wafers Wy and Wy, so that the
wafers Wy and W are strongly joined together.

20 [0111] Then, after the Hd body 380 is opened, the raising and lowering
pins 400 are raised and the cooling plate 410 is moved to above the thermal
plate 390. Subsequently, the superposéd wafer Wr is delivered from the
raising and lowering pins 400 to'the cooling plate 410, and the cooling plate
410 is moved to the transfer-in/out port 361 side. During the movement of

25 the cooling plate 410, the superposed wafer Wr is cooled to a predetermined

temperature, for example, room temperature (23°C).



40 surface hydrophilizing apparatus 41 joint apparatus 60 wafer transfer
regi on 570 processing part 71 transfer-in/out part 72 transfer part 300
control unit 310 inspection apparatus 10350 thernmal processing apparatus W
upper wafer Wii front surface W. | ower wafer Wil front surface 15W

super posed wafer 42 [Name of Docunent] Yhat Is Clainmed [Claim1]A joint
system j oi ni ng substrates together, conprising: a processing station
perform ng predeterm ned processing on substrates and joining the
substrates together; and 5atransfer-in/out station capable of holding a

Phe cubstr 30LL207 o' i dbe ByBeiisRel ety WidpPRRTGmB MY, i MRS o
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processi ng I 'on conpri
transfer apparatus 22 in the transfer-in/out station 2 to the cassette Ct on the

predetermined cassette mounting plate 11. Note that if the above-described
5 inspection apparatus 310 is provided in the third processing block G3 in this
embodiment, the inspection of the superposed wafer Wt is performed in the
inspection apparatus 310 before the superposed wafer Wr is transferred to the
transfer-in/out station 2.
[0113]  According to the above embodiment, it is possible to perform heat
10 processing on the superposed wafer Wr in the thermal processing apparatus |
350 so as to dehydrate and condense the hydrogeﬁ bonding between the front
surfaces Wy; and Wy; of the wafers Wy and W to make the joint of the
wafers Wy and Wy stronger. Here, the superposed wafer Wt transferred out
of the joint system 1 is baked in a furnace placed outside the joint system 1,
15  but it takes a lot of time to bake the superposed wafer Wr. According to this
embodiment, the baking time can be reduced.
[0114] Note that one end portion of the upper wafer Wy, held on the upper
chuck 221 is pressed by the pressing and moving member 240 in the joint
apparatus 41 in this embodiment. However, a cutout through which the
20 pressing and moving member 240 passes may be provided at the middle
portion of the upper chuck 221 so that the pressing and moving member 240
may press not the one end portion of the upper wafer Wy but the middle
portion of the upper wafer Wy. Note that in this case, the pressing and
moving member 240 is located at a position where the pressing and moving
25 member 240 can pass through the cutout provided at the middle portion of the
upper chuck 221. Next, the operation in this case will be described. The



10asurface activation apparatus activating a front surface to be joined of
‘the Substrate; a surface hydrophilizing apparatus hydrophilizing the
front surface of the substrate activated in said surface activation
apparatus; a joint apparatus joining the substrates having the surfaces 15
hydrophilized in said surface hydrophilizkpg apparatus together; and a
transfer region for transferring the substrate or superposed substrate to
said surface activation apparatus, said surface hydrophilizing apparatus,
and said joint apparatus. [Claim 2] The joint systemas set forth in claim

the-front - stregingt i B el 300 8f R TBBRF RHSBICHRR colfiebidh@inf o nt”
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After the middle portions of the upper wafer Wy and the lower wafer Wy, are
5 brought into abutment with each other, the vacuuming in the regions 221a,
221c of the upper chuck 221 is stopped. Such an operation makes it possible
to bring the upper wafer Wy and the lower wafer W1, into abutment with each
other without positional displacement.
[0115] Preferred embodiments of the present invention have been
10  described above with reference to the accompanying drawings, but the present
invention is not limited to the embodiments. It should be understood that
‘various changes and modifications are readily apparent to those skilled in the
art within the scope of the spirit as set forth in claims, and those should also
be covered by the technical scope of the present invention. The present
15 invention is not limited to the embodiments but can take various forms. The
present invention is also applicable to the case where the substrate is a
substrate other than the wafer, such as an FPD (Flat Panel Display), a mask
reticle for a photomask or the like.
[Industrial Applicability]
20 [0116] The present invention is useful in joining substrates such as
semiconductor wafers and the like together.
[Explanation of Codes]
[0117]
1 joint system
25 2 transfer-in/out station

3 processing station



to a pressure inside said transfer region, and wherein-the pressure
‘inside said transfer region is positive with respect to a pressure inside
said surface activation apparatus, a pressure inside said surface

hydr ophi | i zi ng apparatus, and a pressure inside said transfer-in/out
5station. [Caimb5]The joint system as sgi forth in claim4, wherein
said surface activation apparatus conpri ses a processing part performng
processing for activating the front surface of the substrate, a
transfer-in/out part for transferring-in/out the substrate to/from said
transfer 10 regqi Zy agd a transfer Eari_\ltransferring t he substrate between
sai d processing 3 FFUTLGF aiYAROD, ARPAIATIS, oyt part, and wherein a

ranst er-i nout o eid BREB2le APaBeR "0 S pressire i nsi de said

transfer part. lil[ﬁﬁ%&gﬂ%joi nt systemas set forth in claiml,

further conprising: an 1 nspection apparatus inspecting the :
super posed subst i & af& treesfeP résiosh J 0 nt apparatus. [ aim 7] The joint
systemas set forth in claim11, Turther conprising: a thernmal

processing appar a;toJﬁrd&ggigrgr@ﬁg t hermal processing on the 20 superposed
substrate joined in said joint apparatus. [C aim8]A nethod of joining

substrates toget ifdrtransfiepiihfowumpart a surface activation step of
activating a front surface to be joined of a substrate in a surface
activation appar &2usansfer part a surface hydrophilizing step of then
transferring the substrate to a 25 surface hydrophilizing apparatus via a
transfer region, 38dcontoelownit! i zi ng the front surface of the substrate in
t he surface hydrophilizing apparatus; and 44 a joint step of then
transferring the d@uspaedon@ppayailit apparatus via the transfer region,
and joining the strate SUbés(éCt ed to said surface activation step and

sai d suPface hydr Sran Prete RS IEPREUDY a Van der Waals force and

- hydr ogen bondi ng W?;ﬁ}%)eexj\% etr. appar at us,

Wy front surface
W, lower wafer
Wy front surface

15 Wr superposed wafer



Wwherein said surface activation step, said surface hydrophilizing step, and
said joint step are successively perforned on a plurality of substrates.
[Claim9] The joint method as set forth in claimS8, wherein pure water
is supplied to the front surface of the substrate to hydrophilize and cl ean
the front surface in said surface hydropgﬁlizing step. 10 [C ai m 10] The

joint nmethod as set forth in claimS8, wherein a pressure inside the
transfer region is equal to or nore than an atnospheric pressure. [Claim
11] The joint nethod as set forth in claim 10, wherein a pressure

I nsi de the 49int ar [ | Fhyve Whth respect to 15 a pressure inside
the transf a%%pﬁﬁ?oc&ﬁ%gﬁt] Wh%ﬁﬁe?l%ﬁn%e pressure inside the transfer
region is wWitR: : [ NS) .activation
appar at us. ettt §F oo RdOERESRterh iR R e Wechor BoRtaAe. Tle.
[Caim 12] The | oiant p#BlelEithoaSstafon Ogéﬁfohﬁiﬁ%a:ﬂ’eaéterﬁﬂ%&r %r@c&gﬁnguréﬁce
activation apparatug conprises a processing part perform ng processing for

activating Sthtrgfegrgncph}dﬁ Hef sub3traféPRigethar; aadt ransfer-in/out part for
transferring-in/out thHe substrate to/fromthe transfer region, and a

transfes part transhesfer-ig/dubetstids capasledef hobdinghe phinaties Sfbzaratesaor
the transfer-in/out part, and 25wherein a pressure inside the processing
part and a applesaslityeof sspetposee substnates riniwﬁ'mh theasubstratepard jdined wogether,
respect to a pressure inside the transfer 45 part. c}CI ai m 13] The j oi nt
net hod as sad fransferringeindout ghe fsubstretesconpupsipesed substrates to/from said
processing station,
wherein said processing station comprises:
10 a surface activation apparatus activating a front surface to be joined of
the substrate;
a surface hydrophilizing apparatus hydrophilizing the front surface of
the substrate activated in said surface activation apparatﬁs;
a joint apparatus joining the substrates having the surfaces
15 hydrophilized in said surface hydrophilizing apparatus together; and
a transfer region for transferring the substrate or superposed substrate
to said surface activation apparatus, said surface hydrophilizing apparatus,
and said joint apparatus.
[Claim 2] The joint system as set forth in claim 1,
20 wherein said surface hydrophilizing apparatus supplies pure water to
the front surface of the substrate to hydrophilize and clean the front surface.
[Claim 3] The joint system as set forth in claim 1,
wherein a pressure inside said transfer region is equal to or more than
an atmospheric pressure.

25 [Claim 4] The joint system as set forth in claim 3,

wherein a pressure inside said joint apparatus is positive with respect



an inspection step of inspecting the superposed substrate after said joint
‘step. 5 [Claim 14] The joint method as set forth in claim8, further

conpri si ng: a thermal processing step of performng thernal
processi ng on the superposed substrate after said joint step. [Claim1l5]A
program running on a conputer of a contrgb unit controlling a joint
systemto cause the joint systemto execute a joint nethod of joining 10
substrates together, said joint nethod conprising: a surface
activation step of activating a front surface to be joined of a substrate

In a surfage activati.on. ar ; a hydr ophi li zi ng step of then
transferri 8at%%%sﬁ%&?ﬁ%%@é@ééegﬁgd?oph!ol I zi ng gppar gt us via a

transfer rogion. ARy HOBRLIA A%iddeai RRhsRHTEARS RipddiEvE AT falect "
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and joining t substrates subjected to sald ce acttvation step and

sai d surf a%mﬁwrﬁg&tdﬁmliﬂmghgpamﬁgt ARl BYpresMaR Hevide Gayihatsndfer-ée/onbd

hydr ogen bondi ng i e joi ppar atus, wherein said surface activation
step, saidssatidce hydrophilizing step, and said joint step are
successively perforned on a plurality of substrates. [C aim 16] A readabl e
conput er st{@laige Sedi ufhejomtsystenpasgetforthrniolginnd,a conputer of a
control unit controlling a joint systemto cause the 25 joint systemto
execute a joint médreth said surfaceyacivstiontapparatyst ¢mmprises @ proicassingtpast
comPTLS! ng:performing processing for activating the front surface of the substrate, a
transfer-in/out part for transferring-in/out the substrate to/from said transfer
10 region, and a transfer part transferring the substrate between said processing
part and said transfer-in/out part, and
wherein a pressure inside said processing part and a pressure inside
said transfer-in/out part are positive with respect to a pressure inside said
transfer part.
15 [Claim 6] The joint system as set forth in claim 1, further comprising:
an inspection apparatus inspecting the superposed substrate joined in
said joint apparatus.
[Claim 7] The joint system as set forth in claim 1, further comprising;:
a thermal processing apparatus perforrhing thermal processing on the
20  superposed substrate joined in said joint apparatus.
[Claim 8] A method of joining substrates together, comprising:
a surface activation step of activating a front surface to be joined of a
substrate in a surface activation apparatus;
a surface hydrophilizing step of then transferring the substrate to a
25  surface hydrophilizing apparatus via a transfer region, and hydrophilizing the

front surface of the substrate in the surface hydrophilizing apparatus; and



46 a surface activation step of activating a front surface to be
‘joined of a substrate in a surface activation apparat us; a surface
hydrophilizing step of then transferring the substrate to a surface
hydr ophi l i zi ng apparatus via a transfer region, and hydrophilizing the 5
front surface of the substrate in the suaﬁace hydr ophi | i zi ng appar atus; and
a joint step of then transferring the substrate to a joint apparatus via
the transfer region, and joining the substrates subjected to said surface
activation step and said surface hydrophilizing step together by a Van der

surf ace act i vat | SHoutogepoa It eR IRt b PSR 4 o UM AP ERH Ui,

step are SYGCEess el Vrddfhd OaRY jOthiAg P adubstrabls SWBFEdtBH R said surface
activation step and said surface hydrophilizing step together by a Van der
Waals force and hydrogen bonding in the joint apparatus,

5 wherein said surface activation step, said surface hydrophilizing step,
and said joint step are successively performed on a plurality of substrates.
[Claim 9]} The joint method as set forth in claim 8§,

wherein pure water is supplied to the front surface of the substrate to
hydrophilize and clean the front surface in said surface hydrophilizing step.

10 [Claim 10] The joint method as set forth in claim 8,

wherein a pressure inside the transfer region is equal to or more than
an atrhospheric pressure.
[Claim 11] The joint method as set forth in claim 10,

wherein a pressure inside the joint apparatus is positive with respect to

15 apressure inside the transfer region, and |

wherein the pressure inside the transfer region is positive with respect
to a pressure inside the surface activation apparatus and a pressure inside the
surface hydrophilizing apparatus. |
[Claim 12] The joint method as set forth in claim 11,

20 wherein the surface activation apparatus comprises a processing part
performing processing for activating the front surface of the substrate, a
transfer-in/out part for transferring-in/out the substrate to/from the transfer
region, and a transfer part transferring the substrate between the processing
part and the transfer-in/out part, and

25 whefein a pressure inside the processing part and a pressure inside the

transfer-in/out part are positive with respect to a pressure inside the transfer
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part.
[Claim 13] The joint method as set forth in claim 8, further comprising:
an inspection step of inspecting the superposed substrate after said

joint step.
[Claim 14] The joint method as set forth in claim 8, further comprising:

| a thermal processing step of performing thermal processing on the
superposed substrate after said joint step.
[Claim 15] A program running on a computer of a control unit controlling
a joint system to cause the joint system to execute a joint method of joining
substrates together, |

said joint method comprising:

a surface activation step of activating a front surface to be joined of a
substrate in a surface activation apparatus;

a surface hydrophilizing step of then transferring the substrate to a
surface hydrophilizing apparatus via a transfer region, and hydrophilizing the
front surface of the substrate in the surface hydrophilizing apparatus; and |

a joint step of then transferring the substrate to a joint apparatus via
the transfer region, and joining the substrates subjected to said surface
activation step and said surface hydrophilizing step together by a Van der
Waals force and hydrogen bonding in the joint apparatus,

wherein said surface activation step, said surface hydrophilizing step,.
and said joint step are successively performed on a plurality of substrates. .
[Claim 16] A readable cbmputer storage medium storing a program
running on a computer of a control unit controlling a joint system to cause the
joint system to execute a joint method of joining substrates together,

said joint method comprising:
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a surface activation step of activating a front surface to be joined of a
substrate in a surface activation apparatus;

a surface hydrophilizing step of then transferring the substrate to a
surface hydrophilizing apparatus via a transfer region, and hydrophilizing the
front surface of the substrate in the surface hydrophilizing apparatus; and

a joint step of then transferring the substrate to a joint apparatus via
the transfer region, and joining the substrateé subjecfed to said surface
activation step and said surface hydrophilizing step together by a Van der
Waals force and hydrogen bonding in the joint apparatus, |

wherein said surface activation step, said surface hydrophilizing stép,

and said joint step are successively performed on a plurality of substrates.



