TI' TLE OF THE | NVENTI ON SUBSTRATE PROCESSI NG APPARATUS, AND METHOD 5
BACKGROUND OF THE | NVENTI ON FI ELD OF THE [TiON-T present invention
relates to a substrate processing apparatus and nethod and a substrate 10
manuf act uri ng nmet hod and, nore particuIarIyr*Egzgfsubstrate processi ng
apparatus and nethod for overl appi ng and COHE t1 ng two,

substrate manufacturing method. 15 DESCRI PTI QNOGOF ; THE RE[TRHEBHREITHARBEEN
waf ers (substrates) are brought into contact with/each hther REER4CED
superinposed to each other by perform ng anode joi ning, press processing,
annealing, or the like. This nmethod is suitable for manufacturing a 20 _
waf er having an SO structure OFTITIE OF KEE HNYENTION and 11B are schematic
views showi ng steps in a process of contacting wafers. In this wafer
contact, as shown in Fig. 11A a first wafer 1 is set on a wafer support
jig 201 with its contact surface facin% 25 upward, and a second wafer 2 is
softly overl apped on t$EBITRAHE \BROSESS NFtﬁPPEBA%%$t%NQ MEIHOR e facing

downward. . At this tinme, the upper wafer 2 floats by a gas (e.g.,

5 BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION
| The present invention relates to a substrate
processing apparatus and method and a substrate
10 manufacturing method and, more particularly, to a
substrate processing apparatus and method for
overlapping and contacting two substrates, and a

substrate manufacturing method.

15 DESCRIPTION OF THE RELATED ART

Two wafers (substrates) are brought into coﬁtact
with each other, and superimposed to each other by
performing anode joining, press processing, annealing,
or the like. This method is suitable for manufacturing a

20 wafer having an SOI structure or the like.

Figs. 11A and 11B are schematic views showing steps
in a process of contacting wafers. In this wafer
contact, as shown in Fig. 11A, a first wafer 1 is set on
a wafer support jig 201 with its contact surface facing

25 upward, and a second wafer 2 is softly overlapped on the
first wafer 1 with its contact surface facing downward.
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air or inert gas) between the wafers, as shown in Fig. 11A. Before the gas
.between the wafers 1 and 2 is 5 conpletely discharged, the central portion
of the upper wafer 2 is pressed by a press pin 202, as shown in Fig. 11B.

Then, the gas between the central portions of the wafers is di scharged and

the wafers 1 and 2 contact to each other at the central pgort+or—AsS—the—gas
between 10 the wafers are gradual |y di scharged toward the EW%ﬁ%%f&W“’BL N
portion, the area of the contact portion increases. Final iy

waf ers contact to each other. This nethod is useful for contacting two
wafers 15 wi thout remaining any gas between them but has the foll ow ng
probl ens. The Atrshiprobkemtis uppeanwaderoR tloabe hpmfergasl @Gg.with

al ignment of the two wafers.. That is, since the upper wafer 2 overlapped
floats by the @bt detimert 2ms)hdearakens thehwaferst | ah owhdngber. waf er 2
I n horizontal novenent is very small. For this reason, the upper wafer 2
slips even withlA-slight inclination of the jig 201. Accurately al i gni ng

the two wafers 1 and t herefore re uires o] icting the 25
hori zontal novement B8FoYfeth@reas 2 tg‘eZU’!E §ﬁ6\/\jw ?‘F\‘iFég’ss IIA and || B
has a rece%f completely discharged, the central portion of the upper
wafer 2 is pressed by a press pin 202, as shown in Fig.
11B. Then, the gas between the central portions of the
wafers is discharged, and the wafers 1 and 2 contact to
each other at the central portion. As the gas between
10 the wafers are gradually discharged toward the
peripheral portion, the area of the contact portion
increases. Finally, the entire wafers contact to each
other.

This method is useful for contacting two wafers

15 without remaining any gas between them, but has the
following problems.

The first problem is contamination of the wafers
along with alignment of the two wafers. That is, since
the upper wafer 2 overlapped floats by the gas between

20 - the wafers, the friction of the upper wafer 2 in
horizontal movement is very small. For this reason, the
ubper wafer 2 slips even with a slight inclination of
the jig 201. Accurately aligning the two wafers 1 and 2
therefore requires a means for restricting the

25 horizontal movement of the wafer 2.

The jig 201 shown in Figs. 11A and 11B has a recess
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REPLACEMENT SHEET whi ch coincides with the shapes of the wafers 1 and 2,
.and aligns the wafers 1 and 2 while restricting the horizontal novenent of
the wafers 1 and 2 by the sides walls of this recess. Fig. 12 is a view
showi ng another 5 exanple of the arrangenent of the jig for overl app| ng the
wafers 1 and 2 while aligning them A jig 205 has a pl urp@g h V- 1
pi ns 204 and a press pin 203. The press pin 203 presses t}h Z E ?#;9%
agai nst the plurality of aligning pins 204 to restrict the-18 REMLAS Al
novenent of the wafers 1 and 2. In the nethod of overlapping the two wafers
using the jig shown in Figs. 1l A and | 1B or Fig. 12, since the peripheral
portion of thehidtercaindideggmithntbecshapes of tthe h@ﬁar@ lp@rntdl @.es may be
produced, the perlpheral 15 portion of the wafer may be damage and the
yield may decrandealisgms tde maésrrémlu angod edhple \F%ﬁﬁtdf’tlic@ﬁélg rg’Fhﬁaf er press
conditions. Myre specifically, the time interval between overl appi ng of two
waf ers and pré%%‘ﬁ@orﬁ?alt Wm%nﬁyoifhéhﬁr@%geﬁnlﬁ%&e@ e ISH@e&ap
bet ween the maf e35|n fergﬁgy theépress Bln vari
Ther ef or e, |CE€/ S[PF@ Iser W aited Sy dGHash Wénghgn?ﬁbeﬁ/af ers

'S d'ff'CU|t té’éﬁbf@“&% the arrangement of the jig for overlapping

the wafers 1 and 2 while aligning them. A jig 205 has a
plurality of aligning pins 204 and a press pin 203. The
press pin 203 presses the wafers 1 and 2 against the
plurality of aligning pins 204 to restrict the

10 horizontal movement of the wafers 1 and 2.

In the method of overlapping the two wafers using
the jig shown in Figs. 11A and 11B or Fig. 12, since the
peripheral portion of the wafer is brought into contact

" with the jig, particles may be produced, the peripheral
15 portion of the wafer may be damaged, and the yield may
decrease.

Another problem is posed by variations in wafer
press conditions. More specifically, the time interval
between overlapping of two wafers and pressing of them

20 by the press pin changes, and the gap between the wafers
in pressing the wafers by the press pin varies.
Therefore, the quality of the wafer obtained by
contacting the two wafers is difficult to be made
uniform. The gas between the wafers may be partially

25 discharged before the wafers are pressed by the press

pin. In this case, the gas may remain between the wafers
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uniform The gas between the wafers may be partially 25 di scharged before
the wafers are pressed by the press pin. In this case, the gas may remain
bet ween the wafers REPLACEMENT SHEET 4 - because the wafers cannot be
contacted while the gas is gradually discharged fromthe central portion

toward the peripheral portion. 5 SUMVA n
The present invention has been made in consideration of the é%qy.Lg DBERR
and has as its object to increase the quality of a substrate—ebtad 10 b

adhering two substrates. A substrate processing apparatus according to the
present invention is a substrate processing apparatus for overl appi ng and
contacting twihecdste dthes waflensacepnpzelebgononpred ivwhilsuldidte &tas diser at i on
means 15 for supporting the two substrates to face each other, and_then
cancel i ng t he gtapklnidigehasges: fxon thadepresal mAfsiaptaweassithe part
of a backside of one substrate in response to the cancel of the support of
one substrat e BFFIPREAH RGO oper at i on means to 20 superinpose one
substrate on the other substrate.

5 SUMMARY OF THE INVENTION

The present invention has been made in
consideration of the above problems, and has as its
object to increase the quality of a substrate obtained

10 by adhering two substrates.

A substrate processing apparatus according to the
present invention is a substrate processing apparatus
for overlapping and contacting two substrates,
characterized by comprising substrate operation means

15 for supporting the two substrates to face each other,
and then canceling the support of one substrate, and
press means for pressing part of a backside of one
substrate in response to the cancel of the support of
one substrate by the substrate operation means to

20 superimpose one substrate on the other substrate.

In the substrate processing apparatus, the preés
means preferably presses part of one substrate at
substantially the same time as the cancel of the support
of one substrate by the substrate operation means.

25 The applied pressure is preferably about 150 to 300
gf and more preferably about 200 to 250 gf.
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In"the substrate processing apparatus, the press neans preferably presses
_part of one substrate at substantially the sane tine as the cancel of the
support of one substrate by the substrate operation neans. 25 The
applied pressure is preferably about 150 to 300 gf and nore preferably

about 200 to 250 gf. REPLACEMENT SHEET 5 In the sub LLQ%GEE%Qeessﬁgﬁﬁ_
apparatus, the press neans preferably presses part of dqnEH§. 45&3% otte
a gas between the two substrates is di scharged by not Iless t BEH-ALE

predet erm ned anmount after the cancel of the 5 support of one substrate by
the substrate operation neans. In the substrate processing apparatus, the
press neans pref er digl \the exdbessrphiet pobcensing rprarnatumpotbeapresst a
predeterm ned tine after the cancel of the 10 support of one substrate by
t he substrat e RRAPrSferelAy. Prassfe Babttiohipraabsdsatg Beparatas, the
press neans preferably presses part_  of one substrate before a di stance

bet ween t he t WS RtWeareshgeERasERSERR RS 43 Horhangsd BYpRedeLeesi ned

di stance after .t he canc
than

5

10

15

20

25

a pre et%&mined amount after the cancel of the
support of one substrate by the substrate operation
means.

In the substrate processing apparatus, the press
means preferably presses part of one substrate upon
lapse of a predetermined time after the cancel of the
support of one substrate by the substrate operation
means.

In the substrate processing apparatus, the press
means preferably presses part of one substrate before a
distance between the two substrates decreases to not
more than a predetermined distance after the cancel of
the support of one substrate by the substrate operation
means.

In the substrate processing apparatus, the
substrate operation means preferably substantially
horizontally supports the two substrates, and then
cancel the support of the upper substrate.

In the substrate processing apparatus, the
substrate operation means preferably substantially
horizontally supports the two substrates and then
cancels the support of the upper substrate, and the

press means preferably presses part of the upper S
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the support of one substrate by the substrate. operation neans. In the
Substrate processing apparatus, the substrate operation neans preferably
substantially 20 horizontally supports the two substrates, and then cancel

t he support of the upper substrate. In the substrate processing.apparatus,
the substrate operation nmeans preferably substantially hori ZOPHISISHEET HAS BEEN
supports the two substrates and then 25 cancels the supportl_of tREPLNTEEr
substrate, and the press neans preferably presses part of the upper M R
0 6 MAY 1998 substrate before a gas between the two substrates is

di scharged by not |l ess than a predeterm ned anobunt owing to a wei ght of the
upper substratsuladttimtd efeaecal gak beéeweappti¢ ioho tdubatpparessilsstrat e by
the substrate 5 operation nmeans. In the substrate processing apparatus,

t he substrat e @peeharasd rvamotplessr £bay 8uppedesermimaedyamayingt oatiog
respectively fromonly backsides. In the substrate processing apparatus,
the 10 substrat@ dgeightorihddes upperepubrlrabemRites his wdcasdt #nt neans
for adjusting ghgﬁglbetmeen the t

5

10

15

20

25

pport of the ug%er substrate by the substrate
operation means.

In the substrate processing apparatus, the
substrate operation means preferably supports the two
substrates respectively from only backsides.

In the substrate processing apparatus, the
substrate operation means preferably comprises gap
adjustment means for adjusting a gap between the two
substrates immediately before the support of one
substrate is canceled.

This gap is preferably about 20 to 100 mm and more
preferably about 30 to 60 mm.

In the substrate processing apparatus, the gap
adjustment means preferably adjusts the gap betwéen the
two substrates to a predetermined distance.

In the substrate processing apparatus, the gap
adjustment means preferably comprises measurement means
for measuring thicknesses of the two substrates, and
édjusts the gap between the two substrates on the basis
of measurement results.

In the substrate processing apparatus, the press
means preferably comprises a pressure transfer member

for pressing the substrate in contact with part of the
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substrates i nmedi ately before the support of one substrate is cancel ed.
.This gap is preferably about 20 to 100 mm and nore 15 preferably about 30
to 60 nm In the substrate processing apparatus, the gap adjustnent neans
preferably adjusts the gap between the two substrates to a._predeterm ned
di stance. In the substrate processing apparatus, the gap |2Z0iIadHEET MASIBEEN
nmeans preferably conprises neasurenent neans for neasuring thi RENASEDs of
the two substrates, and adjusts the gap between the two substrates on the
basi s of neasurenent results. In the substrate processing apparatus, the
press 25 neans preferably conprises a pressure transfer nmenber for
pressing the sibsdtmite,i andonidebtibh m@atids £ir thibratihg thebstrate, and
vi bration neans for vibrating the pressure transfer nenber. In the
substrate progessisurenppansifes, membevi brati on means preferably vibrates the
pressure 5 transfer nenber in pressing the substrate. In the substrate

processi‘ng appar at U1 the stiistmegecprpeeasing apearaprof dbsbly conpri ses
first

vibration means preferably vibrates the pressure
5 transfer member in pressing the substrate.

In the substrate processing apparatus, the
substrate operation means preferably comprises first
substrate support means for supporting one substrate
with a frontside of the substrate facing upward, and

10 second substrate support means for chucking the other
substrate from a backside, and supporting the substrate
while making a frontside of the substrate face the
frontside of one substrate substantially parallel.

In the substrate processing apparatus, the second

15 substrate support means preferably comprises a chuck
member for chucking the other substrate from the
backside, and after the other substrate is chucked by
the chuck member, preferably pivots the chugk member
through about 180° about a shaft arranged near a middle

20 ~portion between the chuck member and the first substrate
support means to turn over the other substrate chucked
and make the other substrate face one substrate
supported by the first substrate support means.

The substrate processing apparatus preferably

25 further comprises substrate convey means for conveying

the substrates to reception positions of the substrates
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substrate support neans for supporting one substrate with a frontside of
.the substrate facing upward, and 10 second substrate support neans for
chucki ng the other substrate from a backsi de, and supporting the substrate
while making a frontside of the substrate face the froftSid&u@fT ®AS BEEN
substrate substantially parallel. In the substrate proséssinggmpmﬁoatus,
the second 15 substrate support neans preferably conpritses—athuTK nenber
for chucking the other substrate fromthe backside, and after the other
substrate is chucked by the chuck nenber, preferably pivots the chuck
menber through about 180 about a shaft arranged near a m ddle 20 portion
bet ween t he chetkthehdrstaad et loperptionsugan®at e support nmeans to turn over
the other substrate chucked and nake the other substrate face one substrate
supported by the fiThe subshinafie I@sessingeapBargties RIRFeEARIYr ocessi ng
apparatus preferably 25 further conprises substrate convey neans for

conveyi ng t he SUHHR ARG S65c SHPEH2EEsPEI BHERAL MRANS HAY at es -8- by

t he substrate operatjon neans., The ,suybstrat [ocessin r at us
oref orabl y. f urdNEHS b SaiE aly POs i Eieng irud  HHRRC Hhenf Giorthe

5 substrates supported by the substrate operation means.

In the substrate processing apparatus, the
substrate adjustment means preferably adjusts the
central positions and directions of the substrates held
by the substrate convey means, and then the substrate

10 convey means preferably conveys the substrates having
the adjusted central positions and directions to the
reception positions.

A substrate processing method according to the
present invention is a substrate processing method of

15 overlapping and contacting two substrates, characterized
by comprising supporting the two substrates to face each
other, then canceling the support of one substrate,
pressing part of a backside of one substrate in response
to the cancel, and superimposing one substrate on the

20 other substrate.

A substrate processing method according to the
present invention is a substrate processing method of
overlapping and contacting two substrates, charaéterized
by comprising supporting the two substrates to face each

25 other, then canceling the support of one substrate,

pressing part of a backside of one substrate at
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adj usting central positions and directions of the 5 substrates supported by
.the substrate operation neans. In the substrate processing apparatus, the
substrate adjustnment means preferably adjusts the central—posiii-onrs—and
directions of the substrates held by the substrate convpyHife8iHeET HAY BERRN
the substrate 10 convey neans preferably conveys the shbstr &&5 REYi ng the
adj usted central positions and directions to the reception positions. A
substrate processing nethod according to the present invention is a
substrate processing nethod of 15 overlapping and contacting two

substrates, characteriz b opprising su rting the substrates to
face each othEP%S%ﬁ§%18§g¥e¥?§g£$ﬁ% %ﬂ%ﬁé?fg%ﬁ gﬁgcggbs%ﬁgte, pressing part
of a backsi de r | t n superi nmposi ng
one substratesg eg§§p§59ﬁ%t§%§ %ﬁ%%;ra%e%ﬁhﬁgﬁ%gﬁpg?egg#ggggg?hg met hod
according to the prp@%%@,gtka*ésnbkeeegéiﬁg%@a{&&t&w&agswgtﬂst hod of

over |l appi ng and contacting two substrates, characterized by conprising

supporting the aMentubsieatesnt fs f 2CouISAGH 2D profd@kinghABLA8ACEEI Ng t he
support of one substrate, pressing part of a backside of one substrate at

5 overlapping and contacting two substrates, characterized

by comprising supporting the two substrates to face each
other, then canceling the support of one substrate,
pressing part of a backside of one substrate before a
gas between the two substrates is discharged by not less

10 than a predetermined amount, and superimposing one
substrate on the other substrate.

A substrate processing method according to the
present invention is a substrate processing method of
overlapping and contacting two substrates, characterized

15 by comprising supporting tﬁe two substrates to face each
other, then canceling the support of one substrate,
pressing part of a backside of one substrate upon lapse
of a predetermined time, and superimposing one substrate
on the other substrate.

20 A substrate processing method according to the
present invention is a substrate processing method of
overlapping and contacting two substrates, characterized
by comprising supporting the two substrates to face each
other, then canceling the support of one substrate,

25 pressing part of a backside of one substrate before a

distance between the two substrates decreases to not
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-9 - substantially the same tine as the cancel, and superinposing one
Substrate on the other substrate. A substrate processing nmethod accordi ng
to the present invention is a substrate processing nmethod of 5 overl apping
and contacting two substrates, characterized by conprising supporting the
two substrates to face each other, then canceling the supp .
substrate, pressing part of a backside of one substrate bdf S SHEFHHAS BEEN
bet ween the two substrates is discharged by not |ess 10 tihan gREPLACED
predet er mi ned anmount, and superinposi ng one substrate on the other

substrate. A substrate processing nethod.accordin o the .present invention

o 5 Subst r at DAL} 1y BHECRATBADEUciLE STy R CHRSHEIRS 1

substrat es, characgﬁgk;e%e}% %¥ cg r&si éqﬁgorting the two substrates

to face each ot hers“thert canceld ﬁg &'s {5%% 12%%- one substrate, pressi ng

part of a backsi de pf o] t hWed tinme, and
B @G SHWS tp[x%tg%ggﬁgg Jggglggd écé‘o%ﬁﬁge 4 e

superinposi ng one substrate on'th bstrate. 2 substrate
processi ng methad Gacohiidi il ke aPEEBERkat BVSAS &Ly et 3t ©
processi ng nethod of overlapping and contacting two substrates,

charact eri zed dyeQipirg 26dS WPehttifgt BRot ¥@bsStiRstdAt ehdradtesd -each

ot her, then canceling the support of one substrate, 25 pressing part of a
backsi de of oney sethgdfiaigrpefstantially horizontally supporting the

two substrates to face each other, then canceling the
support of the upper substrate, pressing part of the
upper substrate in response to the cancel, and

10 superimposing the upper substrate on the lower
substrate.

A substrate processing method according to the
present invention is a substrate processing method of
overlapping and contacting two substrates, characterized

15 Dby comprising substantially horizontally supporting the
two substrates to face each other, then canceling the
support of the upper substrate, pressing part of the
upper substrate before a gas between the two substrates
is discharged by not less than a predetermined amount

20 owing to a weight of the upper substrate, and
superimposing the upper substrate on the lower
substrate.

In each substrate processing method, the two
substrates are preferably respectively supported from

25 only backsides.

In each substrate processing method, a gap between
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di stance between the two substrates decreases to not REPLACEMENT SHEET
-10 - nore than a predeterm ned di stance, and superinposing one substrate
to the other substrate. A substrate processing nmethod according to the

present invention is a substrate processing nethod of 5 overl appi ng and
contacting two substrates, characterized by conprising substartighiyuas BEEN
D&k ACED

hori zontal | y supporting the two substrates to face each oth
canceling the support of the upper substrate, pressing part
substrate in response to the cancel, and 10 superinposing the upper

substrate on the | ower substrate. A subpstrat ocessi ng net hod accor di ng
to the present S%vENP; §Hg?§r3t§%b%‘i“? ’é‘ﬁﬁ'lé{cz?&qulf“& thPB?rBV‘é | §BBi ng

d tacti t trat t ' d by, . i Si
Substant (ol 1y rERsIAtE: 18" ERnnel el ntt Hadiietly, ARRERE Boldce each
ot her, then cag&%kgggr%ggeaugggéé%gé t he upper substrate, pressing part of
rate pefo e

t he upper subs re a gas Wween the two substrates is discharged

by not | ess than a gradeler BLEEH:ETOHBL R es WA GdvarR WRE0RE Shet he uPPer

substrate, and
5 present invention will become apparent from the

»,

following detailed description of embodiments of the
present invention with reference to the accompanying

drawings.
10 BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view schematically showing
the whole arrangement of a wafer processing apparatus
according to a preferred embodiment of the present

15 invention;

Fig. 2 is a partial enlarged view of the wafer
processing apparatus in Fig. 1;

Fig. 3 is a sectional view of the wafer processing
apparatus shown in Figs. 1 and 2 taken along the line A

20 - A';

Figs. 4 to 7 are sectional views of the wafer
processing apparatus shown in Figs. 1 and 2 taken along
the line A - A', which show the operation of the wafer
processing apparatus in contacting two wafers;

25 Fig. 8 is a block diagram showing an example of the

arrangement of the control system of the wafer
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superi nposi ng the upper substrate on the |ower substrate. In each substrate

.processing nethod, the two substrates are preferably respectively supported

from25 only backsides. In each substrate processing nethod, a gap between

the two substrates i medi ately before the support of the substrate is

canceled is preferably adjusted to a predeterm ned di stance H—t-F AS BEEN
O :E‘,I?D

obj ects, features and advantages of the 5 present invention WHIS) SHEES
apparent fromthe followi ng detail ed description of enbodi P
present invention with reference to the acconpanying draw ngs. 10
BRI EF DESCRI PTI ON. OF .THE DRAWNGS Fig. 1 is a perspective view
schenaticalIy'%ﬁﬁﬁﬁ%ﬁfHQN?Rﬂ%gﬁgggfrangenent of a wafer processing apparatus

according to a prefﬂéeecb gnbadigyey cRBrEhEhB&Eﬁﬁnﬁhéf’cémion? Fig. 2is

a partial enlarged Vi w of 't he 'waf er processing apparatus in Fig. 1; Fig. 3
i s a sectionalpydeample Ezet%f R rRrOpesebagi AP Pas s ughown in Figs. 1 and

2 taken al ong]%he 1 ne
Figs. 10A to 10F are views showing an example of a
5 process of manufacturing a wafer having an SOI structure
or the like; |
Figs. 1l1A and 11B are views showiné the steps of a
wafer adhering method; and

‘'Fig. 12 is a view showing another example of the

10 arrangement of a jig.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The arrangement of a wafer processing apparatus

15 according to a preferred embodiment of the present
invention will be described below with reference to the
accompanying drawings. Fig. 1 is a perspective view
schematically showing the whole arrangement of the wafer
processing apparatus according to this embodiment. Fig.

20 2 is a partial enlarged view of the wafer processing
apparatus in Fig. 1. Figs. 3 to 7 are sectional views of
a wafer processing apparatus 100 shown in Figs. 1 and 2
taken along the line A - A'. Figs. 3 to 7 show an
operation of adhering two wafers.

25 The wafer processing apparatus 100 overlaps and

contacting two wafers, and is suitable for, e.g., a
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20 -A; Figs. 4 to 7 are sectional views of the wafer processing apparatus
shown in Figs. 1 and 2 taken along the line A - A-, which show the
operation of the wafer processing apparatus in contacting two wafers; 25
Fig. 8 is a block diagram showi ng an exanpl e of the arrangenent of the

control system of the wafer - 12 - processing apparat us| THIQSHEET §AS BEEN
fl ow chart showing the control procedure of the wafer procgssi nRippREERL US;

Figs. 10A to 1CF are views showi ng an exanple of a 5 process of
manuf acturing a wafer having an SO structure or the |like; Figs. 11A and

2 vi ow shovi ng SRBPRePE SARHIE B (5 TOTEPr ARGRRERESO A j§ BT Al LED
CESCR 711 O MRS BIBEIRYIS diesrganaerent of < varer
e 1 e g LBl ML, afanes 160! BeepeESBR DY
wafer support table 3 for supporting a first wafer 1
5 (see Fig. 3) from its backside, and a wafer moving
mechanism 4 for chucking a second wafer 2 (see Fig. 3)
from its backside and making it face the first wafer 1
substantially parallel.
The wafer support table 3 suitably comes into
10 contact with only the backside of the first wafer 1.
This arrangement can prevent the first wafer 1 from
being contaminated by particles, and the peripheral
portion of the first wafer 1 from damage. The wafer
support table 3 desirably comprises a means (e.g., a
15 vacuum chucking mechanism) for preventing the first
wafer 1 from moVing on the wafer support table 3. This
means can'prévent misalignment of the two wafers in
contacting the two wafers 1 and 2. The surface of the
wafer support table 3 is preferably planarized, and its
20 surface flatness is desirably 0.5 mm or less.
The wafer moving mechanism 4 preferably comes into
contact with only the backside of the second wafer 2. 1In
this embodiment, the wafer moving mechanism 4 has a
groove 4a for vacuum-chucking the wafer. To chuck the
25 second wafer 2, the spacé in the groove 4a is

depressurized. While a wafer chuck portion 4c chucks the
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schematically showi ng the whol e arrangenent of the wafer processing
.apparatus according to this enbodinent. Fig. 20 2 is a partial enlarged

vi ew of the wafer processing apparatus in Fig. 1. Figs| 15 QUEERAHAS BEEN
sectional views of a wafer processing apparatus 100 shgwn | nggm@&EDL and] 2
taken along the line A- A . Figs. 3 to 7 show an oper a&-+omof—adheri ng two
waf ers. 25 The waf er processing apparatus 100 overl aps and contacting
two wafers, and is suitable for, e.g., a -13 -e - method of contacting
two wafers to manufacture a wafer having an Sol structure or the |ike. The
waf er processin 0Q ri a r apble 3 for
supporting a f?g%]?&?%% Zgr#ﬁ:% se%g) |{éqg%§f ?\flvg{nﬁ%t"zéﬁg%gl{&s?‘}d‘ggl and a wafer
novi ng nechani 4 chugeski ond r 555 dH fqr. LLS
backsi de and rrlg |1?1agﬁil)étmf€g§e\1k¢c#% %Tbr%gt% \%afigfakg %gubt'gstant@al yo’i%arla%blme% The

vafer support fabd e SSidAY Wade2 iFRbR EReCPESElwaedh only the backside
of the first wafer 1. This arrangenent can prevent the first wafer 1 from

bei ng cont am ngties Ay eI Ty Paalland tike psidphefRlpositions at a

5 substantially middle portion between the wafer support
table 3 and the wafer chuck portion 4c.

The wafer processing apparatus 100 comprises, as a
mechanism for adjusting the gap between the two facing
wafers 1 and 2, a displacement detecting portion 15 for

10 measuring the thickness of the first wafer 1 after the
first wafer 1 is placed on the wafer support table 3, a
displacement detecting portion 12 for measuring the
thickness of the second wafer 2 after the second wafer 2
is chucked by the wafer chuck portion 4c, and a z-axis

15 stage 5 (see Fig. 3) for vertically moving the wafer
support table 3 on the basis of the measurement results
of the two displacement detecting portions 12 and 15 to
adjust the gap between the wafers 1 and 2 to a set
value.

20 The wafer processing apparatus 100 has a press
mechanism 6 for pressing substantially the central
portion of the upper wafer 2 while the two wafers 1 and
2 are supported to face each other. After the two wafers
1 and 2 are supported to face each other, a press pin 6a

25 of the press mechanism 6 pivots about a shaft 6b to a

portion near the backside of the upper wafer 2. In

14 - This Sheet Has Been Replaced

MW




portion of the first wafer 1 from damage. The wafer support table 3

.desirably conprises a neans (e.g.,

means can prevent m salignment of the two wafers in conta Ljng +he—t-wo

a 15 vacuum chucki ng nmechani snm) for
preventing the first wafer 1 fromnoving on the wafer support table 3. This

wafers 1 and 2. The surface of the wafer support table 3 is‘% eFEERG]
pl anarized, and its 20 surface flatness is desirably 0.5 rm.or REJAC
waf er nmovi ng nmechani sm 4 preferably conmes into contact with only the
backsi de of the second wafer 2. In this enbodi nent, the wafer noving

nmechanism 4 h
second waf er
chuck portion
waf er nmovi ng

X

%BEEN
e

€ Sspace I n roove 4a | S depressur e a

roug

?estag:ho%rs%c’\{:% %%nfctgge%cﬁﬂg‘ 8&5’&&&% c}f‘eth‘@ah?;)éegg,ﬁ%lg#cg the 25

waf er

-14- kgl wafer 2, the
Sl gchonsy s oy et

abolt 180 to mmke

the second wafiRdchrdiage 4, henkl P?Es@@fn@éh&nﬁé&ﬁ’_sé it lchdPpralslsebinThe shaft

4b positions at a 5 substantia

y mddl e portion between the warer support

table 3 and the Wiffinsthutle Packs@8e46f The wider WwiIfezeesitegpaerar atus 100
conprises, as a nechanismfor adjusting the gap between the two facing

5

10

15

20

25

the wafer 2. As the two wafers 1 and 2 are gradually
contacted to each other from the pressed portion toward
the peripheral portion, the gas between the wafers 1 and
2 is discharged toward the peripheral portion. This
prevents the gas from remaining between the wafers 1 and
2. The applied pressure is preferably about 150 to 300
gf and more preferably about 200 to 250 gf.

The press of the wafer 2 by the press pin 6a is
preferably performed substantially at the same time as
the cancel of the chucking of the wafer 2 by the wafer
chuck portion 4c. In this case, since the press
operation can start while maintaining the gap between
the two wafers 1 and 2 that is adjusted to the set
value, the quality of the contacted wafer can be made
uniform. In addition, the gas can be more effectively
prevented from remaining between the wafers 1 and 2, and
misalignment of the wafers 1 and 2 can be prevented.

The press mechanism 6 incorporates a vibrator
(e.g., a piezoelectric element) for vibrating the press
pin 6a. By vibrating the press pin 6a in pressing the
wafer 2, the gas bhetween the wafers 1 and 2 can be

efficiently discharged.
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wafers 1 and 2, a displacenent detecting portion 15 for 10 neasuring the
thickness of the first wafer 1 after the first wafer 1 is placed on the
waf er support table 3, a displacenent detecting portion 12 for measuring
the thickness of the second wafer 2 after the second wafer 2 is chucked by
the wafer chuck portion 4c, and a z-axis 15 stage 5 (see {Firglis SHEFTOAS BEEN
vertically nmoving the wafer support table 3 on the basis jof thegpeasty enent
results of the two di spl acenment detecting portions 12 and™I5 Toadjust—th
gap between the wafers 1 and 2 to a set val ue. The waf er

Phe contral porti on R¥ESHe Pt"r\ﬁaws%“a%“%m”h?#é’%%% L PR are |
supported to fggga;gyﬁgéﬁlge ng%g%grtgﬂ?ﬂ% press%hec 1@ndtﬂ8a%?$%% g ted to

face each othef, a press pin ani sm out a

shaft 6b t0 a @O PRNEAY dhie ARekShgroh EREILENSIINET Himdng N

response to canc chucklng of the upper wafer 2 by tﬁ% waf er chuck

portion 4c of E&h‘?‘oi’@fﬁ{e rgba\g M ciReRaBheMydfetdel RS D NRCRARIHAGabUt s the
press pin 6a against the backside of the upper wafer 2 to press t he waf er

2. As the tswo W@f£nrsrddaisimd e agbaddablrymore after the chucking of

the wafer 2 is canceled. The press pin 6a may press the
wafer 2 upon the lapse of a predetermined time after the
chucking of the wafer 2 is canceled. The press pin 6a
may press the wafer 2 at a predetermined timing before

10 the distance between the wafers 1 and 2 decreases to a
predetermined distance or less owing to the weight of
the wafer 2 or the like after the chucking of the wafer
2 is canceled.

The wafer processing apparatus 100 further

15 comprises a wafer convey robot 10 for respectively
setting the wafers 1 and 2 on the wafer support table 3
and the wafer chuck portion 4c, and receiving the
contacted wafer from the wafer support table 3, and a
wafer alignment portion 11.

20 In the wafer processing apparatus 100, before wafer
contact process starts, wafer cassettes 7 and 8 for
respectively storing unprocessed wafers 1 and 2, and a
wafer cassette 9 for storing processed wafers are
arranged at predetermined positions. In this embodiment,

25 the unprocessed wafers 1 and 2 are stored in the wafer

cassettes 7 and 8 with their backsides facing downward.
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contacted to each other fromthe pressed portion toward the peri pheral
portion, the gas between the wafers 1 and 2 is discharged toward the
peri pheral portion. This prevents the gas fromrenmai ning between the wafers

1 and 10 2. The applied pressure is preferably about 150 &
preferably about 200 to 250 gf. The press of the wafer 2|b{!t SHEEF H4S BHeN
6a is preferably perfornmed substantially at the sane ti s t HEPLASEPel  of

t he chucking of the wafer 2 by the wafer 15 chuck portion 4c. 1In this
case, since the press operation can start while naintaining the gap between

the two wafers 1 anghgntggén%%%a%kﬁfgﬁgkéfaégggggg;Bﬁgggﬁs jhe quality of

the contacted wafer ¢an orm Ina ti e gas can be nore

effectively ZO?ntBEFMSE' &d,i4 om @2@&@1%91 RGHWRAN1 bR PRLET Sodr Athy?, and

m sal i gnment of the wafers 1 an ~can be prevented.  The press nmechani sm 6
i ncorporates apkhBiai @ e Grafdr RIGRRR! eolbbkC16! 6ABEk: 108 WABESANT the
press pin 6a. Ey vibrating the press pin 6a in pressing the 25 wafer 2,

the gas betweepft s wapesSedsaldratedan Reoebli ehedhé ywafsehedgpskbte -16 -
The press of the wafer 2 by the press pin 6a nay be

5 7, and conveys the wafer 1 to the wafer alignment

D

portion 11. The wafer alignment portion 11 senses, with
a sensor, the central position and direction (e.g., the
positions of an orientation flat and a notch) of the
conveyed wafer 1, and adjusts them. The wafer alignment

10 portion 11 preferably comes into contact with only the
backside of the wafer 1.

The wafer convey robot 10 receives the wafer 1
having been aligned, and places it at a predetermined
position on loading pins 13 projecting from the wafer

15 support table 3. After the wafer 1 is placed on the
loading pins 13 in this manner, the wafer support table
3 moves up to support the wafer 1. The central position
and direction of the wafer 1 need not be adjusted again
on the wafer support table 3 because the wafer 1 has

20 already been aligned by the wafer aligmnment portion 11
and is transferred to the wafer support table 3 while
maintaining the positional relationship. Note that an
arrangement of performing alignment of the wafer 1 on
the wafer support table 3 can also be employed.

25 The wafer convey robot 10 extracts an unprocessed

wafer 2 from the wafer cassette 8. By the same procedure
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controll ed at another timng. For exanple, the press pin 6a may press the

wafer 2 at a predetermned timng before the gas between the wafers 1 and 2
is discharged 5 by a predeterm ned anmount or nore after the chucking of the
wafer 2 is canceled. The press pin 6a may press the wafer 2 upon the |apse

of a predetermined tine after the chucking of the wafer 2 gH%g bE@N
press pin 6a may press the wafer 2 at a predetermned timh l@#gAg%b

di stance between the wafers 1 and 2 decreases to a predete nmrred—at+stance
or | ess ow ng to the wei ght of the wafer 2 or the i ke after the chucking

of the wafer Zgl 'a%%veTh%linga};%htPéi’ SS1 R 4R Wit her 15

conprises a wa er convey robdt resp ctive y se ting the wafers 1 and

2 on the waf eriaRROFdr 2% %déjﬁétteaebyyaﬁﬁé GREEK PO 4 Hordidn
receiving the contacted wafer fromthe wafer support table 3, and a wafer

alignment portiph ddd &k wafer 2| Ast peavafest P4 OseSEdtrardRRd at us 100,
bef ore wafer contact process starts, wafer cassettes 7 and 8 for
respectivel y spesition gt AesHed waher $4 lpadtledt img dEromadiey wedesette 9 for
storing processed wafers are arranged at predeterm ned positions. In this
enbodi ment ;5 25ckinek usgrtoices ded ofiafthes wa fandm@vime mécheedism 4.heAfaeer
cassettes 7 and 8 with their backsides facing downwar d.

the wafer 2 is placed on the loading pins 14 in this

way, the wafer chuck portion 4c pivots about the shaft
4b until it comes into contact with the backside of the
wafer 2. The space in the groove 4a is depressurized to
10 chuck the wafer 2 by the wafer chuck portion 4c. Since
the wafer 2 has already been aligned by the wafer
alignment portion 11 and is chucked by the wafer chuck
portion 4c while maintaining the positional
relationship, similarly to the wafer 1, the central
15 position and direction of the wafer 2 need not be
adjusted again. In chucking the wafer 2, the loading
pins 14 may be rétracted downward, instead of pivoting
the wafer chuck portion 4c.
Whilé the wafers 1 and 2 are respectively supported
20 Dby the wafer support table 3 and the wafer chuck portion
4c, the displacement detecting portions 15 and 12
respectively ﬁeasure the thicknesses of the wafers 1 and
2. More specifically, the displacement detecting
portions 15 and 12 respectively move sensors 15a and 1l2a
25 to portions above the wafers 1 and 2, and irradiate,

e.g., light on the wafers 1 and 2 to measure the
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- 17 - Wen the start of wafer contact process is instructed via an
operation swtch 16b of an operation panel 16, the wafer convey robot 10
chucks the backside of an unprocessed wafer 1 stored in the

alignment portion 11 senses, with a sensor, the central posi_ti onRangda
direction (e.g., the positions of an orientation flat and a notc
conveyed wafer 1, and adjusts them The wafer alignment 10 portion 11

preferably comes into contact with only the backside of the wafer 1. The

waf er convey r el t e ayi e ' d pl aces
It at a predet gﬁ%ﬁ%%%%%i%#ﬁmo%fg& %géf)llgng %%S%r?o%g‘l(ll&%g}eﬁdﬁlo%}ﬁ waf er
15 support taﬁi&hé- After the wafer 1 is placed on the loading pins 13 in

this manner, the wafer support table 3 noves up to support the wafer 1. The

central position angrdbfeghé GReddurtdient@ict theNeBEcRAEsHEs adE Ushed again on
the wafer support table 3 because the wafer 1 has 20 already been aligned

by the wafer awhgapeni £edt2 Gombletidd,i Thier a#agker £rdck pdheioaias support
table 3 while maintaining the positional relationship. Note that an
arr angenents of pjreotorabowt athe et db theowgheabdudnl80° to make the
wafer 2 face the wafer 1 substantially parallel, as
described above. The gap between the wafers 1 and 2 is
adjusted by the z-axis stage 5, and the wafer 2 is
pressed by the press pin 6a to contact the wafers 1 and
10 2.

Upon completion of the contacting, the wafer
support table 3 is moved down by the z-axis stage 5, and
the processed wafer is supported by the loading pins 13.
The wafer convey robot 10 receives the processed wafer

15 and stores it in the wafer cassette 9.

By repeatedly executing this procedure, a blurality
of wafers stored in the wafer cassettes 7 and 8 can be
successively processed.

The operation of the wafer processing apparatus 100

20 in contacting two wafers will be described with
reference to Figs. 3 to 7.

When the wafers 1 and 2 are respectively blaced on
the loading pins 13 and 14 by the wafer convey robot 10,
the z-axis stage 5 moves up the wafer support table 3 to

25 a predetermined position for supporting the wafer 1, and

the wafer moving mechanism 4 pivots the wafer chuck
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the wafer support table 3 can also be enployed. 25 The wafer convey
robot 10 extracts an unprocessed wafer 2 fromthe wafer cassette 8. By the
same procedure REPLACEMENT SHEET descri bed above, the central position
and direction of the wafer 2 are adjusted by the wafer alignnent portion
11, and the wafer 2 is placed at a predeterm ned position ?HEP ';p%wfins

14 projecting fromthe wafer 5 chuck portion 4c of the maferlnﬁHfL ’PSBEEN
mechani sm 4. After the wafer 2 is placed on the | oading piﬁs~%41!14QﬁQ;

way, the wafer chuck portion 4c pivots about the shaft 4b until it comes

Into contact with, the packside .qf the fer 2. _Th in the groove 4a
IS depressurizgaeroﬁog%H%%iﬁ%ré?%mﬁhﬁf%g4 ytghg Rg?égéc d%%a%ortion 4c.
Since the wafe : I Y ' b r | gent rtion
11 and is chucégélgéé?ﬂ%ﬁ§§$J?R%ﬁﬁg%&bgﬁgggnﬁi%gﬁﬁ.|%gﬁ%%%ta.n.nd: e
positional rel ghE@PsSHi Pag SéMdrdyY Figy.t Re wafer 1, the central 15 position
and direction of the wafer 2 need not be adjusted again. In chucking the
wafer 2, the |oadi ngspsRSwA4inByide 4 etulrciReasdeunwsadandnsgags ofhi voti ng
t he wafer chuck portion 4c. While the wafers 1 and 2 are respectively

supported 5 displacement detecting portions 15 and 12 move to

portions above the wafers 1 and 2 to respectively
measure the thicknesses of the wafers 1 and 2. Upon
completion of the measurement of the thicknesses of the
wafers 1 and 2, the sensors 15a and 12a return to the

10 initial positions shown in Fig. 3.

As shown in Fig. 5, the wafer moving mechanism 4
pivots the wafer chuck portion 4c about the shaft 4b
through about 180° to make the wafers 1 and 2 face each
other substantially parallel. On the basis of the

15 measured thicknesses of the wafers 1 and 2, the level of
the wafer support table 3 is adjusted by the z-axis
stage 5 to set the gap between the wafers 1 and 2 to a
set value. This gap is preferably about 20 to 100 mm and
more preferably about 30 to 60 mm.

20 As shown in Fig. 6, the press pin 6a ié pivoted
about the shaft 6b to a portion near the backside of the
wafer 2 (e.g., a position where the press pin 6a
substantially contacts the backside of the wafer 2).

As shown in Fig. 7, the backside of the wafer 2 is

25 pressed by the press pin 6a in response to cancel of the

chucking of the wafer 2 by the wafer chuck portion 4c.
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20 by the wafer support table 3 and the wafer chuck portion 4c, the

di spl acenent detecting portions 15 and 12 respectively neasure the

t hi cknesses of the wafers 1 and 2. Mre specifically, the displacenent
detecting portions 15 and 12 respectively nove sensors 15a and 12a 25 to
portions above the wafers 1 and 2, and irradiate, e.g., light _on the wafers
1 and 2 to neasure the REPLACEMENT SHEET - 19- thi cknessestHi$ shbBer Wat Sroy
1 and 2 based on the reflected light. After the neasurenen} of td®iaczn
t hi cknesses of the wafers 1 and 2 conpletes, the wafer chuck portiom4e—5

bt or 1 subst afti ey babar | Bhe BeStRd oy Boors “IREEEFer ween tho
vafers 1 and 2deigdlellf1dabychfas A ol Whyen?fle! REEUELCY ZngS

pressed by the préss pin 6a to contact e wafers 1 and pon
conpl etion of the contacting, the wafer support table 3 is noved down by
the z-axis stage 5, and the processed wafer is supported by the | oading

pins 13. The wafer oFteRythebpreds he6RAYRSM tha-dtiaeested thal 8kiginal

5 state (state shown in Fig. 2), the wafer chuck portion
4c returns to the original state (state shown in Fig.
2). The wafer support table 3 is moved down to support
the contacted wafer by the loading pins 13. In this
state, the wafer convey robot 10 chucks the lower

10 portion of the contacted wafer, conveys the wafer to the
wafer cassette 9, and stored it therein.

An example of the arrangement of the control system
of the wafer processing apparatus 100 will be described
with reference to Fig. 8. A controller 17 controls the

15 wafer convey robot 10, the wafer alignment portion 11,
the displacement detecting portions 12 and 15, the z-
axis stage 5, the wafer moving mechanism 4, the press
mechanism 6, and the operation panel 16 by using a CPU
17a which operates based on a program 17b.

20 Fig. 9 is a flow chart showing a control procedure
based on the program 17b. The operation of the control
system of the wafer processing apparatus 100 will be
explained with reference to this flow chart.

When the start of wafer contact process is

25 instructed by operating the operation switch 16b,

respective constituent elements connected to the
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15 and stores it in the wafer cassette 9. By repeatedly executing this
procedure, a plurality of wafers stored in the wafer cassettes 7 and 8 can
be successively processed. The operation of the wafer.procegsst tus
100 20 in contacting two wafers will be described with ref rQ‘Héé"fﬂSTHAgsgmg&
to 7. Wien the wafers 1 and 2 are respectively placed on t R4 Cpbns
13 and 14 by the wafer convey robot 10, the z-axis stage 5 noves up the
waf er support table 3 to 25 a predeterm ned position for supporting the
wafer 1, and the wafer noving nmechanism 4 pivots the wafer chuck
REPLACEMENT SHEEJ. - 20s _pordti 4 . .Sh 4 a term ned
position mherec5§5r§g%%r %ﬁucﬁépéﬁﬁlonjﬁ%gﬁéﬁ %ﬁégkg?ﬁg'ma er fgas shown

In Fig. 3. As showmai Pzt fon4stddl® SRIGYE kR 8Rd(hR851EI6NS of
di spl acenent detecting portions 15 and 12 nove to portions above the wafers

1 and 2 to respget{4eby BR3SEEEd NE, td) Gaedsesnalirt BBsiBiohs, lakdd 2. Upon
conpl etion of the neasurenent of the thicknesses of the wafers 1 and 2, the

sensors 15a anghé2aiket 8¥8 &Dsd €onfirmed. If the preparation has not

5 Dbeen made vet, the operator is given a warning by
displaying the warning on a display panel l6a.

In step 8902, the wafer convey robot 10 is
controlled to chuck the wafer 1 stored in the wafer
cassette 7. In step S903, the chucked wafer 1 is

10 conveyed to the wafer alignment portion 11, which
adjusts the position (central position and direction) of
the wafer 1. In step S904, the wafer convey robot 10 is
controlled to place the wafer 1 at a predetermined
position on the loading pins 13 projecting from the

15 wafer support table 3. The z-axis stage 5 is controlled
to move the wafer support table 3 to a predetermined
position. At this time, when the wafer support table 3
comprises a wafer chuck mechanism, the chuck meéhanism
is controlled to chuck the wafer 1.

20 In step S905, the wafer convey robot 10 is
controlled to chuck the wafer 2 stored in the wafer
cassette 8. In step $906, the wafer 2 is conveyed to the
wafer alignment portion 11, which adjusts the position
(central position and direction) of the wafer 2. In step

25 S907, the wafer convey robot 10 is controlled to place

the wafer 2 at a predetermined position on the loading

T —— .

This Sheet Has Beep Replaced

> IR



10 initial positions shown in Fig..3. As shown in Fig. 5, the wafer noving
mechani sm 4 pivots the wafer chuck portion 4c about the shaft 4b through
about 180 to rmake the wafers 1 and 2 face each other substantially
parallel. On the basis of the 15 neasured thicknesses of {R

2, the level of the wafer support table 3 is adjusted by
to set the gap between the wafers 1 and 2 to a set val ue. 7 :
preferably about 20 to 100 nm and nore preferably about 30 to 60 nm 20
As shown in Fig. 6, the press pin 6a is pivoted about the shaft 6b to a

portion near thghaqlsidejabtriRg PRERTtie (Wafer hul®SPor@Rowhare the press
pin 6a substantially contacts the backside of the wafer 2). As shown in

Fig. 7, the bagsictanef mbterwafiesf2ths wofd easEhPMdhanBERSE REN 6a in
response to cancel of the chucking of the wafer 2 by the wafer chuck
portion 4c. cohkrolAled lbspliiroe, théewsfes chidk @predonbdcyviabbatedh&o
efficiently discharge the gas between the wafers 1 and 2. After the press
mechani sm 6 retslrafy #b ttheoughganptedesertimdd taatod eshdweriebyFichucRkingt he
waf er chuck portion

5 the wafer 2 by the wafer chuck portion 4c.

In step S908, a driving portion 15b of the
displacement detecting portion 15 is controlled to move
the sensor 15a to a predetermined position above the
wafer 1. The thickness of the wafer 1 is measured using

10 the sensor 15a.

In step S909, a driving portion 12b of the
displacement detecting portion 12 is controlled to move
the sensor 1l2a to a predetermined position above the
wafer 2. The thickness of the wafer 2 is measured using

15 the sensor 1l2a.

In step 8910, the pivoting motor 4d of the wafer
moving mechanism 4 is controiled to pivot the wafer
chuck portion 4c about the shaft 4b through about 180°,
thereby making the wafers 1 and 2 face each other

20 substantially parallel.

In step S911, data for adjusting the gap between
the wafers 1 and 2 to a set value is generated on the
basis of the measurement results of the thicknesses of
the wafers 1 and 2. The z-axig stage 5 is controlled

25 based on this data to adjust the gap between the wafers

1 and 2. R
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4c returns to the original state (state shown in Fig. 2). The wafer support
table 3 is noved down to support the contacted wafer by the |gadi ng pins
13. In this state, the wafer convey robot 10 chucks the | owey TsREELR
the contacted wafer, conveys the wafer to the wafer cassette/9, ang:ps
it therein. An exanple of the arrangenment of the control system
waf er processing apparatus 100 will be described with reference to Fig. 8.
A controller 17 controls the 15 wafer convey robot 10, the wafer alignnent
portion 11, the displacenment detecting portions 12 and 15, the z- axis

t 5, the wafer [ ni 4. [ d the
st age rﬂlv's%%p”%‘éfi%pbé%w%i i RESSS MRERANISHY BredB

operation panel 16 Dby using a a ch operates based on a program
17b. 20 Fe@haBilsth 8 §LOMOADAGT1&NOYS ER1C UH PreBEOpeAUES based on
the program 17b. The operation of the control system of the wafer

processi ng appadiuts theOshhft bB, exhéoéine omirdineittieerdp bE thes flow
chart. Wien the start of wafer contact process is 25 instructed by
operating the gpesat pin $ai inholshbstasiicl | centaarts mithe theebarkaide
connected to the -22 - controller 17 are initialized in step S901. In
this 5 of the wafer 2.

In step S913, the chucking of the wafer 2 by the
wafer chuck portion 4c is canceled. In step S914, the
pivoting motor 64 and a vibrator 6c of thé press
mechanism 6 are controlled to press the backside of the

10 wafer 2 by the press pin 6a, and vibrate the press pin
6a. By executing step S914 immediately after S913, the
cancel of the chucking of the wafer 2 and the press of
the wafer 2 can be substantially simultanéously
performed. Note that the press of the wafer 2 can stért,

15 e.g., upon the lapse of a predetermined time after
executing step S914.

In step S915, after the wafers 1 and 2 are
contacted, the pivoting motor 64 of the press mechanism
6 is controlled to return the press pin 6a to the

20 initial position. In step S916, the pivoting motor 44 of
the wafer moving mechanism 4 is controlled to return the
wafer chuck portion 4c to the initial position.

In step S917, the z-axis stage 5 is controlled to
move down the wafer support table 3 to the initial

25 ©position. As a result, the contacted wafer is supported

by the loading pins 13. When the second wafer 2 is

heet Has Been Replaced .
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initialization step, the presence of the positions of the wafer cassettes

7, 8, and 9, their positions, and the like are also confirmed. If the
preparation has not 5 been nade yet, the operator is given a warning by

di splaying the warning on a display panel 16a. In step S902,-the wafer
convey robot 10 is controlled to chuck the wafer 1 stored i p THi®SUBEBHAS BEEN
cassette 7. In step S903, the chucked wafer 1 is 10 conveyed to th&@LWAERr
alignment portion 11, which adjusts the position (central position and
direction) of the wafer 1. In step S904, the wafer convey robot 10 is

controlled to hﬁ&ﬁ ghee Eéhdcﬁtnganms%d%teeeahes@eaoléﬂwnt&ntﬁ@e | oadi ng

pi ns 13 prOJectlng ron1t e 15 wafer support tab .~ The z-axis stage 5 1is

control led to gBYAwAPE ME¥&herdt! PO tthd %Mf%xsshgparer@gﬁ@rzn ned position.
At this tinme, when the wafer support table 3 conprises a wafer chuck

nmechani sm the chucknneebpnssB| stkoridfy briveyC Rubktt he vafer 1. 20

In step S905, the wafer convey robot 10 is controlled to chuck the wafer 2
stored i n the weherothsdetd ecdnvdin tHeeprditBGtetiheafieteto2the wafreyed to
the wafer alignnent portion 11, which adjusts the position (central
position arl dcassetba)?oénd hetawdt ekt Zheneist.ep 25 S907, the wafer convey

robot 10 is controlled to place the wafer 2 at a predetern1ned position on
t he | oadi ng In step S919, whether all wafers stored in the

wafer cassettes 7 and 8 have been contacted is checked.
If NO in step S$919, the flow returns to step S902 to
repeatedly perform the above processing. If YES in step

10 8919, the series of processes have been completed. At
fhis time, the end of the processing is preferably
notified to the operator by displaying this on the
display panel 1l6a or the like, or with a buzzer or the
like.

15 As described above, according to the wafer
processing apparatus 100, since 1) the press of the
upper wafer 2 starts in response to the cancel of the
chucking of the upper wafer 2, the gas between the
wafers 1 and 2 can be reliably discharged toward the

20 peripheral portion. Since 2) the upper wafer 2 does not
slip while the wafers 1 and 2 face each other, the two
wafers 1 and 2 can be accurately aligned. Since 3) the
gap between the wafers 1 and 2 can be adjusted to a
proper distance, the quality of a manufactured wafer can

25 be made uniform. In addition, the wafer processing

apparatus 100 does not require any operation of
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pins 14 projecting fromthe wafer chuck portion 4c. A pivoting notor 4d of
t he wafer noving nechanism4 is controlled to pivot the wafer chuck portion
4c about the shaft 4b through a predeterm ned angle, thereby chucking 5 the
wafer 2 by the wafer chuck portion 4c. In step S908, a drividfag portion 15b
of the displacenment detecting portion 15 is controlled to nyVEHISgrEERSQT
15a to a predeterm ned position above the wafer 1. The thickhess RHPUAEQD
wafer 1 is neasured using 10 the sensor 15a. In step S909, a dri
portion 12b of the displacenent detecting portion 12 is controlled to nove

t he sensor 12a I t I t.Lan,abgqv f The t hi ckness
el s RLEL e AL etdef%i 2ndfy Sqbdfic B 7

of the wafer e senSor t he

t t f t
PLZ"WAP&”&‘JE Ponbri4de U G S TP ERTA Hﬁﬁoﬁéhﬁf‘%&éﬂ%f@mﬁléﬁy
making the wafgesnd abQesmidbtetash a1, sspshantdalil Phe‘i%rlal lel. In

step S911, data for adjusting the gap between the wafers and 2 to a set

val ue is genergbedien éf'etlli@svbéfélf ddie vEEpserenesll resw! disigpidde o)
t hi cknesses of the wafers 1 and 2. The z-axis stage 5 is contro 1 ed

5 The gas left between the wafers can be further

discharged by vibrating the wafers in pressing them.
2An example of the application of the wafer
processing apparatus 100 will be described. Figs. 10A to
10F are views showing an example of a process of
10 manufacturing a wafer having an SOI structure or the
like. |
A single-crystal Si wafer 501 for forming the first
wafer 1 is prepared, and a porous Si layer 502 is formed
on the major surface of the single-crystal Si wafer 501
15 (see Fig. 10A). At least one unporous layer 503 is
formed on the porous Si layer 502 (see Fig. 10B).
Preferable examples of the unporous layer 503 are a
single-crystal Si layver, a poly-Si layer, an amorphous
Si layer, a metal layer, a compound semiconductor layer,
20 and a superconductive layer. An element such as a MOSFET
may be formed on the unporous layer 503.
An Si02 layer 504 is formed on the unporous layer
503, and Ehe obtained structure is used as the first
wafer 1 (see Fig. 10C). The first wafer 1 is stored in

25 the wafer cassette 7 with the Si02 layer 504 facing

upward. R
This Sheet Has Been

T



25 based on this data to adjust the gap between the wafers 1 and 2. -
24- In step S912, a pivoting notor 6d of the press nechanism®6 is
controlled to pivot the press pin 6a about the shaft 6b, thereby bringing
the tip of the press pin Ga into substantial contact with the 5 of
the wafer 2. In step S913, the chucking of the wafer 2 by the
portion 4c is canceled. In step S914, the pivoting notor 6d ar
6¢c of the press nechanism6 are controlled to press the backside of the
wafer 2 by the press pin 6a, and vibrate the press pin 6a. By executing

step S914 i medi at el f the cancel of t chucki n f he wafer 2
and the press of théﬁﬁgf%r cg%' 56 ?uﬁgtgﬁPFﬁ?F§ﬂ§| perforped
Not e that the e § apse of a
pr edet er m ned Pél nme a tler% %(% %5%?%8 E%lg. W%é’sjf gﬁ

wafers 1 and 2 @karsPnt acted, the pivoting notor 6d of_the_press nephanism
.6 1s controllégsto return the press pin 6a to the 20 initial position. In

step S916, the pivotimgwy A, Ofthe wafer processing apparatus 100
5 is operated. Then, the first and second wafers 1 and 2
are contacted on the wafer support table 3 so as to
sandwich the Si0O2 layer 504 between them (see Fig. 10D).
The contacted wafer is stored in the wafer cassette 9.
The contact of the wafers 1 and 2 may be
10 strengthened by performing anode joining, press
processing, annealing if needed, or a combination of
them for the contacted wafer (Fig. 10D).
Preferable examples of the second wafer 2 are an Si .
wafer, a wafer prepared by forming an Si02 layer on an
15 Si wafer, a light-transmitting wafer such as a quartz
wafer, and a sapphire wafer. The second wafer 2 suffices
to have a satisfactorily flat surface to be contacted,
and may be another kind of wafer.
The first wafer 1 is removed from the second wafer
20 2 from the unporous layer 503 (see Fig. 10E), and the
porous Si layer 502 is selectively etched and removed.
Fig. 10F schematically shows the wafer obtained by the
above manufacturing method.
According to this manufacturing method, a high-
25 quality wafer can be manufactured because two wafers are

contacted while the gas between them is properly
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t he wafer noving nechanism4 is controlled to return the wafer chuck
portion 4c to the initial position. In step S917, the z-axis stage 5 is
controlled to nove down the wafer support table 3 to the initial 25
position. As a result, the contacted wafer is supported by the |oading pins
13. When the second wafer 2 is -25- chucked, this chuck

step S918, the wafer convey robot 10 is controlled to conveyth
wafer to the wafer 5 cassette 9 and store it therein. In step 8919
whet her al | % i?%?é% d in the wafer cassettes 7 and 8 have been

contacted is ec NO in step S919, the flow returns to step S902 to

repeatedly perform z0e,ARG%e ¢y QRS PreGent ﬂ&&tﬂoﬁt%é%uai%% dehe
series of processes have been conpleted. At this time, the end of the

processing is prafivsaite MHddinkd b9 hBRePPRGatWs bstirtlcayidag i s on the
di splay panel 16a or the like, or wth a buzzer or the. like. 15 As

descri bed abovenceetsxdi ng to the wafer processing apparatus 100, since 1)
the press of the
5 The present invention is not limited to the above

embodiments and various changes and modifications can be
made within the spirit and scope of the present
invention. Therefore, to apprise the public of the scope

of the present invention the following claims are made.
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upper wafer 2 starts in response to the cancel of the chucking of the upper
wafer 2, the gas between the wafers 1 and 2 can be reliably discharged
toward the 20 peripheral portion. Since 2) the upper wafer 2 does not
slip while the wafers 1 and 2 face each other, the two wafers 1 and 2
be accurately aligned. Since 3) the gap betmeen the wafers A
adjusted to a proper distance, the quality of a manufacturg
be made uniform In addition, the wafer processing apparat us_100—€
requi re any operation of 26- classifying the wafers.1 and.2 in advance
4) The frontsides of the wafers 1 and 2 can be prev nt ed fron1be|n

cont am nat ed bWHAAr EBcCB3IMBY IHe peri pheral portlo ' 'ﬂmm n be
prevented from chi pping. 6) 5 The gas |eft between ’ﬂn
further discharged by vibrating the wafers in preSS|ng henlﬂAnsexanple of
the application of the wafer processing apparatus 100 will be descri bed.
Figs. 10A to | & ar @ PUBRETraR8WPHACETS BIAARIRATHUS fPgcovsToprRng

manuf acturing a wafer having an SO_ structure_or the ik A si ngl e-crystal
S wafor 501 fGR% GOREAGELRG FYp sfubstrates, charactérized by

5 comprising:

substrate operation means for supporting said ﬁwo
substrates to face each other, and then canceling the
support of one substrate; and
press means for pressing part of a backside of one
10 substrate in response to the cancel of the support of
one substrate by said substrate operation means to

superimpose one substrate on the other substrate.

2. The apparatus according to claim 1, characterized
15 in that said press means presses part of one substrate

at substantially the same time as the cancel of the

support of one substrate by said substrate operation

means.

20 3. The apparatus according to claim 1, characterized
in that saild press means presses part of one substrate
before a gas between said two substrates is discharged
by not less than.a predetermined amount after the cancel

of the support of one substrate by said substrate

25 operation means.
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wafer 1 is prepared, and a porous Si layer 502 is fornmed on the nmjor
surface of the single-crystal Si wafer 501 15 (see Fig.. 10A). At |east
one unporous |ayer 503 is fornmed on the porous Si-layer 502 (see Fig. 10B).
Pref erabl e exanpl es of the unporo a single-crystal S

| ayer, a poly-Si |ayer, an armrph 'Hnﬂ Bﬁmﬂ il/fet al Iaqus SHSONPRY BEEN
sem conduct or |ayer, 20 and a superconduc er. nf el enwpLAVER as 4
MOSFET may be formed on the unporous |ayer 503. An Si Q2 I '
on the unporous |ayer 503, and the obtained structure is used as the first
wafer 1 (see Fig. 10C). The first wafer 1 is stored in 25 the wafer
cassette 7 wit#h.theTBeO2pbayatustecdamiimy fiovarlain 1,-gharadherszednd waf er
2 is separately prepared, and stored in the wafer cassette 8 with its
frontside faci a§ Gbakrdaidpress means PrascoRaPartpPhceRs| sigpsrtat us 100
5 1s operated. Then, the first and second wafers 1 and 2 are contacted on
the waf er suppdPPnt &BP§e3°§oaa%r?QF%€&ﬂH\M% time afeer| Bhercaprebetfieen them

see Fi | OD The contacted wafer, is stored in_the wafer cassette 9.
( g: )the support of one substrate %y sagd substrate operatfgn

5 means.

5. The apparatus according to claim 1, characterized
in that said press means presses part of one substrate
before a distance between said two substrates decreases
10 to not more than a predetermined distance after the
cancel of the support of one substrate by said substrate

operation means.

6. The apparatus according to any one of claims 1 to
15 5, characterized in that said substrate operation means
substantially horizontally supports said two substrates,

and then cancel the support of said upper substrate.

7. The apparatus according to claim 1, characterized
20 in that said substrate operation means substantially
horizontally supports said two substrates and then
cancels the support of said upper substrate, and said
press means presses part of said upper substrate before
a gas between said two substrates is discharged by not
25 less than a predetermined amount owing to a weight of

said upper substrate after the cancel of the support of
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The contact of the wafers 1 and 2 nay be 10 strengthened by perform ng
anode joining, press processing, annealing if needed, or agcanbLnaLLQn of

them for the contacted wafer (Fig. 10D). Preferable exanpl ¢si$ SHEET siecang . |
wafer 2 are an Si wafer, a wafer prepared by formng an Si | ayREPLAGEAN 15 |
Si wafer, a light-transmtting wafer such as a quartz wafer, and a sapphire™
wafer. The second wafer 2 suffices to have a satisfactorily flat surface

to be contacted, and nay be another kind of wafer. The first wafer 1 is
renoved fromthe second wafer 20 2 fromthe unporous |ayer 503 (see Fig.
10E), and the porous Si |ayer 502 is selectively etched and renoved. Fig.

| OF schemat i cabayd sipoper t heostafedre diyt sieridd sbipsthateboweratinr awans ng

met hod. According to this manufacturing nethod, a high- 25 quality wafer

can be manufactured because two wafers are contacted while the gas between
themis properly REPLACEMENT SHEET -28- discharged. According to the
present inventBen, The apRaraiufagetHNg $Ce 288t PRe8fblamerT nEP t wo

substrat es can_be ) ) ) )
_ 7. characterized in that said substrate operation means

5 supports said two substrates respectively from only

backsides.

9. The apparatus according to any one of claims 1 to
8, characterized in that said substrate operation means
10 comprises gap adjustment means for adjusting a gap

between said two substrates immediately before the

gy

10. The apparatus according to claim 9, characterized

support of one substrate is canceled.

15 in that said gap adjustment means adjusts the gap

between said two substrates to a predetermined distance.

11. The apparatus according to claim 9 or 10,
characterized in that said gap adjustment means

20 comprises measurement means for measuring thicknesses of
said two substrates, and adjusts the gap between said

two substrates on the basis of measurement results.

12. The apparatus according to any one of claims 1 to
25 11, characterized in that said press means comprises a

pressure transfer member for pressing said substrate in
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increased. The present invention is not linited to the above enbodi nents
and various changes and nodifications can be made within the spirit and
scope of the present invention. Therefore, to apprise the public of the
scope of the present invention the follow ng clains are mage: _‘FHAg

IS CLAIMED I S: 1. A substrate processing apparatus for o é?V%E g
contacting first and second substrates, characterized by ceoprisl

support table for chucking the first substrate froma backsi de thereof;
substrate operation means having a noving mechani smfor chucking the second
substrate from a backsi de thereof and noving the second substrate to a
posi ti on opposiegtactt wéthi patrt sobssad egulmtasteneehdnivibrabiopreesnsg part
of the backside of the second substrate; and a controller for controlling
sai d substratef@yeNabréhlnﬁaﬁél@n@rgﬁﬁqunﬁﬁﬁ?aﬁﬁgh@ﬁmbﬁrso t hat the second

substrate is contacted to the first substrate by pressing the part of the
backsi de of the second substrate at substantially the

13. The apparatus according to claim 12, characterized
5 in that said vibration means vibrates said pressure

transfer member in pressing said substrate.

14. The apparatus according to any one of claims 1 to
13, characterized in that said substrate operation means
10 comprises first substrate support meané for supporting
one substrate with a frontside of said substrate facing
upward, and second substrate support means for chucking
the other substrate from a backside, and supporting said
substrate while making a frontside of said substrate

15 face the frontside of one substrate substantially

parallel. AU Illll ||||| ll ||||

15. The apparatus according to claim 14, characterized
in that said second substrate support means comprises a

20 chuck member for chucking the other substrate from the
backside, and after the other substrate is chucked by
said chuck member, pivots said chuck member through
about 180° about a shaft arranged near a middle portion
between said chuck member and said first substrate

25 support means to turn over the other substrate chucked

and make the other substrate face one substrate
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same time as the cancel of the chucking of the second substrate by said
.substrate operation means. 2. The apparatus according to claim1,
characterized in that said support table and said substrate operation nmeans
substantial ly horlzontalluuﬁw irst and second substrates so that
the second substrate is mﬂmmmmm first substrate, and then sai d
substrate operation neans*cancel s* he support of the secong ﬁﬂgﬁh e
The apparatus according to claim1, characterized in that sgai

operation neans conprises gap adjustnent neans for adjusti

the first and second substrates immediately before the support of one
substrate is caHeepEledby said Gigindr sulpstaaser SURBOYH BT 3,
characterized in REPLACEMENT SHEET -3 0 - that said gap adjustnment means

adj ust s the gap between the first and second substrates to a predeterm ned
di st ance. {ng aratus_according.to claim4, ch%? erize |nthat
0

sai d gap adjus aﬁ§p§5ﬂﬁ?§§¥§: &Pe APYnBRRsO RS
t hi cknesses of %Con%ara & éfquq?ﬁHﬂ%&r%%%gFlggg ag%ggéfaégma ebetween

the first and s asi ur enNent resu
5 means for conveying said substrates to reception

positions of said substrates by said substrate operation

means.

17. The apparatus according to claim 16, characterized
10 by further comprising substrate adjustment means for
adjusting central positions and directions of said

substrates supported by said substrate operation means.

18. The apparatus according to claim 17, characterized
15 1in that said substrate adjustment means adjusts the
central positions and directions of said substrates held
by said substrate convey means, and then said substrate
convey means conveys said substrates having the adjusted
central positions and directions to the reception

20 positions.

19. A substrate processing method of overlapping and
contacting two substrates, characterized by comprising:
supporting said two substrates to face each other,

25 then canceling the support of one substrate, pressing

part of a backside of one substrate in response to the
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6. The app
mechani sm co

for vibratin
to claim®6,

aratus according to claim1, characterized in that said press

nprises a pressure transfer nenber for
substrate in contact with part of the second substrate,

g said pressure transfer nenber.

pressing the second
and vi bration neans

7. The apparat us accordi ng
characterized in that said vibration neans vibrates said

pressure transfer nmenber in pressing said second substrat ¢.1fis

appar at us ac

cording to claim1, characterized in that aftd
substrate is chucked, pivots the second substrate through

er t hermegand

SHEEP@AS BEEN

about— T80 about a

shaft to turn over the second substrate and nmake the second substrate face
the first substaatel ¢hasdesudyr vichisidp ekt subbteatd. on Ule @ylpar at us
claim1, characterized by further conprising substrate convey
means for conveybagraébte.first and second substrates to reception positions
where said support table and said substrate operation nmeans receive the
cond substrates, respectively. 10. The apparatus according to
claim9, characterized by further conprisin

according to

first and se

adj usting ce

10

15

20

25

nt P8k pAsFEPERBEAEAPHPFRIF IR I

substrate adjustnment neans for
othetf pverlameing camd - 31

- substrates to be supported by said support table and said ..
5 contacting two substrates, characterized by comprising:

supporting said two substrates to face each other,

then canceling the support of one substrate, pressing

part of a backside of one substrate at substantially the

same time as the cancel, and superimposing one substrate

nmwn

21. A substrate processing method of overlapping and

on the other substrate.

contacting two substrates, characterized by comprising:

supporting said two substrates to face each other,

then canceling the support of one substrate, pressing

part of a backside of one substrate before a gas between

said two substrates is discharged by not less than a

predetermined amount, and superimposing one substrate on

the other substrate.

22. A substrate processing method of overlapping and

contacting two substrates, characterized by comprising:

supporting said two substrates to face each other,

then canceling the support of one substrate, pressing

part of a backside of one substrate upon lapse of a

predetermined time, and superimposing one substrate on

- 34 -
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substrate operation neans. 11. The apparatus according to claim 10,

characterized in that said substrate adjustnent neans adjusts the central
positions and directions of the first and second substrates held by said
substrate convey nmeans, and then said substrate convey neans conveys the

directions to the reception positio te processing nethod of
overl apping and contacting first an es, chafacterized-—by

first and second substrates havi ng h &ﬂHmEsted central positions and

conprising: preparing the substrate processing apparatus of | JFLS SHEET HAY BEEN
contacting the second substrate to the first substrate by p Psslﬂﬁ B AFED of

a backside of ttie sddwerd ssipssrakee in response to the cancel of t he
chucki ng of the second substrate by the substrate operation neans. 13. A
substrate manufacturing method conprising the substrate processing method

according to cIa|n112 In part of a procgess.
23. A substrate processing method of overlapping and

contacting two substrates, characterized by comprising:
5 supporting said two substrates to face each other,
then canceling the support of one substrate, pressing
part of a backside of one substrate before a distance
between said two substrates decreases to not more than a
predetermined distance, and superimposing one substrate

10 on the other substrate.

24. A substrate processing method of overlapping and
contacting two substrates, characterized by comprising:
substantially horizontally supporting said two
15 substrates to face each other, then canceling the
support of said upper substrate, pressing part of said
upper substrate in response to the cancel, and
superimposing said upper substrate on said lower
substrate.
20
25. A substrate processing method of overlapping and
contacting two substrates, characterized by comprising:
substantially horizontally supporting said two
substrates to face each other, then canceling the
25 support of said upper substrate, pressing part of said

upper substrate before a gas between said two substrates
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is discharged by not less than a predetermined amount

owing to a weight of said upper substrate, and

superimposing said upper substrate on said lower e

substrate. H”l”mm"
LTI

26. The method according to any one of claims 19 to 25,

characterized in that said two substrates are

respectively supported from only'backsides.

27. The method according to any one of claims 19 to 25,
characterized in that a gap between said two substrates
immediately before the support of said substrate is

canceled is adjusted to a predetermined distance.

28. A substrate manufacturing method comprising the
substrate processing method according to any one of

claims 19 to 27 in part of a process.
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