Appar atus for Manufacturing Sem conductor Devices 5 Field of

| nventi on The present invention relates to an apparatus for the
manuf acture of sem conductor devices wherein the apparatus conprises
a bondi ng nodul e for the nol ecul ar bondi ng 10of wafers. Background of
the invention Three-dinensional (3-D)jintegrated circuit technol ogy
where circuit structures forned 15 on substrates, |ike for instance
silicon-on-insulator (SOO substrates, are bonded together and
integrated into a 3-0 circuit with dense-vertical connections becones
of increasing inportance in nodern sem conductor technol ogy (see, for
exanpl e, paper by Burns et al., entitled A Wafer-Scale 3-D Crcuit

| nt egration Technol ogy, al I . DEVI CES, VOL.
53, RO 10, OCTCBER 20 PRAYALHS 1ok MaIHACIUIIG, i ng bl ocks
of the 3-0 circuit integraijopn: | . ci si on wafer-waf er
al i gnment, | owtenperatur $%Q8@@Pq%‘n§§8'€ ecul ar bondi ng or
oxi de fusion bonding), and electrical connection of the circuit
~structures with dense vertical interconnections. Wen conpared to
conventional bunp bond technol ogy, the wafer-scale 3-0 technol ogy

of fers hi gher density vertical interconnec- 25 tions and reduced
syst em power gidPLlscithitdn Pondi ng of wafers requires that the surfaces
of the same are sufficiently snooth, free of particles or

contam nation, and that they are suff|C|entIy cl ose to each anot her
to al | ow confrae prebent ingeritinn teladdsad an apppiratia foythamaaufalitist ahemiohduces s

than a few 3Q.NARYABLHER: @Ear%u@&n%ls&fa Hoﬂésﬁg' ﬁ&du@%rtﬂeﬂn&l&hlﬁrﬂbﬂ&ﬁ%l the

forces of attractlon bet ween t two surfaces are sufficiently

to cause P ofatEeFon frOﬂlthIS Iocatlon of a "bondi ng wave" and

nol ecul ar adhesi on (bondi ng i nduced by all of the forces of
attraction - gédRgrokifof WeAhsentioh ces - of the electronic interaction
bet ween the atons or the nolecules of the two surfaces of the wafers
that are to be bonded). By the term "bondi ng wave"” it is referred to
the front of Thiee-dymendorst (Zhieniegybted citcait tegltiolgy wiers greginelruayres fomed he

poi nt of igi tdhalibfbedNile 6P ifRPRONLAEN-houdihes8i) SaRrheatddhortd fohe
forces of att r%g;[ almd mtggrg’ted D?o a 3-D circuit with dense-vertical connections becomes of
increasing importance in modemn semiconductor technology (see, for example, paper
by Bumns et al, entitled A Wafer-Scale 3-D Circuit Integration Technology, |EEE
TRANSACTIONS ON ELECTRON DEVICES, VOL. 53, NO. 10, OCTOBER 2006,
20 pages 2507 - 2516}. The building blocks of the 3-D cirouit integration technology are,
precision wafer—wafer alignment, low-temperature wafer-wafer bonding (molecular
bonding or oxide fusion bonding), and electrical connection of the circuit structures
with dense vertical interconnections. When compared to conventional bump bond
technology, the wafer-scale 3-D technology offers higher density vertical interconnec-

25  tions and reduced system power,

Molecular bonding of waiers requires that the suriaces of the same are sufiiciently
smooth, free of particles or centamination, and that they are sufficiently close to each
another to allow contact to be initiated, typically at a distance of less than a few
30 nanometres at a point of initiation. In this case, the forces of aftraction between the
two surfaces are sufficiently high to cause propagation from this location of a “bonding
wave” and molecular adhesion (bonding induced by all of the forces of attraction - Van



5Weal s forces) fromthe point of initiation over the entire surface
of close contact be- tween the two wafers (bonding interface).
However, nol ecul ar bondi ng faces the severe probl ens of bondi ng
interface defects, |ike edge voids, wafer m salignnment and wafer
distortion defects which appear in the 10transfer layer during its
assenbly with the receiving substrate. Such distortions are not the
result of elenmentary transformations (translation, rotation or

conbi nati onsethersedn) that could origiznate in i naccur atrenassenbl y of

t he subst rat @&Fqyfieapn Sipnt ). These distortions resul t *ffom
non- honogeneous deformations that 15 appear in the Iayer while it is
bei ng assenbl_e substr dlst rt ons

can lead to %ﬁﬁng?%ﬁfs ?ﬁ?ﬁé%c?Qﬁ$ﬂ8?°wréﬁge%bﬁﬁﬁﬁaﬁ?f 387 FReES n or
in the | ayer thativecéuriesy obibe wafetshiat eredepe kpndasi Ryt temuhendind waegidriret r es

or even m Cr ef§red ¥ tﬂ@ﬁoﬁtBaﬁsbahd%&%wo%@areaeaesraﬁtsppgumgamuapombf i's

t ble, t t
o b S e B P SRR b bR e B0 B HRRBTNer b ©
dysf unct i dnalWaslsrirezshliere ther poilé of initiationrgyer thecantine sutfave of @Wedmn’f@ﬁ@eabove

and in spitenpentdiews ReeabhaIARKASG).cal progress there is a need for
an apparatus for the manufacture of sem conductor devices that

provi des nol ecul ar bonding of wafers for 3D integrated circuit
t echnol ogy wiHohewsqfnfalasilamhongies fapsdhe saygre praglepdrof banding interfats dpfasisnt |
reduced | ayemkeﬁé@a Qbitid, Qafeama@uaaﬁtaﬁa wefer @dtorbemebidd® vitithebpeae & the

def ect s, ut I on of the |Invention
30 The pr sen?”ﬁ%ﬁﬁﬁFFB FggP%nh?ﬁrmmvo %xﬁ@ﬁ%loned need and,

accordingly, provides an apparatus for the manufacture of
sem conduct orgyeleNét6rashs e it tHengsult Of SbadnanliransfftibRl (Mghslation, rotation

or combinations thereof} that could originate in inaccurate assembly of the substrates
(misalignment). These distortions result from non-homogeneous deformations that
15  appear in the layer while it is being assembled with the final substrate. In fact, such
distortions can lead to variations in position of micro components formed on or in the
layer which may be in the order of several hundred nanometres or even microns.
Since these distortions are not homogenous, it is not possible to correct completely
these local misalignment errors dusing subsequently performed photolithography

20  steps. Thereby dysfunctional semiconductor devices may result.

In view of the above and in spite of the recent technological progress there is a need
for an apparatus for the manufacture of semiconductor devices that provides
molecular bonding of wafers for 3D integrated cireuit technology with sufficient ac-

25 curacy, in particular, allgnment, reduced layer distortion and suppression of bonding
interface defects, as well as a high through-put.

Description of the Invention
30 The present invention addresses the above-mentioned need and, accordingly, pro-

vides an apparatus for the manufaciure of semiconductor devices according 0
clagim 1, comprising



EP71154R13004vt h3F10/ 0605MRK ALD G zi necker, Ki nkel dey, Stockmair &Roc
& Schwanhausser - Anwal t ssozietat a bondi ng nodul e conprising a
vacuum chanber to provide bonding of wafers under pressure bel ow

at nospheri c pressure; and a load | ock nodul e connected to the
bondi ng nodul e and configured for wafer transfer 5 to the bonding
nodul e and connected to a first vacuum punpi ng device configured to
reduce the pressure in the | oad | ock nodul e bel ow at nospheric
pressure. Aceongksgnt 0 the invention ol ecul ar bondi ng rofsenatess i s
per formed i nZdifal mg%@ﬁl,gﬂﬁacuun1chanber of a bondi ng ndtil e. Since
the bonding is perforned under (partial) 10 vacuum it has been

observed that bonpding i nterface defec u i a

oo T ant T ha s BBt iE BB sy e e P st Pty .
I n addi ti on, pwafus elcaradmosphgriciresssuse] afid om t he evacuat ed | oad | ock
nodul e to the vacuum chanber of the bondi ng rmdul e ther eby

significantly increasing the throughput a r art
vacuum bondi %d}oaﬁgoaﬁfngdm%oﬁ'éeé’tefj itnoetg? g%{@mp 8¢ E"' Lﬂo %ﬂgﬁrlgg\ﬁr Hgfer tFar':llgowaf ers
to 15 t he Shotaihagongivd oiodulaandeeptagier o @ irsiveeuus| rygwing devidsaonfiguepiessur e
of the evacuadsek tM@srestlieGRBTRAA 106 mbdiR HRRAGRGpREAEl plegsuresW t ching from
vacuum pressure to atnospheric pressure and vice versa of the bonding
nodul e between two bondi ng steps (bonding step and step of transfer

of at |east dnerdipgfiehefipugntion moldcwaichondiedkofwaéd ie peréermerein l9b AYHCHRIed

modul e) is awa&udm@har%r El%maaoh@agﬂmbw sandud Bonidﬁ\g R\ragstabe dnday (partidl) r St

punpi ng d190V| (\:fgdqunOl{ has obsetilecgtha Hohdi r?PSIHr cedefa ct:)tOls‘llEc{l]as %E)%r cnd%%arp el ow
at nospheric pressure e oW P COFar Qb ressure in

t he range of Sm“lm@aﬁ*ysbetsepqﬁﬁsﬁ%aﬂ@ubﬂfﬁe‘l@@’fi"r?t?&ﬂ@ﬁg sPieotly A adsiiPeHgfer  of
t he bondi ng Rdydneteirss, frdnd the @XBNPLE loa€ WaK kaliddiohye Pacs@s onthbptIsMhdg

moar o i paeprie tlegnd Pl AbARY ol e (fAREL 8 SRR
t enper at ur g |Pﬁ0ftﬁﬁefawmﬁ9ﬁﬁi'ﬁg1@]ﬁ%’é? Singe fraprad dck mede previRsriag wafersits
order to g@voitk shaling Medlor atuimhRessaliaise e loa-frdteirsat thexpansbon of
the wafer se a@u%doug&]@ oF L &5 ahqug mcﬁgs g&ltﬁlﬁnﬁ%ﬂﬂrﬁ(rﬁ[zurﬁ Bgﬁeﬁece g QUIPi ng

devi ces can be connec vacuum
chanber of t WESBOIEREYAIAY Vigd deiFe of the Sprcking Redulp befpen guprading stegpnt r ol
val ves provi deghdihgsiep aid 9ép éthendesr sideksdegreter abmviaCloatbckrosdulead h t he

first and theg vice a nmultistage rotary vane punp can
IRy

be provided, I's noted that the bondi ng nodul e
encl oses %H means necessary for the aligned wafer bondi ng process
under vacuumThatbat fock inhdlse islkescnaied Bl figt hpse devidepior taepeNiviarppesaent .

The |oad | ock, modul e, f@garg?o &ﬁ%fatrgwpﬁg.ctpes&ﬁ&ebm1%99 if Bmfa?rmao the

bondi ng nodul e one time or be configured to
recei ve nul t iAFIseUrGiriag @nee ofH RbarsdR 1D ke oF K miars TheevIherBPe Y or i ng
syst em provi dedbénding hedhleas fbroxkmpie devh@iatel rbytaheechbrar prenpingateeice tche si ze

of the load |Q éggrwﬂmbea@%f%%ﬂrmozeﬂmeyglarﬁcﬁba&bgrmn %%W @f the

vacuum chanber bondi g qd]ﬁi i S nott heayily affected ?%ét
opening a gat'BbaéSe‘Béumé’P'is s @IsR HBHBRYES FOBRIFE T BRYIHET PERtPel B
nodul e dur i ngtvwairetemperainsfieorder o avbié dbfatadon dalseyafelaiue hriberglapet can
be increased.yansion of the wafer semiconductor material. The first and/or the second pumping

devices can be connected to the load lock module and the vacuum chamber of the

30 bonding module, respectively, by respective control valves provided fo control the de-
sired degree of vacuum. For both the first and the second pumping device a multi-
stage rolary vane pump can be provided, for example.



10 In particular, the |load | ock nodule may conprise a first gate that
can be opened and closed for receipt of a wafer and a second gate
that can be opened and closed for transfer of a wafer fromthe | oad

| ock modul e to the bonding nodule. After the wafer is received in the
| oad | ock nodul e via the opened first gate and the first gate is

cl osed 15again the first punping device can start evacuating the | oad
| ock nodul e. According to an enbodi nent of the inventive apparatus at
| east one additb@fnaln | oad | ock nmodul e connected to the dmaslirkgo modul e
and configur @gm’f’fg“‘?"ﬁm‘y “rane or nore wafers (wafer st adk%) that were

h {
al ready bonde “I'n"the bondi ng nmodul e is provided in 20order to even

further |ncrease t he throu%hput The bondi ng nodul e ma npri se at
| east a firstt bbb ¥R P%@OW"’%@@WP MGAP It TIH AT eé‘"%?%" waf er
and a second feresiiy ppocbsnoideryacivoncdad i, fhig hemteticatip civsed o ithesdnvibondi ng

chuck and Comngl#ﬁc,efaaé @cm&u@ue%asy%@%aqlgwa& %rre&kvtefaﬁef ﬁe%fei o8 Eolﬂﬁn§' rst
wafer. A 25 robot neans can ﬁ%ow i nsi de the bon mg}g?wfag
S

that is confi"fdriagng waig gt B’elsﬂr@e f & ‘Em?yrtl‘frﬁc’?ff%rep6%8057“’86%”“ Y and
posi tion tehenhad artHeestdoesiia b myitiotades klorir@rsiygph mepvidechin e Ieedidce edulpyn
\r/f:gnﬁm Icgl m”ﬁlﬁ@f%rgneg\%vé%%ttg@%ieaéf b 16BBAR iRy SnbdRikilnfzed §18h %ﬁﬂ@bé’éﬂ "

in cuum |l eve uum chanber
of Cthe. bond HBLGNETT SRR BRTES BOMA 5 ek e ROE PR
face to face,a datr spppiwtihamudiod avpule fiem a-loadercs mrgyle deingmatear dent-

i nsi de the vaguymMaharbas, i nblitpReadbaigcbndyl e. The chucks are
novabl e in translation and rotation in order to be able to position

and ali gn*q he two
In particular, the load lock medule may comprise a first gate that can be opened and

closed for receipt of a wafer and a second gate that can be opened and closed for

transfer of a wafer from the load lock module to the bonding module. After the wafer is

received in the load lock module via the opened first gate and the first gate is closed
15  again the first pumping device can stait evacuating the load lock module.

According to an embodiment of the inventive apparatus at least one additional load

tock module connected to the bonding module and configured to receive one or more

wafers (wafer stacks) that were already bonded in the bonding module is provided in
20 order to even further increase the throughput.

The bonding module may comprise at least a first moveable bonding chuck configured
to hold a first wafer and a second moveable bonding chuck different from the first
bonding chuck and configured to hold a second wafer different from the first wafer. A
25  robot means can be provided inside the bonding module that is configured to grip the
wafers from the load lock system and position them on the bonding chuck. Gripping
can be achieved by mechanical means, electrostatic means or vacuum (if the clamp-
ing vacuum is well below the operaling vacuum level of the vacuum chamber of the
bonding module).
30
Two movable bonding chucks, positioned face to face, to support and clamp the wa-
fers may be provided inside the vacuum chamber of the bonding module. The chiucks
are movable in translation and rotation in order to be able to position and align the two



wafers in front to each other. Each bonding chuck shall be provided
with a planarity as good as possible, because it has been determ ned
that chuck bow is one of the contributors for distortion defects.
According to an enbodi ment the chucks are made of netal or ceranics,
whi ch cannot be easily deforned and nmaintain the planarity of the 5
waf er. Bow of the chucks (maxi num devi ation froma nedi an pl ane)
shoul d preferably be below 1 mcron or even below 0.1 mcron. The
first and see@ndrda@ndi ng chucks can beg confi gured/ ori endcatoeelc 4o hol d
or clanp the¢ chw?,;gg’;wf e second wafer, respectively, iff*a verti cal
position within less than 100 10 with respect to a vertical plane,
nore particularly, with an an nost.  about Each wafer has
two main sur PAEED R Peed: ?fber?%?c%or@i?aﬁﬁcésr‘af!ﬁ%p’i‘?ﬁ??ﬁj W ARPRYY 3 t he
waf ers are ogb@idsaboedbld, abcansd i} hasdreen daermnediiahchuelsipecis oteofahe con-

hori zont al pk@n@rs%ﬁa.ﬁmme&éaé p&efaﬂnego QPQIHI!:cﬁlrﬁéﬁt éhgemcﬁgare e o

particul ar, mai n surfaces ers are qrienta i n¢lined
to the verti 6%13' B SerRanIGRy ‘P'T‘Fha%"%ﬂila? 8asé¥mgqf%(§‘§d P'?f’dﬂa”gﬂﬁgle p%@a” e
particu- X5 Mafet.\Bowwi thia clanks(mgkimup fdetigios frorh amedibopitne) Sithuidgraderaly en
nore parti cul,@bbiyw 1 Widdh cﬁ‘@v@rﬁgr’oﬁoqua%n nost about 1. By this
orientation, deformation (leading to distortion defects) of the

waf ers due to their own wei ght can be avoided and even | arge wafers
of nore than T8OOrsirndi secatiddwedinr chues gae lbe abrifigurbdoenaed ds bald of giamp
particul ar, &m.rétlahéihe%@&na R&res %‘SQMVQDM mtmﬁnmég.k&l yelety |és|s%ﬁdoo

verticallé in | ess

The appar S OB A WL ESRECL P ool ghinran piegf
oper ati on of E‘sh:!i Wfé&t‘éﬁs tWeoTRH Racss. Adaedinpiodinzkanple Hrewesin sugdaces hféhe

transfer of \0@?&4&e%ﬁ&mrmgmaaﬂwa%mwm&ba@ﬁo ényorﬁ@@mza@é whed&iRbn

nmeans. If re UII’e at | n_o sitLonln system
can be provi d&PYP nQ'ﬁ%J“Eeoﬁ(?FﬁﬁJ ﬁ‘o”&ﬁ'? ért‘ﬁ%?’aﬁs?urgaﬁgsf‘g& ake{)s r?lgrﬁef'l fy

t he exact podated @wneﬁ todihd ygrilvamfanerwitk an angletdi iespipreplput HA dnordrartiowo
chucks arfs t haw, m\éﬁ@ngléloftuésamh aﬁduomoan@em;ra&é Qéfindu@r[@lwltlgéh antgra onaf ers

i n accordance \M ttre]ibgutq IB %15 onentaetion af:'eiogm 0, &Ie%:fi ng,[kt?I d:stovbnon g (%ecltjsﬁtof the

mol ecul ar borfdi™ g proces can be con ove- frent’i ohed
con- trol univwatescdusridithed owo v@ighfw@etavaﬂqdeﬁrﬁ@wwlé@e watprsf @rmas WAp| e

d: sclosed in ddﬁ%@iiagim?efzan BRGYMEiphgedsed.an f)air::cﬁltar Ml’r@&ﬁ@‘sﬁeﬁsb\:@nd |
clanmping is re t o t I r.o nd an
addi ti onal fobr°3 enwksp?OSﬁ@eeF%ﬁf?"gng\@gggst%nl 1r?t ﬁn}}a{égﬁe&)%t%g%ﬁc(a ?n
terns of the %thm ng nol ecul ar forces) of the wafers and initiate the
bondi ng wave pr opagati on. This addi tional force should be mnimzed
(for inst ancerhlg ﬁé’yattrf Hag(? %ingn% ’\%ntﬁo? uR p% caﬁ’roﬂrftqu ?d’e él Qpcin?grenrt he
waf er results. t |ve apparatus ma er conprise a
control unit RHES @W%@W@"U&éﬁt‘?“@s t*teH@mePfrc%’t*’afafﬁérO‘ﬂ“Wée HEURTE AR ng
chucks to nouwg rieane@edbothéee. to | ocate the first and the second

waf ers at predeterm ned di stance to each other, release the first
and the second wafers at the predeterm ned di stance and to initiate

| ocal appl i cat regiredydhe aprliationy ag PPEBHRBIIPTIRG SIeBCHD begrviied in the

appl i cati on nmatisy inodubd thhiea stieramteto Gentiii ehefeixiics positiod ot Higns@t oiads waf er s

10 such that t})@%é{fe dﬁ,ﬁ I_\Jéeytwpgiﬁ%@ar& l}%ﬁ m%b%ﬁﬁtrér@%a%%d %’(e}ﬁﬁﬁ totah the

bonding is initra I's understood that
bondi ng is |n"i’atf‘i’rét“é'6‘3°b‘§f‘”%‘1”@é'ﬂﬂ ’5?““?‘-’8@8@@‘8%?%‘?9 bet ween the main
surfaces e the wafers that have been approached closely to each

other and ar eTI'Fe%clgg n%%ggﬂjonding process can be controlied by the above-mentioned con-
trol unit according to different alternatives, as for example disclosed in
LS20100122762. According to a first approach, the clamping is released 1o free the



15According to a second approach, the intimte contact is first
created, and then the un- clanmping of the wafer is perforned
gradually. Intimate contact (in terns of the acting nol ecul ar forces)
can be created by slightly deform ng locally at |east one of the
wafers while bringing the two wafers in contact to each other.

Def ormati on can be realized by |locally decreasing the clanping force
that retain the wafer onto the chuck. 20 Once intimate contact has
been creat edept:BiRroddlt- Cl @anping is perfqrmed gradually to-gesaRkab the
propagati on %gwanhfmfe;tnw "Sggge%ndl ng wave. According to a tHeed approach
uncl anping i s perto red n non-gradual |y rather than gradually w thout
any control of the bond| ng wave propagation. The |atter approach is
easi er to i mprendpE froosheicemel ag¢ §0 addtional fpieq Weariea dsal de Agpse §ilit he
present i nvenifdtedsontmmty(irf teinishe theCAHTRY inlecutar Godts) 6f thaiRbftrs o fritiglertee t o

control the fJ, d?rFlg u@‘:ﬂr@ﬁﬁﬁﬁﬁﬁﬁecon%‘aﬂ%%m%%%é b %Jﬁ?%‘dn;r 5 B ot her

to | ocate the |stance

to each ot herreland N ¥ guEiiesnthayno fefmptop OHE%Y’%@SFF%S TR Be Avpntikgy
force appld edphyatiheay furisdr canghisera e ndt @ofigiratigo chruokise fint arddes t o

hold the fir %tecoﬂg'go %chkw lﬁévet @&R%@her %%daféqﬂé/ f;rstsalr'lﬁ lfhetsiaé’c;ndt\njae

first and the secon | ocal 'y becone th cl ose to each other
t hat bondi ng T¢'8 @i gfiredelpraiped disjgqige lOF3eh @Ferdﬁ'ﬁ"’eﬁlﬁy‘"ﬁé"%"BWFelCBﬁPr%er? 0
control graduaihe@redaiomigitatitmbe srel te &isidte0fcat dpplidatiansdf aderel lor arsapeend
waf er upon trb%atE'Ichitfor@Qgpﬁs &ﬁom&m% cf@ironke%‘?ﬁlalﬂ%t Qﬁqﬁé@ecsmaf& ose

to each oth IS initiate i nventi on,

nor eover , 'r GYPEY t%leyﬁ%ﬁ’ﬂj‘*f BEEPTR [MARCISE 4e eaeP ("g‘érethg‘l b§5 ”EPe' § ijtiagg: Here '
di scussi on bedndw)thecfolpirigstiingpdtdseodippietoadings's dittated by wbledulseforces acting

above-descri %ﬁve@mmaﬁﬁsﬁ% obihb Q@fersctma\;esaeegappmchéa dldaagl toPRAA
nodul e configured to introduce a wafer (froman external environnment)

in 10 the nafiPARAAS RSP EEem a pl asma nodul e confi gured to perform
a plasma treatnent of a surface of the wafer introduced in the

manuf act ugg ngc\c'éa/r&h@ma séé@d%bﬁa&mge FRAAL SonkRNE \‘ngf«lfr@a‘ijedt haGhane dhe
surface of the wafer

bot
transport t heC RE Ot ?‘Fd‘ﬁ?eéﬁeong?rmte Qrafibaﬁﬁq'ﬁg}ﬂ{e ??B‘&Eh(‘a ter%fsggﬂﬁ ﬁ"ﬂ@iul e,
cl eani ng noduh@gcuanidreeg)adn be cleata tudlightyslelrmothiesally aideast onetnd $w wa-

modul es. 20 Gag mmne BRGRg meaﬁmaﬁﬁcw b&ﬁacf:@réaaeotmrqyéf@l@\at dh@én a@téavat ing

bot h of
ol eans and/ on B HOREL PirEEeelf Flcudhei oRe Tk o e AL Aitg oy
bonded t o2@acPnoetitienate; gentebichab baeli erepterh dhel w: cimgrmb@torm@am%duﬁ!éy to

configured t ocomecn iRk gatan shebd aNSd BIndihdRaveaiRblink kM gbptaaduor t
to any |nd|V|q
campmg is performed non-gradually rather than gradually without any control of the

honding wave propagation. The latter appreach is easier to implement.

26  Accordingly, the apparatus according to the present invention may further comprise a
control unit configured o control the first and the second bonding chucks to move to
each other to locate the first and the second wafers at a predetermined distance to
each other and, subsequently, locally decreasing the clamping force applied by the
first and/or second bonding chucks in order to hold the first and second wafer, respec-

30 tively, such that the first and the second wafers locally become that close to each
other that bonding is initlated.



25 nmodul e, and also fromone nodule to the other. The robot is
particularly nmoving along a robot noving area, to enable the transfer
of the wafer fromone place to another. The system may al so include a
control unit controlling operation of the individual nodul es and
transfer of the wafers by the robot means. 30 The above-nenti oned
need is al so addressed by the herein provided nethod for the bondi ng
of sem conduct or wafers, conprising the steps of evacuating a vacuum
chanber of agbeasisag nodule; transferring at |east a friobsdurivas er to

a load | ock @t Ekqdyepockpag _connected to the bonding nodédf<e;
c wanhatsser,- Agwallssparaiat .
S5evacuating t oad 1ock nodule after transfer of at |east the flrst

wafer to the sane transferrln at least the first wafer fromth
evacuat ed | odle $BER UrbaGY &e P%“f‘ﬂ?féd o coetie OEgua) Q6 RITE v alrpeRsedt t'Y‘ahe
bondi ng nodukiet anbifdo pédoot akiley upgh s tilshgnd the se@od wateofochllyevacuiban

chanber afteEm&h@Q%%%&eﬂLaQ£n&£ﬁ€%mﬁgf first wafer (if this is

desired due to quality reasons e bonded wafers); positioning the
first wafer and a second wafer on a first and a second bondi ng chuck,
respecti vel y ThapesehGnventidinngoteter, foraviies amdndfdndirisgsysiech (weef also deilelach

ot her by mV@ﬁR@&mrP@elJv?%oM)rfsﬁ& tl‘%%é&&tu§9‘%@@f R08skvBdeChttakoxsHsds t hat

a main surface of irst wafer a main surface of the second
waf er | ocal | $"EHME EHASIRY ose to each other that bonding is
initiated. 20In particular, the first and the second wafers can be

posi tioned 0B §f&of iHodlie @Jﬁﬂg&ébeto%ﬁl%%g RORA e, Shuiedna ERRRRENH el Y,

in a vertlcal p05|t|on wthin less than 10 with respect to a vertlcal
pl ane and' noJ@@“WHaWHEFSV%?TlcaI position that close to each other
that bonding is initiated. 25 The present invention furthernore

provides a bangisng nEEQé‘E:ﬁwh&u.@éH%'p’é#f&ﬂ lashBdEhin@nilof B%Eﬁa‘&'@%ﬁﬁ@h@fer

bondi ng ChUCh(ntr(c:: uryecli%%e manuf%cturmlg sysz%entnl rst wafer; and

15  a cleaning module configured to clean the surface of the wafer; and

a moveable robot means configured to transport the wafer from one of the load port
module, plasma module, cleaning module, and load lock medule o another one of
these modules.
20
One or more plasma modules can be provided for activating one or both of the main
surfaces of wafers. The cleaning module cleans and/or brushes the surfaces of the
wafers that are to be bonded to each other in the bonding module. The robot means Is
configured to manipulate and transfer the wafers from the load port to any individual
25  module, and also from one module to the other. The robot is particularly moving along
a robot moving area, to enable the transfer of the wafer from one place to ancther.
The system may also include a control unit controlling operation of the Individual mod-
ules and transfer of the wafers by the robot means.

30 The above-mentioned need is also addressed by the herein provided method for the
bonding of semiconductor wafers, comprising the steps of

evacuating a vacuum chamber of a bonding module;



a second noveabl e bondi ng chuck different fromthe first bondi ng
chuck and config30ured to hold a second wafer different fromthe
first wafer; vertical plane. The bondi ng chucks can be configured to
hold the first and second wafers by nmechani cal neans, electrostatic
means or vacuum The first and the second bondi ng chucks of this
bondi ng nodul e are positioned verti5cally within | ess than 10with
respect to a vertical plane. Further, the bonding nodul e nay conpri se
a vacuum chapheksaag the first and seg ond bondi ng chugkssakgo

provi ded in tHecy foeganieemynber . Thi s bondi ng nodul e can e conbi ned
with the |oad 1'6Ck nmodul 6 described above in the context of the
appara- 10 tus for the manufacture of sem conductor devices.
Eventually there is provided a bonding chuck configured to hold a
sem conduct otrangdr@tg =t lradt aiist vaderbea bhatidadnaiutehha Rebiretted @kec@Ndarct Or
waf er such ttp@otdm%.he sem conductor wafer is held in a vertical
position within ['ess than 10 with respect to a vertical 15 plane. In
particular the main surfaces of the wafer are orientated inclined to
the verti cal epdcamagwietidaddutk andlieaial trdnsfesof tahiaast Gib ist waké) to th®sene;
particularly, with an angle of |ess than about 10, and even nore
particularly, with an angle of at nost about 1lc: In particular, a

mai n surf ace "GFS'EHY %f?@?fghecfﬁsdf”af%ﬂ?r&@ﬁsev%{:“ﬁﬁ? Ras iop ’HE‘E"G&‘P hg &f@fer can
be ori ent at editedentumunahiybenbtiin tondifyunbdule; espect to a vertical pl ane.
The bondi ng chuck may 20 hold the wafer by nechani cal neans,

el ectrostatic nmeans or vacuum Additional features and advant ages of
the presetht ioRURBAN;SGHSTRE e HeutRa'dht tRed heharteediier Bansiee & attéea’f"‘ﬁge

drawi ngs. | n firdheafee Gis ipdasoet| due &f @rBnEaesdns oitbelente wat@s)acconpanyi ng
figures that are neant to illustrate preferred enbodi nents of the
invention. It is under- 25stood that, such enbodi rents do not
represent t hdfilATNY NedsE waer ¥lvet SeRYEES AN & T aesei‘)'}dﬂﬁ‘]?@ffgr%lt"a% an
exanpl e of t hespesiveyiande apparatus for the manufacture of a

sem condugd or devi ce conprising a bonding nodule and a | oad | ock

modul e Connecntlo%%g tti% fErQ%né) %gdslecgagd r\;rvgglrjloeéach other by movement of the first and/or

second bonding chuck such that a main surface of the first wafer and a main surface
of the second waier locally come that close to each other that bonding is initiated.

20 In particular, the first and the second wafers can be positioned on the first and the
second bonding chuck, respectively, in a vertical position within less than 10 with
respect to a vertical plane and moved in that vertical position that close to each other
that bonding is initiated.

25 The present invention furthermore provides a bonding module comprising

at least a first moveable bonding chuck configured to hold a first wafer; and

a second moveable bonding chuck different from the first bonding chuck and config-

30 ured to hald a second wafer different from the first wafer;

wherein the first and the second bonding chucks are configured to hold the first and
second wafers, respectively, in a vertical position within less than 10°with respectto a



30 Figure 2 illustrates an exanple of a bondi ng nodul e according to
the present invention. Figure 3 illustrates an exanple of a

manuf acturing system conprising the apparatus illustrated in Figure
1. As shown in Figure 1 the apparatus of the present invention
according to a particular 5 exanple conprises a bonding nodule 1 and
a load | ock nodule 2. Bonding is perfornmed in a vacuum chanber of the
bondi ng nodule 1. The vacuumin the vacuum chanber of the bonding
modul e 1 is estsbddehed by a vacuum pynpi ng neans 3 t hatwsesmcannect ed
to the vacuufEriaiets, ¥ 'he bondi ng nodule 1 via a cont#8l valve 4.
Simlarly a vacuum can be provided in the |oad | ock nodule 2 by

anot her vacuum,1 unpi means 5 that is conn d.b not her

control val vée%ca?ﬂg"teﬂghﬂwg’aﬂnq @E%‘Sﬁﬁ’&u@? ‘éongqmeidﬁo Eﬁa %Ff'@f SPeRac e
enbodi nent, &rshyrgécbanitmeans latiibstac meansdr vasugonnect ed by separate
control valves to both the |oad | ock nodul e and the bondi ng nodul e.

Moreover, the |load | ock nodule .2 conprises a.firs ate ( that .is
opened when ih?lvg%ea}nd?%e stef%[%g‘f’@ff"}gec ur@(?tﬂ%lsﬁ’gnq‘%raoc{ug e ?PS&&T% 8% o the
bondi ng nédulcely Within tsaithge EBwith rgeneet t@a 18liqdhplend. s opened when a waf er
is transferred by a robot to the |l oad | ock nmodule 2. The | oad | ock

ol e 2 TR 590 A A R s PR A e BRI
i ncl ude a nulond beuding feeyckss re pioHigedsip shearaguuppehambere This lygndingl mddple éamnaf er s

via the second canbifedvitd i 16dd0sck balis Besdfitea ABova Mkhe EdMaRt: of Bfe@ipbaHang
t hese nulh{ple waf. ers t&chﬂgopondin nnq%Ie 1l at the sane tine.
o] | r

Accordi ng R HF dany RSG5 or more wafers have been

| oaded into the load | ock nodule 2 and the second gate 8 has been
closed (the favefbaigteR i¥ plofiddéeiondihy Eubs @Mfiglkdd th goldl Beehio@didA@ wa-
procedure), tfgr%h It 956%9 bfla ggn%gm%wm%ihgr %%Bc%}{%%{’é?svgtgr éugh t%gﬂﬁe anﬁ%%@r m ned
pressure. Evacuation nay 0be provi ded by € pun¥| ng device at a
rate of betwd@rvaperss bgkHinia GoGahpsiion Y‘”W"”p‘ﬁ?s‘t eyt @mith FRsPSt {ohaMerireD
M8/ h. Theid 0gfthnk a6 kari@thtre raaid Siriesactift adfef e oRxangl iBclinddDto BhepleisSUr €
of about 1 . u 4 . ] i
b eosure. - Thad st Sl SEGMUINSE Sl 5 ko BELHMR ARSI & oss
than about 105 and even more particularly, with an angle of at most about 12 In par-
ticular, a main swiface of the chuck that contacts a main surface of a wafer can be
orientated vertically within 10°with respect to a vertical plane. The bonding chuck may

20  hold the wafer by mechanical means, electrostatic means or vacuum.

Additional features and advantages of the present invention will be described with ref-

ererice to the drawings. In the description, reference is made to the accompanying

figures that are meant to illustrate preferred embodimenis of the invention. It is under-
25  stood that such embodiments do not represent the full scope of the invention.

Figure 1 illustrates an example of the inventive apparatus for the manufacture of a
semiconducior device comprising a bonding module and a load lock module con-
nected to the bonding module.

30
Figure 2 illustrates an example of a bonding module according to the present inven-
tion.



301 is, for exanple, evacuated to a pressure in the range of 0.01
nbars to 10 nbars or 100nbars, in particular, 0.1 nbars to 5 nbars.
After evacuation the one or nore wafers are transferred upon opening
of the first gate 7 to the vacuum chanber of the bonding nodule 1
that was al ready evacuated by the first punping neans 3. Since during
this transfer of the one or nore wafers fromthe | oad | ock nodule 2
to the bonding nodule 1 the latter is not exposed to atnospheric 5
pressure onl yeiek@bdevel y slight adjustgent of the pressudomswkabhe
vacuum chanb Sﬁ%ﬁﬁﬁﬁ@%ﬁﬁgﬂkng modul e Us necessary (if at™&l|) after
conpletion of the wafer transfer and closing the first gate 7. Thus,
the throughput can significant|y be increased. It is noted that the

t hr oughput caifue’ 'é'f?é(%@? 8P EXREIP'S] 9 & eAnu B uie SIS 6L RRE Y R EPPBRRS 10
nodul e i s pr diestagd,in Figure éxanpl e, on the | eft-hand-side of the bonding
nodule 1 of Figure 1 and connected to the bonding nodule 1 to receive
the al ready bonded wafers. In this se, the other |oad | ock, nmpdul e
shal | al so be‘\se‘?{}%u\é\t?@a’eﬂe%?@aﬁ“éﬁg B PIegEn IWRMBH AR AT 2PEYLEDm t he
bondi ng nodulesariple finpeisgsat banging motitie 1lz0dd Ibagdéckmoaiulee. Bowtng bheerused

o o fatl P arioD F the ForBRB Holo TOP @it A i o nal
S oeor di o haaber e s Tioite T NEBb R ut 1 ol ShTBeRF B hodul o
conpri ses a vacuradHa figercandchamberon fedpeding roodalepluyip A kontidevaive et as

descri bed Wi tdinifaff 8NEAGRA a8 Hel BlRd In thk e dékk tridalie 2t kieaB®BNA6um
20nmodul e fonprlses an I t he

t I 9 that all t
exact pos ideBTQQF?@%ﬂgﬁﬁgﬁﬁﬁ%ééEQ&PHEF%ﬂ?&§%§%§%gg?%%q%gﬂgﬁgeto be
bonded i n t he troardalisgatiedambedimentTasinglgtvh@ain mynping megng is conrlegted by

necessary if depRath WohtoRfaRES ioNRECGhd RadBeiRbduRCdnk Yhech@REModid More-
m cr onet er preci r.esen

. Thi h . . f
M oro com DSV NR HAY CoRy RIS 7 SRR R R Bt B PRt bR ira PRI oo
that result firaosierteddtamitesaipadsipekrecdoigrie the bensingenedale 1iand & Besondhgate 8 t hat

nust be pesi tihRegdediiiens REfeSE OihselBdBy a bh® W hEba BHR0ERL S My be
active or passive conponents, a nere contact point, or

interconnections, |ike surface copper contact and interconnects. In
the case of tTe lg5g sk wdde A Fiay be eilfigured apd prfrwaier digasigratodile wiovidingi cr o
conponent s Orgn@ sAgly Waigt & tielfame time to the bonding module 1 or may include a mufti wa-
fer storing systems for receiving multiple wafers via the second gate 8 and storing the
20 same and, then, providing these muliiiple wafers to the bonding module 1 at the same

fime.

According to the present invention after one or more wafers have been loaded into the
load lock module 2 and the second gate 8 has been clesed (the first gate 7 is kept

25  closed during the loading procedure), the load lock module 2 is evacuated to some
predetermined pressure. Evacuation may be provided by the pumping device 5 at a
rate of between 2.5 and 1,000 mh, in particular, more than 500 m3h. The load lock
module 2 Is evacuaied for example, to a pressure of about 1 mbars to some hundred
mbar or to below atmospheric pressure, The vacuum chamber of the bending module

30 1 is, for example, evacuated to a pressure in the range of 0.01 mbars to 10¢ mbars or
100mbars, in particular, 0.1 mbars to 5 mbars.



30port wafer the alignnment step may and thus provision of the optical
system 9 are not necessary. Furthernore, the bonding nodule 1 is
provided with a first bonding chuck 10 and a second bondi ng chuck 11
that clanp a first wafer 12 and a second wafer 13, respectively. The
bondi ng chucks 10 and 11 nmay be nade of netal or ceramics to nmmintain
planarity of the wafers 12 and 13. Wereas in Figure 2 the bonding
chucks 11 and 12 5 are shown to hold the wafers 12 and 13

hori zont al | y gertsbigaola@ndi ng chucks 11 apd 12 may advant agepuskysbe
arranged to K@ ;gﬁfggsser gfiedis 12 and 13 vertically. In thid=case,
deformation o e warers 3‘ue to their own weight can be avoided. In
t he shown exarrpl e, the optical system9 is electrically coupled to a
control unit AL evepustpnihe e ComprsalRE A sangieepd Uros ARHNI 8F the filst Héndi ng
chucks 11 and id e (raduuic heantleadfehattddingmpdieat ihainas ialteady ekacudial yehd ect | y

align the twyg Y‘@Jn%@ nl%n@@% inka- du%@rtﬁQ\{'g{sfer bhee Gwrrn%re HB&E fri':ﬁl'x the

controls novenment o ucks each

other until {93 'qRkMepde 3% ‘aﬁac"‘f@gwﬁ'ﬂ qﬁ*ﬂ%}a‘é%mfb?&?xpf’%?ﬂ f?rﬁfF@EREFafr
bondi ng. ¥5 kregsure oy id4tivedt stightesjusimesxatipl reessfire af thranaduamtchamivey oy st em

20 conpri si n%éd&ﬁa@%@@@ﬂ@ néc'el:ééﬁ}(ff@iaﬁiﬁaf{epcdrzﬂpﬁb%rﬁof Jhe mla'ﬂerE}Qf(s?ér GM ar,

t he manuf acturi ng stem 2 i ses bondi_.ng nodul e
exanpl e, the CBB‘PRj‘i ﬁ SRR Emf ngg\/\‘ﬁ‘ﬂghﬂﬁ't 980 §lgpigoaptly h&ﬂﬁr?ﬁﬂl I oad | ock

nodul es 2 and 2'. The manufacturing system 20 |ncI udes at |east a

| oad port 21 |tfIQEoté@%ét%’éWoﬂ&fmaﬁrb% ebé]%i@rtﬁe?%cr@&é&lfuﬁ@& Hidag o8y REem 20.
A robot 22 is confi

re te an nsfer ers

fromthe [ad"PuFs Pyided fﬁﬁf@%?@frﬁlﬂﬁtﬁ’a%ﬁa‘? gt'@f opdjae 'ﬂ%fﬂ‘[‘?ﬂ\l%h?ri ng
system 20, angk birsl@ofinecnd orike bopdind modute 1 th eecelvdbe alreftiebanddsotafers ovi ng
?I ongf ar 0]{)0??{95%19 Nle @{h@raioe(d Ipek rﬁ@éu%dshglyalm%cﬁakéagjlﬁ)ore ié%sit%narhh@t L he

ransfer o e ne,. pl ace no n it e
manuf act uri ng'°&P Wé‘%f?@"b@ﬁ%??dggémgmﬁl aé'%é aé‘fe hSﬁ B}Dd%{% ¥4t i ng
one or two nensslip oalpddhagfonddievaies Bers therrondiucadieiine tbletehtemal envi-
manuf act ufd nGegyest.€m 20. In order to mnimze the surface preparation
time, a second plasma station could be added, .if the wafer processing
requires that the main surface of both wafers to be bonded need to be
activated. AlltEiswaRiapekample ¢idhesizondinginediieal sacandingie thgpresent ineentiendel 30
to treat surfiag@sed @h&@)nbm@%mmonﬁﬁ@a 4 ROMAEEHakBeridli & condcleti iS4

¢l eaning st a:[,flumplng dev:ce r%eg w:tR Cft—:*l%l1at:r¢]-:I t%‘é—ggondll ng & ang‘go lél’ }];oar‘l i of a
first wafer andras SEEond &ican ng tarion rovi ded ean a

bondi ng & n neaskipgewpises gn gﬁ@ﬁrsdstemﬁéhat aliw@%mnm@wuﬁxaﬁgogwtoém 20,

further conpraigffentm&RINGH 184 sudtides of 1O ivafSid @YW HoRdddiigie Bonding rdtiule 1.
~controlling the robot neans 22 for transporting wafers in the

manuf act uri ng system 20. For exanple, the control unit nay control
t he robot neals cpiEakgystem §iig Rnlynecpsssr iyig wio wafeshiged dribgrariectty pligiad
transport it i@ rptrassm HécridnOThiB thada6k wherSBE ddvanaé presdnt emrd @ad port

21 and t r%Spp%%nt;. tBytn%crglc%f?imn@:gtsSée%ekgrgrggésignated that result from technical
steps carried out on or in the layers that must be positioned with precision. Thus, the
micro components may be active or passive components, a mere coniact point, or
interconnections, like surface copper contact and interconnects. In the case of the
process consist only of bonding one wafer with micro components onto a virgin sup-

30 port wafer the alignment step may and thus provision of the optical system 8 are not

necessary.



pick the first wafer fromplasma station 23 and transport it to

cl eaning station 24; 10 pick the second wafer fromcl eaning station
25 and transport it to load |ock nodule 2'; pick the first wafer from
cl eaning station 24 and transport it to | oad | ock nodule 2; and 15

pi ck bonded first and second wafers after they have been processed in
t he bonding nodule 1 fromthe | oad | ock nodule 2 and transport it to
the |l oad port 21. Al previously discussed enbodi nents are not

i ntended as kémibdadtssons but serve as 20 exanpl es il | ustaatosvrgaLo

feat ures and S4US AL HE .t he i nvention. In particul ar,*&nd al t hough
the invention as been described in the context of wafers for use in

the sem conduyctor industry, it is_appli. l.e t | fferent sorts of
waf ers or su%gérfeé{f“gg’,thl? h‘g\%mwdﬂ? éé§ﬁr€"'§%§‘?"§c€’t @?*%&Pﬁ“%‘?sg’(lf‘bf“ st ance
in term of naewneporslingehusk 13 Kapeep alfitfwaterie and s aedonewaipraiSatsseact st i cs
typi cal fromgey\ah@bondmhcks 10 ¥hdSI8 M5 @B Gt 8f méia v 8driiniies thindintaird! SO

to 25 b d t th | of th b f
can 2l 5o be- CHRBTREA e 11 gras Piero®. » PR e il ar Gl for
t he manuf dct @reeshofvn feimidciba daetsor2 atdvp detzontelyniieibanding dhackbdhd@nthip

nodul e conpr indyREvaAtad Sty B2 GIRATRED hbid tRrRYd§ &2 Handivegcady. Ik esse, under
ck nodul e connect ed

Po the bondi 5 AT & e e ehE g tr et Bronarer A &iss or to ¢ he
bondi ng nodul e and connected to a first vacuum punpi ng de-
In the shown example, the optical system 9 is electrically coupled to a control unit 14
10  that is computing the displacement of the bonding chucks 11 and 12 {in the plane and
in rotation) in order to perfectly align the two wafers 12 and 13. Mareover, the control
unit 14 contrals movement of the of the bonding chucks 191 and 12 o each other undtil

the wafers 12 and 13 come into contact for molecuiar bonding.

15  Figure 3 illustrates an example of a manufacturing system 20 comprising the appara-
tus illustrated in Figure 1. In particular, the manufacturing system 20 comprises a
bonding module 1, for example, the bonding module 1 shown in Figure 2, and two
load lock modules 2 and 2. The manufacturing system 20 includes at least a load port
21 for introducing wafers into the manufacturing system 20. A robot 22 is configured to

20 manipulate and transfer the wafers from the load port 21 to any individual module of
the manufacturing system 20, and also from one module to the other. The robot is
moving along a robot moving area (indicated by dashed lines), to enable the transfer
of the wafer from one place to another.

25  In addition, the manufacturing system 20 comprises a plasma station 23 for aclivating
one or two main surfaces of the wafers introduced into the manufacturing system 20.
In order to minimize the surface preparation time, a second plasma station could be
added, if the wafer processing requires that the main surface of both wafers to be
bonded need to be activated. Alternatively, the same plasma station 23 can be used

30 to treat surfaces to be bonded of each respective wafer. A first cleaning station 24 is
provided to clean a bonding main surface of a first wafer and a second cleaning sta-
tion 25 is provided o clean a bonding main surface of a second wafer.



10vi ce configured to reduce the pressure in the | oad | ock nodul e

bel ow at nos- pheric pressure; and further conprising a second vacuum
punpi ng device connected via a con- trol valve to the vacuum chanber
of the bondi ng nodul e and configured to re- 15duce the pressure in

t he vacuum chanber of the bondi ng nodul e bel ow at- nospheric
pressure; and wherein the | oad | ock nodul e conprises a first
gate that can be opened and cl osed for receipt of a wafer and a
second gate thatream be opened and 20¢4 osed for transf enoogburaanaf er
fromthe | oad¥IHit ki B0 the bonding nodul e. 2. The *¥fpar at us
according to claim1 mhereln t he | oad | ock nDduIe conprlses a mul ti
waf er storag or st or e wafe tra sfe ed to
e bondi ng e rarassi e iR Balkd e 800 ot fo Yol GRS 5
further conpfarsenigling e ehgtmesne2aiduiransramiah Watsedn imén@nm'annﬁ Sﬁﬁﬂhect ed
to the bondi pg rEPeldhBiednE c@BfhBRELENE @ tHe@ORE MBarRREIPI NDre wafers
bonded in the bondi ng nodule. 30 4. The apparatus according to claim1l
or 2, wherein the bonding nodule com prises at least a first

noveabl e Fonagickg fishuri feondddgpar etlanddrapsped itée wasmetsiajiplfa% and a second
noveabl e bondi ng chuck different fromthe first bonding chuck and
configured taq, hald erent, .fr t h rst wafer.

355. The apparptcpﬁssecé)?:%\g?ef rqfromi aafpop 29 Jtran\s/\ﬁ?ﬂ It aeatnﬁ]g%ralurns "and second
bondi ng chucks are conflgured to hoId t he flrst and the second wafer,
respecti vel y,pick thedirsV Rtk (e pleaRistati@padnt Baipbreiss clehdsy stdlion w4;t h
respect to a vertical plane. 6. The apparatus according to claim4,

wherein at | east one of the first bondi ng
pick the second wafer from cleaning station 25 and transport it to load lock module 2

pick the first wafer from cleaning station 24 and transport it to [oad lock module 2; and

15 pick bonded first and second wafers after they have been processed in the bonding
module 1 from the load lock module 2 and transport it 1o the load port 21.

All previously discussed embodiments are not intended as limitations but serve as

20 examples illustrating features and advantages of the invention. In particular, and al-
though the invention as been described in the context of wafers for use In the semi-
conductor industry, it is applicable to different sorts of wafers or subsirates, that may
present characteristics {for instance in term of nature, size or shaped) different from
ihe characteristics typical from a wafer used in the semiconductor industry. It is also to

25  be understood that some or all of the above described features can also be combined
in different ways.



40chuck and the second bondi ng chuck have a bow below 1 mcron or
bel ow 0.1 mcron, wherein the bowis a maxi mum deviation froma

nmedi an plane. 7. The apparatus according to claim4, wherein at |east
one of the first bonding chuck and the second bondi ng chuck is nmade
of nmetal or ceramics. 45 8. The apparatus according to claim 4,
further conprising a control unit configured to control the first and
t he second bondi ng chucks to nove to each other to locate the first
and the second wafers at a predetermni Hed di stance to each ot her,

rel ease the first and the second wafers at the predetermnm ned distance
and to 15 initiate | ocal application of a force to at |east one of
the first and_the second wafers such that the main surfaces of the
first and the“88¥ond wafers become close to each other so that

bonding is injtia ecul ar. forces acting between the main
surfacgs of tLe f%\&gia aﬁﬂehngat@%g%rﬁ&% %e/a”?lceop U.C{OB YT RERIBPAr at us
according §0 cl ai fbéhdink HokiE EorfPBRE b ShddGmnSRt {ocarow&albkn&@'ufbv%rsed to
control the firsturaechrésagre deieRBEhBEHRAE HiSsstRU4KS to nove 0 each ot her
to locate the first and the second wafers at a predetermnined distance
to each other and2losdissleqodin topnecieddathk portigmessicragd ténBoueédiopivaig
force appljed by Enseeldhe handipgeadale epkcanpeciad taadirs sacnd pbonidd dey
chucks i n“grder tgfd‘é’f‘ﬁﬂufﬁd[%é%ﬁw%ﬁhatprqs%%t”thh@a‘?)PC}E fledyls pelaw grgs-

second wafers, reBPeetTVEl%, such that the main surfaces of the first

and the second wailGinRECAHIRsitd £&Lold bR b MoRE W@ dbRdkeR0adI 09 1S

initiated by nol egdibave tfn(ﬂ{ecﬁﬁlr.%ﬂ@éﬁaﬂﬁem%%gu%?ﬁg JiR! A eHrf@esR f the

first andtfhe secaund twafresssre id hel@cuihh enaaippasrabdl Sordif§ HFddliB Belo® & ai M

9, wherein the combspbéricprassure;s configured to control gradual rel ease

of at least one of the first and second wafers upon the first and the

second waf ers bec%{Wé”r@ff‘%}'E@ft‘%déﬁiﬁ“gétﬂﬁé?m@@e% A fist gk tenepnibe dpenedi at ed
I

b | ecubar forcEY HEE WEIPVE 8 aqs &nh 8 SAC Gﬁ?'ﬁ% YT e eRengq ekt and
t KemZ)OS ecgﬁd waf e;ggg? # 1! r%@ﬁﬁ%a"&’:%ﬂ?ﬁﬁ”%%& %GO%“PS Eﬁ%ﬁ bogdipgoaule.
apparatus of £l ai fekpPiratds adcfdinB® iSRRI Ee 238 1ckPRG RO piRduYl e
configured to intmoslugRr ongd Sfsteliol HGINGTRMAMDRGE T f&%e&béﬁgg’er?é% the
bonding module.
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3. The apparatus according to claim 1 or 2, further comprising at least one addi-

tional load lock module connected to the banding module and configured to re-
ceive ane or more wafers bonded in the banding module.

30 4 The apparatus according to claim 1 or 2, wherein the bonding module com-
prises at least a first moveable bonding chuck configured to hold a first wafer
and a second moveable bonding chuck different from the first bonding chuck
and configured to hold a second wafer different from the first wafer.

35 5 The apparatus according to claim 4, wherein the first and second bonding
chucks are configured to hold the first and the second wafer, respectively, in a
vertical position within less than 10° with respect to a vertical plane.

8, The apparatus according to claim 4, wherein at least one of the first bonding
40 chuck and the second bonding chuck have & bow below 1 micron or below 0.1
micron, wherein the bow is a maximum deviation from a median plane.

7. The apparatus according to claim 4, wherein at jeast one of the first bonding
chuck and the second bonding chuck is made of metal or ceramics.
45
8. The apparatus according to claim 4, further comprising a control unit configured
to centrol the first and the second bonding chucks to move to sach other to lo-
cale the first and the second waters at a predetermined distance to each other,
release the first and the second wafers at the predetermined distance and to



a plasma nodul e configured to performa plasma treatment of a surface
of the wafer introduced in the manufacturing system 30 a cleaning
nodul e configured to clean the surface of the wafer; and a
noveabl e robot neans configured to transport the wafer from one of
the | oad port nodule, plasma nodule, cleaning nodule, and |oad | ock
nodul e to an-35ot her one of these nodules. 12. Method for bonding

sem conduct or wafers, conprising the steps of evacuating a vacuum
chamber of a bonding nodul e; 40 transferring at least a first wafer
to a load | ock nodule that is connected to the bondi ng nodul e;
45evacuating the | oad | ock nodul e afterftransfe¥ offat lfﬁSt t he o
first wafer; transferri at least the first wafer fromthe evacuate
| oad | ock nodul e }Eﬁgiﬁﬁgg e %féf' f9"§e‘?é ef(ﬂ%ﬁ%gﬁh%;fmtﬁ%th%éf?ﬂﬂ% -
modul e; 16 opti Ocrllc%ljt egclajo %ﬂvﬁaﬂﬁ%& 1 tﬁegpbyfnﬁ?egggp%ﬁg %‘iﬁl'% r
after transfer ofwainheashs es drfrlfiys ;i 8

Y&l Bhe second wafers. ! ?‘9 t he
first wafes and a second wafer on a first and a second bondi ng

Schuck, respexti Vieyppastds amurting totduem & iflrsler eiidrididits &REANE! AR t 0
each ot her by npviewetiol toé firat ank deestecaneocading dheck ik mbvean dacket@n®d lo-
bondi ng chucks su@¥f hngst ad e sscendmiaiceat gforadetemhingdsdtistance to each other
and, subsequently, locally decreasing the clamping force applied by at least
10 one of the first and second bonding chucks in order to deform locally at least
one of the first and second wafers, respectively, such that the main surfaces of
the first and the second wafers become close to each other so that bonding is
initiated by molecular forces acting between the main surfaces of the first and
the second wafers,
18
10.  The apparatus according to claim 9, wherein the control unit is configured to
control gradual release of at least one of the first and second wafers upon the
first and the second wafers became close to each other so that bonding is initi-
ated by molecular forces acting between the main surfaces of the first and the
20 second wafers.

11, Manufacturing system comprising the apparatus of claim 1 or 2, further com-
prising

25 a load port module configured to introduce a wafer in the manufacturing sys-
tem;

a plasma module configured fo perform a plasma freatment of a surface of the
wafer introduced in the manufacturing systen;
30

a cleaning module configured to clean the surface of the wafer; and

a moveable robot means configured to transport the wafer from one of the load
port module, plasma module, cleaning module, and load lock module to an-
35 other ane of these maodules.

12, Method for bonding semiconductor wafers, comprising the steps of

evacuating a vacuum chamber of a bonding module;
40

transferring at teast a first wafer to a load lock module that is connected to the
bonding module;

evacuating the load lock madule after transfer of at least the first wafer;
45

transferring at least the first wafer from the evacuated load lock modute to the
evacuated vacuum chamber of the bonding module;



wafer and a main surface of the second wafer cone close to each ot her
so that 10bonding is initiated by nol ecular forces acting between the
mai n surfaces of the first and the second wafers. 13. The net hod
according to claim 12, wherein the first and the second wafers are
positioned in a vertical position within less than 100 with respect
to a vertical 15 plane on the first and the second bondi ng chucks,
respectively, and noved in the vertical position close to each other
such that bonding is initiated by nmol®cul ar forces acting between the
mai n surfaces of the first and the second wafers. 2014. The appar at us
according to claim9, wherein the control unit is configured to
control non-gradual release of at | east one of the first and second
waf ers upon the f?W‘Emﬁﬁ UliRR NSeEsHEN flathe rMacumcHddBbe setranstep st
other so that bon@h§eiS 14%1i ated by nol ecul ar forces acting between

the main surfaces,ffiohhent ikShar@ia bREAERIRNVERE S S 22%cond bonding
5

chuck, respectively; and

moving the first and the second wafers to each other by movement of at least
one of the first and second bonding chucks such that a main surface of the first
wafer and a main surface of the second wafer come close to each other so that

10 bonding is initiated by molecular forces acting between the main surfaces of
the first and the second wafers.

13.  The method according to claim 12, wherein the first and the second wafers are
positioned in 2 vertical position within less than 10° with respect to a vertical

15 plane on the first and the second bonding chucks, respectively, and moved in
the vertical position close to each other such that bonding is inifiated by mo-

lecular forces acting between the main surfaces of the first and the second wa-
fers.

20 14 The apparatus according to claim 9, wherein the control unit is configured to
control non-gradual release of at least one of the first and second wafers upon
the first and the second wafers became close 10 each other so that bonding is
initiated by molecular forces acting between the main surfaces of the first and
the second wafers.

25



