1 Apparatus for Mnufacturing 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 bonding nodul e for the nol ecul ar bopdi ng 100f wafers. Background of
the invention Three-dinmensional (3-0) integrated circuit technol ogy
where circuit structures forned 15 on substrates, |ike for instance
silicon-on-insulator (SO) substrates, are bonded together and
integrated into a 3-D 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

I ntegration Technol ogy Apgearatwssfon &larufactomogoev ces, voL.
53, NO 10, OCTOBER 2006, 20 pages 2507 -2516). The buil ding bl ocks
of the 3-D circuit integrSemicorideuictorddevicesi si on waf er - waf er
al i gnnment, | owtenperature wafer-wafer bonding (nol 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-D technol ogy

of fers hi%her density vertical interconnec- 25 tions and reduced

syst em powerFielé/bf meertmn bondi ng of wafers requires that the surfaces
of the same are sufficiently snooth, free of particles or

contami nation, and that they are sufficiently close to each another
to al | ow corfthadresent ipention felatasde an epparelds foy the manuwRcira At rufonfedy
than a few 3RvibaNGHERSIK B8 appar@uP@inipris€ a bdhding alod @8 for ke ridMcaila€B&Ringt he
forces o{ at ra}g:tion between the two surfaces are sufficiently high
to cause br ouﬁ)gagfsron fromthis |ocation of a "bonding wave" and

nol ecul ar adhesi on (bondi ng i nduced by all of the forces of

attracti on -ga¢Rfround of the invention

Three-dimensional {3-D) integrated circuit technology where circuit structures formed
15 on substrates, like for instance silicon-on-insulator (SCIl) substrates, are bonded to-
gether and integrated into a 3-D circuit with dense-vertical connections becomes of
increasing importance in modern semiconductor technology (see, for example, paper
by Burns et al., entitted A Wafer-Scale 3-D Circuit Integration Technology, IEEE
TRANSACTIONS ON ELECTRON DEVICES, VOL. 53, NO. 10, OCTOBER 2008,
20 pages 2507 - 2516}, The building blocks of the 3-D circuit 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 wafers requires that the surfaces of the same are sufficiently
smooth, free of particles or contamination, and that they are sufficiently close to each
another to allow contact fo be initiated, typically at a distance of less than a few
30 nanometres at a point of initiation. In this case, the forces of attraction 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



Der Waals forces - of the electronic interaction between the atons or
the nol ecules of the two surfaces of the wafers that are to be
bonded). By the term "bonding wave" it is referred to the front of

t he bond or the nol ecul ar adhesi on spreading fromthe point of
initiation and corresponding to the dissem nation of the forces of
attraction (Van Der 5Waals forces) fromthe point of initiation over

the entire sphfasg.Pf cl ose contact b? tween the two wah@esukhendi ng
[

i nterface). cuneckhigineire Sockarpl ecul ar bondi ng faces t he severfeepr obl ens
.& Schwan usser-AlHaIr sozielt

of bonding i'nterface defects, |ike edge voids, wafer msalignnent and
waf er distortion defects which appear in the 10transfer layer during
i ts assenbl PeniMahistfotees -af tielentoritibraciareretv@ies thegitenoeitihomslegias ¢ot

the result ofe GbaURRESbMNS fva¥0s U ARt 88 Bordel2BF tratidrNboddgalayent e
conbi nati ons thereof) that coul d ﬁ‘i‘?k’gl nat e ckn I naccurate a serrbl(x of
Rcuepe B

the subst r at &8P &g Tghieht yond-ph hegipis spreadino o Brpoint
non- honogeneédtitsiond efhddcomebpaning tih te disseappiiearof ithe fotves bbgteaction(Mep Dear | s

bei ng assenkj el %Mcggnfrs&?fw%g;g@} ?fisigaﬁargp%w&- thd Bnth@Shracs BEBod Shekt bens

0
can lead to variati 11 m cro conponents fornmed on or
in the | ayertwsditehiweespfase (Gopdindiglegpcser of several hundred nanonetres
or even mcrons. Since these distortions are not honogenous, it is

not possible, to correc onpletely these | o i sal.i S
Gur i ho subsaitiBit G BEI SRR bRt or Fentesr SR0e SRup eIk St
dysf unct i ondike segs \wokduafeomisadigningeiandaalar gistartion defecipivdiehdibpedidn BBove

and in spjt qfketiBRr BEHEME lRFBINRYICBLeEbaRE. t here is a need for
an apparatus for the nmanufacture of sem conductor devices that

provi des nol ecul ar bonding of wafers for 3D integrated circuit
t echnol ogy Vduch distsftfohe bentot the-re2if ©tielamyytany rapsivrmatensgdiransktiorg motaivn,

reduced | ayey. C%aé@{(’g& ﬁlgrgeﬁﬂ f{ﬂ-ﬁl? %r_ﬁ%ﬁ-{a&r\n afchend Eg’sgmib@to? fHe@GHstrates

defects, as we
(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 1o 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 fo correct completely
these local misalignment errors during 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 circuit technology with sufficient ac-
25  curacy, in particular, alignment, 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 manufacture of semiconductor devices according to

claim 1, comprising



Description of the Invention 30 The present invention addresses the
above-nenti oned need and, accordingly, provides an apparatus for the
manuf acture of sem conductor devices according to claim1, conprising
a bondi ng nodul e conprising a vacuum chanber to provi de bondi ng of
waf ers under pressure bel ow at nospheric pressure; and a load | ock
nodul e connected to the bonding nodul e and configured for wafer
transfer 5 tEqkfageondi ng nmodul e and cpnnected to a fir Shooktaem
punpi ng deV|Ge'§°f;%%rg'sfgregng;ﬁgg;gto reduce the pressure in the I°¢¥&d | ock
nodul e bel ow atnospheric pressure. According to the invention

nol ecul ar bondi ng of waf ers is perfornmed in an evacuated vacuum
charmber of & tsoditd Mgdyie denrisingiarkaeuuhehapbALIC MR ids 9ading piraiers HEka!
(partial) 1Qa86HYBbwhatmdipserBprRRsOBSAEVed that bonding interface
defects such as edge voids can significantly be suppressed w t hout
affecting the bonding strength. In addition, wafers are transferred
fromthe evadustles nhaiak consktedvaihk eommgtrtmiuleaemdumfihsaerwaM trarséer
bondi ng nody} ﬁetbeﬁa;ﬁgba«omegmdfaoﬁﬁ&wdxo L et @&'ﬁhrﬂ%uﬂ\g gamlmhweda@

conpared to t FI‘I or art vacuum bond In%ﬂ? i nce |'oad | ock
nodul e provi'tfbse tgPrepasraisthe 9ad lpck mads %@t”}?ﬁfﬁlﬁ’f'%prﬁfs%cuum
pressure cl ose to the | ow pressure of the evacuated vacuum chanber of

the bondi ng lémg o tﬁgvlmtvg |01[’19n QEEQ B/o%gﬂarg} Q%fgéﬁyé&ogﬁeﬁhgﬂ%ggﬁgfeﬁ

pressure and' versa o Sondim
steps ( bOI’ldIVﬁgJUQ’[ dpmaerddf gtbepdiad mpdidm §fné¢ thgfbopding e Rstrormad UDger rartih om

the | oadid ocheimditlngs B@erﬁ%e@@@ﬁnbﬂ%nﬂ‘ﬂ@%@ﬂacé §ef§df@é@ﬂ@s edbb \Tchﬁ dapad
| ock nodul e i s evacuat ed S\éi’f?ﬂ i rst evi to a

br essur e of SAIUEAY baGaRE e BToUh ePIRGIph e sT Bl P TR Eh e
bar), in pardré talséared tflomahpressatee ldad Iddhenadalege thef vatuurb ghambiiep ofl e

nbars or 10%0[@@!56310%.]'9%9\8%2%& ng?ﬁr? agfngttllﬂaethmBQﬂLﬁ'gs WBHAEd ke ihef OF

exanpl e, evacuat evice to ressure in the
range of O. (PI'O"n%Y%?U'E'B bszcﬂ"ﬂaora?@'%ﬁme enipag lgok mﬁd%%\?f?i"é%ﬂ e wafgrsyto
nmbars toip r’(ﬁ’@b@wd!nbtmdc@!eadt&@c@ﬁ{}ﬁdssﬁjl‘ha&os‘ehetﬁeamfe%ém&ef the evh@atedcuum
chanber is ke t af, roomf ALULE of
the wafers die™{'o Cr{aﬁneF Fr%tl tﬁéer>8<pan du‘e t 57 %ﬂ%&ﬂ@% \%\é %g%;% [585%8@

mat eri al . Tinbefig pressugmeicbyice M@S@ettblndwpqijrﬁ)mgu!@l@ewg@ e porsing steps

connect ed t Gl Racrliagk Jrade ot adlokhny Asuhirs anbay o8] mbdie: 0

bondi ng nodul e, respectivel é% by respective control valves provided
to control tth%b?i‘gg'ﬁlp@&“'a)ééﬁ dedf vacuum For both the first and the
second pe2ovpi ng device a nultistage rotary vane punp can be provided,

for examle mellad iécikr}%c%% i Budi@ PR AL gnﬂnﬁﬁbd&gvﬁe%%ﬁ%% @ld plgans

necessary for ondi ng rocess under vacuum and i s,
t hus, her rretﬁ“f?aq’fla?o‘éﬂd%‘@(ﬂs ﬁUrb@}?iNtarﬁ‘Eo@H%'?chﬁ?ﬁ?’éfﬁt belowh & by PR B Aul e
may be conf | geHsed it merr@fg@cwe nidfagh tb rafmhalorti00 MbershTmdiabgunirerdisiber ene

wafer at t hetheS %ondlng modu?e is, tforrE%XmE’iS gv%%e{tsg]u 53? Q sego ;ﬁl?rjlen% c?e‘d’cg s Le

waf ers
25  pressure in the range of 0.01 mbars to 10 mbars or 100 mbars, in particular, 0.1

mbars to 5 mbars. It is also noted that the temperature in the vacuum chamber is kept
at room temperature in order to avoid deformation of the wafers due to thermal ex-
pansion 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 to control the de-
sired degree of vacuum. For both the first and the second pumping device a multi-

stage rotary vane pump can be provided, for exampie.



5 that can be stored in a nmulti wafer storing system provided in the
| oad | ock nodule. In the former case, the size of the | oad | ock
nodul e can be m nim zed such that the vacuum of the vacuum chanber of
t he bondi ng nodule is not heavily affected by opening a gate
separating the bonding nodule fromthe |oad | ock nodul e during wafer
transfer. In the latter case, the throughput can be increased. 10 In

particul ar, gthgeb@ad | ock nodule may cpnprise a first gat@ediikiocan
be opened armdnegergwieiky.fSemar ecei pt of a wafer and a second Sgfert e t hat

can be opendd™4RE“El S¥EHFSr transfer of a wafer fromthe |oad | ock
nodul e to the bonding nodule. After the wafer is received in the | oad
| ock nodul e ivis acteththabibe meetifd medulegerciesesvll merss hpgassary for éhej adigrddoted

15agai n the ¢ tfoﬁélnq)bﬂgpés@gn@@\éh&ﬁmcﬁﬂ |§ﬁrﬁéthe@M@t€bﬁWd|&gd B theoaflirdrdCk
nodul e. Accord

| east one adefnti ﬁlaqadI"l’iéémldlﬁ'EW%&GP@'QE@H@E&%E@; !f"\%/?jetfar%g'% ﬁ'%ﬁ ﬁ‘ij'%}‘?ﬁdul e

and confi gumediule@ne @@t wethe san@timeor stemmbecwﬁgtwad erreghackalpld weterswer e

al ready honggd c&pb%]ggreﬁw,‘n A B Yhofing &R &feg ih fhe 2RQANEARmdaRe S EN

further increase t rou E rise at

| east a firdhe wﬁwaeﬁfeeméﬁauo @e&m&%k@mwﬁ'gﬁ'ﬁ E?Jmﬂfw“'ﬁ%ﬁ %Jwaﬂ\gﬁhgf’a%af er
aﬂd ‘E segondmpwe@mgeummhfggr & hnichonding freaaats ri;o]i: egaviyheretibd 5¥ ofeamgi ng
chuck and configured. to a secqn er r f i rst
Caior. oA 2 d et rerihrideiud BRG0P Gl M kadlott FREDE el T Fat
that is conffegltediate cgsd, frettimeuanifters bé ingiertdde | oad | ock system and

posi tionyd hem on the bonding chuck. Gipping can be achi eved by
mechani cal neans, el ectrostatic neans or vac aﬁ)elff the cl a

o Ta O ARGl 1980 s e g Ay BN LU St et @ T er
of the bondidngedredubeipt 038 whiso antw abéwnd yatedihaigcan hecdesnedrasi ¢osed dat

face to f acetrangfgr cﬁ"é%‘f) tfrof#]?e I%JPI@H@(O:;\B&I% th dﬁnﬁm&?ﬁgmg Fﬁt'éﬁt\‘lb %@r is

i nside the vacuum cha ndi ng no
received in the load lock module via the opened first gate and the first gate is closed

15  again the first pumping device can start 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 heold 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 operating 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 vacuurn chamber of the bonding module. The chucks

are movable in translation and rotation in order 1o be able to position and align the two



are novable in translation and rotation in order to be able to
position and align the two wafers in front to each other. Each

bondi ng chuck shall be provided with a planarity as good as possi bl e,
because it has been determ ned that chuck bow is one of the
contributors for distortion defects. According to an enbodi nent the
chucks are made of netal or ceram cs, which cannot be easily deforned
and mai nt ai RehRMeRlAnarity of the 5 wafer. Bow of the chudgddswamxi mum
devi at i on f ragmre; Kmeidiv.& rane) shoul d preferably be bel 0" m cron or
even bel ow O "W EFon™ r%@’ first and second bondi ng chucks can be
configured/orientated to hold or clanp the first and the second

waf er, respectéryiolfypnt i pach ajkartEash bopstng chbershall phpravigeskwithtapgpanig@s 10

with reSpectgos@a@ dé%fbfe' S@Aau&el @ﬁ'& bR BteRRhdd tﬁatlom%ovm bhe ann@obeH-e of
at nost about 1.

in surfaces. Accordin

xanpl e, na T CE QP IHEE SeisF S, ASOUIRa 8 HPORF RN AEOR S AP S
verti cal | y whédtdl or espraics, incharahert be eadila defpinaieandingsirdaip the tamerithohtie ng
modul e i s ?F]treéjow éyfri'heoﬁ{]&i!s%hlaﬁﬁmmto}a@ ﬁgﬂ'f%l‘r?é%raéﬂ&?ﬁal%f) shdig M@BI%BI? are
orlentatedln i ned e vertical prane with an angle of less tha
about 10, noeelHrtTiEED °'.’L®’9F‘§?'P‘9’O1VW'P'I‘?“an angl e of |ess than about
10, and even nore partl cularly, with an angle of at npbst about 1. By
this orientatiaqn for 1 (l.eadi ng to di ord t he
waf ers due t e?'ﬁ%iap % %g %héjglk %ag'ab\?o‘foﬁ*e'%tr% fe@tﬁtgﬁ?{; g@&?cﬁ%&s
of nore tharthgbst mthms@pez:lmafer resaectively.iim b vertip pmlwgy@@deswhan 10°

particul g, Maeregdeasts a%qm&ﬂ}ﬁar@eﬁ@fédpa%n@ﬂwgv.tﬁ RHGKSle RPSI rhd:e@ as@ht 1°
vertically with | ess tha th pect to a vertical

The. appar at (RCRH9eBSTP RBMAIESHARPRER it TG COMATCIIRrg o e
oper ati on ofwatkré bereieabtaro duines) ofticalewidppsreat ns fasizansd! blaps whéreupon
transfer of waferns, fn{oggh%gcaq%ﬁd}hap%ﬂcglaza%tn%ﬁ sLPbéféé%?ﬂ% vers 9Rien-

means. |f required. tion, ‘an optical positioning system
can be provitded ‘mweﬂﬁ‘éthﬁdﬁ@ﬁ{@‘aﬁ%a’dh &n angle of 'éssdbﬁﬁtoébﬂoc AN BHEGY y

t he exacis pagiy w&lrnarﬂingfd df GREBAH abR kS O el Be moaf wirgulaay) dith Be aiighoof
chucks are t

en o ransl.ation,.and ro at,ion fers
i n accordanc®"%° Of"h é}dtéﬁtof'?rl‘tagtgn efo”r?ﬁtéor?t eade wé%ﬁ%ﬁ Qé}e&%}%f\’?@
mol ecul ar bom&iérﬁglu?)tcoﬂ;elsswcaﬁlgbbcmdmarVQIdB@anfbyveth@rgaM@(ﬁé& AHenere deed

con- trol umigy Ak GPLiGhEEr d rgnafofy%re%ce%ehernqﬁwcmsﬁ thedfstfapd tr@@amide
di scl osed in US20100122762 ccorq vﬁ % pr oac
ally within Iess than

cl anpi ng i s HOBMIBRSRFRE GoFaRed (Rdc reSPecp'fO a Vertical

20 plane.

The apparatus may also include a control unit for controlling operation of different
modules of the apparatus as well as the transfer of wafers from one module to another

by means of robot means.

25
If required by the application, an optical positioning system can be provided in the
bonding module that is operated to identify the exact position of alignment marks on
the wafers, and the two chucks are then moved in translation and rotation to align the
wafers in accordance with the identified alignment marks.

30

The actual molecular bonding process can be controlled by the above-mentioned con-
trol unit according to different alternatives, as for example disclosed in

US20100122762. According to a first approach, the clamping is released to free the



two wafers fromtheir chuck, and an additional force is applied
locally to cause intimate contact (in ternms of the acting nol ecul ar
forces) of the wafers and initiate the bondi ng wave propagation. This
addi tional force should be mnimzed (for instance below 5 N or even
1 N) so that no deformation of the wafer results. Thus, the inventive
5 apparatus may further conprise a control unit configured to control
the first angd,Lhg.Second bondi ng chucks to nove to each @db@krch®

| ocat e t he faurst. kaneky hemasgecond waf ers” at a predet er m nedeoteti st ance to
each ot her, 4°&r848¥ (' HEFf'st and the second wafers at the

pr edet er m ned di stance and to initiate |ocal application of a force
by an appr opwé akferd omathefrahoek, apphn eddiicoal fmea s appdectockliyds rawppdntof
the first and,d E’ﬁer tﬁ m%’%? g{esac% SHEefudNaked) f?)?‘mel\%%é}glaﬁd tﬂfﬁﬁmet hat

cl ose to each ot is initiated. Here and inp
fol | owi ng i teopdingwas erpa%gaﬂ%aﬂ“smsiﬁm% fqree phouid; ba @@‘%%%?féeﬁwﬁ
forces acti rbglotweiwvemeh hey) edthat suddiameatonal tHelvafanedsalts Thisathe raretivbeen

appr OaCh%d Cl OS fﬁrﬁ% c%ﬂ%%é aacraﬁtrcﬁruﬁﬁ E&}f]?&e@?@%ﬂbl tﬁé’ﬁgggﬁod‘ﬁgg to

a second “appro e T rst create
the un- cl ansppcng b@ﬂdmm@umbﬁtermqvg tmyeachoithas & lgpatelthel firss and iiej seaend wa-

contact (in sbgun® pr@@leté%e@@ﬁs’ta’?\ge fmlaacuh@fr refe@é&iﬂ&}:rsﬂﬁ‘w tms@5Mg&sby
slightly deform ng | ocal ebrlncglng

he two wat ¢ I FEISRES VeGnesst BITIER Bt PBTRAET Ghe ST Beerr Sl o
by locally dmeueml fogpetapplicaticanpéang id airleast oirac tmeetratlamdtﬂrrﬁesmarﬁfbwaf@rﬁt o
the chuck, %@ Pth%#‘kbé@%@c&r%ﬁ?@él%s@% e%ed‘ihé?rﬂ%ij%mg |Qﬁuﬂé&dci—|@'€p' ng

is performa contro roaatlons
bondi ng waven Ab%fq!i?\ﬁgg 3 ‘-@d?fﬁtioP‘chaﬁcﬁfP‘é'%ﬁ "M??&?dawdﬁ%wlaéf%%ﬁ%tP"Hed
non- gr adual |pstweah herma.hama@éaduaé Wyifevd thitdiate Begn approbtiald oifsely eeach

bondi ng wave 0 | atter approach is easier to inplenent.
25Accor di nglcis e ?Eéigra %ern%%nggaeaccordl ng to the present invention nmay

further conprise a control unit configured to control the first and

the secopd hm%mgt&as%ﬁd B;SbrcFHéHQhé @t.rﬂ@t@raomadwf.rét@rela@aaar@ thdané Un-st
and the second wafers at er,.and,

subsequent | yFlamRRggt the ‘ﬁ%fﬁr 'E‘Q@l ‘H’Gegﬁ@d Iénlﬁ 'Wt]e F%’ﬁ%"i?%\g%mf gptthﬁ Aode
first and/ ormsem@ndrizshchimo abaieksy slighiyrabérming Idvellydattidast tbnerfstthaa\rq@i
second vaf erffersr 086 [r%%é K&J Mafez%%@orﬁé?:@% ddeR ofh'eF ﬁefo@MQ:oEQﬁn seeand

waf ers | ocal ecorre cl ose to each ot her
initiated. fwebstksm“mecraﬁslrfg e \laswingdAree Jiat éﬂawdh%wﬁief artog?ea&aﬁr or
non- gr adp@l oO®eammtat® toritdte hhd badn aéuiémnhesacaadpmfsegerfum drixiafy oSt

and the second, Ul el obe il HePEHIE R Bl 36l neRTNAS LS it

bonding is i resent 1nv
manuf act ur i ngersyrt iewefeeed @P@-@fad@"alfﬁﬂé@ thAns@raaHsi o Witast aw) cosbishsy thei ng

t he appar at Usonghg RB6 BbpdghtoraPvigndlapsbadradeRicatameemand furt her
conpri sing a load port nodule configured to introduce a wafer

(froman external environnent) in 10 the manufacturing system a
pl asma nesiul Acconimbiygibe epparaiupaschuiing ta thel passeat inveptanmat fudiier gorsprise &c e

of the wafer j.nbr AAYGRLuE if BRuBRRYHRELHN thd Ge@¥S b&HHing 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 initiated.



15a cl eani ng 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 nodul e, plasnma nodul e, cleaning nodule, and | oad | ock
nodul e to anot her one of these nodules. 20 One or nore plasnma nodul es
can be provided for activating one or both of the main surfaces of
waf ers. The cl eaning nodul e cl eans and/or brushes the surfaces of the
waf ers that arex-tope bonded to each ather in the bondi ngoaeidhe. The
robot mneans ciuscgankisgarcedr t 0 mani pul ate and transfer thesSsafers from
the | oad poft™t*d*&Ry " #8711 dual 25 nodul e, and al so from one nodul e
to the other. The robot is particularly noving along a robot noving
area, to endbé eortieurit mas be cordifuretido venkrel griduaheora-grdduekereteesaapicdhhier .

The system ' ORL it 2HitHe SRBAD Qhiol RBaIPRRIEAWE Ght OF
t he individua aﬁ%@ﬂrtgﬁgﬁgﬁiggﬁgfer'éf thg waf er s gy t%g robot neans.

30 The abové&ReiRterehebe A gording s 8fai58dr essed by the herein provided
nmet hod for the bonding of sem conductor wafers, conprising the steps

of evacuati a f a. i il I at
Ceact o i rofe fief B YEMERREE oD sy ST MATILERMY S (ANT.FIDR
bondi ng nodudliseyssgapalewhedngising éhel apaaralug ok onfoef ineakove-gpscripesRedpieds at
| east the fihgturMeiBmpligng he same; transferring at least the first
wafer fromthe evacuated | oad | ock nodule to the evacuated vacuum
chanber of the bondi ng nodul e; 10optionally adjusting the vacuum of

t he vacuum ehHeavbeart radduter configunesf terintofiugta Wafasrombae dxierrsi emwvdrbameng)i in

this is gesi o) gty reasons of the bonded wafers);
T + QUé ; h
pomhomng@ﬁﬂa |rst|%afepiand a second wafer on a first and a

second bondi ng chuck, respectively; and 15
a plasma module configured to perform a plasma treatment of a surface of the wafer

introduced in the manufacturing system;
15 acleaning 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 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 particutarly moving along
a robot moving area, to enable the transfer of the wafer from one place to another.
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 vacuurmn chamber of a bonding module;



nmoving the first and the second wafer to each other by novenent of
the first and/or second bondi ng chuck such that a main surface of the
first wafer and a main surface of the second wafer locally cone that
cl ose to each other that bonding is initiated. 20l n particular, the
first and the second wafers can be positioned on the first and the
second bondi ng chuck, respectively, in a vertical position within
| ess t han 1QPM%;QML@SpeCt to a vertic pl ane and noved ddpedRheo
vertical poswteroncntehatiogtapse t o each ot her that bondi ng isged niti at ed.
25 The preséft™T"RVERETSHFr t her nor e prOV|des a bondi ng nodul e
conprising at least a first noveabl e bonding chuck configured to hold
a first wafer; and a second noveabl e bondi ng chuck different
fromthe fi rh%hsfpﬁﬁﬁj%tn&aspg'ﬂ%eﬁé}qo & Rk 9B Rea gL iaOs BsHndotad Basonshanaf er
different from irst wafer vertical plane. The bondi ng chucks
can be confiff#&d to hold the first and second wafers by mechanica
means, electrostatic nmeans or vacuum The first and the second
bondlng uc Lt sl OF K
w thi -1 Gos S Rainggll PRSP KBRTREY Lo b ARRLEREREURN) hasahy
bondi ng nodul e may conprise a vacuum chanber and the first and sec-
ond bondi ng iGRstekig & l@aspfr@\ﬁkéﬂ@dfek florh h}% AasUAEN [6dtRBHEh odulEtb Shehsvaeli-ng
nodul e can be conbln Q q{ |.oad ck nodul e descri bed above in
Thatatd s

the context 319 PR opding WPdLEEHe manuf act ure of

sem conductor devices. Eventually there is provided a bondi ng chuck

confi gurgd t?t[(g}% u\gad?us% h%%gﬂ.ﬁr?]&r thg‘@éc%ﬁmtc}ﬂ%bérsdftEPtret?ﬁfepgﬂéj@QasWhEE d

anot her sem he sem conduct or waf er
in a verti cdirstpaer {iitemismesimofup dsaatith 525915 RNePOPRIIEE™) o0 a verti cal

15 plane. In particular the main surfaces of the wafer are orientated

ol ined €0 LOg NS FAl wRbANS NebhA@S] ool e8o LA AROU LD

nor e parhcuﬂOSI h™ an gle o S than a ven nore
particularly?&mmmﬁWaﬁmangle of at nost about 1. In particular, a min
surface ¢ the chuck that contacts a main surface of a wafer can be

g:’)lngin';lgt gﬂu\éﬁorvﬁp:gg} !‘u)ét dt tpzla gec]bgélmw:[a er I’Eo ea%ﬁ ther gy mo\\{gn%nlt % éhe rfl|rs and/orThe
second bonding chuck such that a main surface of the first wafer and a main surface

of the second wafer 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 fess 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 hold 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 respect to a



20 hol d the wafer by nechani cal neans, electrostatic neans or vacuum
Addi ti onal features and advantages of the present invention wll be
described with ref- erence to the drawings. In the description,
reference is nade to the acconpanying figures that are neant to
illustrate preferred enbodi nents of the invention. It is under-
25stood that such enbodi ments do not represent the full scope of the
invention. eFh@eR«il i1l ustrates an exganple of the i nventdosduaxap
appar at us f grinegibreinean betrest ure of a sem conductor device éefpri sing a
bondi ng noddi’e and a"1'oad T ock modul e connected to the bonding

nodul e. 30 Figure 2 illustrates an exanple of a bondi ng nodul e

accor di ng t oetipd plgpe Jaatondingetiupisrean bereiigwed tq hod ge Fifa‘:? ¥yl sgrondhpl e
of a manuf agél bl RGcrRYBhIGRBaES BRI:IrsHdlg nidals éRasuat us 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 | oad | ock Tieditst encthe Beevdil hgnding ghecksaif thasdbdnding modala @ edséintrskvest t he
bondi ng rﬁ)d%@mmT&%twﬁq%wmﬂr@saebﬁo\é@emymm@nber of the bonding
nodule 1 is established by a vacuum punping neans 3 that is connected
to the vacuum chanber of the bonding nodule 1 via a control valve 4.
Simlarly a Puasaitie Gamitgen@iueviaecbmprnisd headuomctchhidbds amd thel fest2nl gec-

anot her vac i, 4y RIBLG TBRNGePinihiAtadgn SRMIZE! 9l BihdHIGH AR can

control valv Ioc |ve

enmbodi ment , bg comhigp@wiltnibe ined fnekrpiodde dewried @O%ﬁﬁ'&@@@xw tReAPRAEY e

control Al vgsidr hdbakhuthfierd GadnlidekudBdsdvieand the bondi ng nodul e.
Moreover, the load | ock nodule 2 conprises a first gate 7 that is

opened when a wafer is transferred fromthe |l oad | ock nodule 2 to the
bondi ng nodventlaligriiteraisgeodied agahdin@ ctibk tordiguried topdthe deraibenducionyed-er
I's transfer ffs.f%nms f'is e MR Abed it dHBtHePash &&e&tm@%r%u& th;ﬁhﬁe &&aéonldg&k

nodul e 2 may be configured as a one-wafer transfer nodul eoprow
tor wafer is held in a vertical position within less than 10° with respect to a vemcal

15  plane. In particular the main surfaces of the wafer are orientated inclined to the verti-
cal plane with an angle of less than about 10° mor e particularly, with an angle of less
than about 10°% and even more particularly, with an angle of at most about 19 In par-
ticular, a main surface 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-

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

figures that are meant to illustrate preferred embodiments 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
semiconductor device comprising a bonding module and a lead lock module con-
nected to the bonding module.

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

tion.



one single wafer at the sane time to the bonding nodule 1 or may
include a multi wa- fer storing systens for receiving nultiple wafers
via the second gate 8 and storing the 20 sane and, then, providing
these nultiple wafers to the bonding nodule 1 at the sane tine.
According to the present invention after one or nore wafers have been
| oaded into the load | ock nodule 2 and the second gate 8 has been
cl osed (the gbifgbogate 7 is kept 25 cligsed during the | odehsdghx A
procedur e), Gilverer] sy ISeeber todul e 2 is evacuated to sone Friedet er m ned
pressure. EVALUEFESH HEYBE provided by the punping device 5 at a
rate of between 2.5 and 1,000 n8/h, in particular, nore than 500
M8/ h. The | diaird ddksiratasiAnesxample %@aewfaewimq)wsmmréisin@ deaPpRriéwsur e
of about 1 nhaksed A FRRAE) hundred nmbar or to bel ow at nospheric
pressure. The vacuum chamber of the bonding nodule 301 is, for
exanpl e, evacuated to a pressure in the range of 0.01 nbars to 10
nbars or 100wbsabey ini figypan thecagparaius@f therpoesest in@nforrdracrding toAd paticular
evacuat i r ; t he
) Lm0 RobrdI LR ERAAE G dANBLEII:RhaNA 8BRS ool

first gate acuun1 nodul e at was
al ready evad@iEieddd ByaguE §hapger iafdh%P%@%%'@ P YR UBUIR; Ry v
transfer of cﬂwmbamtr@moﬁ@ﬁ@mwf@mséﬁ&mmbeyh@awmmmémzm t he
bondi ng nodule 1 th

| att
bondi 1g, oL B BE 8wl uRRb RIS B IRIEY Sy Bgoe o
chanber of t3mildyyredvacgumodube plovided me&es)s@r fpcK mpdule 21yl gnofpet éq:cuum

conpl eti gn Qfyniofig nV:!%F§5 trraf @e&ir@eteaapaﬁdtmbmrormefelta&Iemte&k?nodﬂaus
t he throughput can Si i can creased i s noted that

thr oughput. car 86 SLTBAVE GPERGTSHtng PEHESAC RS RBHE P BAATISER O10-
nodul e i s preepardedontaralessanpbid, tholad lvek nefitle Iaamtﬂlesblodcang)mmﬂm Myoerdi ng

modul e 1 of CE e oéu lgaﬁmg&{wﬁsﬁrﬁ&swam%%% qeﬁ ﬁhé‘né%aﬂé?@e' ve

t he al ready case | ock nmodul e
shal | al so bengipaed e thetraddeck nﬂqda'ﬁ%t@ﬁhedﬁron@!ﬁ%meﬁjﬁ%léan%ﬁ%%d P8 t he

bondi ng Mduh& islopefbd @fdmal wared iy irardsfirell 08 rdveck tHenekd 6ckInatiae 2be used
to output the bonded wafers fromthe bonding nodule 1 to the external

envi- 15ronment. In Figure 2 an exanple of the bonding nodule 1
accor di ng t orteHeadgpekseeriuld hinenbe oenfiggred as a one-wafer transfer module providing

one single wafer at the same time to the bonding module 1 or may include a multi wa-
fer storing systems for receiving multiple wafers via the second gate 8 and storing the
20 same and, then, providing these multiple wafers to the bonding module 1 at the same

time.

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 closed {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 m%Mh, in particular, more than 500 m%h. The load lock
module 2 is evacuated for example, to a pressure of about 1 mbars to some hundred
mbar or to below atmospheric pressure. The vacuum chamber of the bonding 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.



illustrated. The bondi ng nodul e conpri ses a vacuum chanber and is
connected to a punping device as described with reference to Figure
1. In addition, the bondi ng 20nbdul e conpri ses an optical system9
that all ows deternlnlng the exact position of- al i gnment nmarks on the
surfaces of the wafers to be bonded in the bonding nodule 1. The
optical system9 is only necessary if the two wafers need to be
perfectly alhgRacodhth mcronmeter pregision. This is t he:gaseuhen
the two mafe%wiPWQ@@m§Mﬂwcro com 25 ponents. By mcro cérpgonents

el enent s ar & “FEEFGRAI €Y 4t result fromtechnical steps carried out
on or in the layers that nust be positioned with precision. Thus, the
m cro conpordnt evapRjichise a0t Pveore wafsas e Wrenderadanenorening ofilie drst adie act

poi nt, or iRLgiHQRRRM &rf&%eréflﬂk@oowh@%@u@@mwagamaa@&va@medb the
|nterconnects In the case of rocess c nsi st - onky of ban ﬂg one

wafer with fsPETRBABEAST é'ft&ﬁtdar' i fgnsiet ;She A MO WERER TOHE
al i gnnment stieq lookynaink 2 fause ponaing Shaainledf the ketteoip hbicadosy st emdBplarie not

necessar y r?'r:éé[s%]rg%bﬂ%ﬁﬁveﬁ@‘ﬁgtﬁ%ﬂbtﬁ%gﬁﬁﬂh@ Breéshuiréﬁfﬂ Q\éécﬁnﬁﬂ éNFFnBeraof

first bondi a  secon
first wafer tnezb%ﬁfdg groge dranaragsary (f 3t alp é@‘ﬁé&’f‘i"@@"f“ "hﬂ’f‘@f%é’ﬁ@ﬁf?f@“d

chucks 10 angsihd tHaayst §gte TadRIs Ohe RdU@hpud EarCagnFRhRty bk therBbe. ai n
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 is hbied Behthertyoudhpuken be exslfutiermegyeasdy whemgrethes lopd insk

arrangedyd o n%lug |§ ;}J]%Vtﬁ@:lf fok §xaqﬁ?pléieﬁlth%3ef¥§dfnﬁls%lok bﬁe bbidd thSaukPB & Fqg

deformati on of the wafers due to e avoi.d
the shown ex$frbR¥ CHAFIEP F'I?:HO”@'S'/%‘[“@‘?H'@ o' e%ﬂ'végtﬂer?'@ﬁ‘i“’l RP”E%‘ES?‘CEYG Po a
control uni tthid 4askOiHelmtter ilcad daupudduregshiah elsdibs elametes hefoaf trdnster bbthei ng

chucks 1 andndes ddidls 1B Rl BEANLAR 1 %t?rﬁ}tf?r@% thé 1630 Rk BB ROt 1Y

align the two wafers over ont ro un
control s noRerHsed tom*ﬂmh@e@anqdew%%ﬁ&wnalecme%@ mpqulg A de e exigmabeny-
ot her unig | (bhgervaf ers 12 and 13 cone into contact for nol ecul ar
bondi ng. 15Figure 3 illustrates an exanple of a manufacturing system
20 conprising the appara-

In Figure 2 an example of the bonding module 1 according to the present invention is

illustrated. The bonding module comprises a vacuum chamber and is connected 1o a
pumping device as described with reference to Figure 1. In addition, the bonding
20 module comprises an optical system 9 that allows determining the exact position of

alignment marks on the surfaces of the wafers to be bonded in the bonding module 1.

The optical system 9 is only necessary if the two wafers need to be perfectly aligned
with micrometer precision. This is the case when the two wafers present micro com-
25  ponents. By micro components elements are designated 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 contact 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 9 are not

necessary.



tus illustrated in Figure 1. In particular, the manufacturing system
20 conprises a bonding nodule 1, for exanple, the bonding nodule 1
shown in Figure 2, and two | oad |ock nodules 2 and 2'. The

manuf acturi ng system 20 includes at |east a |oad port 21 for

i ntroducing wafers into the manufacturing system 20. A robot 22 is
configured to 20 mani pul ate and transfer the wafers fromthe | oad
port 21 to apyssirB@ivvi dual nodul e of tRe manufacturing sysdoeswR@no and
al so fronlo@FMWﬂd@P@mﬁ@WPhe other. The robot is noving al’§fffg a robot

. h h - Anwaltssozietd .
movi ng area “(Cindicated by dashed lines), to enable the transfer of

the wafer fromone place to another. 25In addition, the manufacturing

system 20 cdwphdrsier, hegloading mogie i gn PRIdpdpith a1TFSy ROPHRY B1ek &9 2Rh8

ggl nl surf SC%%%&]B boR@ng\&HueK $1 that éafﬁkﬂ@mt WafeP14 ARl IBRUABRAMN 13) gespyst em
. In order _to _minimze the sur e preparation tine, a second .

ol s ot at 147 CRBPEME BB 1Y T Yoy SRl & e Pet G P AL hay

the mai n surd=aedy of thb eaters\b @wis 3t Whereabio iitrk Hthe dhondindaehuekst i\aat dd.

Al ternatigely, sl%owﬁ SRR 1 ASER StALI18MofRneAR tREbseRY Bk 1tdhgab
surfaces to be bonded of each respective wafe

r. Afirst cleanin
station 24 iYRWYREEAUDPCAERREHCHHAM TR A 2881 § XuECaBY- i, gk
waf er and a eeemsdnof Banafeg diad ihen odbweightpaove dexbetio cl ean a bondi ng
mai n surface of a second wafer. The nmanufacturing system 20, further
conprises a control unit (not shown in Figure 3) for controllinq t he
robot means I2hefsbpw pxamnio thei apcahaysians 9 isneledyicalveoyplad tog Fagosypdtldm
EO_- Eor fﬁ?(aﬁ?ét%c%oﬁﬁbﬁ?rf@qﬁé Fi@é]%démehttd’rmél tféﬁd(ﬂjlhg Suckhel Jr@_th(inﬂI%'i;ﬂl Gneaddt O:

pick a first wafer. fromlo of. and transport J,t to plas
station 23; HfEFEY 'E@E‘%%’ Rﬁg?cé& a['?"ot f%oa‘ﬁaff)@%? ag%éin“éor??vgﬁghpeocrogg?lt to
cl eani ng st amitoa c@8rolsphademehienf thierd themhding thushs Pl asini te teach @her2gtiland
transport ityd Q.6ka3nhAds s hioRdst idOndhictr bdigingecond wafer from

cl eaning station 25 and transport 1t to |load | ock nodule 2'; pick the
first wafer fromcleaning station 24 and transport it to |oad |ock
modul e 215 armguldpiikktrdaanthadanbie st a antufacoaytysaheosombtigrg thbaypdrave

been pr 0C€S%§§I ilEiEan[{aEe%eiH q:?g?ugé gglnnpﬁﬁgéj%rlthg rrr%ﬁhlla&ﬁrﬂgo%gtehwo%( c&ﬂ&%l@? a2
and transport | 0 the Toad por )
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 activating
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 to clean a bonding main surface of a second wafer.



Al'l previously discussed enbodi nents are not intended as limtations
but serve as 20 exanples 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 sem conduct or
industry, it is applicable to different sorts of wafers or
substrates, that may present characteristics (for instance in term of
nat ure, S|2@p@ﬁw®£a@ed) different fromggthe characteri stimssdsygiuval
from a waf eréiggedifeperSgmasoni conduct or industry. It is al®8& to 25 be
under st ood that some or all of the above described features can al so
be conbined in different ways. Cainms 1. Apparatus for the

manuf act ur e TOf MeaHReEINGRYEIEN 24 yithes somprisanh R FANIRLUEANY SAUTE Figgdud e
conpri sing aor\baﬁwmgwﬂmheraas mmvim}@pmﬁyimgsmthwafaeufscmn@eystem

pressure beEﬁMFatnnﬁg ﬁﬁameﬁﬂﬁﬁgﬂéﬁgmfoﬂhe“¥ anggggg?dggetﬁgnnected

to the bondi or wa Frans
bondi ng nndule and connected to a first vacuum punpi ng de- 10vice

confi gured tp%kra%a%fem&nma@?wéﬁamramafmdlgagaagrqagta{mmale bel ow
at nos- pheric pressure; urther conprising a second vacuum

punpi ng devi ce connected via a con- trol valve to the vacuum chanber
of the bondipwy asedindevaen dromonddi pgtre dnd tarspert il ®dieaeing btetiqgpraéssure i n
t he vacuum chanber of the bondi ng nodul e bel ow at -
pick the first wafer from plasma station 23 and transport it to cleaning station 24;
10

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 load lock module 2; and

15  pick bonded first and second wafers after they have been processed in the banding
module 1 from the load lock module 2 and transport it to 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
the characteristics typical from a wafer used in the semiconductor industry. It is also to
25  be undersiood that some or all of the above described features can also be combined

in different ways.



nospheri c pressure; and wherein the | oad | ock nodul e conpri ses
a first gate that can be opened and closed for receipt of a wafer and
a second gate that can be opened and 20cl osed for transfer of a wafer
fromthe load | ock nodule to the bonding nodule. 2. The appar atus
according to claim1 wherein the |oad | ock nodul e conprises a nulti
waf er storage systemfor storing nultiple wafers to be transferred to
the bondi ng erpdub®.n25 3. The apparatyg according to oneri@bostAreLn

pr ecedi ng cFﬁ?%@”meﬂWﬁgma” onprising at |east one additicffél | oad

chwanhdusser ozie
| ock modul e ‘connected 1 e bondi ng nodul e and configured to receive

one or nore wafers bonded I n the bondi ng nodul e. 30 4. The apparat us
accordi ng t F1@MS of the preceding clains, wherein the bonding nodul e
conprises at least a first noveable bondlng chuck conflgured to hold

a first waf er an/g%? azﬁgorqg%?anu?acl?u EPP BH‘ICOiﬁlOﬁgJGF ngceg FIS‘?R . fromthe

first bondlng ch gure SeTon er *different
fromthe first wafer.

5 a bonding module comprising a vacuum chamber to provide bonding of wafers

under pressure below atmospheric pressure; and

a load lock module connected to the bonding module and configured for wafer
transfer to the bonding module and connected to a first vacuum pumping de-
10 vice configured to reduce the pressure in the load lock module below atmos-

pheric pressure;

and further comprising a second vacuum pumping device connected via a con-
trol valve to the vacuum chamber of the bonding module and configured to re-
15 duce the pressure in the vacuum chamber of the bonding module below at-

mospheric pressure;

and wherein the load lock module comprises a first gate that can be opened
and closed for receipt of a wafer and a second gate that can be opened and

20 closed for transfer of a wafer from the load lock module to the bonding module.

2. The apparatus according to claim 1 wherein the load lock module comprises a
multi wafer storage system for storing multiple wafers to be transferred to the

bonding module.

25
3. The apparatus according to one of the preceding claims, further comprising at
least one additional load lock module connected to the honding module and
configured to receive one or more wafers bonded in the bonding module.
30 4 The apparatus according to one of the preceding claims, wherein the bonding

module comprises at least a first moveabie bonding chuck configured to hold a
first wafer and a second moveable bonding chuck different from the first bond-

ing chuck and configured to hold a second wafer different from the first wafer.
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10.

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 {o a vertical plane.

The apparatus according to claim 4 or 5, wherein the first bonding chuck and/or

the second honding chuck have a bow below 1 micron or below 0.1 micron.

The apparatus according to claim 4, 5 or 6, wherein the first bonding chuck

and/or the second bonding chuck is made of metal or ceramics.

The apparatus according to one of the claims 4 to 7, further comprising a con-
trol unit configured 1o control the first and the second bonding chucks to move
to each other to locate the first and the second wafers at a predetermined dis-
tance to each other, release the first and the second wafers at the predeter-
mined distance and to initiate local application of a force to at least one of the
first and the second wafers such that they locally become that close to each
other that bonding is initiated.

The apparatus according to one of the claims 4 to 7, further comprising a con-
trol unit configured 1o control the first and the second bonding chucks to move
to each other to locate the first and the second wafers at a predetermined dis-
tance to each other and, subsequently, locally decreasing the clamping force
applied by the first and/or second bending chucks in order o hold the first and
second wafer, respectively, such that the first and the second wafers locally

become that close to each other that bonding is initiated.

The apparatus according to claim 9, wherein the control unit is configured to
control gradual or non-graduai release of the first and/cr second wafer upon the
first and the second wafer locally became that close to each other that bonding
is initiated.



The apparatus according to claim4, wherein the first and second
bondi ng chucks are configured to hold the first and the second wafer,
respectively, in a vertical position within |less than 10with respect
to a vertical plane. The apparatus according to claim4 or 5, wherein
the first bonding chuck and/or the second bondi ng chuck have a bow
below 1 micron or below 0.1 mcron. The apparatus according to claim
4, 5 or 6, wheresdwbhhe first bondi ng ghuck and/or the secassvdzamdi ng
chuck is ma gggﬁf@ggregﬁ,’;‘%mfgteram cs. The apparatus accor di’fféf t o one of
the clains further conprising a control unit configured to
control the first and the second bonding chucks to nove to each ot her
to locate tHé filajufaghuing Hesteacenmpriaey dbes agparaivup b R e PR ctiew®8ance
to each other, r@dipasetdeheorfdrisiag and the second wafers at the
predeterm ned distance and to initiate |ocal application of a force
to at |east one of the first and the second wafers such that they

| ocal | y becone thledebdswdtle ceafighredtihétrodurata Wafadinrie ngnufadtyring skl
The appargtus acgrding to one of the claims 4 to 7, further
conprising a control unit configured to control the first and the
second bondi ng chucks to nove to each other to |ocate the first and

t he second waf erspiasmampﬁmmragmrbmeﬁaedbm anpizems beatmelt ot lserfacaméiihe
subsequent |y, - g force applied by the
first and/or sec\gﬁ% %t g&ld%ﬁ%u ngi}a?thc?r &e%ﬁ]‘to hold the first and
second wafer, respectlvely, such that the first and the second wafers
|l ocal |y fipcone t habaridgas@iuleonfiiedab bBigdn hbalirdee otthe gafes ahdi ti at ed.
The apparatus according to claim9, wherein the control unit is
configured to control gradual or non-gradual release of the first
and/ or second wa# evvegylerobdienerng enfigimet! to rensped dredvalerfiem dneiheyoad
became that cl osg,{ QoA mza%m%o&utéahemﬁ@mgmb SarldNbdd :a&modu[éio an-
Manuf act uri ng system corrﬁrl Si na% the apparatus of one of the preceding
claims, further @B‘?ﬁﬂ"% gpe modules. a | oad port nodul e configured
to introdyce a wafer in the manufacturing sysbtem a plasma nodul e
configured tg pe t he wafer

i ntroduced |% th@gﬁgér?u? b&{dﬁﬁgﬁa&é@%@\w&iga qupggﬁ% %%tﬁgg o

configured to clean the surface of the wafer; and a m)veabl e robot
nmeans confi gur ededz@udtihg B SRQiukn cﬂnbﬁb%ﬁ@borfdir@ﬂ%@ﬂ@; of the load port
nodul e, plasma nodul e, cl eaning nodul e, and | oad | ock nodule to

anot her one of these nodules. 15 12. Method for bondi ng sem conduct or
waf ers, 2®npri si manstemmgstt st aoffrst wafer to a load lock module that is connected to the

bonding module;

evacuating the load lock module after transfer of at least the first wafer to the

sarme;
25
transferring at least the first wafer from the evacuated load lock module to the
evacuated vacuum chamber of the bonding module;
optionally adjusting the vacuum of the vacuum chamber after transfer of at
30 least the first wafer,

positicning the first wafer and a second wafer on a first and a second bonding

chuck, respectively; and



evacuati ng a vacuum chanber of a bondi ng nodul e; 20transferring at
| east a first wafer to a load | ock nodule that is connected to the
bondi ng nodul e; evacuating the |oad | ock nodule after transfer of at
| east the first wafer to the sane; 25 transferring at |east the first
wafer fromthe evacuated | oad | ock nodule to the evacuated vacuum
chanmber of the bondi ng nodul e; optionally adjusting the
vacuum of t kendasidsmn chanber after trgnsfer of at 30| eastodgdaerkhior st
waf er; posi tIgprtierydatiyf st wafer and a second wafer on®d*first and
a second bonélng c%uck, respectively; and noving the first and the
second wafer to each other by novenent of the first and/or second
bondi ng chuck such that a main surface of the first wafer and a main
surface of the seemithvaifseand e aktondaamne té badh ahed g Maveat of ofeltist
t hat _5b0nd| ng 1's n'dfc'n'rtule %t gg()ndllng;'cgnﬂ rru%ﬁ ﬂ%f’a ﬁ]%%osru%&zgoftﬂ% fﬁ'ét%a?r.jagd a
wherein the first and the "TELCETT Wat 6r s af & positioned in a
vertical positi onainisuffon df éessachrchwalgr incall coms pealtclase te eqaby gthar ghat
pl ane on g he firghdpge itifRecsecond bondi ng chuck, respectively, and
noved in 10that vertical position that close to each other that
bonding is initiated.
13.  The methed according to claim 12, wherein the first and the second wafers are
positioned in a vertical position within less than 10° with respect to a vertical
plane on the first and the second bonding chuck, respectively, and moved in

10 that vertical position that close to each other that bonding is initiated.



