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-dinmensional (3-D) integrated circuit technol ogy
where circuit structures fornmed 15 onlsubstrates, like for instance
silicon-on-insulator (S01) 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, | EEE TRANSACTI ONS ON ELECTRON DEVI CES, VOL.
53, NO. 10, OCTOBER 200Appanraiyes fzroMamsiagturhegoui | di ng bl ocks
of the 3-D circuit integration technology are, precision wafer-wafer
al i gnnent, | owtenperat ur  Sarhécorntierctond)eyices 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
offers hia£er density vertical interconnec- 25 tions and reduced
system power. Mol ecul ar bondi ng of wafers requires that the surfaces
of the sane diiedd gUUfifeniipent|y snooth, free of particles or

contam nation, and that they are sufficiently close to each anot her
to allow contact to be initiated, typical at_a distance .of |ess
han o few 30 RarsuTRLPhr s ion B o it Y A eaed e
forces of at tdedessiwiarelydtaerearatun eorpmisessafdndiog sodifefoctig mplegutan bongingi gh
to cause pFopagatkison fromthis |location of a "bonding wave" and

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

attraction - Van
Background of the invention

Three-dimensional {3-D) integrated circuit technology where circuit structures formed
15 on substraies, like for instance silicon-on-insulator (SCI) substrates, are bonded to-
gether and infegraied into a 3-D circuit with dense-vertical connections becomes of
increasing importance in moedern semiconductor technology (see, for example, paper
by Bums et al., entitfed A Wafer-Scale 3-D Circuit Integration Technology, 1EEE
TRANSACTIONS ON ELECTRON DEVICES, VOL. 53, NO. 10, OCTOBER 20086,
20 pages 2507 - 2516}, The huilding 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 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 altraction between the
two surfaces are sufficiently high to cause propagation from this tocation of & “bonding
wave” and molecular adhesion {(bonding induced by all of the forces of attraction - Van
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Sl ockmai r Sof ten & Schwart hausser - Anwal t ssozi etat Der Wals forces -
of the electronic interaction between the atons or the nol ecul es 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 the 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 5Weal s f%r%aggmf romthe point of initiation over th@omsos'ﬁﬁhg

surface of Cloabeeamidkagtme- tween thé two wafers (bondsa@
interface). &%myppeEser==ftslfecul ar bondi ng faces the severe probl ens
of bonding interface defects, |ike edge voids, wafer m salignnment and
waf er di st or Cieowagefoeet soiwid ddrirappie@racion beheel Bt pams beihe malganesdiir i ng

its assenbly gmé rfvgsJﬁgesro?ﬁw@Wéftha?‘éFéstB séacﬁmeﬁtﬁahhéiee% %ﬁa&%@ﬂﬁs not

the result o enentary transformations (translation, rotati
conbi nat i ons "HHERILSIT PR the Bondpr deineplaTureAdhesian SRR ’é?%g%%fy of
t he subst r at dstia(ion ®alcogespemtng. to Heatseerdingiioo pt ihe Mscases aftrtctibn Gfan Der
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bei ng assenbl fina bstrate. in fact, such distortions
can lead to \5‘5@&1%“8?1%’”?5?(%g'f@i”@ﬁa“(?? m cro corrponents formed on or

in the layer which may be in the order of several hundred nanonetres

or even mcr %%eve&rﬁlﬁ&uhhﬁﬁ@n&fa%&&hé béval% ﬂb?erd}% b&{amgﬁlﬁé}%édefé&s i's
not possible to correct co m sal |r8nrrent errors

during subsedfeffory Pt et %&“%WB{*&”P f‘“ﬁf?@ﬂ‘étﬁ?@” %Riealy Wi aPpeRt LG
dysf unct i tnaltragserilayerthting israsskebiyoed treayceiving sliisiraten vi ew of t he above
and in spite of the recent technol ogical progress there is a need
Such distortions are noi the result of elementary transformations {(translation, rotation
or combinations thereof) that could originate in inaccurate assembly of the substrates
(misalignment). These disiortions result from non-homogeneous deformations that
15  appeer in the layer while it is being assembled with the final subsirate. In fact, such
distortions can lead to variations in position of micro components formed on or in the
tayer 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 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 beonding of wafers for 3D integrated circuit technology with sufficient ac-

28 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, pto-

vides an apparatus for the manufacture of semiconductor devices according to
claim 1, comprising



for an apparatus for the manufacture of sem conductor devices that
provi des nol ecul ar bonding of wafers for 3D integrated circuit
technology with sufficient ac- 25curacy, in particular, alignnent,
reduced | ayer 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-nentioned need and,
accordi ngly, provides an apparatus for the manufacture of

sem conduct OEPTQQXJo&EhS according to claim1, conprising ﬂ%m@h&m{inng
nodul e conpr icgtefd raendadktisn chanber to spr ovi de bondi ng ofs«aat ers under
pressur e bel §iat e plrerieapr essure; and a load | ock nodul e
connected to the bondi ng nodul e and configured for wafer transfer 5
to the bondi mgonduhaiuerdmpdeimectaedat chaabér to plovidabending pUmeragnddevi ce

configured t Q. L&dlGSow DRohERIMSurkhnhe | oad | ock nodul e bel ow
at nospheric pressure. According to the invention nolecul ar bondi ng of

wafers is perfornmed in an evacuated vacuum chanber of a bondi ng
nmodul e. Si nce l¢ddéock ondilagpnnectguido fhe bonethgurndele a(pamtiguadd)fork@fer fanstem i t
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) , [
strength. In r%fjd'a%/ p Brﬁ,ss"‘\%gff‘ E\Ezoaaﬂo\éﬂq‘f”rog"ﬁ%l?ei?“feéraosfppgﬁpf%%w%vacuat ed | oad
|l ock nodule to the vacuum chanber of the bonding modul e thereby
si gni fi cant | b GHELBH I ehit? hdiQBRHhg 8w HAQTRARmER int dhCviiubRl art

vacuum bondi ng_ nmo Cﬁ%ﬂg' rS]! nce it he | crag, I ochk nodul e %row de$ \t%{\ _\wafers
to 15 the bondfHY QA" 8 &ponging Mai's ~LSE the SordngdEre g me 4n{sy a&a ssur e
of the evHruakedmyhbamrees bisarhed thaf bantieg iterfdéeipiassduthess eslge vaidsiaag from
vacuum pr ess WRifitAiphd M PESTk Githue 8tk tRShnMih€ SrahEhSIA 28ditidnh@ari@ndi ng
nodul e between two bocpgl n?H st eps gg‘?%fqgl E%H@t ep %nda1 sﬂt ep, of trr @gf er
of at |east GHUSAPEFS FrbecES RISt P ek MaBE o, PE e EHE bimen o
nodul e) is avoidimdmodiie thereby significantly increasing the throughput as compared to the
prior art vacuum bonding module. Since the load lock module provides the wafers to
15  the bonding module at vacuum pressure close to the low-pressure of the evacuated
vacuum chamber of the bonding module, switching from vacuum pressure to atmos-
pheric pressure and vice versa of the bonding module befween two bonding steps
{bonding step and step of transfer of at least one wafer from the load lock module to
the bonding module) is avoided.
20
The load lock madule is evacuated by a first pumping device, for example, to a pres-
sure of about 1 mbars to below atmospheric pressure {below 1 bar), in particular, to a
pressure in the range of 1 mbars to 10 mbars or 100 mbars. The vacuum chamber of
the bonding module ig, for example, evacuated by a second pumping device fo a
25  pressure in the range of 0.01 mbars to 10 mbars or 100 mbars, in particular, 0.1
mbars to 5 mbars. 1t is alsa noted that the temperaiure 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 mulii-
stage rotary vane pump can be provided, for example.



The | oad | ock nodule is evacuated by a first punping device, for
exanple, to a pressure of about 1 nbars to bel ow at nospheric pressure
(below 1 bar), in particular, to a pressure in the range of 1 nbars
to 10 nbars or 100 nbars. The vacuum chanber of the bondi ng nodul e
is, for exanple, evacuated by a second punping device to a 25
pressure in the range of 0.01 nbars to 10 nbars or 100 nbars, in
particular, 0.1 nbars to 5 nbars. It is also noted that the
temmrﬂureln t he vacuum chanber is kept at roomtenperature in
order to avoiegmitkitigpdi@n of the wafeérs due to thernal sxpansion of
t he waf er sedstoréeetorisirgtéeri al . The first and/ or the second punping
devi ces can be connected to the |oad | ock nodul e and the vacuum
chanmber of t nas Sdedibadia@nabdribaie sreppactimeahy/nechysaly s pieciipnved waont r ol
val ves provi (#&%oﬁa%ﬁ&%%&q‘n rqgcét\@lﬁ\seln@?sdthqg gx'éﬁr?etlggﬁy VB i, ﬂEéjénvchnt h the

first and the seco dIg tage rotary vane punp can
be provi ded, "5k Tesda P@‘ modile may bﬁ(?f’@@”“ﬁ‘l‘ﬂé’t’e?eﬁ’é aH Hensi toridkieAnding
encl oses al | nisdae snaediess apgahotimé het @by lgnedignekies rebevechitgplewdaess
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The | oad | ock g e con ure ecel ve an rans er to the
bondi ng m)dulﬂée f@ﬁ@r?ﬁéFé e sife 9f fig 1ea9 iRk Mofde gan qetm‘WWe‘E)%"CBH}‘?‘H gUt%d to
recei ve mul t ivphef ivak&uem shdnitat oftienbobaing thoduids het haauity hitacteh§ egenisg or i ng
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of the |l oad | e mnimzed such that the vacuum of the
vacuum chambé®" Bfhetaiier teadisiironasacan P"s'“?fﬁ?seﬁeaw ly affected by
openi ng aitggat e separating the bonding nodule fromthe | oad | ock

modul e duri ngy }f?r{c%rar A0 lS&k mduﬂtetnli‘a% c'oﬁlbﬁs@ra f%%&te tﬂaﬁ‘&ntﬁérdaﬂ%l%lﬂ can

be i ncreased. parti cul ar, nprise a

first gate t r?é?ﬁec'cfah‘eﬁ‘éptc%éﬁ@&réﬂﬂ aéF%‘E%éa‘Pd?at P%’b%? BFEE“%‘f X%E‘ W%f‘"and a
second gat e tthasferoanwhler fopethe adinck mbddedd the bondingamsifier Afef tha wakf ier
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received in the | oad via the o ate and the
first gat® i LRPHESHt ’i@g’d};@%‘"f%@" aF§YaCHﬂWE?WSOEHéQ?F @n start
evacuating the load | ock nodule. According to an enbodi ment of the
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configured

The bonding module may comprise at least a first moveable bonding chuck configured
to hold a first wafer and a secand 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 fo 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 vacuum chamber of the bonding module. The chucks
are movable in franslation and rotation in order to be able to position and align the two



to hold a first wafer and a second noveabl e bondi ng chuck different
fromthe first bonding chuck and configured to hold a second wafer
different fromthe first wafer. A 25 robot nmeans can be provi ded

i nside the bonding nodule that is configured to grip the wafers from
the | oad | ock system and position themon the bonding chuck. G ipping
can be achi eved by nechani cal neans, electrostatic nmeans or vacuum
(if the clanping vacuumis well bel ow the operating vacuum | eveI of

t he vacuum chanber of t he bondi ng nodule). 30 Two rmvabimmsr%g

chucks, posi Giflk WmbsG-g face, to support and clanp tHaSiar

may be provi éé‘dwaphwrfd’emeﬁ@’a\/acuum chanber of the bondi ng nodul e. The
chucks are novable in translation and rotation in order to be able to
posi ti on and watekgh frbhi@ eta\bh)othwa]iaehSoricﬁhgfchmtshfiilmeeb&whem:hﬁ’p!arE&t@ hs

bondi ng chuc écgés'aosgg REON LR etend%u%l’%'a%étts%cﬁﬁevg@%q\eafsthg%s' bl e,
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chucks are nmeheal of cermitial whith @ena ik essily wiibeled eadhineihtain éhee@siatity othbé or ned

and maint g n fhe d%@»mr;'cﬁ a& hﬁmﬁ geoﬁh m%qeﬁd% pranﬁeﬁm&ee@aﬁx' mim

devi ati on froma nedi an p pre era m cron or
even bel ow 0bf“W%PﬁWVOWéV%"lbIGE’WO1rfa'°r§%cond bond| ng chucks can be
configured/orientated to hold or clanp the first and the second
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with respect to a vertical plane, more particul arl Nz an angl e of
at nost abouttherfirsteag fhesarqas vRigs resReCtively: i 3 yeriebeestt ’N”:"Hm ’S?S‘r}aa“tw an
exanpl e, tte wihirespeditd aeaticabflarteh eowafadicaaryr @ittoar anteatf @timésilabms 1)

vertically wigfy, mﬁxpregtwot@a;@sméész,se&b@ingm ﬁ@amﬁ@w@ms&mse@mgl ng
nodule is located. In particu of the wafers are

orientated i NASHEE Of %‘tatt‘?‘ije(a\ﬂé’ﬁtﬁ V‘?f%amb‘?’ E‘H@Sp\ﬁﬁtﬁag?l"za'?{alp@”%f"’h?r%”é’”t han
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10, and even ;R4 RciRdd fo'tﬁéJ\;e@trcLlEypiaan&tﬁa@Qng@é‘&llésQ{anéﬁomtmﬁpﬁ%cul By
this orientation, deformation of the
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vertically wi{ E"mnm nnecF ametter can re ta%!yvge processeg eln pargecular the {lrst ang the second

bonding chucks positioned vertically within less than 10° with respect o a vertical
20 plane.

The apparatus may also include a contro! unit for controlling operation of different
madules of the apparatus as well as the transfer of wafers from one madule 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 alternaiives, as for example disclosed in
US20100122762. According to a first approach, the clamping is released to free the



20pl ane. The apparatus may al so include a control unit for
controlling operation of different nodul es of the apparatus as well
as the transfer of wafers fromone nodule to another by neans of
robot means. If required by the application, an optical positioning
system can be provided in the bonding nodule that is operated to
identify the exact position of alignnment marks on the wafers, and the
two chucks are then noved in translation and rotation to align the
wafers in accordance with the identified alignnent marks. The actual
mol ecul ar  boFiH0 rhbRc&ssscan be contrblled by the abov'&;"f%’”ﬁ f"Sned
con- trol unistergedesedirtitiotd di fferent alternatives, as for exanple

di scl osed in US20100122762. According to a first approach, t he
clanping i s med e&sedrolohéir @fick, Aed ah woditvadl @srse rappnet hasklly 1 Bagds intnd an
addi tional f%a?eecdnﬁacﬁ}gﬂe}n% of tl%cfclt ||1g}/ w%@cugﬁvﬁ&s&gﬁthmﬁﬁm ngﬁtf:axe t%

terms of the Initiate the
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control unit ure first e second bondi ng
chucks to noFEYd @é’&ﬁ cBrgefo Peyeltd eanetieh R Ipqefestie HiRtpndie eaendie-
waf ers at a perediat eedeieneidedisiras oeativoteachleadehier firsthed Baseobdweaférs r st
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10 such that suttepatltiogyaddayy lpecoathat ek (€ basetteotheidmhdind dritiatddabiere
bonding is injf Enalﬁeeﬂiiowh’.% i @HErsloBy IhQPoofnéHJud QWML d 'b% mbéc&ﬁ?%@&e’éfa&ﬁkﬂ t hat

bonding is initiated nol ecul ar torce en
surfaces of tI5ReRAE r”éa”t *ﬂ’é{f‘ceﬁ &lBe pakr %Qﬁﬂﬁ‘beat??ﬁg Bpr?a(?E‘:éq @PS?'éS t‘é%ﬂ?H

ot her and ar etitcoatiardiomdédided5Accordi ng to a second approach, the
intimate contact is first created, and then the un- cl anping of t he
wafer is erfor r adual | timate contact
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bonding wave propagation. The latter approach is easier to implement.

256  Accordingly, the apparatus according to the present invention may further comprise a
control unit configured to control the first and the second bonding chucks to move to
each ather 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 [ocally become that close to each
other that bonding is initiated.



control unit configured to control the first and the second bondi ng
chucks to nove to each other to locate the first and the second
wafers at a predeterm ned di stance to each other and, subsequently,

| ocal |y decreasing the clanping force applied by the first and/or
second bondi ng chucks in order to hold the first and second wafer,
respec- 30 tively, such that the first and the second wafers |locally
becone that close to each other that bonding is initiated. The
control unit be conflgured to control gradual or non-gradual

rel ease of tﬁﬁﬂgf%%&“ 2adiar second wafler upon the fIrStsﬁdﬁwFﬁD
second waf er #Fiyeafubsy -etarmE t hat cl ose to each other that bonding is
initiated. 5 The present invention, noreover, provides a

manuf act ur i nghse yaitemntses 2l eafigdetad battoldiratussinon-glaeld vdeac@opihé Si Ng
the apparatu t

compr 1 o ng. et ety ifer TRGY RIS Ehl oE IR oA et M o,
(from an extéPﬁﬁPQQHVFW%HWH%P$“Qﬁ”ﬁ@wﬁhe manuf acturi ng system a

pl asma nodul e configured to performa plasna treatnent of a surface

of L he valel thDblodfethib mollR PR L Wieh o TR lm a8 C) 82RO

modul e configured to clean e surface o noveabl e
robot neans CERISFGH P@ﬂ”k@”‘??‘%s‘%?ﬁpa{aﬁ‘é ofefteet t’?r%?ﬁ‘feo‘jr?écrt'if’d PrREPiEd ad
port nodul e, =pli asna comgtising, cl eani ng nodul e, and | oad | ock nodule to
anot her one of these nodules. 20 One or nore plasna nmodul es can be
provi ded for activating one or both of the main surfaces of wafers.
The cl eani ng anRAfLACE dlls senfigwad &y NEyRS feeafer{&om gp £XEER) SBYIPRENtAT er s
that are to be bontedrigsysaeh ot her in the bondi ng nodul e. The robot
means i s configured to nmani pulate and transfer the wafers fron1the

| oad port to a i ndi vidual 25 nodule, and al so from one nodul e t

t he ot her. 4%886?0"?@ cpfioree i RETIPYN HBIRTIRTSRIRTG O FERG O FPS\)’Y%
area, to enahﬂedmhewﬁh@msmimﬁMMQ&mbmmafer from one place to another.
The system may al so include a control unit controlling operation of

t he individual nodul es and transfer of the fer t he robot neans.
SO The abH@efﬁﬁﬁPW%ﬁﬁgﬂﬁﬁﬂﬂﬁW?t%ﬁ%ﬂ”@ﬁﬂwg? iTﬁ% herei n provi ded

nmet hod for the bondi ng of sem conductor wafers, conprlsing t he steps
of evacuating gowand %%%@%ani@&m@toﬂ%gﬂoﬂ%wgw ffom one of the load port
module, plasma module, cleaning module, and load lock module to another one of
these modules.
20
One ar more plasma modules ¢an be provided for activating one or both of the main
surfaces of wafers. The cleaning module cleans and/or brushas 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 cther. The robot is particularly 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 methad for the
bonding of semiconductor wafers, comprising the steps of

evacuating a vacuum chamber of a bonding module;



transferring at least a first wafer to a |load |l ock nodule that is
connected to the bondi ng nodul e; 5evacuating the | oad | ock nodul e
after transfer of at least the first wafer to the same; transferring
at least the first wafer fromthe evacuated | oad | ock nodule to the
evacuat ed vacuum chanber of the bondi ng nodule; 10 optionally

adj usting the vacuum of the vacuum chanber after transfer of at |east
the first wafer (if this is desired due to quality reasons of the
bonded waf er ositioning the first wafer and a seco on a
first and a §%E R34m iAg chuck, resgectively; and 1SQQM&®L£&fhe
first and thés%@ﬁﬁﬁﬂ'WﬁF%¢ﬁ%o each ot her by novenent of the flrst
and/ or second bondi ng chuck such that a nain surface of the first
waf er and a main surface of the second wafer locally cone that close

to each ot heqrarﬁslf@ﬁnggplgégt Qgrs{ v?afér% L 10@@ ng mgtﬁllthé?%chh&%@bthé Qﬁdlf\é rst

and the second ma ers can be positioned on the first and the second
bondi ng chucR%!&spectively, in a vertical position within |ess than
100 with respect to a vertical plane and noved in that verti cal

posi tion tshafev&haﬁgmfe%ae%hmgém@aﬁe; ba%feba@@nbmthb%rs\ Ribdi@ihdam®> The
present invention furthernore provides a bonding nodul e conprising at

| east a first noveabl e bondi ng chuck configured to hold a first
waf er; and transfarirget Bag tvedirg adafeefrivo fiei epgpuatad bhd Bk feduit tHeravasut he

first bond|nguﬁbgggm%anﬁﬁgﬁmggggﬁ§go&mehoId a second wafer different
fromthe first wafer;

10  optionally adjusting the vacuum of the vacuum chamber after transfer of at least the
first wafer (if this is desired due to quality reasons of the bonded wafers};

positioning the first wafer and a second wafer on a first and a second bonding chuck,
respectively; and

15
moving the first and the second wafer to each other by movement of the first andfor
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 less than 10° with
respect {o a vertical plane and moved in that vertical position that close to each other
that bonding is initiated.

258  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 honding chuck different from the first bonding chuck and config-

30  ured 1o 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



vertical plane. The bondi ng chucks can be configured to hold the
first and second wafers by mechani cal neans, electrostatic neans or
vacuum The first and the second bondi ng chucks of this bonding
nodul e are positioned verti5Gily within I ess than 10with respect to
a vertical plane. Further, the bondi ng nodul e may conprise a vacuum
chanber and the first and sec- ond bondi ng chucks are provided in the
vacuum chanber. This bondi ng nodul e can be conbined with the | oad

| ock nodul e gggg&% ed above in the conf ext of the appara@gedfxhys for
t he manuf act vre«xalneenseanduct or devi ces. Eventual ly thevie 1S

provi ded a bt HY“EHICk€8nfi gured to hol d a semiconductor wafer
that is to be bonded with another sem conductor wafer such that the
sem conduct owewied pland. Shentminding ehugkswaen bé canfigysersio thpld theviirst Aiichseb@gisvat han

10 with respegs bﬁrﬁetﬁaﬁﬁ% k&) eldkBodiht@ Rand & vBRAGHI cul ar the main
surfaces of the wafer are orientated inclined to the vertical plane

with an angle of | ess than about 10, nore particularly, wth an angle
of | ess than Tapéust antiOhe seaehdebpadingnehuckspihisi twoding mgduleire hosiinethigite of

at nost  abputcaily.withil Idagihkh ¢t respclBhRessdibase of the chuck that
contacts a main surface of a wafer can be orientated vertically

within 10mth respect to a vertical plane. The bondi ng chuck may 20
hol d t he waf dwrilyy, theelkdnding mativisreansompsset vacyen ghdnbenangie Gst apdéepum

Addi tional feas u&@m%&ﬁk@%w&ag@& 16 vaelign Q{a%&ntThisfb\éﬁﬁMd rﬁdsuuw' dah be
descri bed mn%p ref.

et or ence | s TraREOPe R Re s g HR Bt e ok 08 RSB R
i |l ustrat® prieffer rednaswisotirereigesigindpdier deyigention. It is under-
25stood that such enbodi ments do not represent the full scope of the

i nvention. Fi .U exa i,nventiv ar at us
for the nnnuf%(g:l?tﬁar"éme?e % Sro"é'n“al con°3§'8 un@(é?/rm%urect %OEd s mlconﬁggrp\gﬁ ng

modul e and afﬁﬁﬁﬂﬁﬂeékaﬁH®W@‘@Uﬁﬁé@ﬁ@@n@§KﬁM@mb@ﬁﬂﬂﬁbmﬁﬁ@ﬁ$@wu°

tor wafer is held in a vertical position within less than 10° with respect to a vertical
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 105 mor e particularly, with an angle of less

than about 105 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 he

ortentated vertically within 10°with respect to a vertical plane. The bonding chuck may
20 hold the wafer by mechanical means, electrosiatic 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. 1t 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 load lock module con-
nected to the bonding module.

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



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

t he present invention. EP71154RBOXyth10F10/0605M RK ALD K. !

fl anker, Kinkel day, Stockmair&vac & Schwanhausser - Anwal t ssozi et at
Figure 3 illustrates an exanple of a manufacturing system conprising
the apparatus illustrated in Figure 1. As shown in Figure 1 the
apparatus of the present invention according to.-a particular 5
exanpl e conprises a bonding module 1 and a | oad | ock nodule 2.
Bonding is per in a vacuum chanber of the bondin 1. The
vacuumin theﬁnmgggﬂhahamher of the bdhdi ng nodul e 118q§§£§%k35hed by
a vacuum punpgiffgrireenevassofefat i s connected to the vacuum chanber of
the bonding nodule 1 via a control valve 4. Simlarly a vacuum can be
provi ded in tiyerel Ditubirbies kn aatpleaf 2 nmyuiacioirgeysteracouprishg thelapparalgs means
5 that is coppaptssh BYuanot her control valve 6 to the |load I ock
nmodule 2. In an alternative enbodi nent, a single vacuum punpi ng nmeans
is connected by separate control valves to both the |oad | ock nodul e
and the bondeghmmduFeummhhemuﬁmmsmhmemaadﬁhwakbmaduﬁ@gzn@gﬂﬁmhses a

first gate e&gﬁﬁle béanQé%nﬁgon\ﬁﬂg %o@ulmfdﬁa a' I&Jlﬁﬁqﬁéo‘ﬁrerﬁ@oﬁcﬁ@% bhe | oad
| ock nDduIe to the bondlﬂ%ﬁ h} dan Sec g ﬁ@ ﬁ that is
opened when &°TREY B2 YaSUyT SAT0AF Pidhe Byndige I“B’gﬁ? A uqrerd T K" Podul e
2. The | oad Icbakbenpidie sordingenpdite 1 tsorsfabliphedloly mvacauro pempied eeans Sard f er
m)gu: e Er ovi ci Mn&ﬁbﬁ t8 'tH%gJa&uWh‘ﬁhb&tof il’lé%oﬁ@r@médlﬁ@1 {iQ alcBgrob @i 19
noaul e or I nclude a OI’ rece|V|ng
nul tipl e waf e‘?%"aw a "f‘%ms“é‘géﬁom@'%g 'rBt%Sﬁc&ngTcérr?WE%t%@ Brclhf v
10  pumping means 5 that is connected by another control vaive 6 to the load lock module
2. In an alternative embodiment, a single vacuum pumping means is connected by
separate control vaives o both the load lock module and the bonding module. More-
over, the load lock module 2 comprises a first gate 7 that is opened when a wafer is
transferred from the load lock module 2 to the bonding module 1 and a second gate 8
15 that is opened when a wafer Is transferred by a robot to the load lock moduie 2.

The load lock madule 2 may be configured as a one-wafer transfer module providing
one single wafer ai the same time te 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 info 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¥h, 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 o 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 fo 10 mbars or
100mbars, in particular, 0.1 mbars to & mbars.



20 same and, then, providing these nultiple wafers to the bondi ng
nodule 1 at the sane tinme. According to the present invention after
one or nore wafers have been | oaded into the |oad | ock nodule 2 and
the second gate 8 has been closed (the first gate 7 is kept 25 cl osed
during the | oading procedure), the load | ock nodule 2 is evacuated to
sone predeternined pressure. Evacuation may be provided by the
punping device 5 at a rate of between 2.5 and 1,000 ms/h, in

parti cul ar, n 500 nB8/h. The Ioad | otk nodul e 2 at ed
for exanpl e, %gmgomfha,sswmer of about 1 'bars to some hund Jfggl\'{%%%r or

to bel ow at nﬁ§ﬁf?@?‘i“€’ Br&cgdft e. The vacuum chanber of the bonding
nodul e 301 is, for exanple, evacuated to a préssure in the range of
0. 01 nbars t G\ikOevatamtion the orbGO moer wafers are randfered lupen oplnidg oft@rfsstgaie 5

nbars. After; t@‘t’h%%éﬂuhx%a&lﬁé? oPﬂH@ ba{dmﬁla{o@ulwfttﬁlf ﬁasae{u%a&yr &E@E@H Byeﬁ%e upon
openi ng of the fir ate hanber-

bondi
moaul 71°t hat AU Bek St A Bu By ST F AQE® BUAGE NG e g
Si nce duri ng itddilsckinrcainis 2ae thefbotdig oereleol thenBtier inadtexwoséd pratrdeghdrioad

| ock nmodule Z,4Quk RAY b@ﬂﬂél?gligﬂpéﬂy”sﬁne%t bhge br@&gu?erof'ﬂ% J&Qﬁun@&ﬁ%@doft 0
at nospheric

sur e
pressure of t“ﬁ% QEWW@%&%&E?@SW X’Bahﬁfl%%p'%hﬁﬁée ‘faffe”raﬁéfﬁreaélgary
(if at all) afasiegthedirspaie ¥.ghusthetiireughptit ean sigréinafipbe aerdasetiosi ng t he
first gate 7. Thus, the throughput can significantly be increased. It

is noted that, the ut c n be eve ur.t her reas
s moted that, Lhe. b I ouaouL S0 ek b e e B Re e
| ef t - handi®&i deodoke ig previded nfdi axgmnib.ctmltkee Igft-kefndfEidg ot e b.oramd rr@dwimégtlim to

the bo tnﬁ' ngt qrméiula@ cbnieRieH aFRe y@mmb @madué e@dyceh,e E}@Qﬂeé/@fb@fﬁcﬁd whirst i S
case, e o0

Cranster of UHE BonBeGTRGFET B PR HE" BORAF A TRALE 40T reroier o e
Al t er nat i vel yhondagewdfesatiorh dekbondintuinedute © Aleativeisdiek ipad lotit fp*eﬂtu|9t1h@n

bonded waf er Soest@éﬁotJﬂ%thQ@ Bérasd WEre n8mind onling mBANET RBhe 8RMhal envi-
15ronnment ,_In Fi %\lfl/re an exanpl e of the bonding module 1 according
ent

to the pré%en? T ion is illustrated. The bondi ng nodul e conprises
a vacuum chanber and is connected to a

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 to a
pumping device as described with reference to Figure 1. In addition, the bonding
20 rodule comprises an optical system 9 that allows determining the exact position of

alignment marks on the surfaces of the wafers 1o 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-
256 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 componants may be active or passive components, a mere contact point, or
interconnections, like surface copper confact and interconnects. In the case of the
process consist only of bonding one wafer with micro components onfo a virgin sup-
30 port wafer the alignment step may and thus provision of the optical system 9 are nof
_ Necessary.



punpi ng device as described with reference to Figure 1. In addition,

t he bondi ng 20nodul e conpri ses an optical system9 that all ows
determ ning the exact position of alignnment marks on the surfaces of
the wafers to be bonded in the bonding nodule 1. The optical system?9
is only necessary if the two wafers need to be perfectly aligned with
m croneter precision. This is the case when the two wafers present
mcro com 25 ponents. By micro conponents elenents are designated
that result fromeleghnical steps carrigd out on or in thg.layers that

nmust be posi t@mzﬂe@l'mwethoclpzﬁuem si on. L] the mcro conpoaents nay be
active or passST*CEnPEIERts, a rrere contact point, or
i nterconnections, |like surface copper contact and interconnects. I n

t he case of tﬂwehem@reetbe bensinginsqdulgril iy peliderbwith m§rsblipredinen Plauck WP tahd &i cr o

conponent s OnRk&bnd bMdcir@loﬂu&ﬂl%ha%@faaﬂ@&thrsv\@éf&r 12t 408 adbtHANBRY 15 t@PedTBY
and thus pro yst &

R her P el e Rineind St 1 5 YRR R raBel P o SRR el ng
chuck 10 and riang@yefiiie waierdil A gndcTubloereas plirigured thgrpending chusks 1lednd212

gnd adsec?snd df@ilﬁaﬁvnl@hold‘ @8 PR wsiuw 13TH6ﬁzdaﬁmd&H&gaoﬁ&]ht]g&ﬁlﬁ%0Ha%’hd1il rzray
e made o [ of. t ers
and 13. V\hepg'te ad9aneg§ousmb§%rtr%nge% dq.new %%Eg Ttl% VQHECE?LI& asrcgs%hovm
to hold the \ﬂaﬁéﬁ%wwﬂam\mafa_rsdwlait@mﬁwewelyhtcerh!ee gyoider ng chucks 11 and
12 may advant ageously be arranged to hold the wafers 12 and 13

vertically. I|Qg‘1\?gh%~ndea§xﬁﬂle qﬁ JT.EB\A%S‘? m 8 is %!glﬁ‘lc%ﬂ/ﬁ glgj?etdqgg ctgn ro lfn%l‘lli

wei ght can be
el ectri call y teabispraavting the dsplhesnsint Qfﬁhetbomdmm@wiﬁdﬂ ai'@%:%n‘b%u?'ﬁﬂﬁg?nﬂ he
di spl acenent i9fotdtib® iberaeh 16 gerfebiyClign thd wawatdre 14 b mﬁloﬁbﬁdﬂ,eh@mhr&m

rotation) in g 4eLod B RELLEEE L AbiBbohlg, LIBMALRE 52 b2 ANGd Sy

Mor eover, the ntr Rement 6 ondi ng
chucks 11 andheafers 12andi 3gpme iniagepiept fermolaguipidoading and 13 come i nt o
contact for nolecular bonding. 15Figure 3 illustrates an exanple of a

manuf act ugg OGS fiBials GRBRIY 90 36 ADRY's gst?rﬁ us Adrhdnh’i%{nétagéjaré "

Figure 1 t1c acturing
bondi ng rmdul"E'S Hlustrpige e KigHig] e In PRECUSHHER ﬁtj"ﬁ‘fﬁﬂ‘dﬂ“@ systey gQCBISES Gur e
2, and two | amddikgpebkdueddubresarplantle Bondinfheodi@nuéaeh i Figge 2y SiEmio20

i ncl udes at Iy g&@ﬁrﬁck%oldggs% % % The mfgﬁf?déﬂﬁg%iéﬂ é‘t‘)gnﬁ(\lff?igseéﬁeagtrg Bad

manuf act uri ng system
21 for introducing wafers into the manufacturing system 20. A robot 22 is configured o

20 manipulate and transfer the wafers from the load port 21 to any individual madule of
{he manufacturing system 20, and also from one module to the other. The robot is
moving along a robot moving area (indicated by dashed lines), 1o enable the transfer
of the wafer from one place to ancther.

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 grder 1o 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 agctivated. 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 fo clean a bonding main surface of a first wafer and a second cleaning sta-
tion 25 is provided to ¢lean a bonding main surface of a second wafer.



20 mani pul ate and transfer the wafers fromthe |oad port 21 to any

i ndi vi dual nodul e of the manufacturing system 20, and al so from one
nodul e to the other. The robot is noving along a robot noving area
(indi cated by dashed lines), to enable the transfer of the wafer from
one place to another. 25In addition, the manufacturing system 20
conprises a plasma station 23 for activating one or two main surfaces
of the wafers introduced into the manufacturing system 20. In order

to mnimze thesamhfce preparation tige, a second pl aspgosfihion
coul d be addedp=kifkinedaesepgfier processi ng requires that thetmain

surface of bStHWBFE€*¥E™Be bonded need to be acti vat ed.
Alternatively, the sanme plasma station 23 can be used 30 to treat
surfaces to Jéepgndentring suierhed bigprs cenrisenmewiro! unit fnoyshpwiindiguierty

st ?t ion 34 i Sormbmwidi@iﬂ\etr@oﬂh@'ﬁa Zjﬁfnﬁﬁgﬁb&%g%eﬂg mmefraﬁ@faletﬁﬂ@ sfyét%rst "

waf er and a nd cl eani ng.station [ vided,.to cl ean a bondi ng
mai n surf aceig’fclpoég)éaén@geh{cﬁle\?\g}“gt%h W%Hgon?r%ir%%f rgfé lTrelggthzzé?/‘st em 20, further
conprises a control unit (not shown in Figure 3) for controlling the
robot nears 2&khoist ifariRRO64d jag 20ahEFmsion itth Bagimiyidiactsyr i ng system
20. For exanple, the control unit may control the robot neans 22 to:
Spick a first wafer fromload port 21 and tpansPott it to plasm
station 23; R sgeosdwaigtiramiPet Pidd /Y trigPpotie cleaningriiptien Zhsport it to
cl eaning station 25; pick the first wafer from plasma station 23 and
transport it ¢ I I I ; J ' r from

cl eani ng st atp}icg ﬁ%j@s@%ﬁ%&{cﬁ@ﬂ%&g@ %tta%?? 233%d{?%§4§o{t E@k&eﬁtﬁ)‘%ggwgfz?’ pi ck the
first waf&# fromcleaning station 24 and transport it to |oad |ock
nodul e 2; anickSheetdndbardreh tiedriiy samch Zemo nanspat efcSoadlidecr motibey; have
been processed in the bonding nodule 1 fromthe | oad | ock nodule 2
and transport it to the |load port 21. Al previously discussed

enbodi ment s &% Mhedst vareIREeana siaiin 24t s Henspet it e dag clggodule 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 to the load port 21.

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

20 examples illustrating features and advantages of the invention. In pariicular, 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 substrates, that may
present characteristics (for instance in term of nature, size or shaped) different from
the characteristics fypical from a wafer used in the semiconductor industry. It is also fo

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



20 exanples illustrating features and advantages of the invention. In
particul ar, and although the inventionlés been described in the
context of wafers for use in the sem conductor industry, it is
applicable to different sorts of wafers or substrates, that may
present characteristics (for instance in termof nature, size or
shaped) different fromthe characteristics typical froma wafer used
i n theCi&MMSonductor industry. It is also to 25 be understood that
some or all of the above described features can al so be conbined in
different ways. 14 CLAIMS 1. Bondi ng nodul e for bonding

sem conduct gr fers rising a. punping device; a. yacuum chanber
connected tg ?%ﬂ ﬂ%ﬁEEBU&EQ%egwgwg C%%FF@%F’§¥%Q%W%bonfigured to
determ ne the position of alignment nmarks on the surfaces of the

sem conductor wafers to be bonded in the bonding nodule. 2. The
bondi ng nodBPEMREELERMIFR] to claim 1, further conprising at |east a
first noveabl e bondi ng chuck configured to hold a first wafer and a
second noveabl e bondin% chuck different fromthe first bondi ng chuck
and confi guae&dcywn lsbbrbar sevmetediaftee pdinbirgr devicef eoth t he first wafer.
3. The bondi ng nodul e according to claim2, wherein the first and
second bondi ng chucks are configured to hold the first and the second
waf er, respam tdp\nedalysys'tmn aconfigtiiedalo gateimhinerthei ptd&iti@nl @fsslignhaamt I08rkwidrhthe

o3P o Bal e Pt R A 6555 P T

2. The bonding module according to claim 1, further 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 configured to hold a second wafer different

from the first wafer.

3. The bonding module according to claim 2, 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.

4, The bonding module according to claim 2 or 3, wherein the first bonding chuck and/or

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

5. The bonding module according to one of the claims 2 to 4, wherein the first bonding

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

6. The bonding module according to one of the claims 2 to 5, further comprising a
control unit configured to 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 fo
each other, release the first and the second wafers at the predetermined 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.



t he second bondi ng chuck have a bow below 1 mcron or below 0.1

m cron. 5. The bondi ng nodul e accordirg to one of the clains 2 to 4,
wherein the first bonding chuck and/or the second bondi ng chuck is

made of metal or ceramics. 6. The bondi ng nodul e according to one of
the clains 2 to 5, further conprising a control unit configured to
control the first and the second bondi ng chucks to nove to each ot her
to | ocht e tTee bondihganddilbeaczeontmyl tovadner of dte alajne @etee 5mifurthebr dicsdizte a

to each ot her el.ease.the first d the second wafers at the

br edet or i rgiiteg] ShERTEAGE lo el Ms B3P a3E R pesteidnaicnhiioks go move to
to at |eastesuneotér th@chicr b MEtdaridthesesRRd WIFERY &t & pedtdidriindditance to
| ocal ly becone that close to each other that bonding is initiated.

15 7. The L YgenBod Bibseausrdivnipopldy dseregsinghbe lanig forss applied by the
further compi 8hH8r 2eC6Ad MY EnGAE! indBFRE thOn@@nthE Hrst BRA fddodhd aRster,
the second bondi ng chucks to nove to each other to |ocate the first

and t he seoespedintlyr sueh thatjhe destand thedsatbed avaferstlocalycheaoneethadglbse to
subsequent | I Iggﬁf i e clanping force applied by the
first and/&%“?éggﬁghé%n |H§fcﬁﬂgﬁégin order to hold the first and
second wafer, respectively, such that the first and the second wafers

| ocal | becgne,.that clo to each other that bonding is .nitiated. 8.
e botiar ng e aerEhadieRle AfedBg & di ToibeBh e Sotdol it s Fehfioygd o
confi gured éehti@piddabl O ashigtadotl Aseser efdtalkirdtelndaseseebnd afdr uppn the first
and/ or second wafer upon the first and the second wafer |ocall

becarme t hat2d J3& segorAMABE trqallY eacapth didgolPse it e3cit ga'n_ergthaﬁl-pgnding is
bondi ng nodykigieaccording to one of the claims 6 to 8, wherein the
control unit is configured to conpute the displacenment of the first

and the second bonding chucks in order to align the first and the o
second®waf eflae bonding module according to one of the ciaims 6 to 8, wherein the control unit is

configured to compute the displacement of the first and the second bonding chucks in

order to align the first and the second wafers.



