Method and Device for Bonding of Substrates Specification The present invention pertains to a
device for bonding of first substrates to second substrates according to Claim 1, as well as a
corresponding method according to Claim 7. The production of wafer stacks (stacks) from at least
two substrates is done on bonding systems with high acquisition costs; the bonding process involves,
among other things, high temperatures and is frequently time-consuming. Accordingly, in
semiconductor process engineering there exists the problem of low throughput, correspondingly high
costs per unit, and high energy consumption. This problem arises to a greater extent for applications in
which very small substrates need to be processed. From today's point of view, substrates with a
diameter <= 6", especially <= 4" and in extreme cases <- 2" can be viewed as small. The object of
this invention is therefore to present a device and a method for bonding and prefixing of substrates
with which it is possible to hav¥silifgred Bricyfsiondinerésshsimeunit, and energy savings in the
bonding of the substrates. This object is achieved with the features of Claims 1 and 7.
Advantageous developments to the invention are indicated in the dependent claims. The invention
also covers all combinations of at least two features jndicated in the specification, the claims, and/or
the figures. With regard to the value ranges %SFég?éﬁ?Q/alues lying within the specified boundaries are
intended to be disclosed as boundary values and to be claimable in any combination. This invention is
founded on the basic idea of, especially using a standard bonding chamber, bonding multiple

substrate steRkm g aHeAAnAEAASK) o,eath g n 2 savler subsiale and that consit of a eas
according to Claim 1, as well as a corresponding method according to Claim 7,

The production of wafer stacks (stacks) from at least two substrates is done on bonding systems
with high acquisition costs; the bonding process involves, among other things, high temperatures and is
frequently time-consuming. Accordingly, in semiconductor process engineering there exists the
problem of low throughput, correspondingly high costs per unit, and high energy consumption. This
problem arises to a greater extent for applications in which very small substrates need to be processed,
From today’s point of view, substrates with a diameter <= 67, especially <= 4" and in extreme cases <=
27 can be viewed as small.

The object of this invention is therefore to present a device and a method for bonding and pre-
fixing of substrates with which it is possible to have a higher throughput, lower costs per unit, and
energy savings in the bonding of the substrates.

This object is achieved with the features of Claims | and 7. Advantageous developments to the
inventjon are indicated in the dependent claims. The invention also covers all combinations of at least
two features indicated in the specification, the claims, and/or the figures. With regard to the value
ranges indicated, values lying within the specified boundaries are intended to be disclosed as boundary

values and to be claimable in any combination.

This invention is founded on the basic idea of, especially using a standard bonding chamber,
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As an independent invention a device for bonding first substrates to second substrates is therefore
provided, with the following features: receptacle to receive one or especially multiple carrier
substrate(s), a placement device to place multiple first substrates on the substrate side of the carrier
substrate that faces away from the receptacle, and a fixing device for fixing each of the first substrates
on the substrate side on at least one fixing section of each first substrate As an independent
invention, a methaod is also provided for bonding first substrates to second substrates with the following
stepg?® 85%&?&1@%&%@% i &“@Eﬁfﬁé‘ﬁ@@ggl SEEREHEBOMEN9P18 fraicsanbisie aditiisubstrate

side of a.car{;ie_r substrate accommogdated in a receptacle,and Fixing of each of the first substrates on
the SCBELEE iR éﬁ@ggtaosﬁ(éoﬁ%ﬁ SR 8‘?@@%??9& 8"8ecause of the aforementioned
pre-fixing ol[\ﬁm&ultii&g %ug)esﬁt{?tge%%ckas sxtfacl&s)r,bcogsist}n inbe?ch case of at least a first substrate and
a second sUbStrate. WHereor 117 aCh CHeE MUItIS SHbStrate Stacks are 3f a?%é‘ﬁaﬁﬁs’tsributed on the
subs&qg}gﬁg r‘:}iLilag&%g?ggﬁ%mg ﬁ%fgg ﬂr%sr_nultiple substrate stacks at the same time. The fixing or

pre-fixing thus serves firs renfost to fransport the carrier substrate produced according to the

invention, inpagticulay, 19.8: epar 31 DRRdiRg, SNARP S ricr S@g&g{%@g to an advantageous embodiment

of the invention, it is provided that the fixing device is set up for the femporary fixing of each first

substrate apghhakibie fistsubsiiatesAigiiampanatiixes ap dhg subsirater side. The damparary fixing

is also known as "tacking", where, for the temporary fixing, polymers, adhesives, or the formation of
eutectic allgys ﬁ@%@&@ﬁg@gg@g&é&t&@dinvention.

- a fixing device for fixing each of the first substrates on the substrate side on at ieast one fixing
section of each first substrate
As an independent invention, a method is also provided for bonding first substrates to second
substrates with the following steps, especially with the following sequence:
- Placement of multiple first substrates on a substrate side of a carrier substrate accommodated in
a receptacle and
- Fixing of each of the first substrates on the substrate side on at least one fixing section of each
first substrate,
Because of the aforementioned pre-fixing of multiple substrate stacks (stacks),
consisting in each case of at least a first substrate and a second substrate, whereof in each case multiple
substrate stacks are arranged distributed on the substrate side, it becomes possible to bond multiple
substrate stacks at the same time. The fixing or pre-fixing thus serves first and foremost to transport
the carrier substrate produced according to the invention, in particular to a separate bonding chamber,
According to an advantageous embodiment of the invention, it is provided that the fixing device
is set up for the temporary fixing of each first substrate and that the first substrates are temporarily fixed
on the substrate side. The temporary fixing is also known as “tacking”, where, for the temporary fixing,

polymers, adhesives, or the formation of eutectic alloys are available according to the invention.
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Alternatively, Van-der-Waals bonds between two polished surfaces can be used. Such bonds are
known in the state of the art and are often produced and used, for example between silicon oxide
surfaces. The temporary fixing is done in particular in such a way that the fixing is so strong that the
carrier substrate with the substrate stacks temporarily fixed thereon can be transported without the
substrates placed on the carrier substrates slipping or falling off. Advantageously, before they are
placed, the first substrates are aligned on alignment marks where, as regards hardware, a placement

devid {oPalivetat At tpr e aR bRows 98 B89 BpiRbied AKinEs 4R i51aerg thehendiBeFaee® on

alignment marks. In this way t lacement of additional (respectively second or optjonally more, i.e.,
third; (?B?tﬂ?%tg.?)t%ﬁ%ﬁ%\%%@hﬁ%ﬁé’rﬁ S e R e ?éﬁweenégiﬁ‘%’éﬁﬁ‘ﬁiaiﬂﬁ@?eécﬁ%ing to

another a&varﬁa&eog gembodiment of the inventi%n,t it is provided that the second substrates,
espeCIany BRer thE fit SPUTBLRAAHSE AT 1 SHEh 808 Bhy ﬁfé'ﬁ?%ﬁﬁ?ss,{ré’@ 4LRE S et dEibstrates
and/ar i [xed nerean, Rariculady semnerauly. Jo,accomplish (s I ferms gl harduate, e
placement device and/or a séparate placement device Is provided Tof the placement of muftiple second

subsfrates on m@sgﬁﬁs%ﬁ%;ﬁ%tgﬁfaﬁﬁfg%ﬁa”y aligned on alignment marks. Because alignment marks

are provided, it is possible to ensure éfficient and exact positioning of the respective substrates relative

to one an0@@@&&&%@%@9{8@’1‘8‘?&}%@?J%?!Ee@@,"@ﬁ@fi%§§l&:!§{?a€9§ fodog, caRGCiRlYfnisRgrarily fixing,

each second substrate placed on a first substrate. In an especially advantageous embodiment of

the iRRMioR ribisraMdeddhatingash sass.ths §§Wﬁu9§éﬁ@éﬁ%@5w%9§%mﬁt@ﬂﬁgusly to the
u

first substrates, especially permanently bonded, in particular in a bonding chamber designed as a

sepataderbonding medulestthysnthieaberendersribedipradfixipgiz dpsaupiadifremithe time-consuming
bonding step, so that a higher throughput is possible, whereby at the same time energy savings are

realiZzeddayt ey iditgddronding chasabdrethaiis, Gsechfetcheabingi@ny.the firfiathargxstant that
hardware features have been described, they are also to be regarded as disclosed as process-related
featureslerate@ther advantages, features, and particulars of the invention are shown in the following
figure description. The figures show, respectively, in a schematic representation: Figure 1shows a top
view of a camizrspatdirale dncarfirsg provetbsrstémategordingbodinesinwé iy EigureiPispovvaiadtop view
of the carrier substrate with placed first substrates according to a second process step according to
the ifRsHERDFeeaTyl aubsktien fmsdallx aftrythe Bshawstatesossabgntidnakimwmetomgsection line A - A

from Figure 2, and
placed on the first substrates and/or are fixed thereon, particularly temporarily. To accomplish this, in

terms of hardware, the placement device and/or a separate placement device is provided for the
placement of multiple second substrates on the first substrates, particularly aligned on alignment marks.
Because alignment marks are provided, it is possible to ensure efficient and exact positioning of the
respective substrates relative to one another, especially when the fixing device is set up for fixing,
especially for temporarily fixing, each second substrate placed on a first substrate.

In an especially advantageous embodiment of the invention, it is provided that in each case the
second substrates are bonded simultaneously to the first substrates, especially permanently bonded, in
particular in a bonding chamber designed as a separate bonding module. Thus, the above-described
pre-fixing is decoupled from the time-consuming bonding step, so that a higher throughput is possible,
whereby at the same time energy savings are realized by providing a bonding chamber that is used for

bonding only.
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Figure 4shows a cross-sectional view along section line A -A from Figure 2 after second substrates are
placed on the first substrates. In the figures the advantages and features of the invention are
marked with the identifying references according to embodiments of the invention, where components
and features with the same or equivalent functions are identified with identical references.

According to Figure 1, on a carrier wafer 1 with a diameter DI multiple alignment marks 3 are provided,
distributed, especially evenly, on a substrate side Is of the carrier wafer. The alignment marks 3 can be
picked up b SXEREhRt JaTRR o B R e d esibed b i Dse fothe e eadadis side is in such
a way,.that in each case he%‘gr_ t substrates 2 can be placed on the carrier substrate 1 at a alignment
mark\éésfg}es %I'—‘E;Hf%‘:%s.'w at jégfi‘]ff"g“i’ssubstrates 2 have a diameter D2, which is especially less than half
of the diameger DI, preferably less than one third of the diameter DI, and even more preferably less
than one ql?}tef?f%}?agf‘p %ea%?gfr#wgea%g?eﬁﬁ s Ssﬂ%%lﬁé%%ﬂﬂ% WS BB daife B 8 %an be
deposi t rarily fixed on the substrate side.ls In,an alternative embodiment the carrier
subsgﬁgﬁpg%é%ggs}%%%%&?%lgs ecé%%?’mlgt%rs AT Hiry'st nstfj!r[gltﬁe's. In particular, the diameter of the
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advantageously by less than 15%, or most advantageous ess than n this embodiment the

receptade for the gaiiel eali7IaE LRSlpUedIn SUERA e LI AAISGRNEANA fi multile

carrier substrates at the same time. Suitable fixing means are known to one skilled In the art. For

example, vacuLming faRaeapRleshoML SIRE 1PAIGS AIKLRIORSSARhs behave simiarly o the

examplary embodiment with only one single carrier substrate with a diameter that is larger than that of

the filsgaulistrateshdvpariswac-oneior sMopnassalke iar-aligaingihedisisubstrates are provided
on the individual carrier substrates on the side Is facing away from the receptacle. The temporary

fixingFigwlere in esighwcasadssatddasilonefiiing sectionidaof eaghlirseulrsiraie 2, i.e., at at least one,
especially point-shaped, fixing place. In an embodiment with stronger fixing force, the fixing of each
first substrate 2 issdong arbtwgesrth peediking sefitionsbRagtadere in the case of a single fixing section
2a the fixing section 2a is located in the center of each first substrate 2 (see the embodiment
according t&:rigureugds the oy oragss sedtiontesnighethe dinstisaostrates RifbekeRignié/B)y the first
substrates 2 of each row of first substrates 2 are arranged distributed on the first substrate side Is,
espetiEIlyetrgrsEingiorrrdndimenther the inysnenprdesssosteprshisvinlifefigesovith decont substrates
2' are placed on first substrates 2, especially individually in each case, where for placement alignment
mark&B B BRI oA RiSes i tidest ! rfprsrsesilar, every first substrate 2 has at least two
alignment marks 5 so that there can be not only a translationally correct alignment of the first substrate

2 with the SSEOHHSRIstriAEE b opacaTdsr 4 AGtab oIty ametr Rlignwiime alignment marks 3 are

provided, distributed, especially evenly, on a substrate side 1s of the carrier wafer. The alignment
marks 3 can be picked up by a placement device for placing muitiple first substrates 2 on the substrate
side Is in such a way that in each case the first substrates 2 can be placed on the carrier substrate 1 at a
alignment mark 3 (see Figure 2).

The first substrates 2 have a diameter D,, which is especially less than half of the diameter Dy,
preferably less than one third of the diameter Dy, and even more preferably less than one quarter of the
diameter Dy. Thus, first substrates 2 in the embodiment shown 14 can be deposited and termporarily
fixed on the substrate side 1s.

In an alternative embodiment the carrier substrates have essentially the same diameter as the

first substrates. In particular, the diameter of the first substrates differs from that of the carrier
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After the second substrates 2' are placed and aligned on the first substrates 2, a number of substrate
stacks 4 (in the examplary embodiment shown, 14 substrate stacks 4) consisting of in each case first
substrates 2 and the second substrate 2' are pre-fixed on the carrier substrate | in such a way that the
carrier substrate | can be transported with the substrate stacks 4 to a bonding chamber, not shown,
where the substrate stacks 4 are permanently bonded simultaneously. According to the invention it
is conceivable, c;‘n an embodiment not shown, in_each case to stack additional substrates on top of the

secotPEHEH eSS Bty Ot RaRs tRIHS R A ey ke e hby Sihdratk’ $aek@3Fith more than

two substrates are created. _, In doing sg, gccording to the inventjon, alignment accuracies in
alignﬁ]%%ﬁga%%{s{ n%yt%gsst%%%%lf's{ib?&%?@% ,”ﬁ‘?“éé%&%%@ﬂ?ﬁn%f?é ﬁ%%ﬁ%sgﬁ‘ﬁg‘ﬁates, of
especially less than 100 referably of | than.50 pm, eve re preferably of less than 10 pm,
and r%%sﬁél 5%3 e?g%?yafé (L)%F%égsc?ﬁécnc )(ﬁerﬁn &::%a% ped e|e£)\%i ! su{)]gg%%% fh%%%ﬁé/mﬁ-p GURRE in the

o AL ARG RRLUAROC SO B DR SR, SIS matEERY Bbias PeRee

bonding erably by temperature exposure. en ynters and 76r adhesives have

ceen uagrianiedemaaanhandingtheyais disalved inio aazduing énc% i%gggir;?n . Egpgsially

without any residue. For the pre-fixing and/or the bonding, a so-ca ris preferably

usedsubsriicaR AdVARRIRAHS AMRadimanthal treinyRption.the catrighRubstate ] Gopsists of a

material with a thermal expansion coefficient that does not deviate by more than 5% from the thermal

expansios eeflicippint the: iskand/arseconl SR MRS 2} Gspedaihtiikis nadgiefithe same
material. For example, glass wafers oron wafers can be used as carrier substrate 1 and/or as
first/secepdsupirate? radepiethod and Device for Bonding Substrates

The temporary fixing is done in each case in at least one fixing section 2a of each first substrate
2, Le., at at least one, especially point-shaped, fixing place. In an embodiment with stronger fixing
force, the fixing of each first substrate 2 is done on two or three fixing sections 2a, where in the case of
a single fixing section 2a the fixing section 2a is located in the center of each first substrate 2 (see the
embodiment according to Figure 2).

In cross-section through the first substrates 2 (see Figure 3), the first substrates 2 of each row of
first substrates 2 are arranged distributed on the first substrate side 1s, especially equidistant from one
another.

In the process step shown in Figure 4, second substrates 2' are placed on first substrates 2,
especially individually in each case, where for placement alignment marks 5 are provided on the first
substrates 2. In particular, every first substrate 2 has at least two alignment marks 5 so that there can
be not only a translationally correct alignment of the first substrate 2 with the second substrates 2°, but
also a rotationally correct alignment.

After the second substrates 2’ are placed and aligned on the first substrates 2, a number of

substrate stacks 4 (in the examplary embodiment shown, 14 substrate stacks 4) consisting of in each

case fizst substrates 2 and the second substrate 2 are pre-fixed on the carrier substrate I in such a way
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Reference Number List carrier substrate Issubstrate side 2first substrate 2afixing section 2'second
substrate alignment marks 4substrate stack 5alignment marks Didiameter

that the carrier substrate ! can be transported with the substrate stacks 4 to a bonding chamber, not
shown, where the substrate stacks 4 are permanently bonded simultaneously.

According to the invention, it is conceivable, on an embodiment not shown, in each case to
stack additional substrates on top of the second substrates 2' and to fix them temporarily in each case so
that substrate stacks with more than two substrates are created.

In doing so, according to the invention, alignment accuracies in aligning the first and the second
substrates 2, 2', as well as in aligning multiple substrates, of especially less than 100 pm, preferably of
less than 50 pm, even more preferably of less than 10 jm, and more preferably yet of less than 2 pm,
can be achieved.

During the bonding process in the bonding chamber, the temporary bond is dissolved, in
particular automatically by the permanent bonding, preferably by temperature exposure. To the extent
that polymers and /or adhesives have been used for the temporary bonding, they are dissolved into gas
during the bonding, especially without any residue,

For the pre-fixing and/or the bonding, a so-called flip-chip-bonder is preferably used.

In an advantageous embodiment of the invention, the carrier substrate 1 consists of a material
with a thermal expansion coefficient that does not deviate by more than 5% from the thermal expansion
coefficient of the first and/or second substrates 2, 2', especially if it is mads of the same material. For
example, glass wafers or silicon wafers can be used as carrier substrate 1 and/or as first/second

substrate 2, 2'.



D2diameter Method and Device for Bonding Substrates Claims I. A device for bonding of first
substrates (2) to second substrates (2') with the following features: a receptacle for accommodating a
carrier substrate (1) or multiple carrier substrates (1), a placement device for placing multiple first
substrates (2) on a substrate side (1s) of the carrier substrate(s) (1) that faces away from the
receptacle, and a fixing device for fixing each of the first substrates (2) on the substrate side (Is) on at
least one fixing section (2a) of each first substrate (2). 2. The device according to Claim 1 in which the
fixing device is set up for tempdFeHiRdfixthy@ienion Sosdipaitsties. The device according to Claim 1
or 2, in which the placement device is set up for aligning and placing the first substrates (2) on
alignment marks (3). 4. The device according to one or more of the preceding laims in which the

placement device )
Reference Number List

1 carrier substrate

is substrate side

2 first substrate

2a  fixing section

pA second substrate
3 alignment marks
4 substrate stack

5 alignment marks
DI diameter

P2 diameter



is provided especially for placing multiple second substrates (2') on the first substrates (2), especially
when such placement is done aligned on alignment marks (5) of the first substrates (2). 5. The device
according to Claim 4, in which the fixing device is set up for fixing, and especially for temporarily fixing,
each second substrate (2') placed on a first substrate (2). 6. The device according to Claim 4 or 5,
where a bonding chamber, especially one provided as a separate bonding module, is provided for
simultaneous and especially permanent bonding of the first and second substrates (2, 2'). 7. A method
for bonding of first substrates (MfefedenhPedesiraidesn@Bithsthrefollowing steps, and especially the
following sequence: Placement of multiple first substrates (2) on a substrate side (Is) of a carrier
substrate accommodated on a receptacle (1) and Fixing of each of the first substrates (2) on the
substrate side (Is) on at least one fixing section (2a) of every first substrate (2). 8. A method according
to Claim 7, in which the first substrates (2) are te#tpbrarily fixed on the substrate side (1s).

1. A device for bonding of first substrates (2) to second substrates (2 with the following

features:

i

a receptacle for accommodating a carrier substrate (1) or multiple carrier substrates (1),

— aplacement device for placing multiple first substrates (2) on a substrate side ( is)of the
carrier substrate(s) (1) that faces away from the receptacle, and

— afixing device for fixing each of the first substrates (2) on the substrate side {Is) on at least
one fixing section (2a) of each first substrate (2).

2. The device according to Claim 1 in which the fixing device is set up for temporarily fixing
each first substrate (2).

3. The device according to Claim 1 or 2, in which the placement device is set up for aligning
and placing the first substrates (2) on alignment marks (3).

4. The device according to one or more of the preceding laims in which the placement device
is provided especially for placing multipe second substrates (27 on the first substrates (2),
especially when such placement is done aligned on alignment marks (5) of the first
substrates (2).

5. The device according to Claim 4, in which the fixing device is set up for fixing, and
especially for temporarily fixing, each second substrate (21 placed on a first substrate (2).

6. The device according to Claim 4 or 5, where a bonding chamber, especially one provided as

a separate bonding module, is provided for simultaneous and especially permanent bonding

of the first and second substrates (2, 2.
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9. The method according to Claim 7 or 8, in which the first substrates (2) are aligned on the alignment
marks (3) before placement. 10. The method according to one or more of Claims 7 through 9, where
the second substrates (2'), especially after being aligned on alignment marks (5) of the first substrates
(2), are placed and/or are fixed, especially temporarily, on the first substrates (2). 11. The method
according to Claim 10, in which the second substrates (2') are in each case simultaneously bonded to

the first substrates (2), especially permanently, and especially in a bond{ing‘chamber designed as a
separate bo7n d‘ﬁfB Réi for bonding of first substrates (2) to second substrates (29 with the following

steps, and especially the following sequence:
- Placement of multiple first substrates (2} on a substrate side (1s) of a carrier substrate
accommodated on a receptacle (1) and
- Fixing of each of the first substrates (2) on the substrate side (1s) on at least one fixing
section {2a) of every first substrate (2},

8. Amethod according to Claim 7, in which the first substrates (2) are temporarily fixed on the
substrate side (1s).

9. The method according to Claim 7 or 8, in which the first substrates (2) are aligned on the
alignment marks (3) before placement,

10. The method according to one or more of Claims 7 through 9, where the second substrates 21,
especially after being aligned on alignment marks (5) of the first substrates (2), are placed
and/or are fixed, especially temporarily, on the first substrates (2).

1. The method according to Claim 10, in which the second substrates (2) are in each case
simuitaneously bonded to the first substrates (2), especially permanently, and especially ina

bonding chamber designed as a separate bond module.



