EVG 19512 cs/au08 Met hod for Producing a Wafer Provided wth Chips

Speci fication This invention relates to a nethod for producing a
product wafer which is provided with chips, especially on two sides, as
claimed in daima1l. By far nost of the wafers produced today are

provided with chips or so-called dices only on one side. Wafers are

equi pped in mass production and at the sane tine there is the requirenent
of the industry to inplenment smaller and smaller structures. This al so
applies to the thickness of the wafer, especially fQr | tilayer wafers

whi ch are repeatedly stacked. The further optgﬂﬁﬁgﬂgéyﬁﬁgthe
avai l abl e space leads to wafers being required which are provided with
chips or dices which are nore and nore doubl e-sided recently, therefore on
bot h sides, and through silicon vias_(TSVs) can enable electrical contacts
bet ween the front andVisgekfofrodpdngsy Walgckoidederith Chips  The greatest probl em
in the production of these doubl e-sided wafers consists in handling during
mass production, which can conprise different production steps, such as for
exanpl e bondi ng, debondi ng, alignnent, grinding, etching and nmany ot hers.
Stabilization of the |arge-area pwsdfiedionaf er which generally has a

di aneter of 300 mMm by a carrier wafer is necessary especially due to the

t hi nni ng/ back thinning of the product wafer which is provided in the
production process. Stabilization or support by a carrier wafer in wafers
outfitted orfhispeertiogeelites ipharctpéfas producing a product wafer which is provided with

chips, especially on two sides, as claimed in Claim 1.

By far most of the wafers produced today are provided with chips or so-called dices only on
one side. Wafers are equipped in mass production and at the same time there is the requirement of
the industry to implement smaller and smaller structures. This also applies to the thickness of the
wafer, especially for multilayer wafers which are repeatedly stacked.

The further optimum use of the available space leads to wafers being required which are
provided with chips or dices which are more and more double-sided recently, therefore on both
sides, and through silicon vias (TSVs) can enable electrical contacts between the front and back of
the product wafer.

The greatest problem in the production of these double-sided wafers consists in handling
during mass production, which can comprise different production steps, such as for example
bonding, debonding, alignment, grinding, etching and many others, Stabilization of the large-area
product wafer which generally has a diameter of 300 mum by a carrier wafer is necessary especially
due to the thinning/back thinning of the product wafer which 1s provided in the production process.

Stabilization or support by a carrier wafer in wafers outfitted on one side is therefore



conparatively sinple since the carrier wafer can be tenporarily bonded on
the side facing away fromthe side provided with chips. But here process
steps can be necessary on the front and back as well. Generally, in
tenporary bonding there is the problem of detaching the product wafer which
i s passing through the different production steps fromthe carrier wafer
carefully and nondestructively after conpletion of these production steps.
The connection between the carrier wafer and the product wafer therefore

during use of different producti.on steps nust. be str.0 o hold and
st abi | PEBPFHRECIR FERFSIPCHbE s4reT Ayl ﬁ@sbfz%%mﬁn??%boflﬁeg R %218? al{lgq#g‘g}ﬁ%ul d however
then be easily and, quickly del arhabl e. WO 2009/ Q945558 scribes a
t enpor &P "b‘b’?ﬁ‘éﬁﬁ‘@” w%éahl%lﬁuhhﬁﬁ%?faﬁaﬂ%?a&#@&??ﬁ%?w&8‘83&‘3?% Pe g%kgﬁ one

si de. The generic nmethods accordingly have in comon that each
product*lafer in the production process nust be exposed to at |east one

process step on each side. The product fers, are processed powadays, for
reasons of Earradly. ipEaPERPonding dereas By prahlym Pﬁﬁiw&f“‘g R PB% Cg g@{‘%r ‘\fAVﬁ‘éﬁef ore
before back-thinning, on their first side, for xarrg} @ t ge producti on of
bunps 6F pagFes fhrugif thydi Ferent PrMERIoPREPHFBRGE PARRFEYer £ &ed onto a carrier
in order to be able to thereupon subject the product wafer ht 0 the process
step ofohdeskuctitglnafienepmpigtion of thess RIodATTRMFIERY: HETTEREFYQR bETHEY PhFTEss st eps
are then carried out on the second side, for exanple in turn the production
of bunpsafandd the pryret pefeotherbiorpring beof At Pradreion sspBEt MolfoMayer s and/ or
the application of chips. To the extent after 7glr ocessing the second side
one pr anewsh ts h@paidstabiias e prodes safoy. Asthestiee ipe ke camedopfropHEORFEHuct waf er |
in the prior art there is the major problemthat the thinned and very
sensi t i then preadivyetd gudkgrdetshiadle. has al ready been provided in part with
expensive chips nust be detached fromthe carrier in order to nmake the
first side avOEsRIIHESBAAdesdrivera pmpees borgingpesthod for a product wafer which is

outfitted on one side.

The generic methods accordingly have in common that each product wafer in the

production process must be exposed to at least one process step on each side. The product wafers

are processed nowadays, for reasons of easier handling, first at their initial thickness, therefore

before back-thinning, on their first side, for example the production of bumps or groups of burnps.

Then the product wafer is bonded onto a carrier in order to be able to thereupon subject the product

wafer to the process step of back-thinning. After back-thinning generally other process steps are

then carried out on the second side, for example in turn the production of bumps and/or groups of

bumps and/or other interconnection layers and/or the application of chips. To the extent after

processing the second side one process step is again necessary on the first side of the product wafer,

in the prior art there is the major problem that the thinned and very sensitive product wafer which

has already been provided in part with expensive chips must be detached from the carrier in order to



The object of this invention is to devise a nethod for producing a product
wafer which is provided with chips especially on two sides, by which the
product wafer can be reliably and carefully handl ed during the production
process. This object is achieved with the features of Claim 1.

Advant ageous devel opnents of the invention are given in the dependent
clains. Al conbinations of at |east the two features given in the
specification, the clains and/or the figures also fall within the franework
of the invention. At the given value ranges, values within the indicated

| i mi t s nwiké the Sfstoddrecadsible fogudlgr pracasoiigidary val ues and will be clained in any
conbi nati on. The basic idea of this invention is to provide a nethod
wi th whi ch Theobjssoofitigindentian is foedevinad webodilal rhduging apsMdEqvasT vhishkect ed to
the respective product wafer can be selectively detached, as a result of

whi ch ardvided stk chips espdellpoiochocidespty which fho motihes waier ean be eeliebleaslecond carri er
waf er is enabled, during which the product wafer is being continuously

st abi | icziethlly Bndkd derimedhs eudadtidayprdchs. | nt er connection | ayers of the two
carrier wafers having different properties with respect to their adhesion
and/ or to t maisobjan dpeachibvet! lnéth thedickhess of Blawn | PAdwetthgsnusolsveldrenanisoéheonnect i on

| ayer, especially by nechanical, thermal, optical and/or chem cal nethods.
It is iinReidart chenett deiendbaecidias. tilecodibinfuiime of at o ferttd &stugs givhreint wo
internediate | ayers one of the two internediate |layers is fornmed or can be
changedhsgkatdating i claehaniiveht dntrhelsotiibwitimthe frapdialt of thaipemtisudh that this
internedi ate | ayer can be detached, while the other internediate |ayer

mai Nt ai ASeildnsvakie REERVARE GRhiAthe ieRated Mt witil® tstiisdngh ys bduadert Yeduebondi ng
force of the other internediate |ayer. The adhesion is referenced to the

ef f ect i @ wHiUrd AGMeOh ship@rivitagsconnection [ayer. Fundanmental |y the selective
det achnent and/or separation as clained in the invention always functions

by the diffeneplscadhesnnfaf@asobaiwRanndiite e rhickihevab el camer t he product
waf er, the adhesion force relating to the totality of the internedi ate

| ayer bgimeeRich e thaBRSFLdnNR .8 & the REped@fegkodaf Ghafdl CaneQeltgivelnadigheds cl ai med
in the invention. A first group of nethods as clainmed in the invention is

char act gr.i.zef of Snitihatadsheoadhesuon e e ashaeti B the RabweeRid Rafear rier wafers
and the product wafer are inherently, i.e. fromthe start, different. In

this Ca&ﬁbi&&%u&{g\ﬁ{i&ﬁcﬁé Ah&ucl AUETSLERELElRbR i heiephicadbesicon forces

fromthe start; on the one hand this is achi'eved by the internedi ate | ayer

consi st§ o%elcgonq.h);el;sq{f ARl IBESS L ter Qfavin D BirE QR RGrR Uk fiR RS8R cOb iHehe

internediate layers to the respective carrier 'waferand/or to the product

waf er b%h@s@orps[n?}é)g @%ee&?ﬁégg gg{hg%adhgé?{)ﬂ Wi é&ﬁ@f&l %ﬁ%tedcgﬁ&@ﬁorﬁ%;eh REh-QRLE he

respective con sur e concel vapl e odi nent of” the invention

Cubst anfeeSrpUgh AR LR A AR =T HRRLACR G PR BRI T

subst an use rea e sur e carrier wafer in whole or
par - TEFE v B AR e s el b L Bt S B vt on
G 1 0r o BABTFELERERELaT A U Basroone e Plnd vl P R B ho e or
'n part )canvgetdgta&% ,evxsfiiii% r‘gl{ero%l%y %%e%eﬁa'{eb]%re? Mathtains its bonding force at least much more

strongly than the bonding force of the other intermediate layer. The adhesion is referenced to the

effective surface of the interconnection layer.

Fundamentally the selective detachment and/or separation as claimed in the invention

[#1)



adhesi on-pronoti ng substance different size of the contact surface or

t hi ckness of the internedi ate |ayer. According to a further group of
nmet hod versions as clainmed in the invention, it is provided that an

i ndi cated change of the adhesion forces of the internmediate |ayers is
undertaken by certain nmeasures. In this connection, at a sel ectable defined
i nstant the adhesion force of one of the two internediate |ayers or the two
inteiniediate |layers is changed such that the adhesion forces of the two
internmediate layers is different after the indicated change of the adhesion
f or ce. alftags @neiioes ke difftewwilegiop Ssesh bitveanithescagisr wifars arldhs produsewilivent i on:
controlled | ocal action, especially by irradiation of one internediate

| ayer, twhidheioniecotktng b feertairpiheinicayedratd lgyenbatwien thedésaeadide erridrs onl y
partially irradiated. The controlled | ocal action is possible in another
conf i gwaét bohthofrofuvewiives nlaingd ibthe irventiantA st ghursdimgdmndsss ghaivedliythone
internmediate | ayer while the other internediate |ayer is not exposed to

sol ventisventioniischarkigried it thatltheyadbosipo Sercks astivlg bettwiewri thycabyer wafesrhdthechoi ce and
at least partially inert behavior of one internediate |ayer to the applied
met hod psddeg wilfiir ate ideteags i.¢.Henchange differenh & this hese thettemadae &yes| ayer
especially by an increase of the tenperature, in which one of the two

i nt er mekkiréte hbaydifser ahetien fafckhfran the sartstoriengle Yardtionsucddedd by Gp  of
viscosity, as a result of which this internediate | ayer has stronger

bondi ngnit@icaRicagR} Retisthbedd diffoeaesteril oritie compe eirfibdsyf e efiemedste her e t hat

one of the two internediate |ayers be nade inert relative to one solvent,
whi | e iihyedits sRkag&ld @l Refer indloefoRsiraduet wadeking pliaage 1obrdéthe adhesi on
force of the first internediate |ayer by action on the first internediate
layer hgfRh& hdereesandod Mt REBEHIAb@ad A)¥REes] Oncddfdel@Ble embodiment of the

invention calls for either adhesion-reducing substances or adhesion-promoting substances to be
used to treat the surface of the carrier wafer in whole or in part and/or to treat the surface of the
product wafer in whole or in part. There are the following verstons which can be applied in
combination or individually:
- different adhesive material of the intermediate layers
- different pretreatment of at least one surface/contact surface (in whole or in part) with

- adhesion-reducing substance

- adhesion-promoting substance
- different size of the contact surface or thickness of the intermediate layer.

According to a further group of method versions as claimed in the invention, it is provided
that an indicated change of the adhesion forces of the intermediate layers is undertaken by certain
measures. In this connection, at a selectable defined instant the adhesion force of one of the two

intermediate layers or the two intermediate layers is changed such that the adhesion forces of the



selectivity by ring widths of the edge adhesive zone which are of different
magni tude fromthe start, so that the change of the adhesion force of the
first layer is nore dramatic than the change of the adhesion force of the
second | ayer by the above described neasures. The rigid carrier wafers are
preferably characterized by a high interconnection stiffness. Especially
suitable materials, also in conbination, are silicone [sic], quartz, glass,
ceramic or metal. Therefore before or during the selective detachnent or
separation of one of the two carrier wafers the internediate |ayer which

i s assirgnittnrelidhizgereiadiffersnt aferfthy indipatedbaned e afetianfsrceniie@# e 8 pr ovi ded
inthe internmedi ate |layer is changed by chem cal, thermal, optical and/or
mec hanifamiwingrropdilitics s dfimthie tedhesiian | ayer or by influence to such a
degree that the carrier wafer can be carefully renoved w t hout damage,
whi | e t-he peatuibdd loaf etion, esypadially by irradhgomofiivee inteanediae laywafudile tElpghent her
carrier wafer stabilizes the product wafer at the sanme tine. Chi ps
for the purpesesliaf laydrisnct imadintd aris antepdrivdis arsitated cThercestrobed foeet egjiont ed

el ectroni c conponents which are conventionally applied to a wafer. Bunps or
groups of burpsiky @ anskd choirubyirng tHehevesthinps theactidnef prloduct owgber or t he

el ectronic interconnection of individual circuits of the chip to the

corr espondi Rger@bdifs 1206 vahil eigiothsr imfaineddiatedwer iapp ekpeledio sbtlhetsoppasist e si de of
the product wafer and/or for later nmounting of the entire systemon a
circuit boapghtially exposedds a result of the method as claimed in the invention
not only can a product wafer be provided with chips especially on two

si des, but thesef hoduas ok ROk ldast bRAGallyiNerichOibrioSoreSfpatricdible yayer :
advant ageous for starks of product wafers provided with chips especially on
two sides, %ﬂﬂ@é‘ppﬁedlx £6hbY K BHBMBhseOthe LIRGCATHe oitfer Wak@Edidyd laYedls a car ef ul

and effective as well as flexible nethod for producing stacked product
waf ers. especially by an increase of the temperature, in which one of the two intermediate layers
reacts with a less strongly pronounced drop of viscosity, as a result of which this
intermediate layer has stronger bonding force against shear forces. It is especially preferred
here that one of the two intermediate layers be made inert relative to one solvent, while it
dissolves the other intermediate layer,

- change of the adhesion force of the first intermediate layer by action on the first
intermediate layer before the second intermediate layer is applied.

- selectivity by ring widths of the edge adhesive zone which are of different magnitude from
the start, so that the change of the adhesion force of the first layer is more dramatic than the
change of the adhesion force of the second layer by the above described measures.

The rigid carrier wafers are preferably characterized by a high interconnection stiffness.

Especially suitable materials, also in combination, are silicone [sic], quartz, glass, ceramic or metal.

Therefore before or during the selective detachment or separation of one of the two carrier

(&1



Processi ng of the product wafer can conprise one or nore known processes,
especially the application of bunps and/or groups of bunps and/or chips to
t he second side and/or the backthinning/grinding of the product wafer, as
wel | as the production of so-called redistribution |ayers (RDL). Product
wafers for the pm poses of this invention also conprise so-called silicon
i nposers which have only wiring layers (RDL |ayers) in order to |ater
accommodat e chips with active structures. |In another enbodi ment of the
invention it is provided that the bon}gi na%%gé%e ogetge.filr st ..adhesion

| ayer ivefarebeinieradiatalayep yhnh Fgssiaptie 1y Lot KaRESISE VAYEY . Bondi ng
force neans the connection force or adhesion force which acts through the
r espectpravisieql i tey insanadiate lpyey chametdsherprd Proa eticHande B %e carri er
waf er and which counteracts separation of the carrier wafer fromthe

r espec tpropertipy @dhecthagion dayer @i nflpepsosrbddiesse RSB BB hg

areal/ adhesi on area. The difference between the bonding force of the first
adhesi earefully emoamidvithvet dsoragh, nild the predust walkrer e@@éb@fﬁh%&}gﬁé §THE Yal§felheas
clainmed in the invention is advantageously so great that when the first
car ri erotwateamer wafergtalciee the prodmt vhler pilsdent timaf er t he second carrier wafer
remai ns i nterconnected to the product wafer. By the first adhesion

| ayer havi nghipstul e pughbses néthi isettionaretinee guictired onigisarsicdplettedpsr | especial | y
a smaller contact area of the first adhesion |ayer with the first carrier
waf er anthpbivets phict aetcomahamalnahpiond taa whien Bemps eneups ¢fi erpesrs wsed & | nvent i on
can be inplenented solely by choosing the geonetrical configuration so that
even i Nyinf Sechipno dal pratuopenttrioete Eldenhic datreanmeaiometindividual giyaiisofghe
internediate | ayers of the sane material can be used. According to
anot her chady artcagepatsling ehips bnaniits ofhich haveiapplexton dr oppositssifr @vhiedeadiuethat t he
first adhesion |ayer has chem cal properties different fromthe second
adhesi opathayeer Brialr bating behe éntistsyadhess droultayed. is at | east partially

di ssolved by a first solvent, while the second adhesion |ayer is at |east

| ar gel y i nerds Midult of @6 8eeBE & didmédia teiimehtidalovemt can b protthit svafeabe t he
invention is inplenented by the chem cal properties of the adhesion |ayers
or i nt eppBdéadie dhay 8épSeially on two sides, but the method as claimed in the invention is

especially advantageous for stacks of product wafers provided with chips especially on two sides,
since selective removal of the carrier wafer yields a careful and effective as well as ﬂexible method
for producing stacked product wafers.

Processing of the product wafer can comprise one or more known processes, especially the
application of bumps and/or groups of bumps and/or chips to the second side and/or the back-
thinning/grinding of the product wafer, as well as the production of so-célled redistribution layers
(RDL). Product wafers for the purposes of this invention also comprise so-called silicon imposers
which have only wiring layers (RDL layers) in order to later accommodate chips with active
structures.

In another embodiment of the invention, it is provided that the bonding force of the first



In other words: The selectivity of the solvents allows controlled

di ssol ution of defined regions, especially edge regions, of the respective
adhesion layer or internediate |ayer, therefore a selective reduction in
the size of the effective adhesion area/bonding area. Here it is
advantageous if the ratio of the dissolution rate A of the first solvent
relative to the adhesion layer to the dissolution rate A2 of the second
solvent relative to the second adhesion layer is less than 1:3, especially

| ess than 1:10, . preferab .ess than 1:20, .ev.en, nor ss t han
1:100.aﬂmﬁmﬂ@*ﬁwﬁﬁéﬂ@&&@h%“&ﬁ§%§%@§B§Fﬁgg %Fﬁ?%gy?ﬁgggnggg%ﬁg%%%g er from
the product wafer with rising.te rature takes .pl ace. bef aor.e ration of
the seEORECUERFYGESE 240558t Jfloﬂ"ﬁé‘%i% a&?ﬁ’?‘ﬁlﬁgﬁlﬁ TERERT 1%? X ra?’ﬁa § & et% ﬁglef irst

internedi ate | ayer and the second internedi ate | r, the lnyvention can be
advant RPEBHSRGT IHEIEIT BE O PSP RIS SEBREPDET B A AR Un P ayer s | n

this enbodinent differ in their thermpl properties,. especially the
Vi scosirspectizapredueiumden Gah sreranpwt @Wﬁ@?"ép‘?}}d@gﬁ%}a@?ﬁpp @ga' f %lﬁx fich is to
be detached first is bonded to the interpedi ate Iager Wi th enent which
has a [beiwern the kaadiv farea oi dis frviadnspine laves 4pd hepongime &yrcepf the seopq afpeion
tenperature. The carrier wafer which is to be detached can then be
separ atleer ayshiestin lhe tiversiop ipyivatasagrl go great St when the UstA@ggk Wi &S t o anot her
enbodi nent of the invention it is advantageously provided thaé t he
separ atdeeched fromiflee modustwaserths sepondiatraer vefe rmeRe IFedieteiiR e PofUkes pl ace
selectively as a result of different optical properties of the first and
second wakrer connecti on |l ayers, especially with reference to the action of
defined |ight wavel engths and/or defined light intensities. Here selective
det achnent 8y tedipapditesiomlaye haong wel prelimigionsiban the scawtadbesign k¥$'on of | ght .
The light has two characterizing physical paraneters, specifically on the
one hangpdchiy nevslkengtatt aofh of fhe fiphathonen levei with Ge firserami s/alif #6 Yehe energy and
whi ch can control the mainly chem cal crosslinking process, and on the
ot her haodhcthderiand/ensihinysr laytehiekresse the hefernmmbe@mplpm@tt@rwkbéw time and unit
of area, which is directly related to the heat output. The material of the
r espect ihvesiadhegbnaritayearighatorasoaia pao treiftsichernical ropeieridgnticrd pégmgeditte and t hus
wavel engt h- dependent spectrumof its dielectric properties; this can al so
be cal | ggraorheanBaine QysPethe sume riyermhansdt mgd.t he correspondi ng wavel engt h of
t he incident

According to another advantageous embodiment of the invention it is provided that the first

adhesion layer has chemical properties different from the second adhesion layer such that the first
adhesion layer is at least partially dissolved by a first solvent, while the second adhesion layer is at
least largely inert with reference to the first solvent. In this way the invent_ion is implemented by the
chemical properties of the adhesion layers or intermediate layers.

In other words: The selectivity of the solvents allows controlled dissolution of defined
regions, especially edge regions, of the respective adhesion layer or intermediate layer, therefore a
selective reduction in the size of the effective adhesion area’bonding area.

Here it is advantageous if the ratio of the dissolution rate A; of the first solvent relative to



light in this respect chem cal and physical processes can be controll ed.
Sonme pol yners crosslink for exanple under UV radiation, conversely infrared
radi ati on can be used to directly heat up materials and thus physi cal
properties such as for exanple the viscosity can be controlled. Local
heati ng of the adhesion |ayer can take place for exanple by laser |ight;
this is advantageous especially for the adhesion | ayer provided in the
region of the periphery of the internmediate |ayer or of the wafer

jan of the per i . | a
Bvant S5GUREE Bro0r BB LS G e R R SPPRRIRS Ay

illum pati.opn. A [ t h dyant ' f th
| nvent FBFY if st Aouped thatat A SRRarh RS PRy PR BRI e\t o

fromthe product wafer takes place selectively as a result of different
nechanﬁ@&ﬁjﬁgoperties of the first and second internedi ate | ayer,

especially with reference to their shear strength.  The inter iate |ayer
with the |o&%ﬂwgﬂgﬁﬁw§ﬂF€ﬂa@Wﬁgﬁéﬁ§@§@HM§ﬂéFwﬁﬁeP%%FQ gﬁagﬁF%E%he shear
force applied fromthe outside sq that the.cargier r attached to the
pr oductiemrgraBie Bies PRFSDEHE EPRa! gmﬁﬁVgiaﬂE?3@%%§m8¥&§§ﬁmggﬂﬁ%tached from

t he opposing carrier wafer. Adhesion is caused i nl.y .by Van der Waal s
f or ces .properties of fdire N R5¢IAE Fﬁyﬁfmgﬁés‘??a?drl?@?n%&feg%%g}é ‘éﬁtr‘qnﬁan ff is
further optimzed by conbination with tenperature treatnment, e ially
when ugﬁwgmﬁﬁ@ﬂﬁﬁ@ﬂﬁgﬁﬁéb&@ﬁﬁﬁﬁ@“&§m@8ﬁﬁ§é&? n ﬁﬁ?tmﬁﬁﬁﬂmﬁgwg&§%¥ferent
vi scosity behavi ors dependi ng on_ tenperature. To the extent the
t hi ckneg heithenpal pleperfigsy especially diervisersiy-@s § Bpetongf the fspperaligh g@‘? B ayer is
greater than the thickness B2 of the second internediate | ayer or second
adhesi omafirayhésh is to i detrrberksiypids padertte @etlww@aﬁil%ywwe%mﬁg%ﬁ@#&%a for
separating the first carrier wafer, especially at a ratiq Bl/B2 OL 3/ 2,
pr ef er abivyr vidsity e the ptherecapsics Paferds b perBmitempeaie \he gaier Wwalts Waica &iif b
internmediate | ayer which is not to be detached or which is to be detached
subsequéentched chrabimis separdtidokonéssucBoelf biolraBeiteof50 um preferably 20 to 40
um even nore preferably 25 to 30 um I n anot her advant ageous
embodi nent  ofccdriing formethérieopodiirentio§ the fryeritide & it siyenizerenstyipratdeg 87 B8 t he
second adhesion | ayer are made annular, especially in the region of the
per i phegeyarafontofithe firsochndt waef &om tHerpradnitovalim jakedaca st vdnasiaggal okan be
processed in terns of the periphery; this is especially advantageous when
usi ng sewemtpticl pogridoef hefiwentd staond hiegonaseoniaed, apfdalls eitbrifyensver a very
short di stance.

to the action of defined light wavelengths and/or defined light intensities. Here selective detachment

or separation is controlled by the incident radiation of light. The light has two characterizing
physical parameters, specifically on the one hand the wavelength of the photons which correlates
with the energy and which can control the mainly chemical crosslinking process, and on the other
hand the intensity, therefore the number of photons per time .and unit of area, which is directly
related to the heat output. The material of the respective adhesion layer has a characteristic
frequency-dependent and thus wavelength-dependent spectrum of its dielectric properties; this can

also be called a resonanice spectrum. By choosing the corresponding wavelength of the incident



Accordi ng to anot her enbodi ment of the invention it is advantageously
provided that the first internediate | ayer, especially within the annul ar
adhesion layer, conprises a filmw th | ow adhesi on action and/or the second
intermedi ate | ayer conprises a filmwth | ow adhesion action which is

| ocated especially within the annul ar adhesi on | ayer. Low adhesi on action
inrelation to the adhesion action of the adhesion layer is neant and is
especially at least twice, preferably at least triple, even nore preferably
at least five tines, ideally at |east ten tine§, stronger. The relation is
refereh@é@iﬁ@fﬁﬁﬁﬁé@ﬁ%@ﬁ@ﬁPé@ﬁﬂdﬁmFW@&mHP%%WF@- ate, therefore during the
separation process, but especially in addition is referen %gEFO the static
state, ther WﬁRﬂmﬂq&ﬁmﬁékﬁﬁéxﬁﬁﬁ%ﬁ%ki%“Y%W%E%§§?@$ﬂéﬁﬁﬁﬁﬁf 8G9t di'ng to one
enbodi rent of this invention can be provided as a partial coating of the
first anuedio Geebriatupmestonpldpad Buy physeal Bepares sughes for gEPETHSEREHE adhesi on

| ayer, the partial coating |leading to a reduction of the adhesion action,
especi ad by castralled. drtdl hetinseiohe adbestidndgyer den ke Pipsedor exampic Relagr tEMitthifhe film
reduces a part of the effective contact surface of the respective

i nt er mechdatreageapespeviatyort theadboriordsyso ravide! i terpemn aideeernhgyhBe adhesi on
action. A device provided as clainmed in'the invention has suitable
means fioemapipleilayatdr ofithe fvafchgsrighmoy ¢heckbye i dvodarpdhesivg layepBésopicgidlly y sel ecti ve
separating agents for selective separation of the first carrier wafer From
t he pr adustagvaf arprasdearasdimking whichthrebedifckkaddntU \pillopinetidres of the first
internmediate |layer fromthe second internediate | ayer. Known devices can
be used for Ameetiapiccatths epanagdoonsmbodimesketpl ievebyonapip byivided bpesi te tensil e
forces to the first carrier wafer and to the second carrier wafer away from
t he praguedionaf @e ARr caticswefar frong th @rodect vafet takeslacs telectivehizerramdf f and to the
second carrier wafer in the opposite direction along the product wafer. The
sel ect i gifferee pRtRLICIGrRetn o tarfesthadweard iasmeliaie tayer, espeddile withvereicon made
such that there are suitable devices for selective separation. O her
advant ag@gir sh@attn@s. 18 chtahebdiitk Biyafwithhie: lowaraldal arenyth bjpokseemelleappar ent from
the foll owi ng description of preferred exenplary enbodi nents and using the
dr awi Nggsinklice b 8¢ BeseGtd HPRIJ HMinee outFitigdsrie: thesheinsvaerprateiot theaf er in a
first nethod step as clainmed in the invention, Figure 2 shows a product

waf er i foducbREeN MehReedicByagetadhad ¢Reh letielbiRd iformant dppsingkhgier € 3 shows a
product wafer in a third nethod step as clained in the invention, Figure 4

shows a R0 AU WaS Bfised MadlyfouUzh Qe ®Whdlofesd ep as claimed in the invention,
Figure 5 shows a product wafer in a fifth nethod step as clained in the

i nvention, Fh@‘éﬁﬁra@m?&%aﬁie%%ﬂ@sh%ﬁ@ﬁff {sHndheSbptinfizaaBY Basbishiepwas cl ai med
in the invention, Figure 7 shows a product wafer in a seventh nethod step

as cl ai {sg.‘ﬁlg%jaﬁrett&%m{eﬂt\,’%ﬂ%%a(ﬂ? whEil S EhEmehne cé?‘ndﬁfs(gég Hehedtad Bkank AhRR ei ghth

met hod as clainme he i nvention, Figure 9 shows a product wafer in

a ninthhﬁ%%ﬂﬁﬂmﬁ&%ﬁﬁﬁﬁ) Eﬁ!ﬁ%%ﬂd g%ﬂ%mg@%ﬁﬁ;ion, Figure 10 shows a product

wafer in a tent thod step as claimed in the invention, Figure 11 shows a

product waf er, k0. a0, alHeaDAL BY r GEXEMRRERAL S L8R AdhesbRa PR drdhid: he
than the thickness B, of the second intermediate layer or second adhesion layer, this measure
reduces the required shearing force for separating the first carrier wafer, especially at a ratio B1/B,
of 3/2, preferably 2/1, even more preferably 3/1, ideally 4/1, the second intermediate layer which is

not to be detached or which is to be detached subsequently having a thickness B from 15 to 50 pm,



i nvention, Figure 12 shows a product wafer in an alternative seventh

nmet hod step as clainmed in the invention. The sane conponents and
parts with the same function are identified with the sane reference
nunbers. Figure 1 shows a product wafer 1 which is stil

conparatively thick at this instant of the nethod and which is provided
with bunps 4 or groups 5 of bunps fornmed fromthe bunps 4. The product
wafer 1 at this instant, due to its thickness H, is relatively stable and
in this respect inherently relatively stable w thout aids. The nunber of
bunps #referabit Hep A0 posiver maewreldthly 2° §FBuUP- 5 of bunps depend on the
respective chip 15 (also called a dice) which is applied to the bunps 4 in
a | ater nethodotbtregvafivgasusienshoding)t of the mventigett f thahefirsi andigsthg i r st
side 3 and a second side 2, the bunps 4 or the groups 5 of bunps in the
first prockshesidpyense shdnmmiler, Spepiptls inthpeiing obipphariebery of thti@odibt st si de 3.
Application takes place such as is known in the prior art. . In the
second wafeade fis wiyehe aibessndaye: dan biprgeeseed I teiins ofthe dertpheryiethie is espepighy
stabilization with its first side 3 is bonded tenporarily on a first
car r i endwafagsouBwhen sing stlvanntsarcnide satet indyierasdi@ed diffng colyerefageryisbti ng. The
first internediate |ayer 18 in the enbodi nent shown here consists of a
first adbasd.on |ayer 6 and a first film7, the first adhesion |ayer 6 being
used for bonding and the film 7 being used for enbedding of the bunps 4.
Fi gures 1 tacddishoanaie embakisers efthe Drerdibn @ istadvatagerdsly provided dxdlmpl ar y
enbodi nents shown here the product wafer | is made as a round disk with a
di anet €kst Ri@heFR0 14yt tsherpille méthin Theenprladdiesionsfer coinpdsa alidweittioval so have
any ot her disk shape and a different dianeter D.

adhesion action and/or the second intermediate layer comprises a film with low adhesion action

which is located especially within the annular adhesion layer. Low adhesion action in relation to the
adhesion action of the adhesion layer is meant and is especially at least twice, preferably at least
triple, even more preferably at least five times, ideally at least ten times, stronger. The relation is
referenced to the adhesion action in a dynamic state, therefore during the separation: process, but
especially in addition is referenced 1o the static state, therefore prior to the separation process. The
film according to one embodiment of this invention can be provided as a partial coating of the first
and/or second intermediate layer or the first and/or second adhesion layer, the partial coating
feading to a reduction of the adhesion action, especially as an antiadhesion coating. It is important
here that the film reduces a part of the effective contact surface of the respective intermediate layer
with the corresponding carrier wafer in the adhesion action.
A device provided as claimed in the invention has suitable means for application of the

above described method, specifically selective separating agents for selective separation of the first

carrier wafer from the product wafer as a result of the different properties of the first intermediate



The first adhesion layer 6 in the enbodi nent shown in Figure 2 is |ocated
inthe region of a |ateral wafer periphery 19 and extends fromthe wafer
periphery 19 by a fraction of the diameter D, especially with a ring width
RI of less than one tenth, to the inside, so that in the illustrated

enbodi nent an annul ar body for the first adhesion |ayer 6 arises. The ratio
Rl /Dis especially less than 1/20, preferably |l ess than 1/30, even nore
preferably | ess than 1/60, still nore preferably |l ess than 1/120. The ring
wdth R is especially less than 15 nm preferably Iess than 10 nm even
nor e platreraabihy sdceskinttedia layen Knewi fidvicapran bp st &r atsFlypnicdseparaigh fr mm
Wthin the annular body is the film7 and the latter is conpletely

sur r ourgkathidlyy dphising opmbsitet tensilé Breed fo thefestichrigt wafelreg fodkr seenyd cargeravedert he fi r st
carrier wafer 8. The film 7 according to one preferred enbodinent is
provi dedagSora thparddualwatoat d sheprinf firdego fhiefist caaddrersifon md tathesecdnd tdreeradhesi on
layer 6 in this alternative enbodi nent which is not shown extending over

t he entviare iif thé spposigrdireeion wafiehe frodheafpailbd @lectbeatiarng aeps avhdedel n

di mensi ons anal ogously to the film7 which is shown in Figure 2. In

t he caseclginet hethalnbeninamadesuanhadicnemnt suitsblsduyiwas fonsekecguersepatationt he fi r st
internmediate layer 18 is fornmed froma single material and extends over
the entire aueaadintide fpnoduad dawkef thd invémiot hilsbec@seapplventfliomsthe | nt er medi at e
| ayer 18 in its adhesion capacity is dependent on tenperature, so that as
t he t enperahEdRerpises! phdlred dhagilonetiadadntsyind tdhgrid daeinpshehitionei ng f or ce,
decreases, especially due to the reduction of the viscosity so that the
cenment pasnfiedsged resistivity to shear forces. In the first process
step as clainmed in the invention as shown in Figure 3, the product wafer 1
i s back-t hi e biokooWodretieds - KEOMihbSsty s giaad if ik kaess, | -1t as shown
in Figure 1 to a thickness H2 of | ess than 150 um whi ch corresponds to the

end product s Shawis b ProfilcBWE®: it secBSPRGhA hdp ok Eiigncll AR: hOGtum pref erabl y
| ess than 70 um even nore preferably I ess than 50 pm even nore preferably

I ess than 3@ QVemoWRE frolicehErARkhhilagshdiRRP a@PaiRedn the inventidd) the fourth
nmet hod step é%omn in Figure 4, VIAs 9 which penetrate the product wafer 1

are etched it & %%w?é gﬁam wARE BT fdurth cfHod 8p bidiQEh AR iRleaSd: i cal
connection fromthe tirst side 3 to
Figure 5 shows a product wafer in a fifth method step as claimed in the invention,
Figure 6 shows a product wafer in a sixth method step as c}aiméd in_ the invention,
Figure 7 shows a product wafer in a seventh methoé step as claimed in the invention,
Figure 8 shows a product wafer in an eighth method step as claimed in the invention,
Figure 9 shows a product wafer in a ninth method step as claimed in the invention,
Figure 10 shows a product wafer in & tenth method step as claimed in the invention,
Figure 11 shows a product wafer in an alternative seventh method step as claimed in the
invention,

Figure 12 shows a product wafer in an alternative seventh method step as claimed in the

invention.



t he second side 2 between the bunps 4 and in a fifth nmethod step as shown
in Figure 5 to formbunps 10 or groups 11 of bunps which are to be applied
on the second side 2. In a sixth nethod step as shown in Figure 6
chips 12 are applied to the pertinent bunps 10 or groups 11 of bunps.

One of the method steps which is decisive as clained in the invention is
the seventh nethod step which is shown in Figure 7 and in which the second
side 2 is bonded to a second carrier wafer 13 anal ogously to the nethod
step descriped in Figure 2 via econd. | I I : which differs
fromthe fi F%@W@%@ S @Wﬁﬁ%ﬁfﬁq%mﬁ&féggﬁﬁﬁ%%wgﬁﬁg[Nopaty.
The secqnd internediate layer 17 in this enbodi nent consists of a second
adhesiﬁﬁﬂﬁﬁ?gpl %#-whi ch extends likewise fromthe |ateral wafer periphery

19 of the product wafer 1 over. a, fractjon of .the,dianeter eci al
wth a1 ol Foms o gredt Sk S AR h Rk g AR Al o BRERC) A

i amet er In this
enbodi nent the second adhesion | ayer ciycul ar pﬁ@g wth a

k 14 i s, made as
ring mpﬁﬁﬁdﬁ@”ﬂﬁ@ﬁhp¥@“%ﬁ%%ﬁﬁwm¥ﬁ&ﬁ@PﬁﬁSﬁﬁhﬂnﬁﬁﬂFﬁdgTﬂgﬁﬁpﬁgsﬁlrst adhesi on
| ayer 6. The ratio RI/R2 is between 10 and 9/ cially between 1/5
and 4/Eﬁﬁwﬁéﬁ%¥hﬁﬁ?sB@?WE@ﬁ“iWﬁmgﬁﬁ“é%m5Y%§@ﬁyﬁéggm§§gﬁﬁﬁgﬁF% bet ween 1/ 3
and 2/3. The ratio R2/D. is especiaILy Igﬁg thqy 1/ 20 .Bre eraQ£%5less t han
1/ 30, evennthgeliyshetableatiyuaisssthepambde o BimpsFaRd B OB APEKI N Pess t han

1/120. The ring width R2 is especially |ess_than, 15 referahbly |ess
t han 10f hempsdenend omihe eesprcivesiippSyals e%fi?@%’ Saﬁwgﬁl%ﬁ?g“wgﬂ’égabl y |ess

than 2 mm In this way the effective adhesi on area/ bondi ng area for
t he sedsowudnedwbiesp tae &yt 14 bet ween the product wafer 1 and the second
carrier wafer 13 is | arger. In one alternative enbodi ment _of the

i nvent i on whhcrodwhwalkisiohabe fitsbidsi 3avd awpachd sigh % e pBgRs herrthe ZPRe > Ohi ci cness
Bl of the first intermediate layer 18 is greater than the thicicness B2 of
the sedomgs innttedfirspdicasseteh ayspwi i Figspbbsing dopligdrie de fleggt siee BAPBIABM at | east
3/2, preferably 2/ 1, even nore preferably 3/1, ideally at |east 4/1.
takes place such as is known in the prior art.
In the second process step as shown in Figure 2 the product wafer 1 for stabilization with its
first side 3 is bonded temporarily on a first carrier wafer 8, a first infermediate layer 18 being used
for bonding, The first intermediate layer 18 in the embodiment shown here consists of a first
adhesion layer 6 and a first film 7, the first adhesion layer 6 being used for bonding and the film 7
being used for embedding of the bumps 4. Figures 1 to 12 show one cross section at a time and in
the exemplary embodiments shown here the product wafer 1 is made as a round disk with a
diameter I of 300 millimeters, The product wafer 1 can however also have any other disk shape
and a different diameter D.
The first adhesion layer 6 in the embodiment shown in Figure 2 is located in the region ofa

lateral wafer periphery 19 and extends from the wafer periphery 19 by a fraction of the diameter D,

especially with a ring width R; of less than one tenth, to the inside, so that in the illustrated

12



In an eighth nmethod step as shown in Figure 8 the first carrier wafer 8 is
det ached by reducing the bonding force of the first adhesion |ayer 6 and by
applying a tensile force which is pointed away fromthe product wafer 2.
The reduction of the bonding force can already be inplenented or can have
been carried out in an earlier nmethod step. Alternatively the second
carrier wafer 8 can be sheared off by oppositely acting shear forces in the
first and second carrier wafer 8, 13 parallel to the product wafer |I.

Anot her alternative consjsts_in peelin fft carrier wafe begi nning
from i eEbospat an ql?“‘ﬂlﬁé”gb{?ﬁ*@ﬁfxsf R ‘?P%f %ﬁsf’s' Bﬁ%mg%g{l/ﬁésresﬁ%\’fag S its edge
is elastically bent, as a result of i.ch pr tion of the arating

f r ont ﬂa&é@QﬁF%%@ﬂ%@ﬁﬂﬁﬁﬂﬁﬁL?%%ﬁ?ﬁﬁ%ﬁm h@ﬁﬁ%ﬁ%ﬂ%%ﬁg@yeg?gpﬁgﬁ% rrier

waf er and then to theﬁﬁfposite edge, while th geggﬁﬂpégrrier waf er and the
pr oduc thapafl 8. Tae Bng widbdldhesaccdtlp 5ot han; 3 mgp-qusicnlyy A BENGRg of the
second carrier wafer and the product wafer. S@par%%%gg can La%g ?Iace in
one advefraicetshas fiseaisH morasyeleraldy igr than 2 a@pRrthint ,‘@%%@@P&f By

i ntroduci ng a nechani cal el enent at one site on the edge of th eri phery
of t he 7iand te hngieti ingeanplesghesurromiied fibp aRfwchralel bisdtst adropplarg P a’é{ﬁ‘& le a flat
wedge. As a result of the | arger adhesion area and the bonding force
of the fisecond vafth8si on | ayer 14 which is stronger in this respect relative
to the first adhesion layer 6, the first carrier wafer. 8 is automatically
det ached. Tohd fim Tacteding oewp dulsedimbopiameny i poyidet asgPatifeoggesén | ayer 6
remain on the product wafer 2 during detachnent, they can be renoved by a
cl eani rgststtepion layer 6 hibe mirboati lnpnt inghis elferriativairghorancrt wibeh IBNotsh@ T j r st carri er
waf er 8 has accordi ngly been detached based on the geonetri cal

conf i guxahdinnovet theemifofirnt coer wafer théhd mrtgbroatinghie giovdedir danegfiothe second
adhesion layer 14. In the alternative enbodi nent shown in Figure 11 the
first isnhegonedicahefibalehicdB shdvasndighfe@rent thermal properties fromthe
second internedi ate | ayer 17 such that the first intermediate | ayer 18
reduces it s iagihest emhd drsetiarentodicicngs fhowo én Figure 1 fuitedkst yniermagiate lgersecond
internediate | ayer 17'. According to one preferred enbodi nent of the

i nvent i @nis FigedBéoeinge aneadsndsiindt benbe ediongtnd tefpradue yfoduotthinaf er 1
with its first side 3 on a first rigid carrier wafer 8 with a first

i nt er megdiahenlsepemclifeaonrs i $tn ingdiatioonpadty isdepadbe st @mpbrayer sethples ed at

| east on the edge side, at |east partial dissolving of the first adhesion

| ayer 6y Rapeing s thhahphiadusdiyaferod thabiting fsee datkasisdapiatinde isecond
rigid carrier wafer 13 with a second internedi ate |ayer 17 consisting of
one sec@peiadie st ahvik@Yier solith: 8P Bdrh@ehatedi@asdsistfinttheheadgeesi de and
separating the first carrier wafer, especially by application of shearing

forces actingaRRBROSIERL YePR cldtfediih i1 invEiRioh keshowafieFipe ANkt frbdicsedand
carrier wafer 13 parallel to the product wafer 1 or by peeling off the

first Cgfsrﬂag{-ﬂﬁ[’x‘ﬁ%ﬁgéﬁom methods | fd drghadRekR@aoNd sRAhesFigncliayer 6, 14 are

prefera nme material and are distributed over the entire area of

the resREEhIYE, GALLUER 1YRuR i ARotAGEES RRCHE YR B BMbE Arieakadhesi on area

of the adhesio ayers to the respective carrier wafer first and second

partial - (Hg'nf LStnend fecend. adhesi:Oned-a¥en&s fian dfumare applied
in prde?§%%&g@%?g%£}%. |’t%nct?reductigh’of t he gdhes?on force in the
region (e)\ten%)o% ;Brgi%ta!ai? Mhss than 30, even more preferably less than 20 pm.

In the fourth method step shown in Figure 4, VIAs 9 which penetrate the product wafer |

are etched into the product wafer 1 in order to form an electrical connection from the first side 3 to



In the alternative enbodi mrent shown in Figure 12 the first adhesion | ayer
18" is made anal ogously to the enbodi nent as shown in Figure 7 with a
smaller ring wwdth RL' than the ring width R2' of the second adhesion |ayer
17", so that a light source 29 acts on the first adhesion |ayer 18" and the
second adhesion layer 17", to the extent the two adhesion |ayers 17", 18"
are the sane material. Due to the larger ring wwdth R2' of the second
adhesi on | ayer 17" the first carrier wafer 8 can be detached before the
second carrier wafer 13, especially since the |ight source 29 is

advant dgeowsd sideibievtco thedumpsyt andrieh §fh pethyd ?@Eﬁ§gﬁwﬁﬁ Rigse > @ P"Ran pe for

exanple a WV |light source. Alternatively the first adhesion |ayer
18" anduthel (segonps ddh esiprvhicdheerto by appigdongbe spaens stdg 2 r eact relative to
different light intensities/light frequencies. is common to the

above descr ithatkilentbtbad sweres shawmat Fighe éfchipst2 aiel psipdia ﬂvea%me%éwnassm 18" is
different fromthe second adhesion |layer 17, 17', 17" such that for the
corr esppaigkg lacbiregs. a smal | er adhesi on force or bondi ng force acts between
the product wafer 1 and the first carrier wafer 8 conpared to the adhesion
force or bomde bighé eetaed Hes waeh istdedsipr Balabtediafreinventands thhevedossbokarri er
waf er 13. In the ninth nethod step which is shown in Figure 9, chips
15 are @pRitidds showh HeFiueapanddn ahidh theusondt @des] e bonded wlal sycopdermes el i n a
conductlve manner to the chips 12 anal ogously to the sixth nethod step as
shown i 13 dehigkbusly B the method sptdRscritket ia Elperitviaof setdve igevodiae baerlil avhichaf er 13 in
a tenth nethod step as shown in Figure 10, a product wafer 16 which is

out fi t t @erORoh WR 54 REmeERBIRNS. 18 Tivatlldag oaxicknant stopetkys of product wafers 16
are to be produced, according to the ninth nethod step as shown in Figure 9

al most any nyupbesnOhteRfAAUAkyeWES B H8s dniotinfent doadstmitalehd pihed@ laykbl4an be
stacked, and the N-th adhesion |ayer nust have a smaller bonding force

during %E@&Mﬁ@ﬁke%‘s@@mmﬁe bt WiteaRRRIN0I df @yerodudiviatr Meeaa fidiah of

anal ogously to the above described procedure the nodification of the N-th

adhesi og, 'd%éﬁ%{ ) %dfeemﬂmﬁ Enh%yﬂﬂq T2k @S Phasemeht heh ofihe éaikyr Dten the N-th
carrier wafer t ached or fore detachnent of the N-th carrier wafer,

especi a} Hl%@n%@(fhgﬂéﬁ ﬂpeoéagdnegdﬁ%fsmﬁ ﬁ?er Nt k-rbdde 68 didcBlEr M@ th. a ring width Rpshiead of t he
film?7, eregion filled by the film?7 can be alternatively filled with
gas or ?s%?ea{%?thﬁy@lg Hﬁ’é &then R, of the first adhesion layer 6. The ratio Ri/R; is between 1/10 and

9710, especially between 1/5 and 4/5, preferably between 1/4 and 3/4, even mare preferably

between 1/3 and 2/3. The ratio Ro/D is especially less than 1/20, preferably less than 1/30, even

more preferably less than 1/60, even more preferably less than 1/120. The ring width R, is

especially less than 15 mun, preferably less than 10 mm, still more preferably less than 5 mm, even

more preferably less than 2 mm.

In this way the effective adhesion area/bonding area for the second adhesion layer 14
between the product wafer 1 and the second carrier wafer 13 1s larger.

In one alternative embodiment of the invention which can also be combined with this

embodiment, the thickness By of the first intermediate layer 18 is greater than the thickness B, of

14



The enbodi nent shown in Figures 1 to 9 is advantageously supported by

chem cal solvents in the dissolution of the first and second adhesi on | ayer
6, 14. Accordingly conbinations of chemical, thermal, optical and
mechani cal net hod steps for dissolving the adhesion | ayers are possi bl e.

In methods with blanket intermediate layers, such as shown for exanple in
Figure 11, rather optical and/or thermal dissolution nethods are
recommended, while the use of solvents seens |ess suitable due to the

O bl oL, B oSSt LB BRIl 9o LY Sh0c T 1
more preferably 3/1, ideally at least 4/1.

In an eighth method step as shown in Figure 8 the first carrier watfer 8 1s detached by
reducing the bonding force of the first adhesion layer 6 and by applying a tensile force which is
pointed away from the product wafer 2. The reduction of the bonding force can aiready be
implemented or can have been carried out in an earlier method step. Alternatively the second carrier
wafer 8 can be sheared off by oppositely acting shear forces in the first and second carrier wafer &,
13 paraliel to the product wafer 1. Another alternative consists in peeling off the carrier wafer,
beginning from its edge. In the course of peeling off, the carrier wafer on its edge is elastically bent,
as a result of which propagation of the separating front takes place beginning from the edge to the
center of the carrier wafer and then to the opposite edge, while the second carrier wafer and the
product wafer are fixed on a support in order to counteract bending of the second carrier wafer and
the product wafer. Separation can take place in one advantageous embodiment by mechanical
separation, especially by introducing a mechanical element at one site on the edge of the periphery

* of the intermediate layer. The mechanical element can be for example a flat wedge.

As aresult of the larger adhesion area and the bonding force of the second adhesion layer 14
which is stronger in this respect relative to the first adhesion layer 6, the first carrier wafer 8 is
antomatically detached. To the extent residues of the film 7 or of the adhesion layer 6 remain on the
product wafer 2 during detachment, they can be removed by a cleaning step. In the embodiment
shown in Figure 7 and 8, the first carrier wafer 8 has accordingly been detached based on the
geometrical configuration, therefore due to the larger adhesion area of the second adhesion layer 14,

Tn the altemative embodiment shown in Figure 11 the first intermediate layer 18" has different

[
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4bunps 5groups of bunps 6first adhesion layer 7film8first carrier wafer
9VI As 10bunps 11groups of bunps

thermal properties from the second intermediate layer 17" such that the first intermediate layer 18'

reduces its adhesion force or bonding force more quickly than the second intermediate layer 17
According 1o one preferred embodiment of the invention the method proceeds as follows:

- bonding of the product wafer 1 with its first side 3 on a first rigid carrier wafer 8 with a first
intermediate layer 18 consisting of one first adhesion layer applied at least on the edge side,

- at least partial dissolving of the first adhesion layer 6,

- bonding of the product wafer 1 with a second side 2 on a second rigid carrier wafer 13 with
a second intermediate fayer 17 consisting of one second adhesion layer 14 applied at least
on the edge side and

- separating the first carrier wafer, especially by application of shearing forces acting
oppositely on the first carrier wafer 8 and the second carrier wafer 13 parailel to the product
wafer 1 or by peeling off the first carrier watfer 8.

The first and second adhesion layer 6, 14 are preferably of the same material and are
distributed over the entire area of the respective carrier wafer, on the respective bonding
avea/adhesion area of the adhesion layers to the respective carrier wafer first and second partial
coatings of the first and second adhesion layers 6, 14, are applied in order to achieve a distinet
reduction of the adhesion force in the region of application.

Tn the alternative embodiment shown in Figure 12 the first adhesion layer 18" is made
analogously to the embodiment as shown in Figare 7 with a smaller ring width RI’ than the ring
width R of the second adhesion layer 17", so that a light source 29 acts on the first adhesion layer
18" and the second adhesion layer 17", to the extent the two adhesion layers 17", 18" are the same

material. Due to the larger ring width R2' of the second adhesion layer 17" the first carrier waier 8

16



12chi ps 13second carrier wafer l1l4second adhesion | ayer 15chips 16product

waf er

outfitted on two sides 17, 17', 17"second internedi ate | ayer

18"first internediate | ayer 19wafer periphery

can be detached before the second carrier wafer 13, especially since the light source 29 is
advantageously made to act in a relatively focused manner. It can be for example a UV light source.

Alternatively the first adhesion layer 18" and the second adhesion layer 17" can be made o
react relative to different light intensities/light frequencies.

It is common to the above described embodiments that the first adhesion layer 18, 18, 18" is
different from the second adhesion layer 17, 17", 17" such that for the corresponding action a
smaller adhesion force or bonding force acts between the product wafer 1 and the first carrier wafer
8 compared to the adhesion force or bonding force between the product wafer 1 and the second
carrier wafer 13.

In the ninth method step which is shown in Figure 9, chips 15 are applied to the bumps 4
and thus are electrically connected in a conductive manner to the chips 12 analogously to the sixth
method stép as shown in Figure 6.

After detachment of the second carrier wafer 13 in a tenth method step as shown in Figure
10, a product wafer 16 which is outfitted on two sides remains. To the extent stacks of product
wafers 16 are to be produced, according to the ninth method step as shown in Figure 9 almost any
number of product wafers 1 outfitted with chips 12, 15 can be stacked, and the N-th adhesion layer
must have a smaller bonding force during detachment than the N+1-th adhesion layer. This means
that analogously to the above described procedure the modification of the N-th adhesion
layer/intermediate layer takes place either directly when the N-th carrier wafer is detached or before
detachment of the N-th cartier wafer, especially before bonding of the N+1-th carrier wafer.

Instead of the film 7, the region filled by the film 7 can be alternatively filied with gas or

can be evacuated.

18, 18,



29li ght source dianeter wafer thickness wafer thickness ring width ring
w dth thickness of internediate |ayer

The embodiment shown in Figures 1 to 9 is advantageously supported by chemical solvents
in the dissolution of the first and second adhesion layer 6, 14. Accordingly combinations of
chemical, thermal, optical and mechanical method steps for dissolving the adhesion layers are
possible.

In methods with blanket intermediate layers, such as shown for example in Figure 11, rather
optical and/or thermal dissolution methods are recommended, while the use of solvents seems less

suitable due to the diffusion time in terms of the wafer periphery 19.
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t hi ckness of internediate |ayer dains 1. Method for producing a
product wafer (1) which is provided with chips (12, 15), especially on both
si des, which proceeds as follows: processing of the first side (3) of the
product wafer (1) bonding of the product wafer (1) with its first side (3)
on a first rigid carrier wafer (8 wth a first internediate |ayer (18,
18", 18") consisting of one first adhesion |layer (6) applied at |east on

t he edge side, processing of a second side (2) of the product wafer (1)
opposite the first side (3), bonding of the product wafer (1) with its
second side (2) on a second riRgfakneammiber lisnaf er (13) with a second
internediate |ayer (17, 17', 17") consisting of one second adhesion | ayer
(14) applied at | eastroducttvher edge side, characterized in that the first

i nteunedi ate | ayer (18, 18, 18") and the second internediate |ayer (17,
17', 17") are made dedchet@edet such that the first carrier wafer (8) can be
separated selectively before the second carrier wafer (13).

3 first side

4 bumps

5 groups of bumps

6 first adhesion layer

7 film

8 first carrier wafer

9 V1As

10 bumps

11 groups of bumps

12 chips

13 second carrier wafer

14 second adhesion layer

15 chips

16 product wafer outfitted on two sides
17, 17,17 second intermediate layer
18,18, 18" first intermediate layer

19 wafer periphery

29 light source

D diameter



2. Method as clainmed in Caim1, wherein the bonding force of the first
adhesion layer (6) is smaller than the bonding force of the second adhesion
| ayer (14). 3. Method as clainmed in one of the preceding clains,
wherein the first adhesion layer (6) has smaller dinensions than the second
adhesion | ayer (14), especially a smaller contact area of the first
adhesion layer (6) with the first carrier wafer (8) and the product wafer
(1) id/or a thinner |ayer thickness. 4. Method as clained in one of
the preceding clains, wherein the first adhesion |ayer (6) has chem cal
proper Hi es di f f er ent whfeghckises second adhesi on | ayer (14) such that the
first adhesion layer (6) is at |least partially dissolved by a first

sol vent; whil e the seebnticktlesi on | ayer (14) is at least largely inert
with reference to the first solvent. 5. Method as clainmed in one of
the preg@di ng cl ai nsringvlgthei n the first intennediate |ayer (18, 18, 18")
has different thernmal properties fromthe second internediate |ayer (17,
17", 1R%;)R,such that thewfdirst internediate |ayer (18, 18, 18") with rising
tenperature is at least partially dissolved so that the separation of the
first garrier wafer Bjkneanfiberefifaedtyed before separation of the second
carrier wafer (13). 6. Method as clainmed in Caim4 or 5 wherein
the di gsol ution of tkeckhessfinienheliandaieat e | ayer (18, 18', 18"), especially
of the first adhesion |layer (14), takes place after processing of the
second side (2) and before or after bonding of the product wafer (1) to the
second carrier wafer (13). 7. Method as clainmed in one of the
precedi ng clains, wherein the separation of the first carrier wafer (8)
fromthe product wafer (1) takes place selectively as a result of different
optical properties of the first internediate |ayer (18, 18, 18") and the
second internedi ate layer (17, 17', 17"), especially with reference to the
action of defined Iight source [sic] |engths and/or defined Iight
intensities of a light source (29) which acts preferably selectively on the
first adhesion | ayer (6) and/or the second adhesion |ayer (14).
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8. Method as clained in one of the preceding clains, wherein the separation
of the first carrier wafer (8) fromthe product wafer (1) takes place
selectively as a result of different mechanical properties of the first
internedi ate | ayer (18, 18, 18") and the second internediate |ayer (17,
- 17", 17"), especially with reference to the shear strength, preferably the
shear strength as a function of the tenperature. 9. Method as
claimed in one of the preceding clains, wherein the first and/or the second
adhesion | ayer (6), (14) are nmade annul ar, especially in the region of the
peri phery (19) of the product mafe?mP¥). 10. Method as clained in
one of the preceding clains, wherein the first internediate |ayer (18, 18")
within the first adhesion |ayer (6) and/or the second internedi ate |ayer
(17, 17") within the second adhesion | ayer (14) conpris film(7).
11. Method hdetiodiformepdusingmprodict vifer (braleds Hgvidrdy ?hiRR/ﬁgzr In between t he
first carrier wafer (8) and the first internediate |layer (18, 18, 18") a
first paetialy ondbothisidey vaispipicsebdesfelddvsl |y on the first carrier wafer (8) is
applied for reducing the bonding force/adhesion force in the region of the
first partiabuﬁﬂaﬂfﬁgfaﬁGMGH)bﬁng@ﬁwiW@f@ébond carrier wafer (13) and the
second internediate layer (17, 17', 17") a second partial coating applied
especi al | y bemdinphef thepodatt wafer (1 pwithvas fispt sice $) ong lizppe eyrigroyaler & édg t he
bondi ng force/ adhesion force in the region of the second partial coating.
first intermediate tayer (18, 18", 18") consisting of one first adhesion layer (6) applied at

least on the edge side,
- processing of a second side (2) of the product wafer (1) opposite the first side (3),
- bonding of the product wafer (1) with its second side (2) on a second rigid carrier wafer (13)

with a second intermediate layer (17, 17, 17") consisting of one second adhesion layer {14)

applied at least on the edge side, characterized in that the first intermediate layer (18, 18,

18"} and the second intermediate layer (17, 17', 17") are made different such that the first

carrier wafer (8) can be separated selectively before the second carrier wafer (13).

2. Method as claimed in Claim 1, wherein the bonding force of the first adhesion layer (6) is
smaller than the bonding force of the second adhesion layer (14).

3. Method as claimed in one of the preceding claims, wherein the first adhesion layer (6)
has smaller dimensions than the second adhesion layer (14), especially a smaller contact area of the
first adhesion layer (6) with the first carrier wafer (8) and the product wafer (1)-and/ora thinner
layer thickness.

4. Method as claimed in one of the preceding claims, wherein the first adhesion layer (6)

has chemical properties different from the second adhesion layer (14) such that the first adhesion
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layer (6) is at least partially dissolved by a first solvent, while the second adhesion layer (14} is at
least largely inert with reference to the first solvent.

5. Method as claimed in one of the preceding claims, wherein the first intermediate layer
(18, 18", 18" has different thermal properties from the second intermediate layer (17, 17', 17") such
that the first intermediate layer (18, 18', 18") with rising temperature is at least partially dissolved so
that the separation of the first carrier wafer (8) can be effected before separation of the second
carrier wafer (13).

6. Method as claimed in Claim 4 or 3, wherein the dissolution of the first intermediate layer
(18, 18', 18", especially of the first adhesion layer (14), takes place after processing of the second
side (2) and before or after bonding of the product wafer (1) to the second carrier wafer (13).

7. Method as claimed in one of the preceding claims, wherein the separation of the first
carrier wafer (8) from the product watfer (1) takes place selectively as a result of different optical
properties of the first intermediate layer (18, 18, 18") and the second intermediate layer (17, 17,
17", especially with reference to the action of defined light source {sic] lengths and/or defined light
intensities of a light source (29) which acts preferably selectively on the first adhesion layer (6)
and/or the second adhesion layer (14).

8. Method as claimed in one of the preceding claims, wherein the separation of the first
carrier wafer (8) from the product wafer (1) takes place selectively as a result of different
mechanical properties of the first intermediate layer (18, 18", 18") and the second mtermediate layer
(17, 17, 177), especially with reference to the shear strength, preferably the shear strength as a

function of the temperature.

9. Method as claimed in one of the preceding claims, wherein the first and/or the second
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adhesion layer (6), (14) are made annular, especially in the region of the periphery (19) of the
product wafer (1).

10. Method as claimed in one of the preceding claims, wherein the first intermediate layer
(18, 18") within the first adhesion layer (6) and/or the second intermediate layer (17, 17) within the
second adhesion layer (14) comprises a film (7).

11. Method as claimed in one of the preceding claims, wherein between the first carrier
wafer (8) and the first intermediate layer (18, 18!, 18"} a first partial coating applied especially on
the first carrier wafer (8) is applied for reducing the bonding force/adhesion force in the region of
the first partial coating and/or between the second carrier wafer (13) and the second intermediate
layer (.1’7, 17, 17" a second partial coating appliéd especially on the second carrier wafer (13) 1s

applied for reducing the bonding force/adhesion force in the region of the second partial coating.
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