Met hod for Manufacturing Conpound Material Wafers The present invention
relates to a nethod for manufacturing conpound material wafers according to
the preanble of claim1. From docunent US 2003/0153163, a method of
transferring a | ayer of material froma donor substrate to a handle
substrate using Smart Cut technol ogy is known. The known nethod conprises a
step of form ng the donor substrate by bonding a first wafer fromwhich the
| ayer will be transferred to a support substrate. According to US

2003/ 0153163, the formation of such a donor wafer is advantageous for
transferring | ayers of experGb¥er mbmELidriay Cabpdubd Mhtk@Mvatehe transfer
operation to be repeated several tines fromthe sane initial first wafer,
unl ess the full é{elckness of the first wafer is consumed. The known net hod
does, however, BPERE METTOWERG® (5 DBFETE™ DER M erfa™puet "R "FH:  donor
substrate is congerseitis 6fthe Rigpriblsntiadm Waf ers, its thickness, in particular for
the first fewtransfers, is typically much |arger than the thickness of the
donor wafers in %améarn@m Liy;@@@@@@%a 26nefhod bitrahdirin m&@yﬁqat&r@%mlo@&y process
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support substrat @veiedtse trensirgee gpecirpbll pulstai c dgcordng tihiUSk ?Ree/8153 8ot he

possi bilities dojomdioweverch af @got weerad aplahtygzost BP anwlairied) lsgdre ovepynseost | y. In

addi tion, duringnhiags Hﬁﬂéﬂfu@s%élﬁénﬁg op@htRE BB rept i el £ KRR SEm @ shhaniflonor

wafer 1S varyinog i, SALENL il ASRR0G5 Ablie, number of transfers
performed. As a consequen the processing and andri ng equi pmrent needs to

be especially designed to cope vvlth t he varying condl tions. Thus the

equi pment  needs TheoBw @gprsicdoat hgvedeshiayhéd flerdndosedémes Drhiddheihe ifantt e
expensive. |t i sdirhesefteres tdreosbjcewt bofied hagerprite S@ntesd, mvenitd'arortre ipr ovi de a
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during the transfer process have 1o be specially adap ed to increased weight and thlcknecs
or the support substrate needs 1o be especially reduced in thickness. Both possibilities do,
however, require adaptive steps which are very costly. In addition, during the manufacturing
process, the thickness of ithe donor wafer is varying, the extent of which depends on the
number of iransfers performed. As a conseguence the processing and handling equipment
needs to be especially designed io cope with the varying conditions. Thus the equipment
needs {0 be especially designed and becomes thus even more expensive,

It is therefore the object of the present invention to provide a method for manufacturing
compound material wafers which overcomes the problems of the state of the art so that
compound material wafers can be fabricated using standard wafer processing equipment,



according to claim11. Accordingly, the inventive nethod conprises the steps
of: a) providing an initial donor substrate, b) formng a predeterm ned
splitting area in the initial donor substrate, c) attaching the initial
donor substrate to a handle substrate, and d) detaching the donor substrate
at the predetermned splitting area, thereby transferring a | ayer on the
initial donor substrate onto the handl e sybstrate to forma conpound
material wafer, and characterized in e) depositing a | ayer onto the

remai nder of the donor substrate after the detaching step to recover at

| east partially the thickness of the initial donor substrate and t reusi ng
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This reconditioning could for exanple be perfornmed by polishing.

Advant ageous| y st'BpEeg)supeig)emgried napfdaneatye gethpaia Yt tierres B gt e
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t hi ckness. The upper limt for the nunber repetitions can be either

determ ned by t heefblairgking®hs repfeintidnef tregtvadr naterato bn tdigordorondi®ubssierabed f or
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Advantageously steps a) to d) are repeated at teast two times before carrying out the
depositing siep €), wherein in a repested step a) the detached remainder of the donor
substrate is reused as initial donor substrate. Repeating parts of the process prior fo
depositing further helps in optimizing the process, as less steps corresponds 1o faster and
therefore less expensive production method.

Preferably, sleps a) to d} are repeated until the initial donor substrate reaches a
predetermined minimal thickness. The upper limit for the number repetitions can be either
determined by the thickness of the remainder of the donor substrate for which the properties
of the substrate, e.g. the mechanical strength, start to degrade, or be related 1o the



properties of the handling equi pment which may require a certain m ni num

thi ckness to function properly. Due to the repetitions the overall process
can be further optimzed while at the sane tinme the quality of the conpound
material wafers as well as the production yield can be kept high. According
to one preferred enbodi nent, the layer in step e) can be deposited

honoepi taxially. The inventive nethod is especially advantageous for
expensi ve donor substrates, which are usually of a crystalline material. By
honoepitaxially regrowing the donor substrate up to its initial thickness
or beyond, the prp%@fﬁe% heeonB&nd @qufpaqgrtt whicR@epeRdant cotinthemayv aidabi bity of
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deposi ted | ayer icgrbegferitiige. same material with the sanme crystall ographic
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Thus, the quali tﬁ’qfﬁ'n'fﬂga 80%’%?”8"3 'Sf‘g” hor?ﬁf %TFX'%I'”E?J'E(E'EH@%OQ@@?“?G ]?ye”%o t hat
the transferred PHE{eWHTIEE]| b 1%@&%@8%%%8@?*6 PRPEga AT INE yroteRa Al ‘E‘%)'ﬂ*ﬁér ed to
transferred | ayessonhbsftear e achi eved by standard donor substrates
avai l abl e on the nmarket. Advantageously step e) can conprise providing the

llayer on the surbageuslifleepQfnt kbenoerrnwaayedé‘ern befpmtmugkfa@%e@uag%;.mgrﬁcawhl chis
opposite to the Surfg‘%esmongﬁoﬁ%{ me&hﬁb %&Cvﬁgﬁémseﬁ%ﬁ&”ﬁ&@‘%ﬁ pol ar donor
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be wel | in particular a dislocation density of less than 1 x 107 per em?, in particular less than 1 x 10°
per cm? in the homoepitaxial layer compared to the dislocation density in the initia! donor
substrate. Dislocations tend o block at & certain level during growth, so that additional
grown meterial will present a lower dislocation density. Thus, the quality of the donor
substrate meterial becomes better, so that the transferred layer will also become better in
qualily than compared io transferred layers which are achieved by standard donor

substrates availeble on the market.

Advantageously step €) can comprise providing the layer on the surface side of the
remainder of the donor substrate which is opposite to the surface side at which detachment
occurred. 'When polar donor substrates are used, meaning that the two main surfaces of the
substrate have different properties, it 1s usvally the case that epitaxial growth can be well
controlled on one surface whereas, for the other surace, this is not the case. The free
surface of the transferred lzyer of the material compound wafer should correspond o



controll ed on one surface whereas, for the other surface, this is not the
case. The free surface of the transferred | ayer of the material conpound
waf er should correspond to 4 surface for which the polarity allows
controlled growh of further epitaxial |ayers which nmay be needed in
further process steps to create mcro electronic or oplo-electronic

el ements. As a consequence the surface of the transferred |layer that is
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metals or particles, in particular during the deposition of the |layer on the
opposi te side of pleReoN@fi@lio calihgSouPdidpted Gid RRacE BHY AShIcA cbtBRFOM BccOied¥BH Nt AI N

the quality of 1 BeoofRRANAdIRRETA) pn PatEl LANAMADERIS e ENE HRENOd can

conprise a further st ep_of renpvi nlg the protecti 8%er prior to reusing
the donor subst r ZPEMWE (Wt RECTRILrY LK 1MRi TTHIUshEF LUBstPEEE. ™Buent ual |y
the renovi ng st efP"Ea2HE IECEEHHPARPESLS DY PHTFUAUHTIS BM2aPoser PShf BGT Bl eani ng
step. Thus, wherppatitt achpiige wafre Prorectionserveutr fracee i dantah the helid ooy
substrate to a hangbe&cssbsiiwvate, the surface properties of the reused donor
substrate are such that bonding can be achi eved and wherein the surface

quality at which, bonding is_achieved is_hj vant agequsl h urface
d'de of the remm!RaRiHeain fe FEAILU ot Bine, W8 BNLACTRLR, o 1,81 710
provided in step”@) CEaiPHaeFIT SREE 612 aRBYE SR FUREE !t He*tEBosi ti on
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wherein the surface guality at which bonding is achieved is high.

Advantageously, the surface side of the remainder of the donor subsirate en which the layer
is 10 be provided in step e) can be polished and/or cleaned prior ic the deposition of the
layer. This wili improve the quality of the deposiied layer, which is of particular interest when
the deposited layer is 8 homoepitaxizl layer, which in turn will be used as a transfer layer
during a later stage in the fabrication process.

The method is particularly advantageous for the donor substrate being one of the group of
galliurn nitride (GaN), silicon carbide (SiC), germanium (Ge), aluminum nitride (AIN) or

diamond. These substrates play an imponant rcle in electronic applications and it is difficult



during a later stage in the fabrication process. The nmethod is particularly
advant ageous for the donor substrate being one of the group of gallium
nitride (GaN), silicon carbide (SiC), germanium (Ge), alum numnitride (AN
or dianond. These substrates play an inpoftant role in electronic
applications and it is difficult 5 to obtain good quality at reasonable
prices. By using the above-described nethod with this kind of materials it
becomes possible to achieve good quality material conpound wafers that are
cheaper conpar ed ' 8°'Fheeop Graty r’r‘d‘ﬁ‘éP’i‘aa'F pi'cte%@P’FS'”QIjP"e?béYea‘E'ﬂsﬁibe%@e‘FPéH”d“ P s
substrate used i sird choagiers § stcahdsippneibgrtc Fokycrysstualy mareisimtrerinatsiers thet
particul ar one ofad dhezpar Rupsr&itc Babli nemransani de (GaAs), zinc oxide (ZnO,
silicon carbide (SiC) or alumnumnitride (AIN. It is preferable to use
handl e substrates that have a coefficient of thermal rQapsi on simlar to
the donor substrdt €t 8F "% WPYHC et hérmRBEEURS > ‘fCILYé YEULF AP DE " t he

mat eri al conpoundatiedfasene FEdhe drenptchediivedsenige thece)i of, ol SrEdysicadl deitde

materi al can be asiupotageaasthiyicempl oyad peerparie utondmacosyrstainki e sat eri al .
In the nore gen%saflc,eﬁt%ﬁtﬂermgﬁa@pah@aaqmrwmaor]@ts@osﬁéwme@l o el RpbRd Of

silicon (Si), gl QhSS Oi)y t%g rm%‘m'laq compioHr%aJ waE}er #A‘f(ﬁ{tner cog re&cﬁ)nvﬁ‘&y)c asQ:at Ir{we the

handl e substrate ca I nsu ul ar,
silicon dioxide (@feﬂﬁ)w”d%e EQYEPIFQ’?BW‘W(”P' 51*38&””("8?8 T‘f\ﬁ”?”oc%ﬁ‘a”tﬂé mMBteERkiIt ?jm‘Wi' th a
conducting | ayewrewre tdie teurehidcabsiiie chr'd gsogsifeiged o stieendbit aekred 2tceratihe donor
substrate. Such a@dtii onal |ayers further increase the anmount of different
conpound material wafers suitable for various applications in

m cr oel ectroni cs e{ ?tté)a%%ﬁtt EnQ’HLn‘éE IuJ DGe LIVENE LR, ) nr$9n m‘é lé'%%eé }

el ectroni c, opto- roni c or east a pan

of the corrpound ﬁ%rf'cé‘a afeRdpese (g'g)ﬂrof &‘%&’%Ef"g%@a% Oﬁée P@V'?Eﬁj 'glfc?\?’éd“ﬁ@’scr i bed
met hod. Speci fi c '2%190 diefeTacs widih 't s it kesIAte? IV oP g iuSHalR| Stré éditenchor e
appar ent from t h&yerf oitieoinirerge de baduhiedcittesitrmpiund mateiid kafere bete@aiorearicos t he
acconpanyi ng dr awhpngtiénd inMdredectoin@s or dptselb@bmidsi cal | y shows the steps for
carrying out the nethod for manufacturing

The invention also relates 1o elecironic, opto-electronic or optical components comprising at

least 2 part of the compound material wafer fabricated accerding io the above-described

method.

Specific embodiments of the present invention shall become more apparent from the
following detailed description with reference te the accompanying drawing in which

Fig. 1 schematically shows the sieps for carrying out the method for manufacturing
cormpound material wafers according to an embodiment of the invention,

Figs. 2a and 2b schematically show donor substrates with two different kinds of deposited

layers,



conpound material wafers according to an enbodi nent of the invention, Figs.
2a and 2b schematically show donor substrates with two different kinds of
deposited layers, 6 Fig. 3 schematically shows the steps for carrying out
the nethod for fabricating compound matertal wafers according to a second
enbodi nent of the invention. The enbodi nents of the inventive nethod for
manuf acturing conpound material wafers according to Fig. 1 and 2 are based

on Smart Qut. { echnol gay.. HOUEVEL.. AN QLN BT 066S: . Sl ablg.f 0, mmnuf act ure
a conpound materi & “wafar and conpriarng predet armoned Spritiesy " dPeas are
al so appl i cabl e. &2 vEeEs P 4NSET Btee¥d ARCGHEROANe BERtA substrate 1, 1ike,
for exanple, a wafer of a predetermned size and, in particular, out of a
crystalline materhalembbdiBer@adr hieUmleRivt MMy LECAM wacklild &P S8 MRIAS wakSl C)

ger mani um (CGe), %lcé'lopain%q rn.l 1tarn| g%re.(b'g‘éelél)on g%arﬁeuﬁmgg .Trt]ig\ﬁeever t)!%(h!erap!roscesgl ay an
inportance role in mcro 8Iec€ron|c and op o- el ec yon!c apﬁ1|cat|ons, but
are difficult to SYIFRRIT ARTFFE® ZTE MYt BEY P8 Pift SOPRTSS @RPerisSieriesr™hat i s
why accordi ng to =tegk srejehwempiceldh the initial donor substrate 1 is used to
transfer a thin layer of the donor onto a handle substrate 2, shown in Fig.
1b, being a waf ef0f, fstheAREL IBh& Ll PigS &F BRhYe thEdandl sictihstrate 2
has a simlar coefflc ent of thermal expansi o thpn thg ga&et|alﬁgf t he
initial donor sub3%Fht & PTvE U HE cridle S?mﬁh%Fgﬁéw‘%%éﬁpFé;“Eﬂvfaﬁfe
materi al s woul d BECh&PTEHT dPSe Al ERIT CHAR JAN) ¥ FRN9B%i daese ZRdyiels $ieY 2t on
carbide (Si C) or iredogaricaust® m ticiodeecalicNynd dpoteletitveis @priadlienss butt e ciffipgitter i al
does not necessafdahyadiay endtirdnee MBRNAE ey8tak| THICs whdbccabisdioped wertgsthal | | ne
type \rNgI ers. can e aﬁ@qgﬁwe s (Rl BdnsrerPd iy d: & tF{@Qﬂer:iﬂQ:angnq%}:sﬁﬂ%irante 4 oxi de
illus [ i,0. . i psu i , 1N _particu il i oxi
(S 07) or silicon RrtiTde kol e ALl el AL v bk L6802 e on
the surface 7 of®the™Ramilecs ol PALE> P a2 hie E%*e%ﬁfdi‘%ﬂ“?}\,ij‘f”ﬂr 5B’Pﬁ-ﬁa"(’tlonor
substrate 1 wil | lodtie cese PoHCHE foabragrie osutaby mefegiels woulchlregelih asenise deror
substrate 1 ont ozithexidea@db)esigohsartriget (§iC2 o dluntirg:m mige@Sar Yort 10ese meatsetha@
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wafers can be used,

In a variant, prior t¢ the bonding slep illustrated in Fig. 1d, an insulating layer, in parlicular
silicon dioxide (Si0,) or silicon nitride (SisN.) or a conducting layer can be provided on the
surface 7 of the hancle subsirate 2 at which bonding with the donor substrate 1 will occur.

To be zble to transfer a layer of the donor substrate 1 onto the handie substrate 2 1t is
necessary 1o creaie & predetermined splitting area in the initial dener substrate 1. Following
the SmanCut technology, illustrated in Fig. 1c, this is achieved by implanting siomic species
3, iike for example hydregen ions or other inert gases, with @ predetermined dose and
energy, such that due to the implanted atomic species 3 a predetermined splitting zrea 4 is
created in the donor substrate 1. The predeiermined splitting area 4 is substantialty in

parallel to the main surface 5 of the donor substrate 1. Between this main surface 5 and the



the SmartCut technology, illustrated in Fig. 1c, this is achieved by
inplanting atom c species 3, |like for exanple hydrogen ions or other inert
gases, with a predeterm ned dose and energy, such that due to the inplanted
atom c species 3 a predetermned splitting,area 4 is created in the donor
substrate 1. The predetermined splitting area 4 is substantially in

parallel to the main surface 5 of the donor substrate 1. Between this nmain
surface 5 and the 7 predeterm ned sp I|tt|n9 area 4, a layer 6 is created
whi ch during the PF%?F‘FW%@"'B'P%%%@ SHEPS O EI“I‘“’“'B'éW'P%ﬁ%PWI”“@@rOB‘?Tf Jfhe

handl e subst r at e V@l beFegpfertd ontd hashdatesreelle next step in the process which
consists in attaching the initial donor substrate 1 to the handl e substrate

2, by bonding the. e f SULL BER.D 0 ) LS. AONQKP DL Bl Recrb b2 BELAL the

mai n surfaces 7 e Ssu rior surraces o,
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donor handl e conpduerdg o8th¢ gz Bertacey I aidierch=indit Wbz urracdofdrothestioas)s and heal ed
such that the predetfrihaedesptdpirtd Bthatth@aadod Bndet @géthdrzed which finally

| eads to a detachnent of the remai nder 9 of the donor substrate 1 fromthe

COITpOUI’ld mat er | alTthonor andle lgemleDg%;d ngr)]enop\?/aicad a%)tlélta for}:acg h%t sh‘oown lagd ge%{)ag rcﬁt e 2 and

the transferred |'ayer ns

fragilization and f&ré‘l’?ﬁ%'ﬁ’f‘edrﬁv“”alf’@# Bé’a@E?ﬂg"é'\Féa”aﬂ‘y'B?ﬂséﬂﬂ ‘U%ﬁ'@“eﬁ'd’alhfl onal
energy in any f orsmeinder? df fisdenscebyreie h&em tha koreendgyetes! walferBriginmetmpensd of
thermal and nechani el neaesgratelhand WO rpisRaeCh R 6C omgRat BOpERd@rthexha Waf er 10
and remai nder 9 Q;eréyh%elfmgﬁliaﬂc!n %%{a&ﬂ{aﬁ @Jy%iso' tlel é&ﬁé\re@tt@q:rdv@m&:'agﬁnoneli e and If
Prl or tO furt her P%r ac&ES3l qg’webor |nsiance e.csaﬁtcgrgggrg)afr MO blna:ll'on O‘fnﬁéfrﬁglecgl ve a

final surface treéatent,” I'ng and/ or el'ean ng e remai nder
9 of the donor sﬁﬁ%’iaf‘&"’t'%”e(qfl g. 11) may now be reused as initial donor c.
substrate 1 and the process restarts with the step illustrated in Fig. |a
or'layer may be Taeposiotetk, wiripoindwialelial baferd@sct ichheiddef @t theinitid elbovutd ate r espect
with Fig. |f. Evemndul lhyrigl h®bnd @ pribfh€ kil $RcestiReing tafead eordpbudtwawhhch t he
detachment occurr QﬂreE@?&é at}ﬁa! lﬁ-@&ﬂ%b%brﬁ?”@de gpxellsrflr% and/or cleaning.

The remainder 9 of the donor substrate (Fig. 17) may now be reused as indial donor
substrate 1 and the process restarts with the step illustrated in Fig. 12 or‘c‘]}ayer may be
deposited which will be described further below in respect with Fig. 1f. Eventually prior to
the reuse, the surface 11 at which the detachment occurred may be reconditioned by, for
exarnple, pofishing prior o the foliowing implantation and bonding steps shown in Figs. 1c
and 1d. This repeatabie reuse of the remainder 9 of the donor subsirate can be performed
several times, for instance up to 10 times if it is considered that each laver transfer and
reconditioning leads o a removal of about 5 pm thickness and that & removal of about 50
pm from the bulk of 2 donor substrate 1 leads 1o a fragilization of the substrate which would
be too much for keeping the quality of the transferred layers 8 suitable for the application.



exanpl e, polishing prior to the follow ng inplantation and bondi ng steps
shown in Figs. In and 1d. This repeatable reuse of the remai nder 9 of the
donor substrate can be performed several tinmes, for instance up to 10 tines
if it is considered that each layer transfer and reconditioning leads to a
renoval of about 5 pmthickness and that a renoval of about 50 pmfromthe
bul k of a donor substrate | leads to a fragilization of the substrate which

woul d be too mueh,f eﬁcekeernm»gmtmnay@mé aemg,ade@ fa%f thteeer%t eabrs@aqk ér%@‘{@ 6
suitable for the a

t he
remai nder 9 of tHE rg'érﬂg’rcmess’b”ff rd’?e i3 HCE\?O etqH'Bme%Or?FWe "ﬁa %?R‘ﬂfe@gonﬂ%cessar y
for the handling DeqﬂPfﬁ‘F?é-hﬂ‘ascQﬁergf-‘ﬁa'le‘e?ﬂt‘@emﬁt‘f??é PERFES ilinte Stasriivpitgted 6fF % He
process, has beemsaghirevetyertines nebitedofy beeetsaw ¢ b thdeorst epstiale]l Usté rated in
Fig. 1 g, nanelydhat @ofkr@)eegos.ﬂaa ;ayes 19@9\9@5 Fe@@e%ﬂe@af)%l@ﬁ%lcmé%f f of the

donor substrate. $S ﬂ? eposi t
recover at |east rnTal dtonor Sl]JbS r?t s? at thls recongtlo]pecf 000" su str Yzlecaaé%(rﬁelgsed a%\@% rate 1

so that this rec@ﬁ'ﬁ’ldﬂ‘%ﬁé’ﬁ”%hﬂi‘t“"“r?%%f'?d?e 14 can be reused as the initial
donor substrate 1, illustrated in Fig, la. According to one variant,
illustrated in Fiagordda, o bhevdepanii=d il ay ek, e 'dedoSiciREe QUL nfe Ut or@t eri al

which can be r aphglolo URBASh ek LELE oRUE AGBeoLslers bPuolerliif benp nder 9

of the substrate

det achnent occur I‘ e\é\{palerﬁhrch is opgdpgtg t%i%ﬁ sur{aae ?1hcm whn:% the g'r-ijfacgme Wﬁccurred He put on
the fact that t héCCPré'l’?ﬁl‘%’BEr"a@”mefﬁ*ﬁ%S dPHo" e E?ﬁb‘f‘?‘d‘ﬁeerei“%'” apicdl"y “Brought
back to a thi cknesstradaif fapidiy erepohf tack tohdhidueast Hficiendq $e furAg rege hAsistchiitds  not
necessary that theneRbarivah ihehaeheordepesdsteatbybrapat thd Ramel 8 tHeh@resaBBNaaS t he
material of the lnknﬂ'd%h@lsutgﬁi’é)é MQ@&@@%@ mdterid bs |aﬁpvwwermeﬁ 88sH® @rhal  of

| ayer 12° has be%ﬁe 938N Efqh o%nér sﬁstra%ad”'ﬁe @Ewtk h%m%%‘ CQn beEP&oﬁeﬂ oL m%”bSt rate

9 the growth con i ons can

optimzed. In thi"&oC¥EerseHe ‘Z?F’?’é‘ida‘f‘l”] Sn%seqtﬂ%lfri’sﬁ)‘”%f*”af“hef @ed%ﬁ“'f ?”S'Hgf” Yayer 12'
may not be suffi ©P¥Irt oF wificie foas &ier vps € alsenglet lpvants fieinis|caspet cihe PiE 4HPs case,
once the initial swlgner1 hsubst tatpeted chasndveenee onpt abetlaye vvinsuweed to & new
donor substrate wmefiefeqddr eRslssst 0 be introduced in the process. According to
the variant, illustrate in Fig. 2b, the deposited |ayer 12" is nade out of

t he

According to the variant, illustrate in Fig. 2b, the deposited layer 12" is made out of the
same material as the remainder 9 of the doncr substrate and, in addition, is homoepitaxially
grown, such that the crystalline quality of the layer 127 is at least comparabile 1o the one of
the remainder 9 of substrate. Layer 12" can be either deposited on surface 11 or on surface
15. In this case, no new donor substrate 1 needs to be introduced in the process, as also the
deposied layer 127 can later on serve as a transfer layer 6. Using MOCVD, HVPE or MBE
methods it is even possible 1o achieve layers 12" which are better in crystalline guality than
the initial quality of the donor substrate 1. In paricular, it is possible to achieve dislocation
densities of less than 1 x 107 per cm? when the disclocation density of the initial donor

substrate is typically larger than this value,



same material as the remainder 9 of the donor substrate and, in addition, is
honoepi taxially grown, such that the crystalline quality of the |ayer 12"
is at |least conparable to the one of the remainder 9 of substrate. Layer
12" can be either deposited on surface 11 or on surface 15. In this case,
no new donor substrate 1 needs to be introduced in the process, as also the
deposited | ayer 12" can later on serve as a transfer layer 6. Using MOCVD,
HVPE or MBE nethods it is even possible to achieve |ayers 12" which are
better in crystalline quality than the initial quality of the donor

substrate 1710 RALLSULAL, 2 b hsPOSSLRLE L0-A6IeNE I 8061 D, wlensi ¢ f es

of less than 1 nitial
donor substrate“"i’r?'etsy‘bﬁ‘r@&?l‘“ﬁ/ ot Fet " hah “t }’?Fssst”/aflﬁﬁe‘b iﬁa‘t"l‘?et‘ ﬁ%ﬂ %&w of Fig
2a the attachnmentothbetfaeen t he reconditi oned donor substrate 14 and the
handl e substrate 2 will occur via surface 11. In the case of Fig. 2b

attachment can oggur lllysllrgtes Dot %HBJO%%%ISOT trle 'meerH\??e dﬂn%rwlﬁtév\ﬁr{ngtm%ﬁﬂﬁn %ﬁ&otﬂed

enbodi ment of the°invent Ive_manufacturin

illustrated in FP'gP "49efeE Iy @%I1§dsed"p'63fdtbﬁghep‘?’?féﬁss%epst'Eﬁ%"ef’I‘1 biSt P%tt “in Figs.
3a to 3c. El enehtmedndrd Baltray ewinh &g Bage réfgersamemeaf ey engeehiner dlae as

enpl oyed i n Fi g. calregdolaing eddr £6 reraid got afflaick en toher ed=or eutnedir expb@hned i n

detail again, buf.ddpiésdeseidyplidoReis incorporated herewith by reference.
According to the manufacturing step illustrated in Fig. 3a a protective

| ayer 30 is deposited on the surface 11 of the remainder 9 of the donor
substrate at whi 3°FH8 '8t PALRAERE SeBEEFPER 9t B HIPEER 2EUFT ate°1Y agai nst
cont am nat i on oremeetrardcedl of iregyeEindGH efahd ecnopyubttietet 4t micimite edellaghenconpr i se
silicon dioxide @tursds| ioCOfedistrbieder {gBinEoniShindid) or hetnsdnel strepe. | $ditetst rated in

Fig. ) 3b, the | aygbedidg hgtel%esggrﬁénggﬁlcm&ilagor@m&g%hrfd@ sirdi.age side 15 of the
remai nder of the donor substrate 9. Th| s step IS |dent| cal to t he one

illustrated and descri |t ? ( g % the first enbodi ment.
The fol | owi ng st'BB“eisl“'th@t‘tﬁé?Pé‘cf 5 ?F- E ba.yeréé'f’cd(%‘f‘? 'fe§t°§ _ BPpﬂpéﬁBWaﬁ@S"’t‘*hém
protective | ayer"8G¢marsg of tecBrriisIsHRd dBnEEP SUtRsIFae dne1we IedRe? #¥i ng t he
renmai nder 9 of tdeecridendth rspéstiFgtie oithelfirgtlg@bodiment.

The following step illustrated in Fig. 3¢ consists of removing the protective layer 30. The
reconditioned donor substrate 14, comprising the remainder 9 of the donor substrate and the
deposited layer 12 is then reused as initial donor substrate 1. Eventually the removing of the
proteclive layer 30 can be accompaniec by an additional pelishing and/or cleaning siep of
surface 11.

According to a further variant afier the growth of layer 12 the surface 16 of the additionat
layer 16 could be provided with a furlher proteciive fim to protect this surface of the
reconditioned donor substrale 14 during the process steps illustrated in Figs. 1ato 11.

In the following, the application of the inventive manufacturing method will be explained in

detail using the example of a compound wafer comprising a transferred GaN layer. Variants



deposited layer 12 is then reused as initial donor substrate 1. Eventually
the renmoving of the protective |ayer 30 can be acconpani ed by an additi onal
pol i shing and/or cleaning step of surface 11. According to a further
variant after the growh of |ayer 12 the surface 16 of the additional |ayer
16 could be provided with a further protective filmto protect this surface
of the reconditioned donor substrate 14 during the process steps

illustrated in F'vﬂh%h W|:}|I- né bEprﬂaTned :!oam;nhﬁe fSIB\Lﬂhé)c\./% ﬂ&teﬁﬁe@@s zﬁs%rﬂ)lela%gd'apﬁy()f the
i nventive manuf ﬁgt ur alned in detail using'the

i
exanpl e of a co bnuﬁ'i’ip%%ﬂf‘%ﬁﬁ D@Eﬁ%?ﬁrﬂ?dﬁé reée”?'ﬁc%\nsf erred GaN layer. Variants 10
which will not be explained again in the foll owi ng can neverthel ess al so be
applied at any tas meiaiancbr arcetrdidnesr @iNoveer is REPrp o atetndy subefseraneewaids i niti al

donor substrate L@ G MaESFis frsvidl BRlh@dsun@d .as handl e substrate a GaAS
wafer of the sanme dianeter is provided as handl e substrate 2. GaN wafers,

in their hexagonal structure, have polar main surfaces, neaning that one
surface presents Gl "AEEHE VT FPE0REe SR BIPYRPOREMELAUIB6ER Y =aGRPASE t he ot her
surface present suridcatresssts Ge piohhi theoblbora BgsuNes Ll nhaee Jne oFersutte transfer of

GaN layers it is pusdslN Momd @eHseSERSL N @m%yemnﬂwar@w su-hagersas g free
surface, thus t h?eqmzs%d rtJ P@aggthgcfsa guﬂgte S%Fface \MUL lhe Q%D%c%ftﬂrb éan%raflarandl e

substrate 2. PrlorII 0 t}’ﬁ‘h % ne_ t fans er process the N surface of the GaN
donor substrate I"PEYEN{TEREYE" ¥ ¥ EHove defective |ayers usual |y extending
over 2 to 4 pm This defectlve | ayers arise form the buffer |ayer that has
been used for t heériar rwistartab tedrersiet promssgiie ¥ hga@aNha@dNedonorFhitsgate & pddened done by
pol i shing. Howevesreddvbaéedid\eyeldRslalyakessir@sis b 1l TiOicRRlve o earkdtbo®:
inconvenient, |ike R, der Fﬂ&aﬁ*ﬁi &%#Sise& f3r t@n@ﬁfo%?é@?the EbR whkesdsl gk ned

Sp||ttlng area4|s ac " n 0o Loc sstep as
illustrated in Fi %ne bipcn hur{,c‘;l1 g[i:'l eyer gg)erGalUPubai dties EXISQ%B onl_’ ha¥eq€§ &gfy\fna\qlcrrﬁ to

1' 10' 8 at/cnR an¥®&§ 9 é?dg'ngPH?”&WP%?nge of about 20 key to 200 keV. Wth a
dose of 5*101fi at/cnmR and an energy of 60 keV the predeterm ned splitting
area i s in dept hTiefprabeutina sfigng 0 inurhikveomy biienplantation of H icns (process step

as illustrated in Fig. 1c) with a dose in & range of about 1710 atiem? to 1*10" atiem’ and an

energy in a range of about 20 keV 1o 200 keV. With a dose of 5710 at/cm? and an energy

of 60 keV the predetermined splitting area is in depth of about a few 100 nm from the

surface, Prior to implantation 2 protective 1ayer couid be deposited {Si0O; or SiaN,) 1o avoid &

contamination of the GaN layer and/or in order to form & laver that may assist in bonding 1o

the handle substrate 2.

According to step 1d the GaN substrate 1 and the handle substrate GaAs 2 are bonded. To
achieve bonding the surfaces 5, which represents a N surface, and 7 which will contact each
olher, must be fiat on an atomic scale. This is achieved by appropriate pelishing of the N
surface of the GaN substrate, so that a rugesity of below 0.3 nm RMS for a scan with a size

of 5 pm times 5 pm is achieved.



surface. Prior to inplantation a protective |layer could be deposited (S102
or Si3N4) to avoid a contam nation of the GaN | ayer and/or in order to form
a layer that may assist in bonding to the handle substrate 2. According to
step 1 d the GaN substrate 1 and the handl® substrate GaAs 2 are bonded. To
achi eve bondi ng the surfaces 5, which represents a N surface, and 7 which

wi |l contact each other, nust be flat on an atom c scale. This is achieved

by appropriate pofnksbionE:n@E cdnpbunds |5$Héﬁfb%9c§n Rf ﬁmcmur&gbb%tarh@& @eat®@ that a
r UQOSI ty of bel OW ra%ouqmto%Mgfrc malerp&?erap‘ séua egwﬁh arant?re opabﬁg?iz &{Zgolarbrg 5 pm i's

achi eved. 11 The donor ' han urnace and
recei ves a heat t¥E&t'Frizprken BRAFICEHYGE SAiPIr @ %66‘?‘@“?”?(“8‘3%’@#&6’1“%% e situated
wi thin a range ofmahmicel GO Oike e abolytion BGGE, or aveakfererbdhendpreatket@r m ned
splitting area unhkkyéetbachimed occurs. Alternatively nechanical energy,

| i ke the introduction of a blade, or a mx of thermal and nechani cal energy
can be enployed. After carr g out the transfer fromthe initial GaN donor
substrate 1, e.g./ ¥ ESV'E%‘QPY@(‘F#? ST fim P BFEIGAH 8P B BT ¥ BAN U subst r at e
is introduced i ntf@ﬂwe@%@fthaﬁﬁféﬁonpréaw@ﬁ is injjprees ido $reppitaxial rqgztop fvh@adeyes

epi taxi al | y deposkbes:robedibheirpsiddoade Chhurtisd 13qsiMIGYDyD, HVPE oonzeVBE

met hods. The gr oWeihobe MRefr@kitEfpetsfirdts R:h%rﬂab&l@%tc 16Qe-d. @eéela&]@&n weependi ng on

the appl icati Onc?tggsangﬁgggeposng IL y%rcarq'% a%gtr])h be ;%gdrlhg lo%pﬁnaknequj%%g et The

total thickness could be
sel ected to reco&%?d?w 9 HEY 1 Gy 'ﬂ‘?a&‘k‘ °é’§'§ b%Te'ec‘F‘FﬁS "?Cﬁ‘ie?}‘%ﬂ”"%ﬁﬁk

substrate 1. DepédirditighCarhdonsiaubgiratint: Rereodich o g 9wBamrdtionserad! '%(Préafeachl eved
with better or werseedbiglbeEativone densidnypetsharenimnd fhatrgtsarstratng substrate. O
course it is possible to provide/renove adequate protective layers to the Ga

or N_surfaces dependind A SO SHEACE kA SUIkRD LY, BREUSY | ) additi on

to recondition the u5|ng an
appropriate CMP ARGF Ec?rde?ﬁng'%mr’i’ h'a'é?"’ggce ' Cﬂ"rled%y 'feﬁ‘%% f\?dft’ﬁyg fecirf’t'epet o&lted a
further Smari Cut S¢ipE§ & E(f’éfﬁad%@eﬁféf‘ P?)ﬁ’eﬁ‘@’d‘ei’ e3P &P PRREPPYSHREC %Tfﬁ(?éd??é‘?ﬂ f%¥ned
st eps.

Once the GaN layer 12 depoesited a further SmartCut cycle can be performed repeating the

above menticned steps.



12 dainms: 1. Method for manufacturing conpound material wafers, conprising
the steps: a) providing an initial donor substrate (1), b) formng a
predeterm ned splitting area (4) in the initial donor substrate (1), c)
attaching the initial donor substrate (1) tr a handle substrate (2), and d)
detaching the donor substrate (1) at the predetermned splitting area (4),
thereby transferring a layer (6) of the initial donor substrate (1) onto
the handl e substrate (2) to forma conmpound nmaterial wafer (10), and e)
depositing a layer (12) onto the remainder (9) of the donor substrate after
the detaching step to recover at least partially the thickness of the
initial donor substrate (1), f) reusing the donor substrate (1) wth the
deposited |l ayer (12) as initial donor substrate (1) in step a), and
characterized in that step e) conprises providing the layer (12) only on the
surface side (15) of the reminder (9) of the donor substrate which is
opposi te t@aithgr surface side (11) at which detachment occurred. 2. Mt hod
according to claim1l1, conprising repeating steps a) to d) at |least two tines
before carrying out step e), wherein in a repeated step a) the det ached

remai nder qof Mtegfl?)dqernr‘?lénﬁfé@ﬂié&E%E@ur{oeﬂﬁﬁﬂaﬁ?af i &6@# 1) rep trate (1).

3. I\/Ethod according to c reirn ste ated until
the initial d@horpm‘éﬁlbgtaﬂa'ﬂléal(@)'lof%&5&\'@@ (4), predet erm ned mnimal thickness.

4. Met hod accﬂ)e mﬁggcq?édéf%rgﬁhgd %ﬁétﬂ'lﬁtﬁea?’ggfrh@e ﬁﬁﬁrdoﬁ%?gudsﬂ'a&tvﬁp €) is

deposi ted od a erein in
step e) the h@meﬂﬂﬁ@@ﬁg éi’lle indipkgonot sybstrate (1) to a handle substrate (2), and

d) detaching the donor substrate (1) at the predetermined splitting area (4), thereby
transferring a layer (6) of the initial donor substrate (1) onto the handle substrate
(2) to form a compound material wafer (10), and

e) depositing a layer (12) onto the remainder (9) of the donor substrate after the
detaching step to recover at least partially the thickness of the initial donor
substrate (1},

f) reusing the donor substrate (1) with the deposited layer (12) as initial donor
substrate (1) in step a), and

characterized in that

step e) comprises providing the layer (12) only on the surface side (15) of the
remainder (9) of the donor substrate which is opposite to the surface side (11) at which
detachment occurred.

2. Method according to claim 1, comprising repeating steps a) to d) at least two times
before carrying out step e), wherein in a repeated step a) the detached remainder of
the donor substrate is reused as initial donor substrate (1).

3. Methed according to claim 2, wherein steps a) to d) are repeated until the initial donor
substrate (1) reaches a predetermined minima! thickness.

4, Method according to one of claims 1 to 3, the layer (12) in step e) is deposited
homoepitaxially.



provi ded using an MOCVD, HVPE or MBE nethod, thereby achieving an inproved
di sl ocation density of less than 1 x 10" per cnR, in particular less than 1
x 108 per cnR2, in the honoepitaxial |ayer (12) conpared to the dislocation
density in the initial donor substrate (1)13 6. Method according to claim4
or 5, conprising prior to step e) the step of providing the surface side
(11) at which detachnment occurred with a protective |layer (30), in

particul ar using an oxide and/or nitride layer. 7. Method according to claim
6, further conprising the step of renoving the protective Ilayer (30) prior
to reusing the donor substrate (1) with the layer (12) as an initial donor
substrate (1)..8 Mthod according, to one of cl ai 1 to 7, further _
conpri si ngé-t hdledhed, aGeorgig; ?nicﬁg“ 4nyhefein I'rbéfﬁpnﬁﬁ% homaepiaxial; igger (1) igs)
of t_hg (r]I enali n?;%vad&) ugﬁg tl\etgtemdmmd . ﬁvggtdrantnsEQﬁethu?.l mlérédyeaﬁrﬁewt g B ;mﬁrobéd
provided in step e). 9. accor di o ope of cl ai 0, 8, erei

t he donor subé‘éﬁ%@é"? gensily ogfﬁ-,ssdhari he 1%gr98[|ﬁ“gf‘” eajcuiar @5@-?,” kO per cmz'?
di amond. 10. MeiHeosbracspasiaNByo(12n8omibarelas e disfoBaton ddHRitfimtHeNRitiBICdHoP
substrate (2) is a mnpnocrystalline or polycrystalline material, in
particul ar on&uBstra®itllgroup Si, GaAs, zZnO SiC, AIN. 11. Method according

to one of clains 1 to 9, wherein the handl e substrate (2) is glass or a
ceramics material. 12. Method according tqQ one of clains 1 to 11, further
conpri si nd-pr MAhQbLAEERNG 10 elaig 4,07 3¢ COPPEYNAPHRY tarftameLingsteryol RIpwaingithe
particul ar Si Qdrfade SideNM1)04t w¥hiRANGetEERMENt otaifre@Nwit & pﬁé{éi(:tﬁv)@elawr) (®), e

handl e substrate (2) to be attached to the donor substrate
particular using an oxide and/or nitride layer.

7. Method according to claim 6, further comprising the step of removing the protective
layer (30) prior to reusing the donor substrate (1) with the layer (12) as an initial donor
substrate (1).

8. Method according to one of claims 1 to 7, further comprising the step of polishing
and/or cleaning the surface side (11, 15) of the remainder (9) of the donor substrate on
which the layer is to be provided in step e).

9. Method according to one of claims 1 to 8, wherein the donor substrate (1) is ong of the
group of GaN, SiC, Ge, AIN or diamond.

10. Method according to one of claims 1 to 9, wherein the handle substrate (2) is a
monocrystalline or polycrystalline material, in particular one of the group Si, GaAs,
ZnO, SiC, AN,

11. Method according to one of claims 1 to 9, wherein the handle substrate (2) is glass or a
ceramics material.

12. Method according to one of claims 1 to 11, further comprising prior to step c) a step of
providing an insulating layer, in particular Si0, or Si;Ns, or @ conducting layer on the
surface (7) of the handle substrate (2) to be attached {o the donor substrate (1).



